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Abstract 

We asked 97 current cigarette smokers to make 12 binary choices between experimental 

packages with varying warnings and background colors. Each had to decide which of the two 

packages contained cigarettes less risky for his health. Confronted with repugnant, threatening 

images, these smokers nonetheless made choices that were context independent, adhered to 

transitivity, and consistent with an additive utility model. Eye tracking measurements confirmed 

that the choices of 65 percent of participants were further compatible with a noise-reducing 

lexicographic utility model. This subset of participants smoked significantly more cigarettes per 

day. Our findings support a model in which addiction permits the smoker to suppress aversive 

stimuli and negative emotions that would otherwise interfere with short-term rational decision 

making. 

JEL Nos. D12, D83, D87, D91, I12, M31  

 

 Key Words 

Addiction, cigarettes, smoking, health warnings, rationality, discrete choice experiment, 

eye tracking, transitivity, additive utility, lexicographic preferences, context-dependent 

preferences, response time. 
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I.   INTRODUCTION 

It has been frequently observed that aversive stimuli and negative emotions interfere with 

rational decision-making (Leith and Baumeister 1996, Luce 1998, Bechara et al. 1999, Lerner, 

Small, and Loewenstein 2004, De Martino et al. 2006, Hewig et al. 2011, Guclu et al. 2012). We 

design here an experiment to specifically test whether smokers’ risk perceptions are consistent 

with these general observations. We ask current smokers to repeatedly choose which of two 

experimental cigarette packages with varying warnings and background colors is less risky. We 

supplement our binary choice data with measurements of subjects’ eye movements and time to 

response.   

Confronted with repugnant, threatening images – which included a dead fetus, a cadaver, 

an ulcerated tumor – participating smokers nonetheless made choices that were context 

independent, adhered to transitivity, and consistent with an additive utility model. Eye tracking 

measurements confirmed that the choices of 65 percent of participants were further compatible 

with a noise-reducing lexicographic utility model. This subset of participants smoked 

significantly more cigarettes per day. Our findings support a model in which addiction permits 

the smoker to suppress aversive stimuli and negative emotions that would otherwise interfere 

with short-term rational decision making. 

2. EXPERIMENTAL DESIGN 

2.1. Participants 

We recruited a convenience sample of 98 self-reported adult current cigarette smokers 

aged 19–60 years from the students, faculty and staff of the Universidad de la República in 

Montevideo, Uruguay. Details concerning the 97 participants who completed the entire 

experiment are reported in (Harris, Gerstenbluth and Triunfo 2018). 

2.2. Experimental Task 

Based on prior work (Harris et al. 2018), we designed an experimental task consisting of 

a series of 12 predetermined choice sets shown consecutively on a computer screen. Each choice 

set contained images of two cigarette packs, each varying in design along two dimensions: the 

warning, which consisted of an image and accompanying text; and the background color. For 



Repugnant Warnings, Addiction, and Rational Choice 

 4 

each choice set, the participant was asked to click on the pack that was “less risky for your 

health.” We adopted a forced-choice design. There was no time limit to make a choice. 

Among the 97 smokers who completed the entire experiment, 52 were randomly assigned 

to Group I, while the remaining 47 subjects were randomly assigned to Group II. Participants in 

both groups were exposed to the same 12 choice sets in random order, but the right-left 

orientation of the two packs in each computer screen shown to Group II was the reverse of that 

shown to Group I. Here, we have labeled the twelve choice sets A through L. Figure 1 

specifically shows choice sets D and K displayed to the 52 participants randomized to Group I.  

 

 

FIGURE 1. – Choice sets D and K shown to participants in Group I. The participants saw only 

what is shown within each rectangle, and not the labels above the rectangles. 

 

In set D, the warning on the left contained the image of a fetus held in a gloved hand, 

accompanied by the text, “Smoking during pregnancy harms the health of your baby.” The 

warning on the right showed a tagged cadaver with the text, “Smoking causes heart attack.” In 

set K, the warning on the left showed a boot stamping out cigarettes with the text, “Take the first 

step today. It’s possible to quit smoking.” The warning on the right showed ulcerated mouth 

tumor accompanied by the text, “Smoking causes bad breath, tooth loss and cancer of the 

mouth.” All warnings were selected from a public repository (CICT 2016), and had not appeared 

on any cigarettes marketed in Uruguay. 

Each pack had one of three background colors: gray, light brown, or dark brown. The 

packs on the right in screens D and K have a gray background color, while the pack on the left in 

screen D has a light brown background and the pack on the left in screen K has a dark brown 

background. The latter background color is mandated on all packages of cigarettes sold in 
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Australia (Australian Government 2011). Aside from the warning and the background color, all 

cigarette packs conformed to the requirements of plain packaging, currently in effect in 

Australia, France, the United Kingdom, New Zealand and Norway (Australian Government 

2011, Moodie et al. 2018), and recently enacted in Uruguayan. Table 1 shows the 12 choice sets 

shown to the 52 participants randomized to Group I.  

 

TABLE 1––CHOICE SETS SHOWN TO PARTICIPANTS IN GROUP I* 

SCREEN PACKAGE ON THE LEFT PACKAGE ON THE RIGHT 

A Mouth, Dark Brown Cadaver, Dark Brown 

B Fetus, Dark Brown Fetus, Light Brown 

C Cadaver, Light Brown Boot, Light Brown 

D Fetus, Light Brown Cadaver, Gray 

E Mouth, Gray Boot, Dark Brown 

F Boot, Gray Fetus, Gray 

G Cadaver, Light Brown Cadaver, Dark Brown 

H Fetus, Gray Fetus, Dark Brown 

I Cadaver, Gray Mouth, Dark Brown 

J Boot, Light Brown Mouth, Light Brown 

K Boot, Dark Brown Mouth, Gray 

L Mouth, Light Brown Boot, Gray 

*Participants in Group II were shown the same choice sets, but with the right and left packages reversed. 

