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ABSTRACT

SOCIAL-COGNITIVE BIASES IN SIMULATFD AIRLINE LUGGAGE SCREENING

Jeremy R. Brown
Old Dominion University 2008
Director: Poornima Madhavan

The study examined the role that social-cognitive biases play in decision making

processes during airline luggage screening, Participants (n = 96) performed a computer

simulated task where they tried to detect hidden weapons in 200 x-ray images of

passenger luggage. Participants saw each luggage image for either two seconds (high

time prcssure) or six seconds (low time pressure). In addition, on each trial, participants

observed the pictures of the "passenger" to whom the luggage purportedly belongs. The

"pre-anchor group" answcrcd questions about the passenger before the luggage image

appears, the "post-anchor" group answered questions after thc luggage appears, and thc

"no-anchor group" answered no questions. Participants then chose to either pass or stop

the luggage, and rated their confidence in their decision. We hypothesized that

participants in either the pre- and no-anchor groups and under high time pressure, would

base their decisions more on the passenger who belonged to the luggage. While under

low time pressure and for the no-anchor group participants were expected to base their

decisions on the x-ray image itself rather than on the passenger. Results revealed that

participants under high time pressure did indeed have lower hit rates and higher false

alarms, when compared to participants under low time pressure. Thcrc were also

significant differences between thc pre-, no-, and post-anchor groups which were based

on the gender and race of the passengers. Participants also had a higher false alarm rates

in response to male passengers than female passengers.
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Visual Search Tasks

Thc primary goal of visual search tasks is to effectively diffcrentiatc critical signal

stimuli from irrelevant non-signals (known as distractt&rs). There have been various

studies looking into different aspects of visual search tasks. Many of the visual search

studies focus on visual clutter and its cffccts on the search task (Grahamc, Laberge, &

Scialfa, 2004; McPhee, Scialfa, Dennis, Ilo, & Caird, 2004; Verghese, & McKee, 2004;

Nagy, Neriani, & Young, 2005). Another factor that affects visual search is age

(Grahame et al., 2004; McPhec et al., 2004). The reason visual search tasks are the focus

of several researchers is that there are several jobs in thc real world that use visual

searching as the main component of the work. Some of these jobs are quality control, x-

ray technicians, soldiers on thc battlefield, and airport luggage screeners. In the

subsections below we describe some of the studies that have been done, their impact on

real world visual search tasks, some of the challenges in visual search tasks, and the goals

of this thesis.

As mentioned above, one of the primary factors that affect the efficiency of visual

search is visual clutter, typically caused by "distractors". Studies by Grahame ct al.,

(2004) and McPhec et al. (2004) found that as clutter is increased, the time it takes to

detect the target also increases. Furthermore, they found that the task increases in

perceived difficulty as a consequence of increased clutter. This is because it is harder to

recognize an object as the clutter increases (Bravo & Farid, 2006); as there are more

objects to search through to find a target. The search will take longer and will be less

efficien. In some instances, however, detection time can decrease with clutter,

especially when the clutter causing objects are of a larger size than thc target (Neider,

Modeled atter the Journal ofFxperi mental Psycholr&gyt Applied



2007). This is due to attention being drawn to the "empty*'pace bctwcen the clutter

causing objects.

In addition to the amount of clutter, search efficiency is affected by what the clutter

consists of, and its physical similarity or dissimilarity to the target. The more similar thc

distractor is to the target, in terms of color, brightness, and orientation, the more difficult

it is to find the target (Vcrghcse ct al., 2004). Furthcrmorc, target objects that have

multiple colors or textures are harder to detect in a cluttcrcd environment, especially

when the clutter is of a similar color or texture to that of thc target (Bravo ct al., 2004).

In addition to clutter in thc display, there arc many extraneous factors that act as

distractors in a visual search context. For example, quality control workers must deal

with the noise fiom the factory machines or conveyor belts sending thc products past the

inspector. X-ray technicians must deal with communications from the patients as well as

the beeps and hums (rom different pieces of equipment. For the airport luggage screener

noise is present in the form of passengers talking, airport announcements, and hand held

radios for communicating with the different security officers. Such secondary tasks

typically interfere with the primary visual search task. As secondary task load increases

in difficulty, the primary task becomes less accurate (Zonk„2006) and slower. A

secondary task can also disrupt the participant from noticing a change (McCarley,

Kramer, Wickens, Vidoni, & Boot, 2004). McPhee et al. (2004) found that a secondary

task had an additive effect on accuracy and speed. Thc secondary task decreased

accuracy and increased the time it took to detect the target. However, Young k. Stanton

(2007) found evidence for the contrary in that a secondary task inflates subjective

workload, but does not necessarily interfere with the primary task.



Time prcssure plays a large role in real world visual search tasks. Research has

shown that people change their response pattern when under time prcssure (Harreveld,

Wagcnmakers, & van der Maas, 2007; Light, Chung, Pendergrass, & Uan Ockcr, 2006;

Milton, Longmorc, & Wills, 2008). In the study by Harrevcld et al. (2007), they found

that for chess, where experience plays a large role in winning the match, when the

amount of time for the game is decreased, so that thc match lasts about 15 minutes, thc

experience of the player is negated and is not a determining factor for who wms the

match. In the Light et al. (2006) study, participants werc presented with a list of words to

study. They were then presented with words onc at a time, with the word either appearing

for a short time (400 msec), or a long time (2400 msec). Participants had higher hit rates

for the long time fiame compared with the short time frame. Time pressure was also

manipulated in the Milton et al. (2008) study wherein participants categorized objects by

similarity. It was found that the higher the time pressure, the more difficult the task

became.

Betsch, Fielder, and Brinkman (1998) manipulated time pressure and novelty using a

simulated trucking game, which is perhaps most relevant to our proposed research. They

used the trucking game to have participants learn the best truck routes depending on the

truck starting time and the goal given to the truck. They found that when participants

were under high time pressure to make the decision about which route to take, the

participants chose more familiar routes, even if they were not the best route choices for

the situation.



Airport iaggage screezziag — a sfzeciat case of'iszzaf search tasks.

Airport luggage screening is a special case of visual search tasks because it integrates

several challenges of visual search tasks such as those described above into onc complex

situation. The primary task requires thc screener to search through an x-ray image and

detect a particular dangerous target from the clutter of non-lethal objects. On onc levck

luggage screening is a simple signal detection task where the screener must diff'ercntiate

critical signals (or, threat objects) from background noise. However, the detection task is

complicated by the fact that on several occasions, the threat object must be detected

within an initial glimpse of the x-ray image, spanning just a few seconds. To facilitate

this, modern x-ray scanners use multiple colors to represent different materials to try and

enhance the detection of threat objects (Ghylin, Schwaninger, Drury, Redford, Lin, and

Batta, 200g). However, according to this research there is no performance benefit to

using diffcrcnt colors to highlight different portions of the x-ray image. Airport luggage

screening is further complicated by the number and diversity of threat objects that might

potentially be cmbcdded in a piece of luggage. Lastly, much of the threat detection in

bags is still done by visual inspection of the bag, rather than by automated methods. This

is due in part to the uncertainty of what constitutes a threat and the definition of a "threat"

that changes constantly.

Not surprisingly, luggage screening has generated a lot of interest among researchers

in the last few years. One study examined how practice affects sensitivity and response

time in the screening task. This study was done by McCarley et al. (2004) whcrcin

participants were run through five different sessions, each onc lasting three hours long.

Each session consisted of participants looking for knives in x-ray images of luggage with



a base rate of 20'/o. An cyc tracker was used to get data on where participants werc

looking. and if the participants were using consistent visual search patterns. They found

that practice did increase sensitivity and dccrcascd response time. However, using eye

tracking data, they found that although participants decrcascd their response times, their

search patterns were not necessarily becoming more effective. This led the rcscarchcrs to

conclude that it was target familiarity and not modifying search patterns that led to the

decrease in response time, and increased sensitivity. In other words, extended practice

improved efticiency (speed & familiarity) but not effectivenes (the manner in which

they searched the luggage).

Ivlyles-Worsley, Johnston„& Simons, (1988) conducted a similar study on the effects

ofexpertise on the ability to scan x-ray images in a medical context. They used four

different levels of expertise for participants, who looked at chest and face x-rays. The

participants were shown faces and chest x-rays, half of them being normal and the other

halfbeing abnormal. Then ncw chest x-rays and face images were added to the projector.

