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Numeracy and memory for risk probabilities and risk outcomes depicted on warning labels 

Objective. Greater numeracy is associated with higher likelihood to quit smoking. We 

examined whether numeracy supports learning of numeric health-risk information and, in 

turn, greater risk perceptions and quit intentions. Method. Adult smokers (N=696) 

viewed text warnings with numeric risk information four times each in one of three 

warning-label types (Text-only, Low-emotion pictorial (i.e., with image), High-emotion 

pictorial). They completed posttest measures immediately or six weeks later. Emotional 

reactions to warnings were reported the second time participants viewed the warnings. 

Numeracy, memory for risk probabilities and risk outcomes, risk perceptions, and quit 

intentions were assessed post-exposures. Results. Memory for risk probabilities and risk 

outcomes depended on warning-label type and posttest timing. Consistent with memory-

consolidation theory, memory for High- vs. Low-emotion labels was lower immediately, 

but declined less for High- than Low-emotion labels. Label memory was similar between 

conditions at six weeks. Numeracy predicted overall superior memory (especially for risk 

probabilities) controlling for health literacy and education. It also indirectly predicted 

greater risk perceptions and quit intentions via memory. In exploratory analyses, 

however, the more numerate’s superior recall of smokers’ risk probabilities was 

associated with lower risk perceptions. Conclusions. Numeracy is associated with 

superior risk memory, which relates to greater risk perceptions and quit intentions. More 

numerate and educated smokers may be better able to quit due to their superior learning 

of smoking’s risks. 

Keywords: numeracy, memory, emotions, risk perceptions, tobacco control  

ClinicalTrials.gov Identifier: NCT03501472  
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Introduction 

Smoking in the United States has declined in recent decades. Although it remains the 

leading cause of preventable death in the US with more than 480,000 smoking-related deaths per 

year, only 14% of the US population smoked in 2017 (Wang et al., 2018). However, significant 

education-related smoking disparities exist such that more (vs. less) educated individuals are less 

likely to smoke and, if they do smoke, they are more likely to quit (e.g., USDHHS, 2014; Wang 

et al., 2018; Zhuang, Gamst, Cummins, Wolfson, & Zhu, 2015). Demographic variables (e.g., 

age, income, insurance status) could explain education-related disparities in smoking and other 

health behaviors, but studies control for these variables (e.g., Cutler & Lleras-Muney, 2010; 

Siahpush, McNeill, Borland & Fong, 2006). Education-related smoking disparities may be due to 

more educated individuals having superior knowledge (e.g., about which diseases are caused by 

smoking and effective ways to reduce cancer risk; Lillard, 2017). However, cognitive ability 

explains a larger portion of education’s effect on healthy behaviors than health knowledge and 

demographics; cognitive ability also helps explain health knowledge itself (Peters, Baker, 

Dieckmann, Leon, & Collins, 2010). Furthermore, education appears to increase cognitive 

abilities (e.g., Cutler & Lleras-Muney, 2010; Peters et al., 2010). In the present paper, we 

examine possible effects of one cognitive ability – numeracy (i.e., the ability to understand and 

use probabilistic and other mathematical concepts) – that may underlie education-related 

smoking disparities. 

Numeracy supports understanding and acquisition of health knowledge and increases its 

impact on judgments and behaviors (Reyna, Nelson, Han, & Dieckmann, 2009). In fact, when 

presented with numeric information, such as the probability of risk outcomes, the highly 

numerate are more likely than the less numerate to pay attention (Fleig, Meiser, Ettlin, & 
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Rummel, 2017; Jasper, Bhattacharya, & Corser, 2017), derive affective meaning from numeric 

information (e.g., Peters, Lipkus, & Diefenbach, 2006; Petrova, Plight, & Garcia-Retamero, 

2014), remember numbers (Galesic & Garcia-Retamero, 2011), and use them in judgments and 

decisions (Jasper et al., 2017; Lipkus, Peters, Kimmick, Liotcheva, & Marcom, 2010). 

Ultimately, becoming more numerate produces more healthy behaviors (Peters et al., 2017), and 

the highly numerate enjoy healthier outcomes than the less numerate (e.g., Reyna et al., 2009).  

Only two known studies have linked numeracy with smoking. First, greater numeracy is 

associated with greater smoking cessation: In one study, every one-point increase in numeracy 

skills corresponded to a 24% increase in the odds of quitting (controlling for reading literacy, 

education, race/ethnicity, gender, income, and age; Martin et al., 2012). Second, the use of 

pictorial warning labels (WLs) on cigarette packages may assist the less numerate, in particular, 

to understand smoking’s risks and increase quit intentions (Klein, Quisenberry, Shoben, Romer, 

& Peters, 2019).  

In contrast, considerable research has examined effects of pictorial WLs on smoking-

related outcomes (e.g., Noar et al., 2016). Pictorial warnings on cigarette packages elicit greater 

attention to, emotional reactions to, and scrutiny of the warnings; they also increase long-term 

risk knowledge (Evans et al., 2015; Hammond, 2011; Noar et al., 2017; Peters et al., 2019). This 

prior research, however, has focused on pictorial WLs depicting smoking-related negative health 

outcomes (e.g., smoking can cause cancer), ignoring the likelihoods of those outcomes.  

