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Abstract

Nutrition facts panels (NFPs) contain a rich assortment of nutrition information and are available
on most food packages. The importance of this information is potentially even greater among
older adults due to their increased risk for diet-related diseases, as well as those with goals for
dietary modifications that may impact food choice. Despite past work suggesting that knowledge
and motivation impact attitudes surrounding and self-reported use of NFPs, we know little about
how (i.e., strategies used) and how well (i.e., level of accuracy) younger and older individuals
process NFP information when evaluating healthful qualities of foods. We manipulated the
content of NFPs and, using eye tracking methodology, examined strategies associated with
deciding which of two NFPs, presented side-by-side, was healthier. We examined associations
among strategy use and accuracy as well as age, dietary modification status, knowledge, and
motivation. Results showed that, across age groups, those with dietary modification goals made
relatively more comparisons between NFPs with increasing knowledge and motivation; but that
strategy effectiveness (relationship to accuracy) depended on age and motivation. Results also
showed that knowledge and motivation may protect against declines in accuracy in later life and
that, across age and dietary modification status, knowledge mediates the relationship between
motivation and decision accuracy.
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Greater adherence to a healthy diet may reduce the impact of numerous diseases that
increase in frequency in later life such as osteoporosis, obesity, high blood pressure,
diabetes, heart disease, and certain cancers (Department of Agriculture, 2004; U.S.
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Department of Health and Human Services, 2000). One of the goals of U.S. federal
regulation of the 1990s was to expand the ability of food labels to communicate health
information thereby improving dietary quality and reducing the incidence of chronic disease
and related healthcare costs. The nutrition facts panel (NFP) was designed to help carry out
these goals by communicating information on key nutrients, as well as other important
information such as calories, serving size, and percent daily values. However, nutrition facts
tables are common in many other countries as well. In the US and abroad, researchers are
concerned about food label communication and the extent to which food labels can improve
diet and prevent chronic disease (Grunert & Wills, 2007; Mhurchu & Gorton, 2007; van
Trijp & van der Lans, 2007). Consumers in 56 countries report misunderstanding and
mistrusting food labels (Neilsen Company, 2012).

There is some evidence that NFP use is associated with healthy dietary behaviors.
Individuals who use labels are more likely to seek nutrition information and to eat healthy
foods (Choiniere & Lando, 2008; Golan, Kuchler, & Krissoff, 2007; Lin, Lee, & Yen, 2004;
Neuhouser, Kristal, & Patterson, 1999; Ollberding, Wolf, & Contento, 2010; Post, Mainous
lii, Diaz, Matheson, & Everett, 2010; Teisl & Levy, 1997; Variyam, 2008; Variyam &
Golan, 2002). However, most studies rely on correlational data, making it unclear whether
food labels are responsible for healthier diets. Indeed, some evidence suggests that NFPs fall
short of their potential to impact behavior (Balasubramanian & Cole, 2002; Golan et al.,
2007; Kristal, Levy, Patterson, Li, & White, 1998; Wills, Schmidt, Pillo-Blocka, & Cairns,
2009). According to one estimate, only 54% of consumers read a product’s label when
purchasing a food for the first time (Choiniére & Lando, 2008) and proportions are
comparable across age groups (Ollberding et al., 2010). Given these data are based on self-
report measures, actual use could be far lower. In general, there appears to remain a good
deal of opportunity to increase label communication and use. Although past research has
increased our understanding of perceived and actual difficulty surrounding NFP use (Burton
& Andrews, 1996; Byrd-Bredbenner & Kiefer, 2000; Levy & Fein, 1998), as well as our
understanding of the frequency with which individuals report using NFPs (Lin et al., 2004;
Post, Mainous, Diaz, Matheson, & Everett, 2010), we still know little about how NFPs are
processed when making decisions.

The goal of the present study was to add to the literature by examining strategies that
individuals use to make decisions based on NFP information and the extent to which
strategies are influenced by person factors of age, dietary modification status, knowledge,
and motivation. To assess strategies, we conducted a laboratory study in which we
manipulated NFP information and tracked eye movements as individuals decided which of
two NFPs was healthier. Eye tracking has been used to examine search behaviors of adults
who are asked to make food purchasing decisions or locate information on food labels
(Goldberg, Probart, & Zak, 1999b; Graham & Jeffery, 2011; van Herpen & van Trijp, 2011,
Visschers, Hess, & Siegrist, 2010). Still, we know little about possible strategies used to
evaluate NFP information and factors that affect strategy and accuracy. Eye tracking
methodology is a useful way to measure strategies associated with NFP use because
attentional processes can be assessed objectively as individuals evaluate and make decisions
based on information in NFPs.