The participants then decided whether the image they saw was from the old slides, or if

they were new, All participants recognized the faces accurately, but the experts alone

recognized the abnormal x-rays almost as well. These results could generalize to similar

processes for recognizing abnormal objects in luggage x-ray images. Specifically, this

could explain why experienced luggage screeners have faster response time when trying

to detect a target object.

This brings up the related issue of whether or not luggage screeners categorize objects

in order to help their search. This question is answered in Smith, Redford, Washburn,

and Taglialatela's (2005) study in which participants looked for objects that had similar



fcaturcs to each other in a luggage scrccning context. Participants werc shown four

objects on a screen, and had to pick out the objects that had similar features. The

researchers found that if the objects are sampled with rcplacemcnt, thc participants rclicd

less on catcgorizmg thc differen shapes, and more on recognizing the object itself. In

other words, screeners perhaps rely less on the category a target belongs to; rather they

rely more on the actual target in order to detect it on an x-ray image.

The visual complexities inherent in the scanning task arc cxacerbatcd by the fact that

the base rate of threat objects in luggage is extremely Iow (Parasuraman, Warm, k,

Dember, 1987) Base rate refers to the probability of an object of interest occurring in thc

environment. Typically, low base rate situations lead to vigilance dccrcments, which, in

turn, lead to decreases in sensitivities and shitts in response criterion settings. If an

airline luggage screener misses a dangerous object duc to the fact that they are

experiencing vigilance decrements, the cost, in human lives, can be very dear.

A recent study, Madhavan, Gonzalez, and Lacson (2007) found that different target

base rates during training have a significant effect on quality of transfer during luggage

screening. A later study along similar lines by Brown and Madhavan (2008) supports

these findings in that higher base rates did have a training advantage relative to lower

base rates for hit rates, although higher base rates infiated false alarm rates and slowed

response times at transfer. However, this research revealed that these findings held true

only when transfer targets were physically different from traimng stimuli (i.e., "novel-

targets scenario"). When transfer stimuli werc the same as those used in training ('*samc-

targets scenario"), target base rates during training did not significantly affect transfer

performance.



Contrary to thc pattern observed in the novel-targets-scenario, the pattern of results

for the same-targcts-scenario suggested that just a few exposures ot target stimuli (i.c.,

20% base rate) during training were sufficient to create a stable mental representation of

the target. Traimng participants with a 100% base rate did not lead to a transfer advantage

in this scenario. The authors inferred that when the transfer task required detectionof'amiliar

targets, a larger base rats during training only led to higher levels of redundancy

in knowledge acquisition.

The results ot this two-scenario study are important in that security personnel at a real

airport are likely to encounter a combination of both familiar and unfamiliar targets

during the process of screening. While the relevance of higher training base rates to novel

transfer scenarios is undeniable, the results of this study indicated that it is equally

important to establish the training conditions that lead to optimal transfer when transfer

conditions are similar to training conditions.

One main problem that is inherent in luggage screening is vigilance decrement.

When people repeat the same task over and over, with a low base rate, performance

declines over time. Washburn, Taglialatela, and Rice (2004), ran a study on how

performance decrcascs over time. Participants looked for guns, knives, and scissors in x-

ray images of luggage for 25 minutes. The researchers found that over time, performance

did decrease, but it was dependent upon the participants'ustained attention skills as to

how much the performance decreased.

A more recent issue with luggage screening and x-ray image processing has been how

to automate thc screening task and the effects of automation on the human screener

(Cihylin et al., 2008; Wiegmann, McCarley, Kramcr, and Wickens, 2006). The simplest



form ol'automation of thc screening process is changing the colors of different materials

in the x-ray image (Ghylin ct al., 2008) which was discussed earlier. In another study,

the arbitrary color codes that are typically used at an airport were compared with two

different color codes„one high contrast, the other low contrast colors (Hilscher, 2005).

They found that the high contrast colors increased detection accuracy, specifically with

correct rejections. This is extremely important in luggage screening. Being able to

quickly detect what an object is and what it is made of can help the luggage screener

either dismiss thc object, or select it for further searching.

A study by Wiegmann ct al. (2006), studied the effect of thc type of automation on

young and old screeners. All participants viewed x-ray images of luggage with a base

rate of 20'/o for the target knife. Some participants received a textual cue to thc target,

whereas others rcccivcd a spatial cue around the target area. It was found that the textual

cuing improved the young scrccncrs'erformance alone, whereas thc spatial cuing

improved both thc young and old screeners'erformance. This study indicates that the

best type of automation to be used in luggage screening would be spatial cuing, although

there are some problems with spatial cuing. Some of these issues were looked at in a

study on the effects of pre-cuing potential areas of lung tumors by Krupinski, Nodine,

and Kundel, ( I 993). It was shown that detection performance was increased as the area

outside the circle was systematically masked and the area containing the tumor was

circled. However, detection of targets outside of the cued area decreased. The problem

with having the target object circled by the automated aid is that targets that occasionally

fall outside the cued area may oiten bc missed.



All the studies described above have effectively addressed thc cognitive aspects of

visual search in luggage screening at the level ot thc individual. Howcvcr, no study so far

has attempted to address extraneous issues (social, cultural, cnvironmcntal) that might

potentially influcnce screening efficiency over and beyond those that extend beyond

simple visual search processes. Specifically, all thc previous studies have demonstrated

that screeners are capable of decreasing detection time, and becoming more accurate at

detecting targets on a computer screen in isolation without factoring in extraneous

variables. But, what happens if scrceners were given an opportunity to observe the

passengers that werc associated with a certain piece of luggage, similar to the real world?

In order to understand thc plethora of variables that influence the screening process, it

is extremely important to consider whether a passenger (or, piece of luggage) was being

stopped due to security rules per se, the detection of an anomaly within the luggage„or

from the screener's social biases or stereotypes. For example, wc need to understand

answers to some simple questions - Did the passenger wear certain clothing, or appear a

certain way to arouse suspicion? Was the passenger of a different race than the screener'?

Was the passenger a man or a woman, young or old? The purpose of this study is to

examine what elfect, ifany, these variables such as race, agc and gender of the passenger

would have on thc screener's decisions to stop the passenger's luggage or not.
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Social —Cognitive Biases

Age

Age bias is a social bias related to a person*s agc that can have an effect on decision

making. Older people oflen tend to bc discriminated against for jobs, Specifically, thc

belief is that older individuals are not as flcxible in their thinking as younger individuals.

Therefore a job that requires flexibility would not be a good fit f)or an older worker,

(Craik, 2002) whereas younger people are believed to have more potential for

development than the older people (Diekrnan &. Hirnisey, 2007). Based on this„younger

people may be more likely to be employed as airport luggage scrcencrs, as their thinking

must be very flexible to figure out what constitutes a target.

A study by Anastasi & Rhodes (2006) revealed that when trying to recognize faces of

younger, middle aged, and older adults, all participants were better able to recognize a

face that matched their own age group. In a study of older versus younger adults, it was

found that older individuals show poorer performance in recognition of a perpetrator in a

lineup when the lineup is of younger people. Younger people, on the other hand, were

more likely to choose a perpetrator from an older lineup (Wilcock, Bull, & Vrij, 2007).

Using this logic, a younger airport luggage screcncr might be more likely to stop an older

passenger's luggage compared with a younger passenger's luggage.

However, the opposite might also be true. Younger screcners may trust older

passengers more due to the fact that younger people are typically more likely to commit

crimes (Dahlberg & Simon, 2006) and older people are more likely to have been the

victims of crimes. Drug smugglers have used cldcrly people, without their knowledge, to



try and smuggle drugs using wheelchairs and their own luggage items (Marino, 2008).

Oflcn, thc influcncc of agc interacts with the passenger's gender as described below.

Gender

When onc gender is given preferential treatment over the other, it is typically rcfcrrcd

to as "gcndcr bias" (Baker, Craddock, &Orwig, 2002). Gender bias is pervasive

especially in the workplace. When men and women are evaluated for the same type of

work, male workers arc often found to get better rewards for good evaluations compared

to female workers; on the flip side, males also reccivc harsher punishments than females

in response to poor evaluations (McKay & Tate, 2001). Research has revealed that

performance ratings are more strongly related to promotions for female workers

compared to male workers, which suggests that females are held to higher standards than

males (Lyncss &. Hcilmann, 2006). For example, in one study wherein men and women

were fired from similar jobs, men rcceivcd morc compensation than women (Rollings-

Magnusson, 2004). Furthermore, highly competitive jobs are typically considered "male

oriented" and need "male traits" in order to perform them the best (Heilmann, 2001).