Smokers know little about these probabilities and frequently underestimate them (e.g., 

Ayanian & Cleary, 1999; Dillard, McCaul, & Klein, 2006; Weinstein, 1998) or overestimate 

them (e.g., lung cancer risk, Kristiansen, Harding, & Eiser, 1983; Viscusi, 1990). However, 

informing people about probabilities improves risk comprehension and increases willingness to 
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follow a doctor’s advice among more and less numerate individuals (Peters, Hart, Tusler, & 

Fraenkel, 2014; Schwartz et al., 2017). In the current research, we focus on learning risk 

probabilities (e.g., the likelihood of cancer from smoking).  

In the present study, participants viewed typical warning text that included risk outcomes 

(e.g., “Cigarettes cause fatal lung disease”) in one of three warning-label types (Text-only, Low-

emotion pictorial (i.e., with image), High-emotion pictorial). Each warning text also was 

augmented with risk-probability information for that outcome (e.g., “19.8% of smokers will die 

from lung disease, compared to 2.0% of non-smokers”). Memory was measured immediately or 

six weeks after the last warning-label exposure. We measured memory in four ways – recall of 

smokers’ risk probabilities (e.g., “75.4% of smokers”), recall of nonsmokers’ risk probabilities 

(e.g., “21.0% of nonsmokers”), recognition of risk probabilities, and recall of risk outcomes (e.g., 

“die before the age of 85”). The probabilities, of course, must refer to the risk outcomes. Thus, 

outcomes served as cues for recall and recognition of risk probabilities (e.g., the cue for the 

probability 75.4% is “What percent of smokers will die before the age of 85?”).  

We had three major hypotheses. First, memory-consolidation research has revealed that 

long-term memories do not form immediately and especially when emotional arousal is involved 

(Kleinsmith & Kaplan, 1963; Mather, 2007). Instead, high negative and positive arousal produce 

greater amygdala activation which interacts with other brain regions, such as the hippocampus, 

to produce greater long-term memory consolidation (Cahill & McGaugh, 1998) up to at least six 

weeks later (Steidl, Fazik, & Anderson, 2011). In recent research, we demonstrated this memory 

effect for smoking-related health outcomes, but no information was presented concerning risk 

probabilities (Peters et al., 2019). As in prior research, we focus on the negative arousal 

(hereafter referred to as emotional reaction) elicited by the health warnings. We hypothesized: 
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Hypothesis 1 (H1): Smoking-related health risk information (i.e., risk probabilities and 

their associated risk outcomes) paired with High-emotion pictorial WLs (vs. lower 

emotion, including Text-only, warnings) would be recalled less well immediately, but 

would be retained better over time.  

Of course, memory for numeric information is likely influenced by more than emotional 

reactions. The more numerate recall numeric information more accurately than the less numerate 

(Galesic & Garcia-Retamero, 2011). Health literacy also has been associated with better memory 

for smoking risk information (Hoover et al., 2018). Similar to prior research (Martin et al., 

2012), we expected independent effects of literacy and numeracy on memory for smoking-

related health risk information (i.e., risk probabilities and risk outcomes).  

Hypothesis 2 (H2): Those higher (vs. lower) in numeracy would have better memory for 

risk probabilities and outcomes (controlling for health literacy and demographics). 

Risk perceptions and quit intentions also were used to assess whether greater knowledge 

of smoking risk probabilities and risk outcomes was meaningful to variables crucial to policy 

makers’ ability to design effective future WLs. In particular, we tested whether numeracy 

correlations with risk perceptions and quit intentions existed and were mediated by greater risk 

memory (for both probabilities and outcomes). Because emotional reactions also influence 

memory (H1) and lower numeracy is associated with more negative emotional reactions to math 

(Peters & Bjalkebring, 2015), we controlled for emotion’s known effects on memory, risk 

perceptions, and quit intentions (Evans et al., 2015, 2017; Peters et al., 2019).  

Hypothesis 3 (H3): Better memory for risk probabilities and outcomes would predict 

greater risk perceptions and, in turn, quit intentions. This superior memory would 

mediate numeracy’s effects on risk perceptions and quit intentions. 
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Although we expected that more accurate memory would generally predict greater risk 

perceptions and quit intentions, we also explored the relative predictive power of the four 

memory indices for risk perceptions and quit intentions. For example, it seemed plausible that 

memory for smoker-related risk outcomes and probabilities would predict risk perceptions better 

than that for nonsmoker-related risk probabilities because smoker risk information would be 

more self-relevant for this population.  

Exploratory Hypothesis 3A (H3A): Numeracy would increase risk perceptions and quit 

intentions via memory, but memory indices may differ in their predictive power.  

Method 

Participants and design  

Participants were 866 adult smokers recruited using Amazon Mechanical Turk who 

participated online. Participants were at least 18 years old, had smoked at least 100 cigarettes in 

their lifetime, and currently smoked most days or every day. Eleven people were eliminated due 

to a programming error. Of those remaining, 725 (85%) completed some or all of the posttest 

measures.  