The 12 choice sets were generated by the mix-and-match procedure (Johnson et al. 2007). 

2.3. Eye Tracking 

We used eye tracking technology to assess the timing and sequence of participants’ eye 

fixations on five mutually exclusive areas within each package: the warning image, the warning 

text, the lateral text, the toxic-product symbol, and the brand name. Details of our eye tracking 

methodology are given in Appendix 1. 

2.4. Semi-Structured Interview 

At the completion of the 12-set task, each participant was shown a diagram of his 

fixations for two of the choice sets and then asked to respond to the following questions: Why do 

you think you looked at those areas? How did you select the pack that was less risky for your 

health? 
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3. TESTS OF RATIONAL CHOICE 

Our fundamental objects of choice are cigarette packages. Each package has two 

attributes: its warning w, an element of the set 
  
W = Boot, Cadaver, Fetus, Mouth{ }; and its 

background color b, an element of the set 
  
B = Gray, Light Brown, Dark Brown{ }.The set of 

packages is  X =W ´ B with arbitrary element 
  
x = w,b( ) ÎX . In each successive computer 

screen, each cigarette smoker had to choose the less risky package from a binary choice set 

  
S = x, ¢x{ } , where x, ¢x ÎX and  x ¹ ¢x . We studied whether the observed choices adhered to the 

following properties. 

Context Independence. Under context independence, a subject confronted with the same 

choice set S = x, ¢x{ } at two different points in the experiment will consistently choose the same 

package over the other. If the participant instead chooses  x  at one point but opts for  ¢x  later on, 

then his choices must depend on some contextual element that has changed. Such a finding 

would undermine the notion of “simple scalability” that an individual’s preference between 

packages  x  and  ¢x  depends solely on their comparative perceived riskiness or, more generally, 

on their comparative utility (Tversky 1972). Context-independent choices satisfy the weak axiom 

of revealed preference. 

There is considerable experimental evidence that individual preferences do change during 

the course of an experiment (Hey 2001, Agranov and Ortoleva 2017) and that preferences are in 

fact context-dependent (Tversky and Simonson 1993). In some experiments, an individual’s 

preference for  x  versus  ¢x  depends on the presence or absence of a third option  ¢¢x  in the choice 

set, sometimes referred to as a decoy (Trueblood et al. 2013, Rooderkerk, Van Heerde, and 

Bijmolt 2011). Still, context dependence can be detected even in binary choice experiments such 

as ours. 

There are two natural contextual elements in our experimental design. When the right-left 

positioning of a package influences the smoker’s choices, we’ll say that his preferences exhibit a 

positioning effect (Ryan, Krucien, and Hermens 2018). When the order of presentation of a 

choice set influences the smoker’s choices, we’ll say that his preferences exhibit an ordering 

effect. Such an effect may be important when there is learning or fatigue during the course of the 

experiment (Campbell et al. 2015, Day et al. 2012, Czajkowsk, Giergiczny, and Greene 2014). 
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Transitivity. Consider a smoker who chooses package x as less risky than package ¢x  and 

who also chooses package ¢x  as less risky than package ¢¢x . Transitivity requires that the subject 

choose package x as less risky than package ¢¢x . In addition to context independence, transitivity 

is the other key property establishing that the smoker’s preferences can be represented by a 

utility function u x( )  for each element x in a finite set X of packages. For example, if we regard 

higher utility as meaning less risky, we can represent the smoker’s preferences in this case by a 

utility function with values u x( ) = 3, u ¢x( ) = 2 , and u ¢¢x( ) = 1. Violations of transitivity result in 

preference cycles, which have repeatedly been observed in experimental settings (Tversky 1969). 

Additive Utility. A smoker’s choices are consistent with additive utility if they can be 

represented by a utility function of the form u x( ) = u w, b( ) = u
W

w( )+ u
B

b( ), where u
W

w( ) is a 

warning utility function on the set W and u
B

b( )  is a background-color utility function on the set 

B.  

Additive utility allows for compensatory decision making. Thus, a smoker with additive 

utility perceives package x = w,b( ) as less risky than package ¢x = ¢w , ¢b( ) when 

u
W

w( )+ u
B

b( ) > u
W

¢w( )+ u
B

¢b( ). So, even if the warning utility of the latter package ¢x  is 

higher, that is, u
W

w( )- u
W

¢w( ) < 0, the smoker will still choose the former package x  so long as 

its background utility is sufficiently large to compensate, that is, so long as 

u
B

b( )- u
B

¢b( )( )+ u
W

w( )- u
W

¢w( )( ) > 0 . 

Lexicographic Utility. A smoker’s choices are consistent with lexicographic utility when 

his decision making is non-compensatory. That is, he compares two packages solely on the basis 

of their warnings and relies on their background colors only when the two packages have equally 

risky warnings.1 More formally, he chooses package x = w,b( ) over package ¢x = ¢w , ¢b( ) when 

either: (i) u
W

w( ) > u
W

¢w( ); or (ii) 
 
u

W
w( ) = u

W
¢w( ) and u

B
b( ) ³ u

B
¢b( ). 