Clearly, gender-related biases play a major role when decisions to hire, promote or fire

are made in several job contexts.

Contrary to the apparent bias in favor of males in the workplace, males are also more

likely to be associated with negative and destructive traits such as lying, stealing,

aggression and physical violence. In 2006, there were 1,479,726 men in state and federal

prisons compared with only 115,308 women (U.S. Bureau of Justice Statistics. 2007).

This indicates that males are committing more crimes than females, and indicates a

greater tendency for males to be violent.
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Based on the above findings we hypothesize that security scrcencrs would be more

suspicious of males than females, and will be morc likely to stop male passengers*

baggage compared to female passengers'aggage. This introduces a gender bias into thc

luggage screening process based on the different traits that men and women purportedly

possess.

Race

Though we would like to think differently, racial bias is still prevalent throughout the

world. There have been numerous studies looking at racial bias among police and their

decision to shoot or not shoot (Corrcll, Park, Judd, Wittenbrink, Sadler, & Keesee, 2007;

Plant & Peruchc, 2005). In thc Carrell et al. (2007) study, comparing police to civilians

in the same district, civilians were found to be more likely to shoot when shown a

minority suspect compared with the police. Both police and civilian participants took

longer to react when the White suspect had a gun, and the minority suspect did not have a

gun. The researcher concluded that seeing a white person with a gun violated people's

expectations leading them to take longer to react; the opposite was true when observing a

person of minority race who was perccivcd as dangerous even without a weapon (Corrcll

et al., 2007).

In another study with just police participants, it was found that initially police officers

were more likely to shoot an unarmed Black suspect compared to an unarmed White

suspect (Plant et al., 2005). However, this study also showed that this racial bias can be

"trained out", because the bias was not present in the later part of thc study after training.

The police officers in both studies were White, Black, Native American, and Hispanic so



l3

there was a mix ofraces in thc both studies. In the Correll ct al (2007) study, the civilians

were also representative of these races.

In luggage screening, racial bias can be manifested in how passengers get stopped by

screeners as a function of their race. Thc studies described above show that there is a

bias present among some police officers towards minority groups (Corrcll et al., 2007;

Plant et al., 2005). Thc same bias could bc observed in the security officers at airports

and would lead to minorities having their baggage stopped more often than White

passengers'uggage no matter what thc race of the screener is. Reportedly Black people

are able to detect racial bias in another person more easily when given a small exposure

to nonverbal behavior (Richeson & Shelton, 2005). This could stem fi.om the fact that

they are more sensitive to racial bias. Thc race of thc screener could be an additional

factor that determines whether or not they pass thc passenger's luggage. Screeners that

are scrccning luggage from a passenger of the same race may bc more lenient on them,

than on a passcngcr of another race (Lec & Ottati, 2002). On the other hand, all screeners,

including minority screeners may uniformly favor Caucasians (Boldry & Kashy, 1999).

Impact ofsocial-cognitive biases on luggage screening perfonnance

The three biases discussed above: age, gender and race, are all likely to impact airport

luggage screening in significant ways. Age bias could impact luggage screening in two

differen ways — on the one hand, younger screcners will bc morc likely to favor like-

aged passengers. On the other hand, younger passengers might bc viewed as more

culpable relative to older passengers who may be viewed as more trustworthy just based

on their age. Secondly, luggage screening is also likely affected by gender bias, leading
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to males being stopped more than females. Finally, racial bias could impact luggage

screening in that minorities will be morc likely to be stopped and have their luggage

searched compared with White passengers. Passcngcrs that arc of a diffcrcnt race than

the luggage scrccner may also bc stopped more.

If thcsc biases arc allowed to affect an port luggage screening, tragic consequences

can folkiw. While the scrccners arc focusing on the passengers that fit their expectations

of their biases, there could be perpctrators using these biases against the screeners to get a

dangerous object past security. Examples of this are reports ofolder persons or young

children being unsuspecting "carriers" of weapons that they are completely unaware of

(Ivtarino, 2008). These biases have a big effec on luggage screening, and have seldom

been well studied.

Thc purpose of the proposed study is to examine the effects that social-cognitive

biases (engendered by passengers ofdifferent races, ages and genders) and time pressure

have on the screening task. We first conducted a pilot test to examine if participants

expressed different opinions of passengers as a function of their (passengers') gender, age

and race prior to the actual screening task. This will be foflowcd by thc actual study

wherein wc will examine whether showing thc picture of passenger will influence

decisions to stop or pass luggage as a function of social-cognitive biases.
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Pilot Test

The purpose ot this pilot test was to examine the possible effects that social-cognitive

biases have on thc way people respond to statements about passcngcrs, based on visual

observations ot photographs of passengers varying by race, age and gender. Thc social

biases wc examined were age, gender, and race. We also wanted to usc thc pilot test to

connect social biases with airport luggage screening. Thcrelorc, wc did this by asking

participants to imagine that the people in the photographs shown to them werc passengers

at an airport. We then framed the statements to represent issues that might be relevant to

luggage screcncrs.

Method

Participants were 24 Old Dominion University undergraduate students, all of whom were

enrolled in a Psychology class and completed the study for research participation credit.

Students were given 1.5 credits for completing the study. A computer program was

developed to present 100 pictures of 'passengers'n random order. The passengers

varied by race, agc, and gender. The races that were represented were White (34), Black

(33), and Asian (33). See figures 1-6 for representative pictures of each category.

Passengers within each race werc divided into males and females (17 White males and 17

White females; 16 Blacks males and 17 Black females; 16 Asians males and 17 Asian

females). Passengers were also divided into young and old, evenly split between the

genders. The program also recorded the participants'esponses to seven statements for

each passenger. The program took 1.5 hours to complete and participants received 1.5

credits towards research for a class.
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Procedure

Participants were assigned a participant number, which was based on the date they

participated and thc order in which they arrived, which was entered into the computer

program atter signing the informed consent forms. The participants were told that they

would be rating scvcn statements for each person in the pictures, representing a

Figtn.e i. Rcprcscntativc pictures of an old and young Black female.

Figure 2. Representative pictures of an old and young Black male.

Figure 3. Representative pictures of an old and young Asian female.

Figure 4. Representative picture of an old and young Asian male.



Figiue 5. Representative picture of an old and young White male.

Figure 6. Representative picture of an old and young White female.

passenger, which were going to appear in the corner. They werc then told to click next

and were shown the statements that they would be rating for each picture. Each

statement had a five point scale following it, with "I" being "disagree completely" and 5

being "agree completely*'. If the participant did not have questions, they were to continue

through thc program until it stopped. Sec appendix A for thc seven statements.



Pilot Test Results

A 7 (statements) X 3 (passenger race) X 2 (passengcr gender) X 2 (passcngcr age)

mixed measures ANOVA on participant rating revealed that there was a significant main

effect for thc statements, F(6, 528) = 91.087, p & .001, q = .509, and passenger gender,

F(1, 88) = 46.355, p & .001, q = .345 as well as an interaction bctwccn the statement

and gender, F(6, 528) = 48.782, p & .001, q — .357. There were also significant

interactions between the statements and race F (12, 528) = 2.862, p & .01, q — .061,

statements and agc F(6, 528) = 13.799, p & .001, q" = .136, and bctwcen thc passenger

gender and passenger age, F(1, 88) = 7.134, p & .01, q = .075. Statement ¹4 had the

highest score (M= 3.51, SE = .02) with statement ¹ 7 having thc lowest score (M = 2.29,

SE = .02). Males had a significantly higher rating on all the statements (M = 2.82, SF =

.03) compared to thc females (M = 2.50, SE — .033).

To further understand the relationship between responses to each question and

passenger attributes, wc used multiple one way ANOVAs to test the simple effects of

gender, agc and race on participant responses.

Statement I: "I think this person is attractive."

A one-way ANOVA revealed significant main effects for gender F(l, 88) — 21.324, p

& .001, q = .195, and age F(1,88) = 58.890, p & .001, q = .401, as well as a significant

interaction between the two variables, F(1,88) — 10.597, p & .01, q = .107. Females

werc perceived as significantly more attractive (M= 3.28, SE = .19) than males (M —.