Participants were randomly assigned to a 3 (Warning label (WL): High-emotion, Low-

emotion, Text-only) × 2 (Posttest timing: Immediate vs. 6-week delay ×2 (Risk information 

order: Percentage first or Frequency first) design. Immediate vs. 6-week delay was assigned at a 

rate of 3:5 so that the two posttest conditions would have roughly equal numbers, after inevitably 

lower retention in the delay group. See Figure S1 for participant flow diagram. Participants 

received risk information in Percentage (e.g., 9%) or Frequency (e.g., 9 out of 100) formats, with 

participants randomized to receive either Percentage first or Frequency first. This manipulation 

of risk information format did not have the expected effects and is not discussed further in text 
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(see SI1). The research was approved by the Ohio State University IRB (protocol 2010B0341). 

Procedure 

Before viewing the WLs, participants completed a measure of health literacy and 

answered questions about demographics, current tobacco use, quit intentions, and risk 

perceptions. In the same session, participants were exposed to eight WLs in random order four 

times each. The first time, they simply viewed all eight labels. In the second exposure, they rated 

their emotional reactions to each label, in the third exposure, they rated the credibility of each 

label, and in the fourth exposure, they rated the personal relevance of each label.  

Finally, after all four exposures, participants either proceeded immediately to the posttest 

or completed it after a six-week delay as in prior research (Peters et al., 2019; Steidl et al., 2011). 

The posttest included free recall of smoking-related risk outcomes, cued recall and recognition of 

the specific risk probabilities for each risk outcome, quit intentions, risk perceptions, and 

objective numeracy. Both pretest and posttest also included other measures not used in the 

present research (see Table S1). 

Materials  

Warning labels. In three between-participants conditions, we varied the intended 

emotional reaction elicited by the eight labels. In the Text-only condition, participants viewed 

only text warnings (see below) and the eight risk-outcome and risk-probability statements. In the 

Low-emotion and High-emotion conditions, text warnings and risk information were paired with 

relevant images pretested to elicit little or a great deal of emotion, respectively. Low-emotion 

images included symbolic images (e.g., a cartoon gravestone) or mild outcomes (e.g., a man 

coughing); High-emotion images depicted severe outcomes such as damaged organs (e.g., a 

necrotic lung) or surgery (Peters et al., 2019; Evans et al., 2017, 2018). A sample of 
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undergraduate students rated the Low-emotion images as less intense (Meanintensity = 1.79, 

Rangeintensity = 1.29 to 2.15) than the High-emotion images (Meanintensity = 4.50, Rangeintensity = 

3.69 to 5.00; see SI 2 for additional pretesting details).  

To create eight warnings, four congressionally-mandated text warnings were paired with 

risk-probability information for smokers and nonsmokers for two risk outcomes from existing 

risk evidence (Jha et al., 2013; Woloshin, Schwartz, & Welch, 2008). For example, the warning 

“smoking can kill you” was paired with “21.0% of smokers will die in the next 10 years, 

compared to 11.8% of non-smokers” and “75.4% of smokers will die before the age of 85, 

compared to 53.7% of non-smokers" or "21.0% of smokers will die in the next 10 years, 

compared to 11.8% of non-smokers.” Thus, participants received each text warning twice and 

each risk outcome once per exposure (Table S2).  

Measures 

Emotional reactions. During the second exposure to the labels, participants used self-

assessment manikins to indicate the arousal level (1 = calm, 5 = excited) of their emotional 

reactions to each label (Bradley & Lang, 1994). The emotional reaction score was the average 

arousal reaction across all eight labels, consistent with prior research (e.g., Peters et al., 2019).  

Objective numeracy (ONS). At the end of the posttest, participants completed a seven-

item Rasch-based numeracy measure (Weller et al., 2013). The items were modified slightly so 

that correct responses could not be found easily online as is the case for the original items (e.g., 

“On a bingo game show, the chance of winning an LED TV is 1 in 1,000. What percent of 

people on that bingo game show would win the LED TV on average?”). Numeracy scores were 

the number of correct answers out of 7.  

Health literacy. Health literacy was assessed with Passage B from the Short Test of 
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Functional Health Literacy (Baker, Williams, Parker, Gazmararian, & Nurss, 1999). Passage B 

uses a modified cloze procedure that omits every fifth to seventh word of sentences written at a 

10th grade reading level. Participants selected the best word from four options to complete the 

sentence (e.g., “I agree to give correct information to ______ if I can receive Medicaid.”). 

Because total correct responses were highly skewed (roughly half of participants answered all 20 

items correct), we rescored health literacy as a binary variable: 1=all items correct and 0=one or 

more items incorrect (see e.g., Lazard, Byron, Peters, & Brewer, 2019 for a similar approach). 

Controlling for health literacy as a continuous variable produced substantially similar results, but 

the structural equation model (see below) would not converge. 