Knowledge and motivation have been identified as being important for nutrition information
processing (Balasubramanian & Cole, 2002; Fitzgerald, Damio, Segura-Pérez, & Pérez-
Escamilla, 2008; Grunert, Wills, & Fernandez-Celemin, 2010; Miller, Gibson, & Applegate,
2010; Miller, Gibson, Applegate, & de Dios, 2011). Balasubramanian and Cole (2002)
proposed a model in which nutrition knowledge and motivation to process nutrition
information impact memory for nutrition information. We have built upon this general idea
in our model, depicted in Figure 1. The questions that we addressed are: How do food label

Appetite. Author manuscript; available in PMC 2013 August 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Soederberg Miller and Cassady Page 3

manipulations affect nutrition information processing and decision making accuracy; How
do person characteristics impact processing and decision making accuracy? In addition to
knowledge and motivation, we consider two additional person factors, dietary modification
status and age. Decision making strategies and person factors are described below.

Decision Making Strategies

Johnson’s (1990) framework for decision making strategies distinguishes between
noncompensatory and compensatory strategies. Noncompensatory strategies are those that
consider one type of information across options, for example, comparing total fat content on
NFP 1 with total fat content on NFP 2 to determine which of two foods is more healthful. In
contrast, compensatory strategies are those that consider more than one type of information
within each food option such that one option compensates for another, for example,
considering total fat andfiber in one NFP compared to comparing total fat across both NFP
1 and 2. Johnson found that older adults were more likely to use noncompensatory decision
making strategies when making a laboratory-based mock car purchase decision and argued
that they did so because this approach is less effortful than compensatory strategies.
Although noncompensatory strategies could be easier in situations in which there are a small
number of possible comparisons, this strategy could be cognitively demanding when many
comparisons available. When using noncompensatory strategies to decide which of two
NFPs is the more healthful choice, one could potentially make a large number of
comparisons (a comparison between each nutrient value, for grams [/milligrams] as well as
percent Daily Value), making the task effortful. Thus, when using noncompensatory
strategies, the effects of dietary goals may be important for older adults in particular, and
may rely on prior nutrition knowledge or motivation.

Person-Level Factors

Knowledge

Knowledge, both declarative and procedural, plays a critical role in virtually all areas of
information processing. It facilitates exchanges from short-term/working memory to long-
term memory (Ericsson & Kintsch, 1995), aides conceptual integration (Sharkey & Sharkey,
1987) and increases efficiency (Miller, 2009). Not surprisingly, evidence suggests that
nutrition knowledge is important for a variety of health and diet decisions (Worsley, 2002).
In fact, past research has shown that prior levels of knowledge are positively related to
dietary quality, even after controlling for sociodemographic factors (Variyam & Golan,
2002; Wardle, Parmenter, & Waller, 2000). Knowledge of nutrition is related to perceptions
of food healthfulness (Crites & Aikman, 2005), accuracy of label use (Burton, Garretson, &
Velliquette, 1999; Fitzgerald et al., 2008; Grunert et al., 2010; Moorman, 1996), careful
shopping behavior (Fusillo & Beloian, 1977), as well as food choice (Fitzgerald et al., 2008;
Guenther, Jensen, Batres-Marquez, & Chen, 2005). Knowledge eliminated the Black-White
differences in cancer-prevention behaviors, including diet (Jepson, 1990). Research shows
that individuals with more years of education experienced the greatest improvement in diet
quality over the course of several years (Popkin, Zizza, & Siega-Riz, 2003) which may be
due to an increase in nutrition knowledge (Beydoun & Wang, 2008). Similarly, higher levels
of baseline knowledge were more predictive of weight loss among obese, low-income
mothers than were increases in knowledge as a result of an intervention (Klohe-Lehman et
al., 2006). Importantly, Howlett et al. (2008) found that, among individuals who were
interested in using label information, misinterpretation of nutrient information occurred
when prior knowledge levels were low. In the present study, we expected that nutrition
knowledge would support decision accuracy, a benefit that may be even greater among older
adults (Miller, Gibson, et al., 2011).
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Motivation