A smoker with additive utility evaluates both u
W

w( )- u
W

¢w( ) and u
B

b( )- u
B

¢b( ). Noisy 

errors in either utility differential can alter the smoker’s choice. By contrast, in the case of 

 
1 In view of our research findings, we do not formalize the opposite case where the smoker compares two packages 

based on their background colors and only on their warnings when they have an equally risky color. 
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lexicographic utility where u
W

w( ) ¹ u
W

¢w( ), the smoker assesses only u
W

w( )- u
W

¢w( ). Noisy 

errors in the term u
B

b( )- u
B

¢b( ) do not matter. In this sense, a lexicographic utility function is a 

noise-reducing heuristic.  

4. RESULTS 

4.1. Context Independence 

In Figure 3, choice set E shows the package 
  
x = Mouth, Gray( ) on the left and the 

package 
  

¢x = Boot, Dark Brown( )  on the right, while choice set K shows the same packages  x  

and  ¢x  with their right-left orientation reversed. Context independence would require that a 

participant consistently chose  x  or  ¢x . In fact, as shown in row 1 of Table 2, 93 out of 97 

participants gave responses compatible with context independence.2 

 

 

FIG. 3. – Test 1. Choice sets E and K shown to participants in Group I. 

 

 

 

 

 

 

 

 

TABLE 2. TESTS OF CONTEXT INDEPENDENCE, TRANSITIVITY, ADDITIVE UTILITY, AND 

LEXICOGRAPHIC UTILITY 
TEST CHOICE SETS PACKAGE ON LEFT PACKAGE ON RIGHT CONDITION N* 

1 E Mouth, Gray Boot, Dark Brown Context 93 

 
2 Among the 93 participants with context-independent preferences, 89 (95.7%) consistently chose 

Boot, Dark Brown( ) over Mouth, Gray( ). 
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K Boot, Dark Brown Mouth, Gray Independence  

2 A Cadaver, Dark Brown Mouth, Dark Brown Transitivity, 

Additive utility 

 

97 

C Boot, Light Brown Cadaver, Light Brown 

J Mouth, Light Brown Boot, Light Brown 

3 A Mouth, Dark Brown Cadaver, Dark Brown Lexicographic 

utility 

89 

I Cadaver, Gray Mouth, Dark Brown 

4 E Mouth, Gray Boot, Dark Brown Lexicographic 

utility 

88 

J Boot, Light Brown Mouth, Light Brown 

K Boot, Dark Brown Mouth, Gray 

L Mouth, Dark Brown Boot, Gray 

5 C Boot, Light Brown Cadaver, Light Brown Transitivity, 

lexicographic 

utility 

91 

D Fetus, Light Brown Cadaver, Gray 

F Boot, Gray Fetus, Gray 

6 B Fetus, Dark Brown Fetus, Light Brown Lexicographic 

utility 

77 

G Cadaver, Light Brown Cadaver, Dark Brown 

1–6  63 

*N = Number of participants whose choices satisfied each specific test. There were 97 total participants. A 

total of 63 participants satisfied all 6 tests. 

 

4.2. Transitivity / Additive Utility 

Figure 4 displays the choice sets A, C and J shown to participants assigned to Group I. In 

set A, the smoker chooses between 
  

Mouth, Dark Brown( ) on the left and 

  
Cadaver, Dark Brown( ) on the right. Under an additive utility model, his choice will depend 

only on the relative values of 
 
u

W
Mouth( ) and 

 
u

W
Cadaver( ), as both packages have the same 

background color. Likewise, under an additive utility model, the choice in set C will depend only 

on the relative values of 
 
u

W
Cadaver( ) and 

 
u

W
Boot( ), while the  choice in set J will depend only 

on the relative values of 
 
u

W
Boot( ) and 

 
u

W
Mouth( ). 

 

 

FIG. 4. – Test 2. Choice sets A, C and J shown to participants in Group I. 
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Comparison of the smoker’s choices in sets A, C and J constitutes a test of transitivity. 

For example, if the smoker chooses the package on the right in set A, then 

 
u

W
Cadaver( ) > u

W
Mouth( ), and if he chooses the package on the right in set C, then 

 
u

W
Boot( ) > u

W
Cadaver( ). These two choices imply 

 
u

W
Boot( ) > u

W
Mouth( ) . Thus, transitivity 

would require that the smoker choose the package on the left in set J. In fact, as shown in row 2 

in Table 2 above, all 97 participants made choices among screens A, C and J that were consistent 

with transitivity in an additive utility model.3  

4.3. Semi-structured Interviews 

In the semi-structured interviews at the end of the experimental task, 52 (53.6%) of the 

97 participants described the images of the fetus, cadaver and mouth tumor as frightening 

(“espantosa”), disgusting (“asquerosa”), horrible (“horrible”), severe (“fuerte”), scary (“me dio 

miedo”), difficult to look at (“complicado ver”), or astonishing (“me dio mucha impresión”). 

Said one participant, “The image of that mouth is so disgusting that I didn’t want to see it.” (“La 

imágen de la boca me da un asco que no quise verla.”) Said another, “The image of the baby 

astonishes me. I can’t even look at it.” (“Me da mucha impresión la imágen del bebé. No la 

puedo ni mirar.”) Yet another said, “I think the image of the dead feet is severe, but the mouth is 

disgusting.” (“Yo creo que la imagen de los pies muertos es fuerte, pero la de la boca es 

asquerosa.”) 