Risk perceptions. Participants answered five questions about perceived smoking risks 

(e.g., “Compared to the average nonsmoker your age, gender, and race, how would you rate your 

chances of dying from lung cancer” −3 = Much lower, +3 = Much higher; “If I don’t stop 

smoking, I would feel very vulnerable to dying at a younger age because of smoking” −3= 

strongly disagree, +3 = strongly agree, Dillard, Ferrer, Ubel, & Fagerlin, 2012; Peters et al., 

2019). Items were rescaled to a 1-7 scale so that higher numbers indicate greater risk 

perceptions. The average of the five items comprised the final risk-perception index. 

Quit intentions. Quit intentions included a contemplation ladder (Biener & Abrams, 

1991) about the participant’s current action with respect to quitting (0 = no thoughts of quitting, 

10 = taking action to quit) and two additional items based on past research (Romer, Peters, 

Strasser, & Langleben, 2013): “How likely do you think it is that you will try to quit smoking 

within the next 30 days [next year]?” (“−3 =Very unlikely,” “+3 =Very likely”; rescaled to 1-7). 

Because they were measured on different scales, the quit intentions ladder was rescored to be on 

the same 7-point scale as the other two items by multiplying using the following formula: 
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y2 = (range y2)*(y1)/(range y1) ) + miny2, 

where y2 is the new rescaled value, range of y2 is the range of the other items = 6, y1 is 

the original value, range of y1 is the range of the original scale = 10, and miny2 is the minimum 

value the rescaled variable can take = 1 (e.g., 0 became 1, 1 became 1.6, 10 became 7, etc.). The 

three items were averaged into an index in which higher numbers indicated greater intentions. 

Risk Memory 

Nonnumeric risk outcome recall. At posttest, participants were asked to recall as many 

smoking risk outcomes as possible. Responses were coded by two independent coders for 

mentions of 40 risk categories. The two coders agreed on 99.1% of trials and resolved 

disagreements through discussion. Seven risk outcomes were mentioned in the risk information 

accompanying the labels: death (mentioned in two labels), COPD, lung disease, heart disease, 

stroke, lung cancer, and cancer (Table S2). Scores on this measure were the proportion of the 

seven possible risk outcomes mentioned. Participants received a maximum of one point for each 

risk outcome recalled, even if they mentioned multiple types of the risk outcome. For example, a 

participant who mentioned mouth cancer and throat cancer was scored as correct (=1) for cancer. 

Numeric risk probability recall. To measure posttest smoker and nonsmoker risk-

probability recall, participants were asked eight fill-in-the-blank questions about the probabilities 

of each risk outcome separately for smokers and nonsmokers (e.g., “What percent of smokers 

[How many smokers] will die of heart disease?”, “What percent of non-smokers [How many 

non-smokers] will die of heart disease?”). Very few participants recalled the exact digits from 

the labels (5% of answers were recalled exactly). Thus, answers were coded as correct (=1) if 

their answer was +/-5% from the correct answer (e.g., for smoker risk of dying before age 85, 

because the probability provided to participants was 75.4%, answers falling between 70.4% and 
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80.4% were coded as correct=1). Answers outside this range were considered incorrect and 

scored as 0. Risk probability recall scores were the proportion correct (out of eight); smoker and 

nonsmoker probability recall were scored and treated as separate variables.1  

Numeric risk probability recognition. Participants were given a multiple-choice test of 

the probabilities for each risk outcome at posttest. There was one question for each label (i.e., 

eight total) that included smoker and nonsmoker risk (e.g., “______% of smokers will die before 

age 85; ______% of nonsmokers will die before age 85”). Each question had four decoy options. 

Risk probability recognition was the proportion of correct answers (=1) out of eight.  

For all items with a correct response (memory, numeracy), missing responses were coded 

as incorrect. 

Data analysis strategy 

To test memory-consolidation H1 (that participants given High-emotion WLs would 

recall less immediately but have better retention over time (vs. WLs that elicited less emotion), 

generalized estimating equation (GEE) analyses with an identity link were carried out using 

SPSS v.25 (IBM, 2017). Specifically, we tested an interaction of WL (High-emotion, Low-

emotion, and Text-only) and delay (Immediate or Six-week delay) conditions on memory for all 

risk memory indices. The four memory indices (i.e., risk outcome recall, smoker risk probability 

recall, nonsmoker risk probability recall, and risk probability recognition) were treated as 

repeated measures in this model. Non-significant effects were removed one at a time, with the 

exception of covariates (i.e., age, gender, race; see SI 3). 
                                                 

1 We also tried a more liberal coding scheme that allowed responses +/-10% of the correct answer to be coded as 
correct. This scheme increased the average score on the recall measures from 33% to 48% for smoker risks and 54% 
to 72% for nonsmoker risks. The pattern of results is substantially the same with both rules. We chose to present 
results using the more conservative rule. 
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To test H2 (that greater numeracy would be associated with superior all-risk memory, 

controlling for education and health literacy) and H3 (that more accurate all-risk memory would 

be associated with greater risk perceptions and quit intentions and that memory would mediate 

the relation of numeracy with risk perceptions and quit intentions), we conducted a single 

structural equation model (SEM) using MPlus (Muthén & Muthén, 2012), with maximum 

likelihood estimation and robust (Huber-White) standard errors. We used model fit indices with 

cut-off values, [RMSEA]<=.05 with 90% Confidence Intervals of the RMSEA=.00–.08, 

Comparative Fit Index [CFI]>=.95 and Standardised Root Mean Square Residual [SRMR] <= 