2.70, SE = .19). Young passengers (M = 3.25, SE = .18) werc found to be significantly

morc attractive than older passengers (M= 2.50, SE — .22). As can be seen in figure 7,



19

there was a greater differcncc between the attractiveness of young males (M = 2.86, SE =

.26) and fcmalcs (M =- 3.61. SE —,25), compared with the older males (M — 2.42. SE—

.30) and females ( M — 2.58, SE — .32). Perceptions of race, F(2, 88) = 2.972, p = .056, q

= .063, and interactions betwccn gcndcr and race, F(2, 88) = 1.463, p = .237, q = .032,

gender and age, F(1, 88) = .666, p = .516, q' .015, and gender, age, and race, F(2, 88) =

2.061, p — .133, q = .045, werc all found to be non-significant,
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Figure 7. Graph of the interaction between gender and age for statement if 1
"I think this

person is attractive. "

Stateznent 2: "This person migizt /rave a tiazzgerozts object in hist)zer hlggage. "

Statement tt2 was revealed to be significant for main effect of gender alone F(1, 88) =

65.040, p & .001, q' .425. Males (M= 2.71, SE = .18) werc thought to have more

dangerous objects in there luggage than females (M = 2.08, SE = .18).
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Main effects for the race of the passenger, F(2, 88) = 2.920, p = .059, q = .062, and

agc of the passenger, F( I, 88) = .584, p =- .447, q = .007„werc non-signihcant. Thc

interactions between the passengers'ender and race, F(2, 88) —" .883, p = .483, q

.019, gender and agc, F(l, 88) = 2.584, p = .112, q — .029, race and agc, F(2, 88) =

2.022, p = .138, q = .044, and gender, race, and age, F(2, 88) = .461, p = .632, q = .010„

were also not signiticant.

Statement 3: "7 will most likely stop tht persoti s lllggclge."

Thc onc way ANOVA for statement ¹3 revealed a significant main effect of gender

F( I, 88) = 54.934, p & .001, q = .384, and race F(2, 88) = 4.128, p & .001, q = .086.

Males (M = 2.73, SF. = .21) were found to be more likely to be stopped than females (M =-

2.15, SE — .22). White passengers (M — 2.41, SE — .25) and Black passengers (M = 2.41,

SE = .20) although not significantly different from each other, werc judged as

significantly less likely to bc stopped than Asian passengers (M = 2.51, SE = .29).

The main effect for age, F( I, 88) = .579, p = 449, q = .007, and the interactions

between gender and race, F(2, 88) = 2.155, p = .122, q
=- .047, gender and age, F(1, 88)

= 1.898, p = .172, q = .021, race and age, F(2, 88) = 1.687, p = .191, q = .037, and

gender, race, and age, F(2, 88) = .478, p =.621, q' .011, werc all revealed to be non-

significant.

Statement 4: "I will most likely pass (not STOP) this person 's luggage. "

The one-way ANOVA for statement ¹4 was found to be significant for gender F( I,

88) = 48.177, p &.001, q =.354, and race F(2, 88) = 3.811, p &.05, q =.08. Females
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(M= 3 79, SD = .30) were morc likely to not have their bag stopped than males (M =

322, SD =.50). White (M= 356. SE=-.33) and Black passengers(M= 352, SF.= .23)

werc judged as significantly less likely to be stopped compared to the Asians (M= 3.43,

5E — .26), though there was not a signiticant differcncc between Whites and Blacks.

Main effects for age, F(1, 88) = .79'), p = .374, q = .009, and the interactions

between gender and race, F(2, 88) = 1.557, p = .217, q =.034, gender and age, F(1, 88)

= .726, p = .397, q —..008, race and age, F(2, 88) — 1.346, p = .266, q = .030, and

gender, race, and age, F(2, 88) = .452, p — .638, q = .010, werc all found to be non-

significant.

Statement 5: "i think this person looks suspicious. "

For statement ¹5 the main effect for gender alone was found to be significant F(l, 88)

= 49.917, p & .001, q' .362. Males (M = 2.67, SF. = .11) were found to look more

suspicious than fcmalcs (M= 1.97, SE = .18).

The main effects for race F(2, 88) = 1.611, p = .206, q = .035, and age, F(1, 88) =

3.002, p = .087, q = .033, of the passengers was revealed to bc not significant. Also, the

interactions between passengers'ender and race, F(2, 88) = 1.534, p = .221, q' .034,

gender and age, F(1, 88) = .860, p =- .356, q — .010, race and age, F(2, 88) = 1.079, p =

.344, q = .024, and gender, race, and age, F(2, 88) = .414, p = .662, q = .009, were

revealed to be non-significant
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Stolement 6: 77 think tliis person would lie to me."

For statement ¹6, the main effect for gender F(1, gg) = 43.347, p & .001, r( =

.330, and the gender-age interaction F(1, gg) = 4.107, p & .05, r( = .045 werc found to be

significant. Males (M= 2.97, SE = .24) werc found to be more likely to lie, than females

(M= 2.51, SE =.24). Among male passengers, young passengers (rMm 2.94, SE =.33)

were found to be less likely to lie than older passengers (M = 3.02„SF. = .31). On the

contrary, as can bc seen in Figure g, younger females (M = 2.56, SE = .35) werc more

found to be more likely to lie than older females (M= 2.40, SE = .49). The perceived

difference between the older passengers was greater than the difference between the

younger passcngcrs.
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person would lic to me."
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The main effects for passengers'ace, F(2, 88) = 1.120, F = .331, 1 q = .025, and agc,

F(1, 88) = .019, p = .891, q = .000, were revealed to bc non-significant. The interactions

between the passengers'ender and race, F(2, 88) = 1.410, tt = .250, q = .031, race and

age, F(2, 88) = 2.272, p = .109, q = .049, and gender, race, and age, F(2„88) = .316, p =

.730, q = .007, werc revealed to be non-significant.

Stotement 7: "I think this person might be dangerous. "

For statement ¹7, the main cffcct for gcndcr alone was found to be significant, F( I,

88) = 59.111, p & .001, q = .402. Similar to the previous statements, males (M= 2.59,

SE = .19) were thought to be more dangerous than females (M= 1.98, SE = .19).

The main cffi:cts for passengers'ace, F(2, 88) — 2.885, p = .061, q = .062, and age,

F(1, 88) = 1.098, p = .298, q = .012, were found to bc non-significant. The interactions

between the passengers gender and race, F(2, 88) = .988, p = .376, q = .022, gender and

agc, F( 1, 88) = 1.485, p = .226, q = .017, race and age, F(2, 88) = 1.809„p = .170, q

.039, and gender, race, and age, F(2,88) =.571, p = .567, q = .013, were all revealed to

bc non-significant.

Summot3'fresults

For all of the statements that the participants were asked to rate, there was a main

effect for gender, i.e., male passengers were perceived as significantly different from the

female passengers. For instance, male passengers were more likely to be thought of as

dangerous and willing to lie. Also the participants said that they were more likely to stop

male passengers than female passengers. The different races had a significant effect for
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statements ¹ l (
"l think tliis person i» attt active. ") and ¹4 ( "I »vill most likely pass (init

STOP) t!iis person's lttggage. "), which indicates that the decision to stop a bag could be

partially due to the race of thc passenger. Thc difference between young and old

passengers was found to have a significant cffcct for statement ¹I alone ("I think this

person is at(&.active. "). Younger passcngcrs were found to bc more attractive than older

passengers. Based on this pilot test, we hypothesized that these inherent biases would

affect scrcencr performance in the real world. At most airports, the luggage screeners for

carry-on luggage are able to sec the passengers themselves, thercforc is a strong

possibility that there must be some interaction between them. This leads us to the

luggage scrccning study described below.
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The Luggage Screening Study

As found in thc pilot study„participants verbalized significant opinions about male

and female passengers and between different races just by visually observing the pictures.

The next step was to examine whether the social-cognitive biases that were present in thc

pilot test would influence thc decision making process in an actual luggage screening

context. What makes this study unique is the focus on social-cognitive biases which

differs )rom existing studies that have focused on either thc luggage screening process

(Hilscher, 2005; McCarley et al., 2004) or on the decision making made by the luggage

screener (Brown, et al., 2008; Madhavan et al., 2007; Parasuraman ct aL, 1987). Having

established in the pilot study that social-cognitive biases do exist in the way people

perceive others just by looking at them, this study was designed to examine whether these

biases will influence active decision making during the luggage screening process.



26

Method

Parti ci pan is

Participants were 96 Old Dominion University undergraduates completing thc study

for class credit. The study took approximately 1 hour to complete, for 1 hour research

credit.