Although attempts to increase NFP use and improve dietary quality through nutrition
knowledge are important (Ammerman, Lindquist, Lohr, & Hersey, 2002; Patterson, Frank,
Kristal, & White, 2004; Posner, Jette, Smith, & Miller, 1993), knowledge alone is unlikely
to be sufficient to encourage individuals to make healthful food choices (Nebeling, Yaroch,
Seymour, & Kimmons, 2007) and may also be insufficient to support accurate healthfulness
decisions in a laboratory task. Motivational factors pertaining to health behaviors may be
necessary for compliance with what individuals already know to be important for health
(Bandura, 2005; Leventhal & Mora, 2005). The Transtheoretical Model (Prochaska &
DiClemente, 2005) emphasizes the importance of an individual’s readiness to change when
considering how to approach changes in health behaviors. In the present study, we explored
whether individuals in more advanced stages of change pertaining to dietary quality (e.g.,
have been eating healthy foods for 6 months or more, compared to those who have not
thought about eating healthy foods) would be more motived to make informed decisions
than those in less advanced stages.

There is reason to believe that motivation may be a more important factor for older relative
to younger adults due to age-related decreases in the opportunities to exert direct control
over one’s environment (Heckhausen, Wrosch, & Schulz, 2010). Moreover, research
conducted on younger adults suggests that knowledge can remain inert without sufficient
support to apply the knowledge to the immediate task at hand (Boekaerts, 1996; Bransford,
Brown, & Cocking, 1999; Kintsch, 1998). Thus, for younger and older adults, motivation
could be an important factor in using knowledge to make food-related decisions.

Dietary Modification Goals (DMGs)

Aging

Individuals who modify their diets to include or exclude certain foods or nutrients may be
more goal-directed in their approach to food selection which may impact their decision
making based on food labels. Dietary modification goals (DMGs), as defined in the present
study, include any self-identified dietary goal that represents a change or modification
relative to a perceived norm. DMGs of this sort could include food restrictions per a health
professional’s recommendation to change one’s diet due to a chronic condition (sodium for
hypertension), food allergies (nuts, wheat), values (vegetarian, “locavore”) or general health
(increased fiber, decreased saturated fat). Goals can positively impact health behaviors
(Artinian et al., 2010; Miller, Headings, Peyrot, & Nagaraja, 2011). Our assumption was that
individuals who report having dietary restrictions are goal-directed in their approach to food
choice which influences how they process nutrition information on food packages.
Specifically, goal-directed individuals may have a greater propensity to use the cognitive
resources they have to more fully engage in the decision making process. In this sense, goals
may motivate individuals to make more informed decisions. Thus, these individuals might
be more inclined to apply a) the nutrition knowledge or b) motivation that they possess to
the task at hand. It is unclear whether goal-directed influences change with age. Although
many dietary changes come with the onset of chronic conditions in later life (Freedman,
Martin, & Schoeni, 2002), knowledge and motivation may be larger moderators of the
effects of dietary modification status on food-related decision making than chronological
age.

Changes in later life may also impact how nutrition information on food labels is processed.
In addition to increased chronic illnesses that require changes in diet (Post, Mainous, et al.,
2010), there are age-related changes in basic cognitive abilities that may alter how
information is processed and decisions are made. For example, age declines in working
memory, the maintenance and manipulation of information in short-term memory, may
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Method

Participants

make it more difficult to activate and maintain information long enough to interpret its
relevance. Older adults may compensate for challenges such as these through a goal-directed
approach to food selection that may accompany dietary modification goals or through a
reliance on prior knowledge or motivation (Miller et al., 2010; Miller, Gibson, et al., 2011,
Morrow et al., 2005; Wrosch & Schultz, 2008).

We assessed information processing strategies as individuals compared two NFPs to decide
which was more healthful. Consumers often use NFPs to compare products before deciding
which to purchase (Guthrie, Derby, & Levy, 1999); however, they sometimes avoid using
nutrition information when evaluating food healthfulness (Aikman & Crites, 2007).
Strategies were investigated using eye tracking methodology. Eye movements were
monitored as individuals considered information on two NFPs presented side by side on a
computer screen.