The participants employed an array of self-protective strategies to suppress these aversive 

stimuli. In an illustration of the strategy of self-exempting denial (Chapman, Wong, and Smith 

1993), one participant commented, “The image is impressive, but I feel that these things won’t 

happen to me, so they don’t even affect me.” (“Te da una impresión esa imagen, pero creo que 

son cosas que a mi no me van a pasar, entonces ni me afectan.”) Another similarly commented, 

“What happens to me is that I’m not going to get these diseases, or at least for many years, so 

they don’t affect me.” (“Lo que me pasa es que esas enfermedades no me van a pasar, o por lo 

menos no dentro de muchos años, así que ni me afectan.”) In an illustration of the masking 

 
3 The most common implied ordering was 

 
u

W
Boot( ) > u

W
Cadaver( ) > u

W
Mouth( ) , observed in 55 (56.7 

percent) of participants. 
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strategy, one participant said, “I always cover the images, and that way I pass over them 

rapidly.” (“Yo siempre tapo las imágenes, por eso las pasé rápido.”) And another said, “When I 

buy a pack, I cover it. I don’t even look at it.” (Yo cuando compro una caja la tapo. Ni la miro.”) 

And still another said, “I always looked the other way.” (“Siempre miré para el otro lado.”) 

Many participants noted that they took account of the background color only when both 

packages had the same warning. Said one participant, “When I saw two images were the same, I 

went with the lighter color.” (“Cuando veía dos imágenes iguales, me guiaba por el color más 

clarito.”) Said another, “I was guided by all the images, by the photo. In case they were the same, 

I focused on the colors and chose the lighter color.” (“Me guié en todas las imágenes, por la foto. 

En las que era igual, me fijaba en los colores y elegía el color más claro.”) 

4.4. Lexicographic Utility 

Figure 5 shows the choice sets A and I displayed to the 52 participants in Group I. If a 

smoker with lexicographic utility chooses 
  
Cadaver, Dark Brown( ) on the right in set A, he will 

choose 
  
Cadaver, Gray( )  on the left in set I, even though the two packages have different 

background colors. Similarly, if he chooses 
  

Mouth, Dark Brown( ) on the left in set A, he will 

also choose that package when it appears on the right in set I. In fact, as shown in row 3 in Table 

2 above, 89 (91.8 percent) of 97 participants made choices consistent with lexicographic utility.4 

 

 

FIG. 5. – Test 3. Choice sets A and I shown to participants in Group I. 

 

Figure 6 shows choice sets E, J, K, and L, each of which paired a package with a boot 

warning to a package with a mouth warning.  

 
4 Among these 89 participants, 77 (86.5%) chose the package with the cadaver warning in both sets. 
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FIG. 6. – Test 4. Choice sets E, J, K and L shown to participants in Group I. 

 

If a smoker has lexicographic utility, he will consistently choose either the package with 

the boot warning or the package with the mouth warning in all four choice sets in Figure 6. As 

shown in row 4 in Table 2, 88 (90.7%) of the 97 smokers made choices among these four sets 

that were consistent with lexicographic utility.5 

If a smoker has lexicographic utility, his choices among the three sets C, D and F in 

Figure 7 should display a transitive ordering among the boot, cadaver and fetus warnings that is 

independent of the background colors of the packages. As shown in row 5 in Table 2, 91 (or 

93.8%) of the 97 smokers made choices among these three sets that were consistent with 

lexicographic utility.6 

 

 
5 Among these 88 smokers, 85 (96.6%) preferred the packages with the boot warnings. 

 

6 The most common implied ordering was 
 
u

W
Boot( ) > u

W
Cadaver( ) > u

W
Fetus( ), observed in 54 (59.3 

percent) of the 91 smokers who made choices consistent with lexicographic preferences among the three choice sets. 
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FIG. 7. – Test 5. Choice sets C, D, and F shown to participants in Group I. 

 

The comparison between sets B and G in Figure 8 addresses participants’ preferences for 

background colors when both packages in a choice set have the same warning. If a smoker with 

lexicographic utility chose 
  

Fetus, Light Brown( ) on the right side in set B, he would be expected 

to choose 
  
Cadaver, Light Brown( ) on the left side of set G. As shown in the row 6 of Table 2, 

77 (79.4%) of 97 participants gave responses consistent with lexicographic preferences.7  

 

 

FIG. 8. – Test 6. Choice sets B and G shown to participants in Group I. 

 

Finally, as indicated in the last row of Table 2, 63 (64.9%) of the 97 smokers passed all 

six tests combined, while 34 (35.1%) failed one or more tests. 

 
7 Among these 77 smokers, 67 (87.0%) displayed a consistent preference for light brown, while the remaining 10 

displayed a consistent preference for dark brown. 
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4.5. Conditional Logit Regressions 

We also subjected our choice data to conditional logit regression, based on the extended 

additive utility model u
W

w( )+ u
B

b( )+ u
M

m( )+ u
N

n( ), where the additional utility component 

u
M

m( ), with m ÎM = Left, Right{ }, captures the participant’s tendency to choose a package 

situated on one side of the computer screen, while the component u
N

n( ), with n ÎN = 1,… ,12{ }

, captures the sequence number of the choice set. Table 3 shows the results only for the three 

utility terms u
W

w( ), uB
b( )  and u

M
m( ), as no significant ordering effects were detected.8  

In model 1, the omitted reference category for the warnings was the boot, that is, 

  
u

W
Boot( ) = 0. Accordingly, the estimated utility component for the cadaver warning, relative to 

the boot warning, was 
  
û

W
Cadaver( ) = -1.096 . The negative sign means that the cadaver warning 

was perceived as more risky than the reference boot warning. The omitted category for the 

background colors was gray, that is, 
  
u

B
Gray( ) = 0 . Thus, the positive sign of 

 
u

B
Light Brown( ) 

means that the light brown color was perceived as less risky than the gray background color. The 

estimated utility parameters for the warnings and background colors were all different from zero 

at the significance level p < 0.0003.9 The utility component for left-sided positioning on the 

computer screen was set to 
  
u

M
Left( ) = 0 . The estimate 

  
û

M
Right( ) = 0.209  (standard error 

0.082) thus indicates that for the sample as a whole, there was a significant right-sided 

positioning effect.10 

 