Materials

Oateway computers were used, which were running Microsott XP with scrvicc pack

2. These computers werc used to run a computer simulation of airline luggage screening

created by F.-prime 2.0.

Procedure

Participants were randomly assigned to a control group, (n=24), and three

experimental groups (n= 72) in a 2 (time pressure: high vs. low) X 3 (anchor: pre-anchor,

no-anchor, post-anchor) design. Participants filled out an entrance questionnaire prior to

running the study (see appendix B). Thc task was for participants to detect the presence

ofdangerous objects in x-ray images of passenger luggage. Participants scanned 200

images distributed into two blocks of 100 images each. At thc beginning of each block,

participants were shown the five targets that they need to look for in the 100 bags that

were to follow (sce appendix C). For thc cxpcrimcntal groups, thc appearance of the

luggage image on each trial was preceded by the picture of a random passenger (drawn

from a new set of 100, that includes thc following races: White, Black, Asian, Middle

Eastern, and Hispanic) to whom the bag supposedly "belongs". For each of the



experimental groups, half the participants performed thc task under high time prcssure (2

seconds for each luggage image exposure) and the other half performed under low time

prcssure (6 seconds for each luggage image exposure). AAcr deciding whcthcr to pass the

bag or not, participants rated their confidinicc in their decision on a live point scale.

Participants in thc pre-anchor group (n = 24) werc first required to answer two

statements about the passenger before the x-ray image appears. AAer answering thc

statcmcnts, they clicked "next" and the x-ray image was brought up onto the screen, aAcr

which, they rateed their confidence on their decision of whether or not to pass the bag.

The two statements that were used werc statement ¹ l: "l think this person is attractive"

and statcmcnt ¹3 "I will most likely stop this person 's luggage. "We chose these two

statements because there werc large main cffccts as well as interactions among variables

for these statements in the pilot test reflecting strong social-cognitivc biases. Thus, thcsc

two statements appear to be the most powerful indicators of the existence of such

cognitive biases.

For participants in the no-anehor group (n = 24), after 4 seconds of the passenger

appearing the x-ray image of a bag appeared bcsidc the passenger. These participants

werc not required to answer any questions about the passengers, but they still rated their

confidence on their decision to pass or not pass the luggage.

For thc post-anchor group (n — 24), the program ran the same experimental procedure

as for the no-anchor group. l lowever, participants were required to answer the two

statements answered by the pre-anchor group about each passenger aftei. the participant

has chosen whether or not to pass the bag and rated their confidence in that decision.



Once they have answered the questions and clicked "next", the next picture of a

passcngcr appcarcd. This procedure continued until thc end of the trial block.

A control group (n = 24) performed the screening task alone without observing the

pictures of passengers. Of these 24 participants, 12 participants performed under high

time pressure and the other 12 performed under low time pressure. This group served as a

base! ine for performance under each level of time pressure without thc additional

anchoring information provided by the passengers'ictures.

The base rate for thc targets is 50% for all groups. Participants were not int'ormed

about the base rate. At thc cnd of each trial, participants received feedback in the form

of a text message, telling them whether they made a correct decision or not. Also they

received a cumulative percent correct score shown after each decision to pass or not pass

the bag. At the end of the experiment, participants filled out a final "task knowledge"

questionnaire (see appendix D). The participant with the highest score for their

experiment session received a piece of candy as a prize.
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Data Analysis

Thc data was analyzed for normality. If normality is violated. box plots were used to

examine which sections of the data were outlicrs, and the outlicrs werc brought to 2

standard deviations away from thc mean. A 2 (time pressure: high vs. Iow) X 3 (anchor:

prc-anchor, post-anchor, no-anchor) X 5 (passenger race: White, Black, Asian, Middle

Eastern, Hispanic) X 2 (passenger gender; male vs. female) mixed measures ANOVA

was ran for each dependent variable. For the interactions that werc significant, a mixed

measures ANOVA was ran, followed by paired t-tests with a bonferroni correction. Age

was not included in this analysis since the data in the pilot study showed that age was not

a significant factor for most of the statements that participants were asked to judge.

The depcndcnt variables of intcrcst arc:

~ Hit rate — the probability of correctly detecting a target.

~ False alarm rate - probability of incorrectly saying there is a target present,

when there is no target

~ Sensitivity (d') — the perceptual ability to differentiate between a target and

non-target.

~ Response criterion setting (c) — the propensity to generate "yes" or "no"

responses.

~ Confidence- belief in how accurate one's response is

~ Data from the "Task knowledge questionnaire"

The data analytic strategy was based on a two-pronged approach. We used hit rate

and false alarm rate as pure performance measures which directly measure a participant's

performance on the task. In addition, we used the signal detection variables sensitivity
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and response criterion setting in order to understand thc decision making processes that

drive performance 1 resulting in hit and false alarms). For instance, the higher the hit rate

and thc lower thc false alarm rate, thc higher thc participant's sensitivity will be. This

means that participants are correctly dctccting targets when they are present, and

correctly recognizing when there is not a target present, indicating good decision making.

Wc contend that it is important to understand both the decision making process as well as

the performance effects in order to generalize the results of this study to an actual

luggage screening context.

hypotheses

l. Egfec(s of rime izresstoe and onchor

~ Based on the data fi om the pilot test, we hypothesize that participants will

judge whether to pass thc bag based more on thc passenger's picture than the

x-ray image when time pressure is high and they will have less confidence in

their decision. This is because when the time pressure is high, the participant

will have only two seconds to detect the target. Due to this time constraint,

they will rely more on the passenger and how dangerous the passenger

"appears" as a heuristic to dccidc to stop or pass the bag, This will lead to an

increase in false alarm rates due to an inflation of "target present" responses

and will be confirmed by their responses on the "Task knowledge

questionnaire". Since their decisions will be based on the passcngcr's picture,

their sensitivity to the target (i.e., their ability to detect the target) will not

change per se; however, their response criterion will change as a function of

more "ycs" responses.
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~ Under low time pressure, participants will base their decision to pass or not

pass thc bag based on the x-ray image (again, supported by their rcsponscs on

thc "Task knowlcdgc questionnaire") as they will have morc time to look at

the bag. This will lead to a higher hit rate, lower false alarm rate, and higher

contidence in their decision than the high time prcssure group. Participants'ensitivity

to thc target objects will increase (as a larger exposure time will

improve their target detection abilities), while their response criterion setting

will stay constant.

~ For participants that have an anchor either before or aAer, they will bc morc

likely to base their decisions to pass the bag or not on the passenger's picture,

and thcrcforc have less confidcncc in their decision. Here we hypothesize

shiAs in response criterion setting (a shift in "yes" or "no" responses) while

sensitivity (detection ability) remains the same.

~ The post-anchor group will take more trials to base whether they pass the bag

or not on the passenger's picture rclativc to the pre-anchor group.

e For participants that do not have thc anchor, the decision to pass the bag could

be based on either the passcngcr's picture or the x-ray image. This will be

determined by the degree of time pressure. When they base their decision on

the passenger, their confidence will be lower than if they base it on thc x-ray

image.

2. Effects ofgender and race ofpassengers

~ In the pilot test, participants judged males as significantly morc likely to have

their baggage stopped, and were significantly morc likely to be on the
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negative side of all of the statements participants were told to rate. Therefore,

in thc screening task, passengers that are male will bc more likely to have

their bag stopped compared to female passengers.

~ Asian passengers in the pilot study werc judged as significantly more likely to

have their baggage stopped compared with the White and Black passengers.

Thcreforc, in thc screening study, Asian passengers will have their bags

stopped more oAcn than both White passengers and Black passengers. Thc

diffi:rence between the White and Black passengers will not be significantly

different.
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Results

Due to the complexity of thc experimental design, the study was broken up into

two different sets ofvariables. Hit rate and false alarm rate arc grouped under

"performance analysis", and sensitivity and rcsponsc criterion setting are grouped under

"signal dctcction analysis*'. Also, the contidcnce ratings and task knowledge

qucstionnairc did not contain any signilicant results, so these sections werc left out.

Perfv mian ce Analysis

Hit Rate

All "p" values below .05 are statistically significant. The hit rate data was

normally distributed with no outliers, thcrcforc no data cleaning was necessary.