We tested a community-based, convenience sample of 43 younger adults and 32 older
adults. Participants were screened for a variety of eye and vision factors that could limit our
ability to obtain reliable estimates of attention from eye movements (e.g., macular
degeneration, cataracts). Even so, we were unable to calibrate 3 younger and 5 older adults
to the eye tracker, resulting in a sample of 40 younger (ages 19-34, M= 22.3; SD = 3.8) and
27 older adults (ages 61-78, M= 68.7; SD=5.0).

Definitions of DMGs are varied and can be limited to recommendations from healthcare
providers to change diet in response to potential or actual chronic conditions (Post, Mainous,
et al., 2010). In the present study, however, we did not limit the source of DMGs under the
assumption that modification goals, regardless of their source, could be important for how
one approaches decision making. On a sheet of paper, participants were asked to respond to
the question “Do you have any diet-related restrictions?” Participants received a 1 if they
responded yesand O if they responded 0. The final sample consisted of 12 younger and 14
older adults with dietary modification goals, DMGs, and 28 younger and 13 older adults
without dietary modification goals, no-DMGs. Below, we describe dietary modification
groups and age groups to determine whether groups differed in terms of health, cognition, or
frequency of NFP use. Dietary modification status may reflect age-related changes in health.
Therefore, we contrast groups independently then compare age differences in these variables
within dietary modification groups. In general, there were few differences between DMGs
and no-DMGs on these background variables. Table 1 (first two columns) shows that the
only difference was that those in the DMG group had a higher number of medications than
those in the no-DMG group.

In comparing the two age groups, we found that older adults were generally high functioning
and in good health relative to younger adults. The means presented in Table 1 (columns 3
and 4) show that older adults had higher self-reported general health relative to younger
adults as indicated on a scale of 1 (excellent) to 5 (poor). Nevertheless, body mass index
(BMI) and number of prescription medications were higher for older relative to younger
adults. Similarly, older adults had a higher number of chronic conditions (based on a check
list of 7 conditions) and poorer vision as assessed by a Snellen visual acuity test. Older
adults had more years of education but, using one-tailed test, £65) = 1.75, had smaller
working memory capacities. A one-tailed test was used because age declines are the
expected finding in the literature (Park & Scharz, 2000; Salthouse, 1991). Working memory
span was assessed using a composite measure consisting of the loaded sentence span task
(Stine & Hindman, 1994) and the computation span (Salthouse & Babcock, 1991)
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Materials

Perceptual speed, assessed using an average of the pattern and letter comparison tasks
(Salthouse & Babcock, 1991), also showed the expected age declines, where higher scores
indicate a greater number of correct comparisons (between two pattern or letter strings)
produced within the time limit. We asked individuals about their use of NFPs to determine
whether there were group differences in experience using NFPs. Frequency of NFP use was
assessed using a question that asked “How frequently do you use NFPs when buying a food
for the first time?” (1=never; 4=always). There were no age differences in the frequency of
use.

In general, age patterns were comparable for the two DMG groups, yet there were some
notable differences. First, the age differences in the no-DMG group in working memory
capacity were not evident in the DMG group and, second, older adults in the DMG group
had more years of education than younger adults, a difference that was not evident in the no-
DMG group. Finally, BMI was similar for younger and older adults no-DMG group, but
BMI was higher for older than younger in the DMG group. Certainly, one reason for
modifying one’s diet could be that individuals have an underlying illness that requires
changes in dietary habits. Although large differences in health were not evident between the
two modification groups or two age groups, we opted to control for individual differences in
health in the regression analyses below that include dietary modification status. Our
rationale was that we were interested in examining the effects of modification goals on
decision making processes but wanted to do so independently of possible health declines.
Table 1 shows means and age differences within the two DMG groups (right-hand side).