TABLE 3. CONDITIONAL LOGIT REGRESSION ESTIMATES* 

INDEPENDENT VARIABLE MODEL 1 MODEL 2 MODEL 3 

     Cadaver –1.096 –1.112 –1.332 

 
8 We ran our conditional logit models with additional right-hand-side variables representing the sequence order n, 

either as a continuous variable or as fixed effects. We further tested interactions between sequence order and the 

other utility components of the model. We also ran our models on subsets of the database partitioned by sequence 

number. In no case did we find evidence of a significant trend in the estimated warning or background-color utilities 

during the course of the experiment. 

 
9 Running the logit model with standard errors clustered by individual did not materially alter the significance levels. 

10 In a two-sided test, we could reject the null hypothesis that 
  
u

M
Right( ) = 0  at the level p = 0.011. The odds of 

choosing a package on the right side of the computer screen were an estimated 23.2 percent greater than the odds of 

choosing a package on the left exp û
R

( ) = 1.232( ). 
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(0.177) (0.174) (0.175) 

     Fetus –2.711 

(0.266) 

  

     Mouth –2.864 

(0.162) 

  

     Fetus or Mouth 

 

 –2.835 

(0.152) 

–2.752 

(0.149) 

     Light Brown 0.707 

(0.178) 

0.745 

(0.164) 

 

     Dark Brown –0.507 

(0.139) 

–0.490 

(0.134) 

–0.825 

(0.110) 

     Right Side 0.209 

(0.082) 

0.209 

(0.082) 

0.201 

(0.081) 

*All models had 1,164 observations on 97 participants. Numbers in parenthesis below each parameter 

estimate are standard errors. 

 

 In model 1, we could not reject the hypothesis that 
 
u

W
Fetus( ) = u

W
Mouth( ).11 To 

economize on parameters, we therefore ran model 2 under the restriction that smokers were 

indifferent between the two warnings, that is, 
 
u

W
Fetus( ) and 

 
u

W
Mouth( ) shared a common 

value 
 
u

W
Fetus or Mouth( ).This simplification did not significantly alter the estimated utility 

components. We tested an even more concise specification in model 3, where the light brown 

and gray background colors together served as the omitted category. In that model, 

  
û

B
Dark Brown( ) derived from model 3 was significantly different from the corresponding 

estimate derived from model 1 (p  = 0.0039). 

An additive utility function u x( ) = u w,b( ) = u
W

w( )+ u
B

b( ) is also lexicographic when 

the minimum absolute difference between any two warning utilities exceeds the maximum 

absolute difference between any two background-color utilities (Kohli and Jedidi 2007). Using 

the estimated values 
  
û

W
 and 

  
û

B
, we found that only model 3 demonstrated consistency with 

lexicographic utility for the entire sample of 97 smokers.12 

 
11 In a chi-squared test with one degree of freedom, p = 0.574. 

12 We calculated the statistic Q = min
w, ¢w ÎW

abs û
W

w( )- û
W

¢w( )( )- max
b, ¢b ÎB

abs û
B

b( )- û
B

¢b( )( ) and then employed 

bootstrap methods to test the one-sided null hypothesis that Q < 0 . The negative values of Q derived from models 1 

and 2 were inconsistent with lexicographic utility. Model 3, however, yielded Q = 0.507, with 95% confidence 

interval [0.229, 0.784] based on an asymptotically normal distribution. A one-sided test rejected the null hypothesis 

that Q < 0  at the level p = 0.0002. 
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4.6. Response Time 

For all choice sets among all smokers, the mean response time (from the appearance of 

each choice set on the computer screen until the smoker clicked on the pack he perceived as less 

risky) was 4.408 seconds, with a median of 2.78 seconds and a range of 0.19 to 52.8 seconds. 

Among the 12 choice sets described in Table 1, three sets (B, G and H) compared 

packages with identical warnings, while the remaining nine sets compared packages with distinct 

warnings. Figure 9 below shows the mean response time in relation to the sequential order of the 

choice set and the presence or absence of identical warnings.  

 

 

FIG. 9. – Mean response time in relation to sequential order and the presence or absence of 

identical package warnings in the choice set. 

 

As Figure 9 shows, there was an overall downward trend in the mean response time 

during the course of the experimental task. Whether early or late in the overall sequence of 

choice sets, participants spent more time reaching a decision when faced with a comparison of 

packages with identical warnings. By contrast, the mean response time had no relation to the 

presence or absence of identical background colors.13 

 
13 In a linear regression of response time as a function of fixed effects for identical warnings, identical colors, screen 

sequence and each individual smoker, the estimated effect of identical warnings was 1.390 seconds (95% confidence 

interval [0.846, 1.934], p < 0.0001), while the corresponding parameter estimate for identical colors was –0.218 

seconds (95% confidence interval [–0.715, 0.280], p = 0.391). While Figure 9 suggests that the effect of identical 

warnings on response time diminished during the course of the experimental task, a fixed-effect regression did not 

show statistically significant interaction terms. 
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For each of the 12 binary choice sets 
  

x, ¢x{ } in each of the two groups our experiment, 

we used the parameter estimates in model 3 to compute the quantity 
  
Dû = û x( )- û ¢x( )  as a 

measure of the divergence in utility between the two package alternatives. Since the calculation 

included the estimated positioning effect 
  
û

M
Right( ) , the estimated values of 

  Dû  for any given 

choice set differed between Groups I and II. When 
  Dû  is large, there is a strong preference for 

one of the alternatives, but when 
  Dû  is small, the choice between the two packs is a close call. 