A 2 (time pressure: high vs. low) X 3 (anchor: prc-anchor, post-anchor„no-anchor) X 5

(passenger race: White, Black, Asian, Middle Eastern, Hispanic) X 2 (passenger gender:

male vs, female) mixed measures ANOYA was used to analyze the hit-rate data. The

mixed measures ANOYA revealed that there was a significant main effect for time

pressure (F(1,66) = 56.18, p & .001, t) = .46). Participants under low time pressure had

higher hit rates (M = .82, SE = .01) than the participants high time prcssure (M = .69, SE

= .01). All other main effects and interactions were statistically non-significant.

False Alarra Rate

The data set was not normally distributed, and the box plots revealed 12 outliers,

which were brought in to within 2 standard deviations of the mean. This made the data

set normally distributed. A 2 (time pressure: high vs. low) X 3 (anchor: pre-anchor, post-
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anchor, no-anchor) X 5 (passcngcr race: White, Black, Asian, Middle Eastern, Hispanic)

X 2 (passenger gender: male vs. female) mixed measures ANOVA„similar to that used

for thc Hit Rate analysis, was used to analyze the False Alarm Rate data. Thc results of

thc ANOVA revealed that there was a significant main effect for passenger gender (F(1,

66) — 7.81, tt — .007, q — .11), and time prcssure (F( I, 66) — 10.g0, tt — .002, q — .14).

Participants had a significantly higher false alarm rate for male passengers (M = .16, SE =

.01) than they did for the female passengers (M = .13, SF = .01). Participants under high

time prcssure (M=.19, SE = .02) had significantly morc false alarms than did the

participants under low time pressure (M = .11, SF. = .02). All other main effects and

interactions werc statistically non-significant.

Signoi Detection Anaiysix

Sensitivityt

d'ensitivity, also known as discriminability index, is a measure of how far apart

the signal and noise curves are for an individual (Heeger, D., 1997). In other words, this

implies that the more the signal (or, target) stands out from back ground clutter, the easier

it will bc for the human to locate the target. So, in this experiment, the higher the

sensitivity it implies that the easier it was for the participant to distinguish thc target from

non-targets. Specifically, higher thc sensitivity, the better was the detection performance

of the participant.

The sensitivity data was normally distributed with no outliers, therefore no data

cleaning was necessary. A 2 (time pressure: high vs. Iow) X 3 (anchor: pre-anchor, post-

anchor, no-anchor) X 5 (passenger race: White, Black, Asian, Middle Fastern, Hispanic)
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X 2 (passcngcr gender: male vs. female) mixed measures ANOVA was used to examine

thc data obtained for sensitivity. The main cffcct of time prcssure (F(1. 66) = 47.34, P &

.001, q = .418) and the interaction between passenger gender, passenger race, and anchor

(F(8, 264) = 3.34, P = .001, q = .092) werc both significant. Under low time pressure (M

— 2.23, 5E — .07) participants had higher sensitivity than did participants under the high

time pressure (M — 1.54, SE = .07).

To further analyze the relationship between passenger gender and passcngcr race

within each anchor group, a 2 (gender) X 5 (race) mixed measures ANOVA was run

within each of the anchor groups and is described in thc following sections.

i) Pre-anchoret All of the main ef'fccts were non-significant which include the

following: passenger gcndcr and passenger race. The interaction between passenger

gender and passcngcr race was significant (F(4, 92) = 2.863, p = .028, q — .102).

Sphericity was violated, and by using the Greenhouse-Gicsscr (p=.063), Huynh-Fc(dt

(P=.057), and the Lower Bound (P=. 704) correction the interaction became statistically

non-significant. All of the other interactions were found to be non-significant which

include the following: passenger gender by time pressure, passenger race by time

pressure, and passenger gender by passenger race by time pressure.

ii) Xo-nnchor: All of the main effects were non-significant which include the

following: passenger gender and passenger race. The only interaction that was found to

be signilicant was the interaction between passenger gcndcr and passcngcr race (F(4, 92)

= 2.621, p = .04, q = .102). Sphericity was violated and by using the Greenhouse-Giesser

(p=.048), and Huynh-Feldt (p=.04) correction the interaction was still statistically

significant. However, using the Lower bound (p=.119) correction rendered the
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interaction statistically non-significant. All of the other interactions were found to be

non-significant including thc following: passenger gender by time pressure, passenger

race by time pressure, and passenger gender by passenger race by time pressure.

Participants had a non-significant difference between thc male and female

passcngcrs for thc following races: Black passengers (male: M — 1.75, SE — .14: fcmalc:

M = 1.70, SE= .16), Asians (male: M = 1.63, SE = .18; female M= 1.89, SE= .14),

Middle Eastern (male: M = 1.63, SE = .18; female: M = 1.83, SE — .14), and Hispanic

(male: M =
1 78, SE = .19; female: M = 2 13, SE = .24). However, for White passengers,

participants had higher sensitivity for detecting targets when the passengers were male
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Figure 9. Passenger gender by passenger race interaction for the no-anchor group in

sensitivity analysis.
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compared to females(male: M= I g7. SE = .17; female: tM= 1 45, SE =.16: t = 2 786 p

— .011). See Figure 9.

iii) Post-anchor: All of the main effects were non-significant which include thc

following: passenger gcndcr, and passenger race. The interaction between passcngcr

gender and passenger race was statistically non-signilicant.

Response Criterion Setting: c

Response Criterion Setting is the propensity to generate "yes" or '"no" rcsponscs.

This means hat thc human sets an arbitrary threshold or "cutoff point" lor responding;

when the signal to noise ratio is perceived as being above this level, the participant will

indicate a target is present. Likewise, if thc ratio is perceived as being below this

threshold, they will indicate that a target is not present (Hccgcr, D., 1997). Typically, if

the participant sets his/her response criterion high such that the criterion setting is high or

positive, responding is said to be conscrvativc. This means than the participant has a

propensity to say "no" more ofien than "ycs". The opposite occurs when a participant

sets his/her response criterion low. In such cases, responding is said to bc morc liberal;

this will result in low or negative criterion settings and a general tendency to say "yes"

morc ficqucntly than "no".

The data set was not normally distributed, and the box plots rcvealcd 12 outliers,

which were brought in to within 2 standard deviations of the mean. This made the data

set normally distributed. A 2 (time prcssure: high vs. low) X 3 (anchor: pre-anchor, post-

anchor, no-anchor) X 5 (passenger race: White, Black, Asian, Middle Eastern, Hispanic)

X 2 (passenger gender: male vs. female) mixed measures ANOVA was used to analyze

the response criterion setting data. The ANOVA indicated a significant main effect of
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passenger race (F(4, 264) = 8.48, p & .001, t)' .114) and an interaction bctwccn

passenger gender, time prcssure, and anchor (F(2, 66) = 3.50, 7i = .036, il = .096).

Participants had significantly more conservative response criteria for passengers of

Hispanic race (M = 1.19, SE — .09) compared to all the other races (White M = .85, SE =

.05, r = 3 97 p &.001; Black M= .83, SE =.05, r = 4 33, p & .001; Asian M =.82, SE =

.05, r = 4.35, p &.001; Middle Eastern M=.92, SE =.06, r = 3.14, p =.002). This means

that participants were less likely to say there was a target present when confronted with a

Hispanic passenger relative to passengers of other races.

To further examine criterion settings within anchor groups, a 2 (gender) X 2 (time

prcssure) mixed measures ANOVA was run within each of the anchor groups described

below.

i) Pre-anchor: All of the following main effects were non-significant: passenger

gender and time pressure. The interaction between passenger gender and time pressure

was found to be non-significant as well.

ii) No-anchoret For this group all the main effects were non-significant which

include passenger gender and time pressure. The interaction between passenger gender

and time pressure (F(1, 22) — 8.391, p = .008, q = .276) was found to bc statistically

significant. See figure 10. One tailed r tests were used for post hoc analysis of the

interaction. The t-tests revealed that there was a non-significant difference for

participants'esponse criterion setting for the male versus female passengers under low

time pressure. Howcvcr, under high time prcssure criterion setting for male passengers

(M = 1.14, SE = .71) was significantly higher than for female passengers (M = .84, SE =

.70, r = 2.18, p = .036).
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Fige&e 10. Passcngcr gender by time pressure interaction for thc no-anchor group in

response criterion settings analysis.

iii) Pos(-inrchor: As with the pre-anchor group, all of the main effect werc non-

significant, which include the following main effects being non-significant: passenger

gender and time pressure. The interaction between passenger gender and time pressure

was also found to be non-significant.
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Discussion

Most luggage screening studies to date have focused on either mechanics of the

luggage scrccning process (Hilschcr, 2005; McCarlcy et al., 2004) or on thc decision

making of luggage screeners (Brown, et al., 200g; Madhavan ct al., 2007; Parasuraman

et al., 19g7). What has seldom been addressed in these studies, in particular the decision

making studies, is a consideration of extraneous factors, namely social-cognitive

variables, that can atTect the decision making process. One ot'these factors is the

passenger himsclUhcrsclf, and any biases thc screener may have towards thc passengers.