.08 (Hu & Bentler, 1999).  Indirect effects from numeracy to risk perceptions and quit intentions 

were estimated using bootstrapping with 5,000 resamples to evaluate significance. Our starting 

model included paths from numeracy (plus education and health literacy) to a latent memory 

variable constructed from all four memory indices, risk perceptions, and quit intentions. Paths 

were also included from the latent memory variable to risk perceptions and quit intentions 

separately. As in prior research (e.g., Peters et al., 2019), two warning-label condition contrasts 

were created. One contrasted pictorial WL conditions and Text-only condition (High-

emotion=+1, Low-emotion=+1, Text-only = −2); the other contrasted High-emotion (+1) and 

Low-emotion (−1) labels (Text-only=0). Paths were included from the two warning-label 

condition contrasts (i.e., image vs. text and high-vs. Low-emotion) to emotional reaction and 

from emotional reaction to memory, risk perceptions, and quit intentions to examine whether 

numeracy’ relations were robust to other known predictors of our outcome variables (e.g., Evans 

et al., 2015, 2017). Delay was included as a covariate for memory, as memory declines over 

time, and demographic variables (i.e., age, gender, race, baseline smoking heaviness) were 

included as covariates for outcomes. Nonsignificant paths were dropped one at a time based on 
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the highest p-value, with the exception of demographic covariates. For paths involving 

numeracy, when numeracy was dropped, health literacy and education were also dropped, except 

when education was included as a demographic covariate.  

We tested H3A (exploring predictive differences between the four memory indices for 

risk perceptions and quit intentions) using SEM. The only difference between this and the prior 

model was memory was not treated as a latent variable here. Instead, paths were included from 

objective numeracy (plus education and health literacy) to each separate memory index and from 

each memory index to risk perceptions and quit intentions.  

Results 

Of the 850 participants who completed the baseline measures, 18 were eliminated for 

viewing two or more initial WLs for less than 500ms, which was deemed insufficient for 

adequately processing the labels’ number of words. Additionally, four participants who 

completed posttest measures were removed because they had 100% recall for 14-16 of the 16 

risk-probability recall items (14 SDs above the mean), suggesting they wrote information down 

rather than remembering it. Our analyses focused on the 696 remaining participants. 

 

Demographics 

Participants (N=696) averaged 35.6 (SD=10.8) years of age and were 46.3% female, 

80.3% white, 5.2% black, 6.6% Hispanic and 8.0% other; 82.6% had more than a high school 

education. They smoked an average of 11.6 (SD=7.9) cigarettes per day. We examined variables 

to determine whether they predicted return to the delayed posttest (all participants returned to the 

immediate posttest). Older age (and not gender, education, race, smoking heaviness, health 

literacy, or WL condition) predicted greater return (b=0.05(0.01), p < .001). Demographics and 



  15 
 

descriptive statistics appear in Table 12; correlations are in Table S3. 

 

Table 1. Descriptive statistics and demographic variables. Memory, risk perceptions and quit 

intentions were measured either immediately after the final WL exposure or after 6 weeks. 

Means (standard deviations) are provided for the overall sample and for the three WL conditions. 

Where relevant, Cronbach’s α are provided. 

 
 

 
Mean (SD) 

 
Cronbach’s α Range Overall  Text-only  

Low-
emotion  

High-
emotion 

Numeracy  .66 0-7 3.04 (1.68) 2.95 (1.74) 3.20 (1.60) 2.97 (1.69) 
Health literacy binary .75 0-1 0.53 (0.50) 0.54 (0.50) 0.56 (0.50) 0.50 (0.50) 
Emotional reaction .92 1-5 2.99 (0.88) 2.81 (0.87) 3.00 (0.76) 3.19 (0.94) 
Risk outcome recall  .25 0-1 0.52 (0.19) 0.53 (0.18) 0.53 (0.20) 0.50 (0.19) 
Smoker risk probability recall .70 0-1 0.33 (0.27) 0.46 (0.26) 0.48 (0.26) 0.42 (0.26) 
Nonsmoker risk probability 
recall .67 0-1 0.54 (0.26) 0.33 (0.27) 0.34 (0.27) 0.30 (0.25) 
Risk probability recognition .62 0-1 0.45 (0.26) 0.56 (0.25) 0.56 (0.27) 0.51 (0.28) 
Risk perceptions .93 1-7 5.67 (1.15) 5.63 (1.21) 5.67 (1.09) 5.7 (1.16) 
Quit intentions  .76 1-7 4.87 (1.62) 4.70 (1.74) 4.94 (1.58) 4.99 (1.51) 
Smoking heaviness -- 0 – 45 11.62 (7.91) 12.67 (8.29) 11.09 (7.49) 10.98 (7.8) 
Age -- 18 – 72 35.55(10.82)  36.8 (11.55) 35.67(10.99) 34.03(9.57) 
Race (Non-Hispanic white) --  80.3% 78.5% 83.7% 78.8% 
Gender (female) --  46.3% 43.50% 46.3% 49.6% 
Education (> high school) --  82.6% 80.2% 83.3% 84.7% 

