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Website Designs for Communicating About Chemicals in Cigarette Smoke
Allison J. Lazard a, M. Justin Byronb,c, Huyen Vuc, Ellen Petersd, Annie Schmidtb, and Noel T. Brewer b,c

aSchool of Media and Journalism, University of North Carolina; bDepartment of Health Behavior, Gillings School of Global Public Health, University
of North Carolina; cLineberger Comprehensive Cancer Center, University of North Carolina; dDepartment of Psychology, The Ohio State University

ABSTRACT
The Family Smoking Prevention and Tobacco Control Act requires the US government to inform the
public about the quantities of toxic chemicals in cigarette smoke. A website can accomplish this task
efficiently, but the site’s user interface must be usable to benefit the general public. We conducted
online experiments with national convenience samples of 1,451 US adult smokers and nonsmokers to
examine the impact of four interface display elements: the chemicals, their associated health effects,
quantity information, and a visual risk indicator. Outcomes were perceptions of user experience
(perceived clarity and usability), motivation (willingness to use), and potential impact (elaboration
about the harms of smoking). We found displaying health effects as text with icons, providing quantity
information for chemicals (e.g., ranges), and showing a visual risk indicator all improved the user
experience of a webpage about chemicals in cigarette smoke (all p < .05). Displaying a combination
of familiar and unfamiliar chemicals, providing quantity information for chemicals, and showing a visual
risk indicator all improved motivation to use the webpage (all p < .05). Displaying health effects or
quantity information increased the potential impact of the webpage (all p < .05). Overall, interface
designs displaying health effects of chemicals in cigarette smoke as text with icons and with a visual risk
indicator had the greatest impact on the user experience, motivation, and potential impact of the
website. Our findings provide guidance for accessible website designs that can inform consumers about
the toxic chemicals in cigarette smoke.

Smoking causes 480,000 deaths in the US annually, mostly
from the inhalation of a toxic mix of chemicals in cigarette
smoke (United States Department of Health Human Services,
2014). Yet smokers have little information about the toxic
chemicals in the cigarettes they smoke, leaving them poten-
tially underinformed and susceptible to misinformation. As
part of the Family Smoking Prevention and Tobacco
Control Act, the US is required to publicly display a list
of the harmful and potentially harmful smoke constituents
(chemicals) in each brand and subbrand of tobacco pro-
ducts and the quantity of each chemical (Family Smoking
Prevention And Tobacco Control Act, 2009). This is a
challenging task, as the public has never heard of most of
these chemicals (e.g., 4-aminobiphenyl) and may have dif-
ficulty making sense of their quantities (e.g., 28 µg). Before
putting this information on public display, the US needs to
determine how best to do so to be clear to lay audiences.

One possibility is a public website that would allow for
broad dissemination of information for thousands of pro-
ducts. Consumer health informatics, or the “provision of
health information resources to consumers via the
Internet,” has the ability to communicate critical informa-
tion to empower individuals for improved decision-making
and health outcomes (Keselman, Logan, Smith, Leroy, &
Zeng-Treitler, 2008, p. 473). Moreover, compared to other

communication methods, such as cigarette pack inserts or
point-of-sale displays, a website can convey more informa-
tion, reach smokers and nonsmokers, be updated as the
science evolves, link to other digital content, and most
importantly, meet legal requirements for public display.

However, for online health resources about chemicals in
tobacco to help consumers, the user interface must be usable
(Goldberg et al., 2011). Merely creating an online resource
will not ensure individuals engage with the critical health
information, let alone affect users’ knowledge or behavior.
User interfaces are a key component of online communica-
tion, conveying the intended meaning of the website’s content
through words, images, and structure, all of which contribute
to a user’s experience (Islam & Bouwman, 2016). User-cen-
tered approaches to designing consumer health informatics,
with specific attention to user interpretations of the interface,
are needed to ensure information is clearly conveyed and used
effectively by the target audience (Eysenbach, 2000; Goldberg
et al., 2011). Specifically, user interface designs should be
evaluated for their impact on perceptions of the user experi-
ence through perceived clarity and usability of the website
information, whether the design increases motivation (will-
ingness) to use the website, and the potential impact of the
designs to increase cognitive elaboration (thinking) about the
health content (Eysenbach, 2005; Yang, Linder, & Bolchini,
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2012). Focusing on user interfaces––as the gateway to critical
health information––can increase the likelihood that consu-
mer health websites positively influence health behaviors
(Keselman et al., 2008).