NFPs—NFPs for the healthfulness task were created using the NutritionData website
(http://lwww.nutritiondata.com) which produces formats that conform to the FDA format
requirements (21 CFR 101.9 (d)). NFPs contained information on calories, key nutrients,
vitamins, and minerals for a 2000-calorie/day diet (a serving size of 1 was kept constant
across panels). Three common categories of foods were selected for manipulation across
NFP pairs: bread, soup, and meat. An 8-point Helvetica Black font was used for nutrients
and their percent Daily Value and each panel subtended a visual angle of 7.4° (9.3 cm)
horizontally and 14.3° (18.1 cm) vertically at a viewing distance of 72.4 cm. on a Dell VGA
monitor (85 Hz refresh rate, 1024 x 768 screen resolution). We created a mate for each
target NFP that was either more or less healthful than its mate on one target nutrient (75%
change) but varied minimally in the opposite direction (5% change) on all other nutrients.
Target nutrients, defined as nutrients which were key to an accurate assessment of the
healthfulness judgment, were fiber, sodium, and fat for bread, soup, and meat food
categories, respectively. If participants attended to non-target nutrients, they would be more
likely to make a mistake by basing their decision on an insignificant difference between the
two NFPs. There were 10 trials within each food category. A fourth category, vegetables,
was also included to provide greater variation in the amounts and distribution of various
nutrients. Vegetable NFP pairs were not manipulated but instead were paired with other
vegetable NFPs from similar vegetable families. These trials (n = 6) served to increase
variability of nutrient values across NFPs. Because the nutrient values for these pairs were
not manipulated, these trials did not have a correct answer and were not scored for accuracy.
Decision accuracy scores were the total number correct out of 30 trials.

Knowledge—We used a 38-item test of nutrition knowledge (Miller, Gibson, et al., 2011)
containing items that assessed semantic knowledge such as the relationships between
nutrition and health and knowledge of nutrition principles (e.g., which foods are good
sources of various nutrients), as well as procedural knowledge (e.g., knowing what to look
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Procedure

for when shopping for cereal). The proportion of correct responses out of 38 was the score
used to reflect knowledge of nutrition.

Motivation—We drew on the Transtheoretical Model of Change (Prochaska &
DiClemente, 2005) in assembling 3 items that assess readiness to: reduce fat consumption,
reduce junk food consumption, and increase fruits and vegetable consumption (Miller et al.,
2010). For each of these categories of foods, participants were asked to select the response
that “best represents your perspective/behavior on eating ___.” (1=never think about it;
6=have been doing this). The junk food item, for example, had options ranging from “I
haven’t given any thought at all to cutting junk food out of my diet” (stage 1) to “I have
been consciously avoiding junk food for longer than the last 6 months” (stage 6). The fruits
and vegetable item was worded in the opposite direction to reflect stage of increasing intake.
Therefore, we used two measures of motivation: 1) decreasing fat and junk food
consumption and 2) increasing fruits and vegetable consumption. For ease of naming, we
refer to stage of change for fruits and vegetables as SOC to increase healthy foods (SOC+)
and stage of change for fat and junk food as SOC to avoid unhealthy foods (SOC-).

The session began with a background demographic and health questionnaire. These were
followed by an overview of the NFP task, a practice task, and the experimental tasks. The
session ended with the post-task question asking participants to list the nutrients they had
used to make healthfulness decisions, and the individual difference measures of speed of
processing and working memory capacity. For the overview, the experimenter pointed out
each of the key nutrient categories, amounts (grams, milligrams), and percent Daily Value
on a sample NFP printed on an 11x14 sheet of paper.

Eye movements were monitored using an EyeLink 1000, a video-based eye tracker with a
sampling rate of 2000 Hz and average accuracy of 0.25 -0.5 degrees. The eye tracker reflects
an infrared light off of the participant’s left eye enabling a video camera to record time
stamps and eye-position coordinates. Participants completed a nine-point calibration task on
the eye-tracker followed by a NFP practice task. The practice task consisted of nine trials
designed to provide participants with experience a) searching for information on an NFP and
b) responding to questions using the button box. For this task, participants were asked to
locate a piece of information (e.g., number of grams of fat in one serving) presented on a
single NFP. Upon locating the information, participants identified their answer among four
numbered options presented along the side of the screen and pressed the corresponding
number on the button box. For the experimental task, participants were asked to decide
which of two NFPs represented the more healthful choice. The NFPs (original and mate)
were presented side-by-side and in totality (to avoid need for scrolling). The participants
indicated their decision by pressing the left button to select the left NFP or the right button
to select the right NFP. Correct answers were counterbalanced across left and right
positions. The trial ended upon the selection of one NFP, and participants began a new trial
by pressing either button. There were two practice trials followed by 36 experimental trials.