The purpose of this thesis was to examine whether such social-cognitive biases as age

bias, gender bias, and racial bias would influence decision making during the luggage

scrccning process. Wc werc also interested in examining thc role of time pressure, and if

the screening process would be affected by decision hcuristics such as anchoring.

Role o/'ime pressni e

Time pressure plays an important role in everyday life. Sometimes time pressure

can be beneficial, it helps to encourage the timely completion of work. However, time

pressure can also be harmful leading to lapses in performance, cspccially in the case of

detecting dangerous objects such as in this study. Consistent with most existing research

(Harreveld, et al., 2007; Light, et al., 2006; Milton, et al., 200g) the results of this study

revealed a significant effect of time pressure on decision making in the luggage scrccning

context.

When participants were under high time prcssure, they had significantly fewer

hits for dangerous objects than did the participants under low time pressure. This was



true across all experimental conditions indicating that the low time prcssure group had a

higher probability of correctly idcntitying targets compared to thc high time pressure

group. Thc higher hit rate for thc low time pressure group also lcd to this group having a

higher sensitivity for detecting targets and ultimately demonstrating better performance

than participants under high time pressure. This is most likely duc to the simple fact that

the participants under low time pressure have more time to search for the object. High

time pressure, in addition to degrading hit rates, also led to higher false alarm rates; false

alarms take up valuable time in thc real world since the bag must be opened and

physically checked with no ultimate long temi benefit. The higher talse alarm rates were

clearly due to the fact that thc participants had less time to search the bag. Research has

revealed that in general humans arc reasonably efficient at localizing a target (i.e.,

pointing to a general area that might contain a target), but arc not necessarily good at

identifying the target accurately (McCarley, et al., 2004). In this study, it is possible that

under high time pressure participants localized areas where the target might potentially be

rather quickly, thereby generating several false alarms. However, their inability to

correctly identify real targets under time pressure simultaneously decreased their hits.

These findings support our hypothesis that participants are relying more on the picture of

the passenger when under high time pressure, than on thc luggage image itself. While the

participants responses under low time pressure support the hypothesis that they will base

their decisions more on the x-ray image, with higher hit rates, and lower false alarm rates.

Time prcssure also affcctcd rcsponsc criterion settings. Response criterion setting

is a threshold that a person sets internally for their responding. When the signal is above

this internal threshold, the participant typically generates a "target present" response,



when thc perceived signal is below this threshold, they tend to gcncratc a "target absent"

response (Hccgcr, D., 1997). Under low time pressure participants had a lower response

threshold for male passengers than female passengers. This implies that participants werc

morc liberal in their responding and said "ycs" morc often when passengers werc male

than female passengers under low time pressure. When thc participants were under low

time prcssure, they had more time to search the luggage image, and thercforc likely had

more time to think or stratcgizc. This could logically have led them to using reason to

say males are more aggressive and therefore led participants to say "yes" more often

(Graham & Wells, 2001) when the luggage belonged to a male passenger. However, the

opposite was true for high time prcssure; participants indicated a higher response

threshold, so werc more conservative and generated more "no" responses for male

passengers when compared to female passengers. At first glance this appears

contradictory to our expectations that males arc perceived as more capable ofaggression

than females. Howcvcr, this unexpected trend under high time prcssure could possibly be

due to gender bias. When time pressure was high and participants did not have sufficient

time to think of decision strategies, participants perhaps prone to the typical gender bias

wherein they showed preferential treatment to male passengers relative to female

passengers (Heilmann, 2001; McKay, et al., 2001). This could have led to a greater

tendency to 'discount'r allow male passengers to go unchecked, thereby leading to a

higher or more conservative response threshold for the male passengers. This is evidcncc

for the hypothesis that participants response criterion setting will change based on time

pressure and their own personal biases towards thc passengers.
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Role ofn»ei&o& i»g

't&&&hilc time prcssure played a significant role in the results, wc found that

anchoring also played a signiflcant role in impacting decision making. Anchoring is the

tcndcncy tor decision makers to focus on onc particular piece of information and usc that

to base subsequent decisions (Tvcrsky and Kahneman, I 974). The anchoring heuristic

works by giving people a refcrencc point to help them make a decision. For example, in

an early experiment on anchoring, when asked a question, "is the pcrcentagc of African

countries in thc United Nations greater than or less than a 25 percent'?" (Tversky et al.,

I 974) participants gcncrally used thc "25 pcrccnt" to base their judgment of exactly what

percentage of African countries is in the United Nations. This worked even when thc

percentage was randomly selected in front of the participant. In general, if an anchor is

prcscnt, the anchor can influenc the decision making process of a participant, and

thcreforc influence overall performance.

In this study, the "anchor" was a series of questions drawing attention to the

passenger to whom the luggage belonged. The anchor was either presented at the

beginning of the trial immediately following the passenger image (pre-anchor group) or

at the end of the trial (post-anchor group). In some cases, the anchor was not present at all

(no-anchor group). Results revealed that when participants had the anchor, either before

(pre-anchor) or after (post-anchor) they saw the luggage image, it appeared to suppress

rather than enhance the social-cognitive biases, relative to the participants in the no-

anchor group. The results also revealed significant interactions between cognitive

anchoring and race and gender of passengers on performance. Contrary to our initial
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expectations and hypothesis, this anchoring effect was particularly salient when time

pressure was low and participants had morc time to 'attend to'he passengers.

Thc results suggest that participants used their personal biases as 'anchors* to help

in the decision making process, particularly when they had time to pay more attention to

passengers. Research has revealed that minority races, such as Hispanics, have been

associated with negative behavioral connotations. For instance studies of police officers

and their decisions to shoot or not shoot (Correl ct al., 2007; Plant ct a1.,2005), have

demonstrated that police were more likely to shoot suspects of minority races even when

they did not have a gun. The higher hit rate associated with thc Hispanic male passengers

in our study could possibly be duc to the interaction of these social-cognitive biases.

Based on the surmise that the participant already had a negative association with male

members of minority races, it is possible that they were more suspicious of the two

passenger categories (men and minority races) during the luggage screening process.

Therefore, when searching through the x-ray image, they perhaps used gender and race as

decision heuristics, paid more attention to thc items in bags that were accompanied by

male passengers of Hispanic race, and detected the targets more accurately when they

were indeed present. This actually suggests a potential benefit of social-cognitive biases

in this instance! However, it must bc noted that this effect was only observed under

conditions of low time pressure when there was ample time to attend to the bags.

The existence of social-cognitive biases in detection behavior is supported, albeit

in a slightly different manner, by the false alarm analysis as well. Similar to the effects

found in the hit rate data, male Hispanic passengers had a higher false alarm rate

associated with them than female Hispanic passengers. Interestingly, the false alarm
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cffcct was found under conditions of high time prcssure rather than low time pressure.

This indicates the negative effects of social-cognitive biases. Although target detection

was bcnefitcd to an extent due to anchoring under low time pressure, high time pressure

lcd to negative effects in the form of higher false alarms.

Similar effects lor racial bias werc tound in participants'riterion settings

wherein participants had a more conservative response criterion setting for certain

passenger races. This means that participants were more conscrvativc and had to have a

higher subjective evidence of a target bmng present bcforc they would indicate that one

was present. This is very interesting since we have already seen in the false alarm rate

data that participants also had a higher I'alse alarm rate for the male I lispanic passengers

compared to the other races of passengers. At first glance the conservative criterion

setting for Hispanic passengers appears to contradict the lmding that participants stopped

luggage more (i.e., said "target present" more) in response to these passengers. Is it

possible that participants'ower response criterion for the female Hispanic passengers

relative to male Hispanic passengers has raised the criterion setting for the Hispanic

passengers overall, although this is not evident in a statistically significant difference

between the male and female Hispanic passengers per se. As hypothesized, the

participants had higher false alarm rates for minority passengers than they did for the

White passengers.