To address this communication challenge, we sought to
determine how to best present information about toxic che-
micals in cigarette smoke to lay audiences on a website.
Specifically, we examined four user interface display ele-
ments: the chemicals, their associated health effects, quantity
information, and a visual risk indicator. We examined these
approaches in a series of experiments examining how differ-
ent designs of webpages influenced user interface
perceptions.

Experiment 1: Chemicals and health effects

Our first experiment investigated what chemical information
should be displayed in terms of amount and familiarity.
Cigarette smoke contains over 90 chemicals identified as
harmful and potentially harmful (United States Food and
Drug Administration, 2012b), but displaying a full list may
be overwhelming to consumers. How much information is
shown can greatly influence consumers’ attention, compre-
hension, and use of information in health decisions. On the
one hand, consumer desires to be informed requires more
information to be shown (as does the ethics of informed
choice); however, providing less information may allow indi-
viduals to focus on the most critical information (Peters,
Dieckmann, Dixon, Hibbard, & Mertz, 2007). Furthermore,
previous studies have found that the public is more concerned
about harmful chemicals they are familiar with, such as
ammonia, than chemicals they have not heard of before,
such as isoprene (Brewer et al., Online first). Thus, we sought
to understand the impact of the quantity and familiarity of
chemicals in cigarette smoke, by varying the subsets of che-
micals we displayed. The outcomes were interface percep-
tions, which include perceptions of user experience
(perceived clarity and usability), motivation (willingness to
use), and potential impact (elaboration about the harms of
smoking).

H1: Displaying familiar chemicals or a combination of famil-
iar and unfamiliar chemicals (vs. not displaying chemi-
cals) will lead to more positive user interface perceptions
of a webpage about chemicals in cigarette smoke.

Linking chemicals in cigarette smoke to associated health
effects is critical to contextualize this information (Rothman &
Kiviniemi, 1999). These health effects can be effectively con-
veyed through explicit text-based information and/or with
icons as visual cues. Indeed, the combination of simple images
and text often increases the effectiveness of health commu-
nication (Houts, Doak, Doak, & Loscalzo, 2006; Katz,
Kripalani, & Weiss, 2006). Visual cues such as icons have
the potential to illustrate health consequences in a contextua-
lized approach that visually reinforces text, conveys meaning
efficiently, and encourages elaboration (Lazard & Atkinson,
2015; Lazard & Mackert, 2015).

H2: Displaying health effects as text with icons or text alone
(vs. not displaying health effects) will lead to more posi-
tive user interface perceptions of a webpage about che-
micals in cigarette smoke.

Methods

Participants
We recruited 509 adult participants via Amazon Mechanical
Turk (MTurk), a crowdsourcing platform commonly used for
research (Buhrmester, Kwang, & Gosling, 2011; Casler, Bickel, &
Hackett, 2013; Crump, McDonnell, & Gureckis, 2013).
Participants were 19–72 years old (M = 34.66, SD = 10.67),
47% female, and 50% smokers. Most participants (90%) were
non-Hispanic and identified as White (83%), African-American
(7%), or Asian (8%). Less than half of participants (46%) had a
bachelor’s or higher degree.

Procedures
We used a between-subjects 3 (chemicals) × 3 (health effects)
factorial design to examine the influence of varying interface
designs. The first factor, chemicals, had three levels: no che-
micals, familiar chemicals (six chemicals), or a combination of
the familiar plus unfamiliar chemicals (20 chemicals total).
Familiarity was determined by previous research on whether
people had heard the chemical is in cigarette smoke (Brewer
et al., Online first). The second factor, health effects, had three
levels: no health effects shown, health effects displayed as text
only, or health effects displayed as an icon alongside the text.

User interfaces were designed as static webpages about the
chemicals in the smoke of a fictitious cigarette brand (Figure 1).
Below the webpage title, information about the chemicals and
health effects appeared as applicable to the experimental condi-
tion. The chemicals included the 18 that the FDA has required
tobacco companies to provide data for, plus two additional
familiar chemicals that the FDA has identified as being in
smoke, for a total of 20 chemicals (Brewer et al., Online first;
United States Food and Drug Administration, 2012a). The health
effects had five categories: cancers, permanent breathing pro-
blems, heart attack and stroke, reproductive organ damage, and
addiction. Exemplar diseases within each category were shown.