 

Test of H1 (that participants given High-emotion WLs would remember less immediately but 

have better retention over time (vs. Low-emotion participants) 
                                                 

2 We conducted three 3 (WL condition) × 2 (Delay condition) ANCOVAs on emotional reactions, risk perceptions, 
and quit intentions (estimated means in Table S4). Emotional reactions differed by condition, F(2,688)=10.81, 
p<.001. Pairwise comparisons demonstrated that emotional reactions were highest in the high-emotion condition 
(M(se) = 3.19 (0.06), which were higher than low-emotion (M(se) = 3.00 (0.06), p =.023, which were higher than 
text-only (M(se) =2.82 (0.06), p =.020; high-emotion was higher than text only p <.001. Risk perceptions were 
similar across conditions. An interaction emerged of delay and warning condition on quit intentions, F(2,678)=3.91, 
p =.021  In the immediate posttest, an effect emerged of WL condition on quit intentions, F(2,678)=3.07, p =.047 , 
such that quit intentions were significantly higher in the high-emotion condition (M(se)=5.13 (0.16)) than either of 
the other two conditions (low: M(se) =4.61 (0.16), p=.025; text-only: M(se)=4.67 (0.16), p=.042) which did not 
differ from one another (p=.80). Estimated marginal means in Table S4. 
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We used GEE to test for the expected interaction of delay and warning condition across 

the four memory indices (see Figure 1 and Table S4). First, average risk memory was lower in 

the delayed (M(se)=0.36 (0.01)) vs. immediate condition (M(se)=0.59(0.01), Wald χ²(1)=324.90, 

p < .001). It also was lower in the High-emotion condition (M(se)=0.45(0.01)) than in the Low-

emotion condition (M(se)=0.49 (0.01)) or Text-only condition (M(se)=0.49 (0.01) (warning 

condition: Wald χ²(2) = 9.88, p =.007; condition comparisons: high:low, (b(se) = −0.08(0.03), p 

= .002; high:Text-only, b(se)= −0.06 (0.03), p =.021; low:Text-only, b(se) = 0.02 (0.02), p =.335.  

H1 was partially supported (WL condition × delay condition: Wald χ²(2)=5.88, p =.053). 

Smokers in the immediate condition remembered less if they were in the High-emotion than 

other conditions (high:low, (b(se) = −0.09 (0.03), p =.001; high:Text-only: b(se)= −0.06 (0.02), 

p = .023; low:Text-only: b(se) =0.03 (0.03), p =.276). In addition, the effect of delay was weaker 

(i.e., memory was better supported) in the High-emotion condition than the Low-emotion or 

Text-only conditions (Immediate:Delay contrast in high, b(se) = −0.18(0.02), p < .001; low, 

b(se) = −0.26(0.02), p < .001; and Text-only, b(se) = −0.23(0.02), p < .001). Planned pairwise 

contrasts revealed that delay effects were different between the high:low conditions, (b(se) = 

−0.08 (0.03), p=.015), but not high:Text-only, b(se) = −0.04 (0.03), p=.206 or low:Text-only, 

b(se) = 0.04 (0.03), p =.192. However, the effect of WL condition was ns at six weeks (Wald χ² 

(2)=1.93, p=.381), indicating a possible floor effect. White participants had better memory, b(se) 

= 0.05 (0.02), p = .001; age and gender did not predict memory (p’s >.10).3 

                                                 

3 Including memory index (risk-outcome recall, smoker risk recall, nonsmoker risk recall, risk recognition) as a 
factor did not reduce the WL × delay interaction. A nonsignificant three-way interaction of memory index × delay × 
warning condition, Wald χ²(6) = 4.58, p =.60, indicated that delay and WL condition effects were similar across 
memory indices.  
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Figure 1. Estimated marginal mean proportion of all risk memory correctly remembered by WL 

and delay condition, controlling for race, age, and gender. Error bars indicate ± 1 SE.  

  

Tests of H2 (that greater numeracy would be associated with superior all-risk memory, 

controlling for education and health literacy) and H3 (that more accurate all-risk memory 

would be associated with greater risk perceptions and quit intentions and that memory would 

mediate the relation of numeracy with risk perceptions and quit intentions)  

We used a single SEM to test H2 and H3. Risk memory was estimated as a latent 

variable, and we modeled the effects of emotional reactions and numeracy on memory, risk 

perceptions, and quit intentions (see Figure S2 and Table S5 for starting model results; covariates 

included demographics, health literacy, and delay). The final model fit reasonably well (χ2[65] = 

257.55, p < .001; RMSEA = .066 [CI90: .058 to .075]; CFI = .88; SRMR = .04, see Figure 2 for 

main results and Table S6 for all paths, including covariate effects, factor loadings for latent 

memory variable, and indirect effects).  