Target nutrient interest areas were defined as the nutrient name, amount (g or mg), and
percent Daily Value for fiber, sodium, and fat. Compensatory and honcompensatory
decision making strategies were operationalized in terms of the frequency of saccades, eye
movement sequences, in which an individual fixated on one target nutrient interest area
followed by another. Fixation sequences that occurred between different nutrients within
one NFP (e.g., fiber on panel 2 to sodium on panel 2) were categorized as compensatory.
Fixation sequences that occurred between the same nutrients on different NFPs (e.g., sodium
on panel 1 to sodium on panel 2) were categorized as noncompensatory. Study participants
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engaged in multiple compensatory and honcompensatory sequences per trial. Strategy
variables were measured in counts and were log transformed to create normal distributions.
A third variable, strategy differences, was calculated as the difference between the log
transformation of the two sequence types (i.e., between-NFP sequences minus within-NFP
sequences) to obtain an estimate of overall strategy balance.

Data Analysis

Strategy Use—We used hierarchical regressions to examine multiplicative effects of
person factors on decision making strategy using three dependent variables: within-NFP
sequence frequency, between-NFP sequence frequency, and strategy difference scores. We
were particularly interested in determining a) whether there were age differences in strategy
use that were dependent on knowledge, motivation, or DMG status and b) whether
knowledge, motivation, and DMG status interacted with each other to influence strategy use.
We created 2- way terms crossing these person factors; variables were mean centered prior
to creating interaction terms. Given the overlap among person factors of age, knowledge,
and motivation, together with a relatively small sample size, we examined 2-way terms
individually. Moreover, because this was an exploratory study and we had no strong
justification for 3-way interactions, we omitted 3-way terms in our analyses. In the first step,
we included health variables (i.e., number of chronic conditions and medication, BMI, self-
reported overall health), and in the second and third steps, we entered the main effects and
2-way term, respectively. Significant interactions were explored by plotting predictors at
low (1 SD below mean) and high (1 SD above the mean) values and by testing simple slopes
to determine if the gradients differed significantly from zero.

Decision Accuracy—We analyzed decision accuracy using three approaches. First, we
used hierarchical regressions to investigate whether person factors interacted a) with each
other or b) with strategy use to predict decision accuracy. We created interaction terms that
crossed person factors with strategy use to determine whether strategy effectiveness (i.e., the
ability of strategy to predict accuracy), moderated the effects of knowledge, motivation,
DMG status, or age on accuracy. Given the high number of possible combinations, we
limited our investigation to 2-way terms only. In the first step, we included health variables,
and in the second step, we entered the main effects, followed by the 2-way term in the third
step. Significant interactions were explored using tests of simple slopes.

Second, we examined the protective effects of knowledge and motivation in a modified
version of the migration hypothesis. The migration hypothesis states that older adults show
less cognitive decline (Salthouse, 2003) when they migrate into higher knowledge (and
perhaps motivation) groups with age. In step 1, we entered age and, in step 2, we entered
either knowledge or SOC or both.

Third, we used Sobel tests of partial mediation to explore possible mediational relationships
between knowledge and motivation. Specially, we examined a model in which knowledge
partially mediated the relationship between motivation and accuracy as well as the reverse
possibility, that motivation partially mediated the relationship between knowledge and
accuracy. We were interested in partial mediation here because past research does not
support an extreme view in which one variable would exert its influence exclusively through
the other.
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Results

Preliminary Analyses of Strategy, Accuracy, and Person Factors

Older adults had higher knowledge scores and higher motivation as indexed by SOC+ (stage
of change to increase fruits and vegetables) and SOC- (stage of change to decrease fat and
junk food) relative to younger adults. Indeed, older adults were close to ceiling on SOC+
and variability was attenuated. Therefore, we omit this motivation variable in the regressions
below. DMG status was unrelated to the other variables. Decision accuracy was related to
knowledge and motivation but not to age. Table 2 contains the bivariate correlations among
strategy, motivation, knowledge, DMG status, and age (see appendix for means and standard
deviations).