Prior to conducting Experiment 1, we pretested three different
user interface layouts. Layout A grouped chemicals by their asso-
ciated health effect. Layout B showed the health effects at the top of
the webpage and the chemicals listed underneath. Layout C listed
the chemicals on the left, with lines linking them to the health
effects on the right side of the webpage. Layouts A and C allowed
participants to determine the health effects caused by each specific
chemical, Layout B did not. In pretesting, participants (n = 148)
were recruited from MTurk (age: M = 33.65, SD = 9.58; 38%
female; 36% smoker) to evaluate the interface designs for perceived
credibility (“The webpage looks trustworthy”), believability (“I
believe the information on the webpage”), and perceived ease of
use (“I could learn to use the webpage quickly”). Response options
ranged from “strongly disagree” (coded as 1) to “strongly agree”
(5). We did not find differences among the layouts for perceived
credibility, F(2, 145) = .17, p = .85 (overall M = 4.26, SD = .94),
believability F(2, 145) = 1.76, p = .18, (overallM= 4.52, SD = .70),
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or perceived ease of use F(2, 145) = .59, p = .56, (overallM= 4.41,
SD = .78).With no differences, each layout was used for one of the
experiments. For Experiment 1, we used Layout A, with nine
variations of the interface as needed for the 3 × 3 design. These
webpage designs ranged from having the most information––
familiar and unfamiliar chemicals and health effects as text with
icons––to our control website with very little information––a
short webpage with only the header and footer information
(Figure 1).

After obtaining informed consent, we randomly assigned
participants to one of the nine experimental conditions.
Participants viewed a static webpage with instructions to “care-
fully look at the webpage” and were then asked the survey items.

The survey concluded with items for participants’ demo-
graphics––age, gender, race/ethnicity, education level, and
smoking status. Participants in Experiments 1–3 received pay-
ment at a rate of around $10 per hour. The University of North
Carolina’s institutional review board exempted the study from
review.

Measures
Response scales ranged from “strongly disagree” (coded as 1)
to “strongly agree” (5), except as noted. Perceived clarity, or
how clearly the webpage showed the link between the chemi-
cals and their health effects, was assessed with the item, “This
webpage clearly shows the health problems caused by

Figure 1. Example user interfaces to communicate about chemicals in cigarette smoke.
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chemicals in cigarette smoke” (M = 3.94, SD = 1.27).
Participants reported perceived usability, or whether the web-
page’s content was easy to comprehend, with the item, “The
webpage content was easy to understand” (M = 4.50,
SD = .77) (Yang et al., 2012). Willingness to use the webpage
(or one like it) to find more information about the chemicals
in cigarette smoke was assessed with the item, “If I wanted
information about chemicals in cigarette smoke, I’d use a
webpage like this” (M = 3.81, SD = 1.12). Lastly, cognitive
elaboration, or the amount of thinking about smoking’s harms
after viewing the webpage, was assessed with the question,
“How much did this webpage make you think about the
harmful effects of smoking?” with options that ranged from
“not at all” (coded as 1) to “a great deal” (5) (M = 3.90,
SD = 1.05) (Fathelrahman et al., 2010).

Data analysis
To determine whether chemical and health effect information
positively influenced user interface perceptions, we used a
3 × 3 multivariate analysis of variance (MANOVA), 3 × 3
analyses of variance (ANOVAs), and Bonferroni adjusted
post-hoc comparisons. The predictor variables were chemicals
(none, familiar, combination of familiar and unfamiliar) and
health effects (none, text only, text with icon). Analyses also
included education (one or more years of college vs. less
education) as a moderator. The outcome variables were per-
ceived clarity, perceived usability, willingness to use the web-
page, and elaboration. For all tests, we report ANOVAs
following statistically significant omnibus multivariate tests
(all p < .05). We report interactions that were statistically
significant.