As hypothesized, participants had a higher false alarm rate when the passenger

was male which would lead them to being stopped more. Also the interaction between

passenger gender and time pressure I'r the no-anchor group was an interesting indication

ofhow not providing an anchor significantly impacted performance more than providing



46

anchors in this study. When time pressure was low, participants had a more liberal

response to the male passengers thereby stopping thc luggage belonging to male

passenger morc often. Conversely, participants had a morc conscrvativc response towards

the female passengers, thereby stopping their luggage with lower I'requency than for male

passengers. Surprisingly, the opposite became true under high time pressure; participants

had a higher, more conservative rcsponsc to thc male passcngcrs, while they had a morc

liberal response to the female passengers. It is possible that when participants had time to

ihink about the passenger and the luggage, as in the case of the low time prcssure group,

their biases against male passengers were mitigated to an extent leading them to become

more conservative. The opposite might be true for female passengers wherein the index

of suspicion possibly incrcascd with thc availability of more time to scan thc image.

The data Irom the pilot test indicated that participants rated the female passengers

as more attractive than male passengers. This could have potentially impacted

performance in the main study. However, contrary to the pilot study, the main luggage

screening study did not reveal any significant differences in the ratings of attractiveness

for the male and female passengers, nor for the different races. A possible reason for the

difference between the pilot test and the main study could be the fact that in the main

study, the participants were focusing mostly on thc luggage scrccning task which was the

primary task; the "attractiveness" questions were just a secondary task and served as an

anchor. Therefore, we can surmise that the likelihood ofattractiveness being confounded

with race and gender in the main study was relatively low.
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Impiicarionsfor Training and Du&ign

The implications of this study are numerous. Foremost, this study shows that

social-cognitive biases may be present and can influcncc the decision making process of

luggage screencrs. This has implications for the ways in which luggage scrccning

stations are set up are airports. One such change would be to ensure that scrceners

cannot sce the passengers themselves in order to mitigate biases. This would cnsurc that

scrceners are basing their decision to pass thc bag or not on the actual luggage and not on

the passenger. However, this suggestion is a double edged sword given that some of our

results actually point to social-cognitive biases benefiting the screening process. Another

recommendation would bc to ensure there are a sufficient number of screening stations to

increase the amount of time screcncrs at each individual station can examine the luggage

image. This is extremely important since when under high time pressure, participants

made significantly more mistakes relative to participants that were not under the high

time pressure.

One important finding of this study is that even though the social-cognitive biases

are inherently present, these biases can be mitigated if the luggage screener is made

aware of'them via anchoring (or, specifically drawing their attention to the passengers by

asking them questions about the passengers). This could be achieved in the real world

through training programs to make the luggage screeners aware of their social-cognitivc

biases. One way ofdoing this is a simple Implicit Association Test in which participants

would associate different races and genders with positive and negative words. Thc

reaction times to thc different races and genders towards particular positive or negative



words can then be compared and this can bc used to create awareness of inherent biases

among scrcencrs IGrecnwald, McGhce„and Schwartz, 1998h

Limitations and Cattt iiisi ons

One of thc limitations of this study is that the participants werc undergraduate

university students, and therefore do not have the training of real world luggage

screeners. Another limitation is that we did not introduce tangible consequences for

correct and incorrect decisions. In the real world, there are severe consequences when a

dangerous object is missed in the security scan ranging from loss of lives, to eroding of

morale and to property damage. On the other hand, when a security screener has a false

alarm, it takes time to search through the bag, and thcrcforc costs thc airport money in the

form of man hours. Furthermore, the more false alarms there are, thc more time it takes

passengers to get through security, and time is money in the airline industry. In future

studies, placing consequences in thc luggage screening task will be an important part of

creating more realism.

Dcspitc these limitations, the results of this research have demonstrated how

social-cognitive biases affect people in the real world and how they could subsequently

impact thc luggage screening process and eventually national security. Through the use

of computer simulation wc have also shown that social-cognitive biases actually do have

an effect on the dctcction of anomalies during luggage screening wherein decision

makers use these inherent biases as decision hcuristics, particularly under conditions of

time pressure. Importantly, our results revealed a clear relationship between decision

making process and performance. Through the usc of both signal detection variables and
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performance variables in our analyses, wc arc able to draw conclusions not just about the

impact of social-cognitive variables on performance, but also thc processes that lcd to thc

obscrvcd behaviors. This is especially important in thc current security conscious world

wc live in and for training of pcrsonncl for optimal decision making that is free ofbiases

and prejudices. An associated goal of this research is to tltc design community for

improving the design of imaging equipment and luggage screening stations.
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Appendix A

Imagine that the person in this photograph is a traveler at an airport. We are interested in how
YOU fccl about this person and the luggage hc/shc might carry. In pictures whcrc there are
children, please lbcus on thc adult alone. Indicate whether you agree or disagree with the
following statcmcnts on a scale of I to 5. Wc arc just interested in your opinions and there arc no
correct or wrong answers. Your answers are confidential. Please give us your most honest
opinion.

l. I think this person is attractive.
1- 2 — 3—

disagree completely disagree somewhat neutral agree somewhat agree completely

2. This person might have a dangerous object in his/her luggage.
I— 2 — 3- 4

ttisasncc completely disagree somewhat neutral agree somewhat agncc completely

3. I will most likely stop this person's luggage.
3

thsagnee completely disagree somewhat neutral agree somewhat agree completely

4. I wil! most likely pass (NOT stop) this person's luggage.
I 2 -3- 4

disagree completely disagree somewhat neutral agree somewhat asn ee conipletely

5. I think this person looks suspicious.
I 2 — 3—

disagree completely disagree somewhat neutral agree somewhat
5

agree completely

6. I think this person would lie to me.
I — ——— — —— — —— — — 2—

thsagrcc completely disagree somewhat
3 4 5

neutral agrcc somewhat agrcc complctcly

7. I think this person might be dangerous.

I ——— — ——— ———— — 2— 3
disagree completely disagree somewhat neutral

- ————— ——— ———— 5-4——

agree somewhat agree completely
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Appendix R

Entrance Questionnaire

I ) Status (circle one) Undergrad Grad Faculty Staff N/A

2) If Undergrad. please circle year. Freshman Sophomore )unior Senior Senior

3) Department / Major

4) Date of Birth (MM/DD/YY) t / 5) Agc

6) Sex(cnclc one) Male Fcmalc

7) Race (circle one) Afncan American Caucasian Asian Hispamc Native American Other

I() How oi)en do you use a computer? (circle one)

3-7 days/week 2-4days/week I day/week 2-3 days/month I day/month less

9) Which statement below hetter describes your attitude towards computers and other automated dcviccs in gcncral?
(Check one)

Computers and automated devices are gcncrally reliable until they prove otherwise.

Computers and automated devices are generally unreliable until they prove otherwise.

10) Compared to other college students, how would you rate your problem-solving skills'

-4 -3 -2 -I

Worse than most aboilt tile stilffi'eber than most

0 i 2 3 4

I I) Compared to other college students, how would you rate your decision-making abilities?

-4 -3 -2

Worse tllati fitost

-I 0

about the same

2 3 4

hetter than mort

I 2) Compared to other college students, how big of a risk taker are you?

-4 -3 -2

li'.ss t Ishv tlirt ll ltltxit

-I 0 I

about the stime

3 4

t'is/acr titan most
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Appendix

C.'-ray

Image Targets
(enlarged for easier viewing)
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Appendix D

Task Knotvledne Ouestionnaire

1) Based on your cxpcricncc with the task, estimate the percentage of trials that contained targets.

2) Rate thc overall dit)iculty of the task. 1(very easy) ——— 5(extremely difticult):

3) Itow accurate do you think you were on trials in which:

a. the target was present?

b. the target was not present?

4) For each statement below, circle to what extent did you base your decision to pass or not pass (stop) the luggage based on

thc passenger's (imre: circle ooii one r&piiim for eocii.rioiemeor);

(a) Race: 1) Never 2) Seldom

(c) Ciender: 1) Never 2) Seldom

(d) Attractiveness 1) Never 2) Seldom

(b) Age: I) Never 2) Seldom

3) About half the time

3) About half the time

3) About half thc time

3) About half'the time

4) Usually 5) Always

4) Usually 5) Always

4) Usually 5) Always

4) Usually 5) Always

5) lf you were an airport luggage screener, would you prefer to sec the passenger or not see the passenger while scrccning

luggage'! (Choose ~on) one of thc following)

(a) sce passenger aml luggage

(b) not see passenger, only their luggage
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