For each choice set and group, Figure 10 relates 
  Dû  to the mean response time. The 

figure confirms that response time is inversely related to the estimated difference in utility 

between the two package alternatives. The sets with the lowest values of 
  Dû  were B, G and H, 

precisely those in which the warnings were identical.14   

 

 
 

FIG. 10. – Relation between mean response time and estimated difference in utility among 12 

choice sets in each of the two groups. 

 

4.7. Eye Tracking 

We studied the sequence of eye fixations in relation to the presence or absence of 

identical warnings in the choice set. In both cases, we found that in the vast majority of choice 

 
14 The significant negative relation between the two variables was confirmed in a weighted least squares regression, 

where the weights were the estimated inverse standard errors of the mean response time (estimated slope = –0.723, p 

= 0.001). We also obtained a significant inverse relationship when we instead used models 1 and 2 to compute   Dû . 
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sets, participants first fixated on a package warning – in 85.9% of choice sets with identical 

warnings and in 84.3% of choice sets with distinct warnings. Among those choice sets where the 

participant first fixated on one of the package warnings, about two-thirds then fixated on the 

other package warning – in 66.0% of choice sets with identical warnings and 67.5% of choice 

sets with distinct warnings. Tests for differences in proportions showed that the initial sequence 

of fixations was independent of the presence or absence of identical warnings in the choice set. 

For further details, see Appendix 2.   

Figure 11 measures the mean number of fixations outside the two package warnings in 

relation to the sequence number of the choice set in the experimental task. Again, we distinguish 

between choice sets with and without identical package warnings. As Figure 11 shows, 

participants made substantially more fixations on areas outside the package warnings when they 

were confronted with choice sets with identical warnings. The excess number of fixations 

declined during the course of the experimental task.15 

 

FIG. 11. – Mean number of fixations outside of package warnings in relation to sequential order 

and the presence or absence of identical package warnings in the choice set. 

 

 
15 In a linear regression of the number of non-warning fixations as a function of the type of choice set and sequence 

number, with fixed effects for each participant, all of the main effects and interactions were significant at the level p 

< 0.05. 
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4.8. Violators versus Non-Violators 

As summarized in Table 2, of the 97 participants in our experiment, 63 (64.9%) passed 

all six tests of additive or lexicographic utility, while 34 (35.1%) violated at least one of the six 

conditions. Here, we term the latter group the “violators” and the former group the “non-

violators,” and report on differences between these two groups. 

We found no significant differences between violators and non-violators in mean age, the 

proportion of females, the proportion of students, the proportion that attempted to quit in the past 

year, or the time to first cigarette.16 We did find, however, that violators smoked significantly 

fewer cigarettes per day than non-violators.17  

Addressing possible positioning effects, we found that the mean number of right-sided 

choices was 6.882 among the 34 violators, as compared to a mean of 6.000 among the 63 non-

violators.18 Running the conditional logit models of Table 3 separately on the two groups showed 

significant coefficients for Right Side only among the violators.19 We found no differences in 

ordering effects among the two groups.20 

Moreover, we found that violators had significantly longer response times and made 

significantly more eye fixations than non-violators. The mean response time was 5.470 seconds 

among the violators (standard error 0.329) and 3.848 seconds among the non-violators (standard 

 
16 While 5 (14.7%) of 34 violators and 3 (4.8%) of 63 non-violators had no college education, the difference was of 

borderline statistical significance (Pearson chi squared, p = 0.089). 

 
17 We scored smoking frequency as: 1–10 cigarettes per day (0); 11–20 per day (1); 21–30 per day (2); and 31+ per 

day (3). The respective mean scores were 0.500 among violators and 0.905 among non-violators (p = 0.009, based 

on a two-sided t-test of group means with unequal variances. 

 
18 In a two-sided t-test of group means with unequal variances, p = 0.004. The excess number of right-sided choices 

was independent of the sequence number of the choice set. In a linear regression of participants’ binary right-versus-

left choices against sequence number with fixed effects for each participant, p = 0.385. 

 
19 In model 3, the coefficients of Right Side were 0.382 (standard error, 0.116) for violators and 0.013 (standard 

error, 0.123) for non-violators. 

 
20 Addressing possible ordering effects, we measured the absolute distance between the first and last choice set in 

each of our six tests. The underlying logic was that the larger the distance, the more susceptible would participants 

be to learning or fatigue effects. Except for test 3, where the mean distance between sets A and I was 5.08 for 

violators and 6.75 for non-violators (p = 0.093), we found no significant differences between violators and non-

violators. 
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error 0.137, p < 10–5).21 The mean number of fixations per choice set was 20.363 among the 

violators (standard error 1.257) and 12.447 among the non-violators (standard error 0.494, 

p < 10–8).22 

Finally, we found that violators were more likely than non-violators to describe the 

images of the fetus, cadaver and mouth tumor as aversive. Focusing specifically on the 

descriptors “frightening,” “disgusting,” “horrible,” “severe,” “scary,” “difficult to look at,” and 

“astonishing,”23 we found the mean number of mentions of these descriptors was 0.941 per 

violator, compared to 0.571 per non-violator (p = 0.043).24 

5. DISCUSSION 

5.1. Principal Findings and Limitations 

In a discrete choice experiment, we asked 97 cigarette smokers to choose the less risky 

alternative among 12 pairs of cigarette packages with varying warnings and background colors. 