Results

User interface perceptions
The chemical display conditions did not differ on perceived
clarity, F(2,495) = .20, p = .82 (Table 1). Health effects as text
or text with icons increased perceived clarity of health pro-
blems caused by smoking as compared to not showing health
effects, F(2,495) = 103.19, p < .001. Webpages with no che-
micals elicited higher perceived usability than webpages with
familiar and unfamiliar chemicals, F(2,495) = 4.54, p < .05.
Webpages with any chemicals (6 vs. 20) or health effects
shown (vs. not shown) did not differ for usability, F(2,
495) = .31, p = .73.

Motivation
Webpages with familiar and unfamiliar chemicals elicited
higher willingness to use the webpage compared to webpages
without chemicals, although not more than webpages with
familiar chemicals only, F(2,495) = 3.87, p < .05. Showing
health effects did not affect willingness to use the webpage, F
(2,495) = 1.29, p = .28.

Potential impact
The chemical display conditions did not elicit different levels of
elaboration, F(2,495) = 2.41, p = .09. However, participants who
saw the webpages with health effects shown as text or text with
icons had greater elaboration about the harms of smoking than
those who did not see any health effects, F(2,495) = 9.48,
p < .001. Correlations for outcomes are in Online
Supplemental Materials Appendix A.

Discussion

We found mixed support for H1 (effects of chemical displays)
and H2 (effects of health effects displays) on user interface
perceptions. Showing the most information––familiar and unfa-
miliar chemicals––increased the reported likelihood that people
would use this website as a resource for information, but it also
reduced usability compared to providing no chemical informa-
tion. However, a website with almost no information (our con-
trol condition) would logically not be viewed as a good resource
and, of course, it is easier to understand. At the same time,
showing any number of chemicals did not reduce webpage
clarity. Most importantly, users’ perceptions, motivations, and
the potential impact of the webpage were not different for
webpages that displayed the additional 14 unfamiliar chemicals
alongside the six familiar ones. Since there is no support to
exclude the unfamiliar chemicals, we recommend displaying
both familiar and unfamiliar chemicals.

Displaying health effects is also important for clearly com-
municating the link between the chemicals and their harmful
effects and increasing the likelihood that users will think
about these harms. How these health effects are displayed
matters less. Displaying health effects as text with icons may
offer a slight advantage. Based on our findings and previous
research findings that visuals improve at-a-glance communi-
cation and other outcomes (Houts et al., 2006), we recom-
mend displaying health effects as text with icons.

Experiment 2: Chemical quantity and visual risk
indicator

Scientists struggle with questions of whether and how much
quantitative information to present to the lay public. For
example, most estimates of risk come as a point estimate
(e.g., a midpoint) or with some form of uncertainty, such as
a confidence interval. Some research has examined whether
point estimates or ranges are preferable, but the literature is
too sparse to draw strong conclusions (Brewer, Richman,
DeFrank, Reyna, & Carey, 2012). Thus, we sought to under-
stand the potential benefits of showing point estimates or
ranges of harmful chemicals.

Table 1. Mean (SD) ratings of user experience, Experiment 1 (between subjects).

Familiarity of chemicals Health effects

Construct None Familiar Familiar +
unfamiliar

p None Text Text +
Icons

p

Perceived
clarity of
harm

3.89
(1.24)

3.86
(1.26)

4.02
(1.29)

2.73c,d

(1.41)
4.37c

(.80)
4.52d

(.67)
***

Perceived
usability

4.64a

(.58)
4.50
(.73)

4.40a

(.90)
* 4.49

(.75)
4.49
(.78)

4.52
(.77)

Willingness
to use

3.56b

(1.13)
3.85
(1.10)

3.97b

(1.11)
* 3.69

(1.14)
3.76
(1.17)

3.94
(1.06)

Elaboration 3.70
(1.09)

4.02
(1.00)

3.97
(1.05)

3.56e,f

(1.09)
4.03e

(1.01)
4.07f

(1.00)
***

Note. Means that share a superscript letter differ by p < .05.
* p < .05; *** p < .001 for all ANOVAs
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H3: Displaying quantity information as a point estimate or a
range (vs. not providing any quantities) will lead to more
positive user interface perceptions of a webpage about
chemicals in cigarette smoke.