Participants in pictorial WL conditions reported greater emotional reaction than Text-



  18 
 

only participants (b(se) =0.09(0.02), p < .001). High-emotion participants reported greater 

emotional reaction to their warnings than Low-emotion participants (b(se) =0.09(0.04), p = 

.031). Consistent with H2, more numerate individuals had more accurate all-risk memory, 

controlling for health literacy, education, and other socio-demographic and smoking variables 

(b(se) = 0.01(0.002), p < .001; see Table 6 for effects of covariates). Health literacy was also 

associated with better memory (b(se) =0.02(0.01), p = .009). Delay reduced memory (b(se) = 

−0.10(.01), p < .001). The path from emotional reaction to memory was removed from the 

model.  

 

Figure 2. Final SEM predicting antecedents and consequences of risk memory. Path coefficients 

are unstandardized with standard errors indicated, *p < .05, **p < .01. See Table S6 for 

covariate and indirect effects. 

 

Consistent with H3 (that memory effects would be consequential), accurate all-risk 

memory also predicted greater risk perceptions (b(se) =1.82(0.53), p = .001). In addition, greater 

emotional reactions predicted greater risk perceptions (b(se) =0.28(0.05), p < .001); emotion’s 

effect was stronger (standardized β(se) = .21(.04)) than that of memory (β(se) = .13(.04)). The 
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direct path from numeracy to risk perceptions was trimmed from the model. Quit intentions then 

were predicted by risk perceptions (b(se) =0.56(0.06), p < .001); direct paths to quit intentions 

from memory indices, emotional reaction, and numeracy were nonsignificant and trimmed from 

the model. H3 was supported: Numeracy indirectly predicted greater risk perceptions through 

memory (indirect effect [IE]: =0.03, 95%CI: 0.01, 0.05). It also predicted greater quit intentions 

through memory then risk perceptions (IE =0.02, 95%CI: 0.01, 0.03).  

Exploratory analyses of H3A tested the same starting model but with memory indices 

allowed to covary rather than modeled as a single latent variable (Table S7). The results for paths 

included in the prior SEM were largely the same. The final model fit well: N=673, (χ2[25] = 

42.74, p =.015; RMSEA = .03 [CI90: .01 to .05]; CFI = .99; SRMR = .02; BIC = 5,238.53; 

Figure S3, Table S8). Numeracy predicted accurate memory for numeric risk-probability indices 

more strongly than it did for the nonnumeric risk-outcome index4. The effects of the memory 

indices on risk perceptions also differed. Specifically, greater risk-outcome recall (b(se) = 

1.68(0.25), p < .001) and better risk-probability recognition (b(se) = 0.74(0.23), p = .001) both 

led to greater risk perceptions whereas better recall of smokers’ risk probabilities was associated 

with lower risk perceptions (b(se) = −0.65(0.20), p = .001) and better recall of nonsmokers’ risk 

probabilities was unrelated to risk perceptions. The total indirect effect of numeracy on risk 

perceptions was positive (total IE: =0.05, 95%CI: 0.03, 0.07) through risk-outcome recall (IE 

                                                 

4 We also tested for an interaction between numeracy and memory index (risk-outcome recall [nonnumeric], risk-
probability recognition [numeric], smoker risk-probability recall [numeric], and nonsmoker risk-probability recall 
[numeric]) using GEE analysis. The effect of numeracy differed across the memory indices, Wald χ²(3)=30.34, p 
<.001. In particular and as we expected, the effect of numeracy was stronger for each of the numeric risk probability 
indices than it was for the non-numeric risk outcome recall (risk probability recognition vs. non-numeric risk 
outcome recall, interaction b(se)= 0.03 (0.01), p <.001; smoker risk probability recall vs. non-numeric risk outcome 
recall, interaction b(se) = 0.01 (0.01), p =.042; nonsmoker risk probability recall vs. non-numeric risk outcome 
recall, interaction b(se) = 0.02 (0.01), p <.001). Additional details are provided in SI 4. 
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=0.03, 95%CI: 0.02, 0.05) and risk-probability recognition (IE=0.03, 95%CI: 0.01, 0.06), and 

negative through recall of risk probabilities for smokers (IE =−0.02, 95%CI: −0.03, −0.01).     

Discussion 

Pictorial WLs can improve risk knowledge (operationalized as memory in this paper), but 

not all pictorial WLs do so or do so immediately (Evans et al., 2015; Noar et al., 2016, 2017). 

Consistent with memory-consolidation findings (Peters et al., 2019), High-emotion warnings 

were remembered less well than Low-emotion warnings immediately, and memory for High-

emotion warnings declined less over a six-week delay, thus partially supporting H1. However, 

unlike H1 and prior research, memory did not differ by condition at delay, a possible floor effect 

inconsistent with previous research using similar warnings but without added numeric 

information (e.g., Evans et al., 2015; 2017; Peters et al., 2019). The present participants had 

greater emotional reaction to High-emotion than Low-emotion WLs, but had the weakest 

reaction to Text-only WLs (vs. prior studies in which Low-emotion WLs elicited the lowest 

reaction). We may have overwhelmed participants with information. The current research 

exposed participants to 16 risk probabilities in addition to typical warning text, and it appeared 

that the frequency risk information was particularly difficult (SI 1). Additionally, in this heavily 

numeric study, reported emotional reactions may have been due to the warnings (as intended) 

and to the presence of numbers, particularly among the less numerate who report more negative 

emotions to them (Peters & Bjälkebring, 2015). In the present research, the less numerate, in 

fact, reported greater negative emotional reactions (Table S3). Across these studies, we conclude 

that emotional reaction drives immediate memory and memory changes over time, and that Low-

emotion WLs can be more or less emotional than Text-only WLs.   