Participants described the warnings as disgusting and frightening, and some had trouble even 

viewing them. Nonetheless, nearly all made choices that satisfied the axioms of rational choice, 

including context independence and transitivity. What’s more, 65 percent of participants made 

choices that satisfied six separate tests for the presence of additive or lexicographic utility. These 

smokers used the package warnings to decide which cigarette was less risky, and relied on 

background colors only to break ties. 

To shed light on the cognitive processes underlying the participants’ choices, we focused 

on their differential responses to two types of binary choice sets – those in which both cigarette 

packs had identical warnings and those in which each pack had a distinct warning. We found that 

smokers spent significantly more time making a decision in the former case than in the latter. 

 
21 We found that this significant difference in response times persisted even when we took our measure of 

divergence in utility 
  Dû  into account. In a weighted linear regression of response time as a function of 

  Dû  and an 

indicator variable for violator status, the effect of the latter variable was a 1.655-second increase in response time 

(standard error 0.333, p < 10–6). 

 
22 Violators also spent more time on each fixation. Specifically, the mean duration per fixation was 178 ms among 

the violators (standard error 3.0 ms) and 169 ms among the non-violators (standard error 1.8 ms, p = 0.018). Linear 

regression models controlling for screen sequence gave nearly identical results. 
23 For the specific Spanish terms, see 4.3, supra. 

 
24 Based on a two-sided t-test of group means with unequal variances. 
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Utilizing the technique of eye tracking, we found that smokers initially approached both types of 

choice set in the same manner. They first fixed their gaze on the warnings on each of the two 

cigarette packs. Thereafter, their gaze patterns diverged. We observed significantly more 

fixations on non-warning elements of each cigarette package when the two packages had 

identical warnings. The observed sequence of eye fixations was consistent with a lexicographic 

choice strategy. 

We further studied the 35 percent of participants who did not pass all six tests for additive 

or lexicographic preferences. These smokers were significantly more likely to describe the 

warnings as threatening, repugnant, and difficult to look at. They had significantly longer 

response times and more eye fixations. They also had a significant preference for choosing packs 

on the right side of the computer screen. Less able to tolerate the aversive content of the images, 

they made noisier decisions, often tending simply to click on the package at the right. 

By contrast, the 65 percent of participants passing all six tests, who smoked more 

cigarettes per day, were better capable of blocking out these aversive stimuli and thus making 

less noisy decisions. Their addiction suppressed the objective evaluation of the images and 

replaced it with a depersonalized construct that permitted them to engage in what economists 

describe as rational choice. 

We asked each participant which cigarette package was less risky for his health. We 

chose this endpoint to avoid the complexities of interpretation inherent in intent to purchase, 

which would entail the additional intervening factor of price. A focus on endpoints other than 

intent to purchase has become increasingly common in discrete choice experiments in health 

economics (Clark et al. 2014, Soekhai et al. 2019). 

When it comes to risk perception, we found significant evidence of lexicographic 

preferences over two attributes: package warnings and background color. We did not establish 

that cigarette smokers generally use lexicographic heuristics to evaluate other cigarette pack 

attributes. 

5.2. Relation to Earlier Work and Directions for Future Research 

We are hardly the first investigators to find that decision-makers use lexicographic 

strategies to simplify the choice among alternatives with multiple attributes (Colman and Stirk 

1999, Tversky and Sattah 1979, Slovic 1975, Tversky, Sattah, and Slovic 1988, Rosenberger et 

al. 2003, Yee et al. 2007).  
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Nor are we the first to use the technique of eye tracking in the field of tobacco research. 

Others have used the technique to study which portions of the cigarette package individuals tend 

to focus on or avoid (Maynard et al. 2014, Krugman et al. 1994, Meernik et al. 2016, Kessels and 

Ruiter 2012, Shankleman et al. 2015, Munafo et al. 2011, Strasser et al. 2012). Our study used 

the sequence of eye fixations – rather than simply the total number and duration – to elucidate 

information on search patterns (Russo and Rosen 1975). 

Our finding that response time and the number of eye fixations declined with successive 

computer screens is generally consistent with other eye-tracking studies. The two principal 

explanations for this phenomenon are learning and fatigue (Campbell et al. 2015, Day et al. 

2012, Czajkowsk, Giergiczny, and Greene 2014). Our finding that response time is inversely 

related to the absolute difference in utility between the two alternatives is consistent with the 

drift diffusion model (DDM), a satisficing theory of choice that emphasizes the costs and 

benefits of acquiring additional information during the decision-making process (Krajbich, Oud, 

and Fehr 2014). 

Studies utilizing eye tracking during a discrete choice experiment have not always found 

a strong relation between fixations and preferences (Balcombe et al. 2017). Researchers have 

recognized the difficulty of identifying the causal relations between fixation and choice solely 

from the data on the joint distribution of these two endogenous variables (Krucien, Ryan, and 

Hermens 2017, Shimojo et al. 2003). In top-down control of visual attention, preferences 

determine eye movements. In our context, the smoker tends to look at the cigarette package he 

eventually chooses. Under bottom-up control, by contrast, fixations drive preferences. 

Repeatedly looking at the warning enhances the probability that the pack will be chosen (Orquin 

and Mueller Loose 2013). Future research will require new instruments to distinguish between 

these two causal pathways. 

The economic theory of rational addiction (Becker and Murphy 1988) posits that a 

cigarette smoker can still make rational decisions within the confines of his addiction. Our 

findings support a richer model in which addiction facilitates the smoker’s use of self-protective 

strategies to suppress aversive stimuli that would otherwise interfere with short-term rational 

decision making. 