Many individuals, however, struggle using quantities to make
health decisions, as it is hard to determinewhat the numbersmean
(Peters et al., 2009). This evaluative meaning can be provided to
consumers (e.g., by pairing numbers with labels that indicate if the
value is good or bad) to facilitate and even improve health judg-
ments (Brewer et al., 2012; Peters et al., 2009). Evaluative labels can
also highlight important information that may be overlooked in
complicated displays (Brewer, Gilkey, Lillie, Hesse, & Sheridan,
2012; Dieckmann, Peters, Gregory, & Tusler, 2012). Thus, a visual
risk indicator that illustrates levels of harm may be an effective
interface design strategy to positively influence perceptions and
use of quantity information about chemicals in cigarette smoke for
lay audiences; including such an indicator is potentially more
advantageous than displays that include only numerical
information.

H4: Displaying a visual risk indicator (vs. not displaying it)
will lead to more positive user interface perceptions of a
webpage about chemicals in cigarette smoke.

Methods

Participants
Participants (n = 487) for Experiment 2 were again recruited
through MTurk. Participants’ demographic characteristics were
similar to Experiment 1. We used a qualification tool within
MTurk to prevent participation in more than one experiment.

Procedures
Experiment 2 used a mixed (between/within) design to examine
how the display of chemical quantities and the addition of a color-
coded visual risk indicator with evaluative text would affect inter-
face perceptionswith Layout B (Figure 1). The first factor, quantity
information, was a within-subjects factor; we hypothesized that
seeing webpages in close temporal proximity would increase par-
ticipants’ ability to evaluate differences in the quantitative infor-
mation displays (Hsee, 1996). Therefore, participants saw three
webpages––with no quantities, a single number (e.g., 5 mg), and a
range (e.g., 4–6 mg)––in a random order. The second factor, a
visual risk indicator, was a between-subjects factor. Half of parti-
cipants saw these webpages with a visual risk indicator. The visual
risk indicator was a colored dot that appeared to the right of each
chemical, indicating one of three levels of harm from the indicated
quantity: green for “Safe: does not cause health problems,” light
red for “Risky: puts you at risk to develop health problems,” and
dark red for “Dangerous: can cause immediate damage to your
body.” Definitions appeared in a key in the webpage footer. After
evaluating the first webpage in their between-subjects condition,
participants rated the other two quantity webpage conditions.

Measures
Themeasures in Experiment 2were identical to Experiment 1with
two additional items to assess whether thewebpage clearly showed

chemical amounts andwhether the amounts were clearly linked to
harm. The additional perceived clarity items were: “This webpage
shows the amount of each chemical in a way that I understand”
(clarity of amount;M = 3.47, SD = 1.34) and “The webpage clearly
shows whether the amount of each chemical is harmful” (clarity
that amount is harmful;M=3.48, SD=1.43). The perceived clarity
item from Experiment 1 (clarity of harm;M = 4.35, SD = .87) was
also used. The three perceived clarity items were only asked once
after exposure to the first randomly assigned webpage. Response
options ranged from “strongly disagree” (coded as 1) to “strongly
agree” (5).

The within-subjects portion of Experiment 2 used three of the
variables from Experiment 1: perceived usability (M = 4.22,
SD = .82), willingness to use the webpage (M = 4.10, SD = .88),
and elaboration (M = 4.08, SD = .88).

Data analysis
A MANOVA, 3 × 2 ANOVAs, and Bonferroni adjusted post-
hoc comparison were used to analyze the effects of the pre-
dictor variables––quantity information (none, midpoint,
range) and a visual risk indicator (absence, presence)––on
the three perceived clarity measures. A two-way mixed design
MANOVA, repeated measures (RM) ANOVAs, and post-hoc
pairwise comparisons were used to analyze the effect of the
predictor variables on perceived usability, elaboration, and
willingness to use the webpage for the within-subjects data.
Analyses included education as a moderator.