Consistent with H2, greater numeracy was associated with better memory for risk 
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information overall, controlling for health literacy and education. Health literacy and education 

also predicted information retention, but to a lesser extent. Future research should use a more 

difficult measure of health literacy (or a less educated sample) and examine whether it reduces 

numeracy’s effect and especially for non-numeric memory. Numeracy’s effect was larger for 

numeric than non-numeric risk memory indices but it was positive for all four memory indices, 

suggesting that those higher in numeracy also paid more attention to risk outcomes compared to 

those lower in numeracy (e.g., Fleig et al.2017; Jasper et al., 2017).   

Consistent with H3 and prior research (Dillard et al., 2006; Peters et al., 2019), greater 

memory for presented risk information was associated with greater risk perceptions and, in turn, 

intentions to quit smoking. Indirect effects of numeracy suggest that more numerate individuals 

retained more information from WLs, which led them to perceive greater smoking risk, and, in 

turn, to have higher quit intentions. Thus, past research linking quitting to numeracy (Martin et 

al., 2012) and education (e.g., Siahpush et al., 2006) may be driven in part by more (vs. less) 

numerate smokers learning more from health warnings (Lillard, 2017).  

Exploratory analyses testing H3A (that numeracy-mediated effects on risk perceptions 

and quit intentions may differ across memory indices) revealed potential differences in the 

consequences of memory indices. This model explained the data better than the model that 

treated risk memory as a latent variable, suggesting that separating memory indices added 

explanatory power. First, greater recall of risk outcomes predicted greater risk perceptions and, 

in turn, greater intentions to quit smoking (Dillard et al., 2006; Peters et al., 2019). Second, better 

recognition of risk probabilities also predicted greater risk perceptions and, in turn, greater quit 

intentions. This finding is novel, as prior research has not examined memory for risk 

probabilities. More accurate recall of nonsmokers’ risk probabilities did not predict risk 
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perceptions. Smokers may perceive these risks as non-self-relevant, despite them providing a 

benchmark to gauge smoking’s increased risk. Finally and paradoxically, more accurate smoker 

risk probability recall predicted lower risk perceptions. Thus, numeracy both increased and 

increased risk perceptions via different memory indices. Because those higher in numeracy likely 

learn risk information better and make more numeric comparisons (Peters & Bjälkebring, 2015), 

they may be more likely to learn new risk information but they may also be more likely to be 

surprised and relieved by how low some of the risks were. Indeed, people sometimes 

overestimate smoking risk probabilities when asked to make risk estimates (Kristiansen et al., 

1983; Viscusi, 1990) and past research has demonstrated that when people are relieved when 

they encounter numeric risk information, they have lower risk perceptions (Fagerlin, Zikmund-

Fisher, & Ubel, 2005). Future research should investigate reactions to numeric risks such as 

surprise or relief. Communicating risk information that is lower than participants expect may 

reduce risk perceptions, at least short-term. However, once people are aware of the true 

probabilities, accuracy should no longer be associated with lower risk perceptions. Despite 

accurate smoker risk probability recall predicting lower risk perceptions, total positive indirect 

effects exist for numeracy on risk perceptions and quit intentions through risk memory, 

suggesting overall benefits to improving knowledge.  

Although our study design included multiple exposures, it did not replicate naturalistic 

exposure to WLs on cigarette packages, which typically involves viewing single labels 

repeatedly while using the same cigarette pack. Our participants instead viewed multiple WLs 

repeatedly in a single session, and were asked questions immediately or after a six-week delay 

during which they did not see any of our WLs. We also did not assess actual quitting-related 

behavior. Finally, our sample was not nationally representative, although we did control for 
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demographic variables, like education, that could have influenced the results.  

Because smokers tend to have lower numeracy and education than nonsmokers (e.g., 

Cutler & Lleras-Muney, 2010; Martin et al., 2012), it may be tempting to conclude that risk 

messages should be nonnumeric because those lower in numeracy learned risk probabilities less 

well and more accurate memory of smoker risk probabilities led to lower numeric risk 

perceptions. More research is needed, however, to determine when, for how long, and for whom 

risk information will reduce risk perceptions (see SI 5; Table S10). The better long-term 

approach, however, is to teach accurate risk probabilities to increase informed choice while 

engaging smokers with information that deepens their currently superficial knowledge about the 

health risks of their habit. In particular, communicators should consider how best to support 

accurate risk understanding among the less numerate (e.g., presenting only the most important 

and relevant numeric information in a clear, easily evaluable format, see Peters, Dieckmann, 

Dixon, Hibbard, & Mertz, 2007; Zikmund-Fisher, Fagerlin, & Ubel, 2007; manipulations that 

reduce threat evoked by health warnings (e.g., self-affirmations), see Peters et al., 2017).  
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