Uruguay instituted a nationwide anti-smoking campaign in 2005 (Abascal et al. 2012, 

Triunfo, Harris and Balsa 2016). During the campaign, the proportion of pregnant women who 
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were smoking at the start of their pregnancy dropped significantly. Yet among those women who 

quit during pregnancy and got pregnant again, nearly half had resumed smoking by the start of 

the subsequent pregnancy (Harris, Balsa and Triunfo 2015). To accommodate such oscillations 

of quitting and relapse, the rational addiction model would have to be modified to include two 

consumption stocks (Becker and Murphy 1988), pp. 693-4). Such a modification would open the 

door to models of addiction involving two potentially conflicting internal decision-making 

pathways (Schelling 1978, Thaler and Schefrin 1981, Bernheim and Rangel 2004). 

APPENDICES  

Appendix 1. Details of Eye Tracking Methodology 

Each participant was asked to sit at a distance of 65 cm in front of a 17-inch, 1280x1024-

pixel LCD monitor of a Tobii T60 eye tracker (Tobii Technology 2011). Immediately before the 

appearance of each of the 12 choice sets, the computer monitor showed only a fixation cross, 

centered on the screen, for 0.2 seconds. That way, participants were induced to fix their gaze at a 

predetermined point before looking at any details.  

During the task, the eye tracker noninvasively recorded participants’ eye movements. The 

accopanying software (Tobii AB 2016) classified participants’ eye movements into two types: 

fixations and saccades. A fixation corresponds to a state where the eye remains relatively still 

over a period of time, while a saccade corresponds to the rapid motion of the eye from one 

fixation to another. The classification is based on the velocity of the directional shifts of the eye 

(Salvucci and Goldberg 2000). We further classified the participants’ fixations according to their 

corresponding coordinates on the computer screen. In accordance with recommended practice 

(Holmqvist et al. 2011), we partitioned the screen coordinates into five mutually exclusive areas 

of interest, specifically, the warning image, the warning text, the lateral text, the toxic-product 

symbol, and the brand name. 

To illustrate the data acquisition process, Figure A1 below shows the eye fixations of 

participant 30 on choice set J, which appeared next to last in her 12-set task. Superimposed on 

the two-pack choice set is the standard representation for fixations and saccades (Salvucci and 

Goldberg 2000), where each fixation is a circle with diameter proportional to its duration, and 

where a connecting line represents a saccade. 
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FIG. A1. – Eye fixations by participant 30 on choice set J 

 

Participant 30’s first fixation, lasting 180 milliseconds (ms), was on the image in the boot 

warning on the left. After a 50-ms saccade, her second fixation, lasting 580 ms, was on the image 

of the mouth warning at the right. Shown below the two packs is a time line of her eye 

movements, where each minor tick represents 100 ms. Her first fixation occurred 280 ms after 

choice set J appeared on the computer screen. Her second fixation occurred 510 ms into the task. 

At 1090 ms, the participant clicked her mouse, choosing the pack on the left as less risky, thus 

ending the task. In this choice set, which was introduced near the end of the experimental task, 

the participant fixated only once on each of two areas of interest on the computer screen and then 

made her choice. In other cases, participants fixated repeatedly on the same or different areas of 

interest, going back and forth between the two packs, before making a decision. 

Appendix 2. Details of Eye Tracking Search Patterns 

Figure A2 shows the initial fixation patterns of the 97 participants in relation to the 

presence or absence of identical warnings in the choice set. The figure shows two decision trees. 

The tree at the left corresponds to  3´97 = 291 choice sets with identical warnings, while the tree 

at the right corresponds to  9´97 = 873 choice sets with distinct warnings. These numbers appear 

inside the decision nodes at the root of each tree. 
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FIG. A2. – Initial fixation patterns in relation to the presence or absence of identical package 

warnings in the choice set. 
 

Along the branches emanating from the decision node at the root of each tree, we show 

the proportions of choice sets in which participants did or did not initially fixate on a package 

warning, including the image or text. Thus, proceeding along the upper branch labeled “Fixate 

on Warning” in the tree on the left, we see that participants fixated initially on a warning in 250 

(85.9%) of the 291 choice sets with identical warnings. In the tree on the right, proceeding along 

the corresponding branch labeled “Fixate on Warning,” participants fixated initially on a warning 

in 736 (84.3%) of 873 choice sets with distinct warnings. There was no significant difference 

between the two types of choice sets – identical versus distinct warnings – in the probability of 

initially fixating on a package warning.25 

Proceeding along the branch labeled “Fixate on Warning” emanating from the root of 

each tree, we arrive at another decision node. The number of choice sets in which participants 

initially fixated on a warning (250 and 736, respectively) is shown inside each node. From that 

node, we determine the proportion of choice sets in which participants then fixated on the other 

package warning. While they may have fixated back and forth on the text and image of the first 

warning, the other warning had to be the next distinct area of interest to receive a fixation. In the 

tree at the left, we find that participants next fixated on the other package warning in 165 

 
25 In a linear regression of initial fixation on a package warning as a function of the type of choice set and the 

sequence number, with fixed effects for each individual, the coefficient of the identical-warning type was 1.72% 

with p = 0.417. 
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(66.0%) of 250 choice sets. In the tree at the right, the proportion was 497 (67.5%) of 736 choice 

sets. Thus, there was no significant difference between the two types of choice sets in the 

conditional probability of fixating on the other package warning, given that a participant had 

initially fixated on one package warning (p = 0.933). 
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