Results

User interface perceptions
Displaying quantities or the visual risk indicator increased
perceived clarity for two of the three measures (Table 2).
Webpages with midpoints or ranges displayed the amount
of each chemical more clearly than webpages without quantity
information, F(2,473) = 18.57, p < .001. The visual risk indi-
cator did not increase perceived clarity of the amount of each
chemical, F(1,473) = .95, p = .33. The visual risk indicator did
increase clarity of the harm associated with the amount of
each chemical vs. not showing a risk indicator, F
(1,473) = 113.41, p < .001. The clarity of the harm associated
with the amount did not differ when quantities were dis-
played, F(2, 473) = 1.28, p = .28. Neither quantity displays
nor the visual risk indicator influenced perceived clarity of
harm from chemicals in cigarette smoke, generally, quantities:
F(2,473) = .14, p = .87; risk indicator: F(1,473) = .12, p = .74,
or perceived usability, quantities: F(2,958) = .99, p = .37; risk
indicator: F(1,479) = .22, p = .64.

Motivation
Webpages with quantity information––ranges or midpoints––
elicited higher willingness to use than those without quanti-
ties, F(2,958) = 23.81, p < .001. Quantity information had a
larger impact for willingness to use the webpage among par-
ticipants with more education, F(2,958) = 6.08, p < .01.
Displaying ranges or midpoints (vs. neither) increased will-
ingness to use among individuals with high levels of education
(both p < .001), but not for those with less education. Showing
a visual risk indicator did not have a main effect on
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willingness to use the webpage, F(1,479) = .71, p = .40, but did
affect willingness to use in an interaction with quantity dis-
play, F(2,958) = 7.25, p < .01 (Appendix B). Specifically,
quantity information increased willingness to use webpages
without a visual risk indicator only (p < .05). With the risk
indicator, willingness to use was similarly high regardless of
quantity information.

Potential impact
Webpages with midpoints elicited greater elaboration of
smoking harms than chemical names only or ranges, F
(2,958) = 7.27, p < .01.The visual risk indicator did not
influence elaboration, F(1,479) = .60, p = .44.

Discussion

Our findings indicated partial support for H3 (effects of quantity
information) andH4 (effects of a visual risk indicator) for positive
user interface perceptions. In particular, displaying quantity infor-
mation was beneficial for clearly conveying amounts of chemicals
in cigarette smoke; it also positively affected willingness to use the
website and encouraged individuals to think about the harms of
smoking. Notably, displaying midpoints had a stronger positive
impact on user interface perceptions overall than displaying
ranges, but the use of ranges is likely preferable for scientific
accuracy. Cigarette batches vary in their chemical content, chemi-
cal measurements have some margin of error, and individual
smokers vary in their smoking topography (puff volume, number
of puffs per cigarette, etc.), making it potentially misleading to
convey quantity as a single number (Marian et al., 2009).
Nonetheless, a tradeoff exists between precision of information
displayed and the extent of comprehension that will result; deci-
sions about what to present should carefully consider this tradeoff,

as well as the potential that having quantities may encourage users
to rely on a heuristic––more precision means the information is
more credible––without knowledge acquisition or use of the
information. The visual risk indicator clarified the meaning of
the chemical amounts by linking them to a level of harm and
interacted with quantity information for motivation to use the
website. Based on these findings and trade-offs, we found two
potentially effective formats––ranges and a visual risk indica-
tor––to communicate chemical amounts and harmfulness to lay
audiences.

Experiment 3: Ranges and visual risk indicator

Our final experiment used a within-subjects design to com-
pare perceptions of webpages with chemical names only,
quantities shown as ranges, and a visual risk indicator without
quantity information. Experiment 3 allowed us to further
explore the differential effects of quantities (range) and a
visual risk indicator found in the previous experiment.

H5: Displaying quantities (as ranges) or a visual risk indicator
will lead to more positive user interface perceptions of a
webpage about chemicals in cigarette smoke compared to
providing the chemical names only.

Methods

Participants
Participants (n = 455) were recruited via MTurk with the
same protocol as the previous experiments and had similar
demographic characteristics as in Experiments 1 and 2.

Table 2. Mean (SD) ratings of user experience, Experiment 2 and 3.

Quantity information Visual risk indicator

Construct None Midpoint Range p Absent Present p

Experiment 2: Between-subjects
Perceived clarity of harm 4.34

(.81)
4.35
(.91)

4.35
(.90)

4.36
(.94)

4.34
(.80)

Perceived clarity of amount 2.81a,b

(1.38)
3.79a

(1.22)
3.79b

(1.19)
*** 3.41

(1.37)
3.53
(1.31)

Perceived clarity that amount is harmful 3.25
(1.42)

3.57
(1.46)

3.62
(1.37)

2.76c

(1.44)
4.20c

(.99)
***

Experiment 2: Within-subjects
Perceived usability 4.23

(.90)
4.25
(.92)

4.18
(.97)

4.19
(1.17)

4.25
(1.16)

Willingness to use 3.89d,e

(1.11)
4.23d

(.93)
4.17e

(1.00)
*** 4.07

(1.26)
4.13
(1.25)

Elaboration 4.01f

(1.00)
4.14f,g

(.95)
4.09g

(.94)
* 4.05

(1.25)
4.11
(1.24)

Experiment 3: Within-subjects
Perceived clarity of amount 3.10h,i

(1.45)
__ 3.57h

(1.29)
__ __ 3.41i

(1.40)
***

Perceived clarity that amount is harmful 3.30j

(1.42)
__ 3.47j

(1.36)
__ __ 3.84j

(1.28)
***

Perceived usability 3.94k

(1.10)
__ 3.80l

(1.16)
__ __ 4.10k,l

(1.05)
***

Willingness to use 3.65m

(1.18)
__ 3.77m

(1.15)
__ __ 3.93m

(1.11)
***

Elaboration 4.26
(.92)

__ 4.29
(.88)

__ __ 4.35
(.86)

Note. Means that share a superscript letter differ by p < .05 ;––when condition was not tested
* p < .05; *** p < .001 for all ANOVAs.
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Procedure
Participants viewed three variants of Layout C (range, visual
risk indicator, name of chemical only). We randomly assigned
participants to view one of the three webpages in the experi-
ment and then asked them to evaluate the user interface.
Participants then viewed the remaining two webpages in a
random order.

Measures
As in Experiments 1 and 2, participants assessed the user
interface for perceived clarity of the amount of each chemical
(clarity of amount; M = 3.35, SD = 1.16), perceived clarity of
the harm associated with the amount of each chemical (clarity
that amount is harmful; M = 3.53, SD = 1.15), perceived
usability (M = 3.95, SD = .98), willingness to use the webpage
(M = 3.78, SD = 1.02), and elaboration (M = 4.30, SD = .80).

Data analysis
We used an RM MANOVA and post-hoc pairwise compar-
isons to analyze the effect of the three interface designs––
chemical names only, with ranges, and with a visual risk
indicator––on perceived clarity, perceived usability, willing-
ness to use, and elaboration. Analyses included education as a
moderator.

Results and discussion

Webpages with a visual risk indicator or ranges were per-
ceived as more clearly showing the amount of each chemi-
cal and whether that amount is harmful than webpages
with chemical names only, amount: F(2,894) = 23.05,
p < .001; amount is harmful: F(2,894) = 30.95, p < .001
(Table 2). Notably, showing ranges did not increase clarity
of amount more than the visual risk indicator (p = .08).
Conversely, showing the visual risk indicator increased
clarity that the amount is harmful more than ranges
(p < .001). The webpage with a visual risk indicator had
greater perceived usability than webpages with chemical
names only or with ranges, F(2,894) = 20.90, p < .001;
ranges did not increase usability compared to chemical
names only (p = .13). The visual risk indicator increased
willingness to use the webpage over ranges, F
(2,894) = 19.58, p < .001. Both the visual risk indicator
and ranges increased willingness to use over chemical
names alone (p < .05). Elaboration did not differ among
the webpages, F(2,894) = 2.88, p = .06.

Our findings confirmed that displaying a visual risk indi-
cator, and to a lesser degree showing chemical ranges, had a
positive impact on user interface perceptions (H5). Taking
into account the benefits of simpler risk formats (Brewer
et al., 2012; Peters et al., 2007), we recommend having a visual
risk indicator of harmfulness instead of chemical amounts.

General discussion

Communicating about chemicals in cigarette smoke is a complex
challenge. Our findings suggest that websites may be more
usable when they include health effects of chemicals in cigarette
smoke, visual risk indicators, and possibly the ranges of chemical

quantities. These approaches contextualize information about
chemicals in cigarettes in a way that is perceived as usable by
the public. Previous research showed that providing a website
about the harmful chemicals in smoke increases comprehension
of these chemicals and harm perceptions of the products com-
pared to seeing no website (Portnoy, 2013). We provide specific
guidance to increase the usability of the website.

User interfaces are the gateway to critical health informa-
tion on consumer health websites; how an interface looks can
also greatly influence consumers’ perceptions and use of that
information (Eysenbach, 2005; Lazard & Mackert, 2015). We
found that what information is displayed affects user interface
perceptions. Displaying contextual cues for meaning––show-
ing health effects associated with the chemicals––improved
the perceived clarity of harm and, most importantly, increased
their thinking about the harms of smoking. The inclusion of
unfamiliar chemicals did not negatively affect users’ percep-
tions, motivations, or the potential impact of the webpage,
and thus, we recommend displaying both familiar and unfa-
miliar chemicals to provide potentially novel information.

The US is required to display quantity information of
toxic chemicals in cigarette smoke. We found that how this
information is displayed is important. Showing any quan-
tity information––either as a point estimate or range––
positively influences perceived clarity and motivations for
use; however, qualitatively representing the quantities––
through a visual risk indicator––had the greatest impact
for overall user perceptions. Specifically, in our final experi-
ment, displaying a visual risk indicator positively influenced
the clarity of the amount and harm of each chemical,
usability of, motivations to use, and elaboration of the
website. The positive effects of the visual risk indicator
are likely due to users’ ability to derive meaning from the
interface quickly (Peters et al., 2009). Additionally, the use
of the risk indicator or numeric ranges are likely preferable
to point estimates in terms of scientific accuracy (Marian
et al., 2009).

Our findings are based on three national online convenience
samples; generalizability to the general public remains to be estab-
lished. MTurk samples tend to be younger and more highly
educated than the general US population (Ross, Irani, Silberman,
Zaldivar, & Tomlinson, 2010). Although education was rarely a
moderator, future studies should investigate the roles of low health
literacy or numeracy as moderators. Also, we manipulated a
limited number of design variables in the webpages. Other web-
page variations or experimental designs (e.g., where number of
chemicals is not confounded with familiarity) could have greater
effects. However, the webpages were designed to test what we
believe are themost important variables for the legal requirements
and in accordance with best practices for consumer health website
design (Eysenbach, 2005).

Future research should explore how these interface designs
increase knowledge, change behavior, or are misleading to lay
audiences, potentially comparing webpage layouts along with
the presentation of content. Additionally, following consumer
health informatics recommendations, an ideal next step would
be to test the impact of tailored information, potentially
integrating information about toxic chemicals in cigarette
smoke with other individual data (e.g., cigarettes smoked per
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day) to inform health choices (Eysenbach, 2000, 2005).
Designing tobacco communication to be personalized will
likely help consumers process and use information (Alpay,
Verhoef, Xie, Te’eni, & Zwetsloot-Schonk, 2009).

Conclusion

Clearly communicating about chemicals in cigarette smoke and
their health effects to the public is a challenging task for tobacco
control. Using a user-centered, iterative design approach, we
identified website formats––displaying chemicals with their asso-
ciated health effects, showing a visual risk indicator––that the
public ismore likely to (1) perceive as clear and easy to understand,
(2) use when looking for information about chemicals in cigarette
smoke, and most importantly, and (3) use to think about the
harms of cigarette smoke. Our findings provide guidance for
how the US government can effectively inform consumers about
the toxins in cigarette smoke.
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Appendix A.
Correlations of outcomes in Experiments 1–3

Appendix B.
Interaction of quantity information and visual risk
indicator in Experiment 2

Construct PC1 PC2 PC3 PU WU E

Experiment 1
Perceived clarity of harm (PC1) 1
Perceived clarity of amount (PC2) — —
Perceived clarity that amount is harmful (PC3) — — —
Perceived usability (PU) .26 — — 1
Willingness to use (WU) .43 — — .40 1
Elaboration (E) .38 — — .28 .46 1
Experiment 2
PC1 1
PC2 .30 1
PC3 .32 .43 1
PU .47 .29 .27 1
WU .39 .29 .27 .67 1
E .43 .23 .25 .49 .59 1
Experiment 3
PC1 —
PC2 — 1
PC3 — .75 1
PU — .61 .47 1
WU — .63 .62 .75 1
E — .29 .33 .40 .41 1

Note. All correlations p < .001.

Note: Bars show standard errors.
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