Regressions Predicting Strategy Use from Person Factors

There were no significant interactions involving age on any of the three strategy variables
(within-NFP sequence frequency, between-NFP sequence frequency, and strategy difference
scores), suggesting that age did not moderate the effects of knowledge, motivation, or DMG
status on strategy use. In addition, there were no interactions between knowledge and
motivation on strategy use. However, there were two significant interactions involving
DMG status. First, knowledge interacted with DMG status in predicting strategy difference
scores, B=.29, p< .05, R change = .07. As can be seen in the top half of Figure 2, greater
knowledge was associated with greater relative use of between- to within - NFP sequences
for the DMG group, simple slope ftest=2.8, p< .01, but not the no-DMG group, K1.
Second, SOC- interacted with DMG status in predicting between-NFP sequence frequency,
B=.30, p< .05, RZ change = .09, such that higher motivation scores were associated with
relatively greater use of between-NFP sequences, again, for the DMG group, simple slope ¢
test=2.5, p< .05, but not the no-DMG group, &K1. This interaction is depicted in the bottom
half of Figure 2. None of the other 2- interactions reached significance.

Thus, the data show that, for the DMG group, there was a positive association between 1)
strategy difference scores (i.e., relatively more between- relative to within-NFP sequences)
and knowledge and 2) increased use of between-NFP sequences and SOC-. However, for
the no-DMG group, neither of these relationships was evident. Nonsignificant interactions
with age suggest that the effects of knowledge and motivation factors on strategy use did not
differ for younger and older adults.

Regressions Predicting Accuracy from Strategy and Person Factors

We examined whether any of the four person factors moderated the effects of the other on
accuracy. We found a significant age x strategy difference interaction, 8= .31, p< .05, R?
change = .07. As shown in the top half of Figure 3, age declines in accuracy were evident
among those who used relatively fewer between- than within- NFP sequences, simple slope ¢
test=2.6, p< .01, but were not evident among those who used relatively more between- than
within- NFP sequences, &1. There was also a significant age x SOC- interaction, = .31, p
< .05, A% change = .06, which is depicted in the bottom half of Figure 3. Although the
interaction was significant, there were nonsignificant age-related decreases in accuracy
among those with less motivation, simple slope &1, and nonsignificant age-related increases
among those with higher levels of motivation, ftest=1.5, ns. Given that neither slope
gradient was significantly different from zero, the interaction appears to be due to small
diverging changes at both motivation levels.

To summarize, age declines in accuracy were less pronounced among those who had high
strategy difference scores (used relatively more between- than within-NFP sequences)
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relative to those who had low strategy differences scores. Age declines were also less
pronounced among those who had higher- relative to lower - motivation.

Regressions Examining the Migration Hypothesis

As indicated above, both knowledge and motivation were associated with decision accuracy
and both independently predicted strategy use for the DMG group. However, the two
variables did not interact with each other to predict strategy use. Moreover, the two variables
did not have multiplicative effects on accuracy, although motivation, but not knowledge, did
appear to help older adults more than younger adults. In the analyses below, we examined
the possibility that knowledge and SOC- serve as protective factors for older adults by
assessing the effects of age before and after controlling for these two variables.

Age was nonsignificant but had a positive direction, =.11, ns, when entered alone. With
either knowledge or SOC—, age remained nonsignificant, but the beta was negative, 8= -.
14, ns, for knowledge alone; g=-.11, ns, for SOC-. When both of these variables were in
the model, however, the age beta was significant and negative, 8=-.33, p< .01, /% change
=.07. The finding that age declines were evident only when both knowledge and motivation
were controlled suggests that both factors served to protect against declines in decision
making accuracy. Thus, these findings are consistent with a version of the migration
hypothesis that is expanded to include motivation: when older adults migrate into higher
knowledge and motivation groups, these assets mitigate the negative effects of age on
cognitive performance.

Sobel Tests of Partial Mediation

In the first model, we tested whether knowledge partially mediated the relationship between
motivation and accuracy. In the second model, we tested the reverse: whether motivation
partially mediated the relationship between knowledge and accuracy. We found that the first
model was significant, Sobel = 2.11 (.22), p < .05, but not the second, Sobel = 1.4, ns. As
depicted in Figure 4, motivation appears to increase decision accuracy by exerting some
influence through knowledge. Although it is possible that mediation would be more evident
in the older relative to younger group, we did not find support for this (within-age group
Sobel tests were nonsignificant). Given our modest sample size, however, we caution
against any firm conclusions regarding age differences in the mediational effects of
knowledge on the motivation-accuracy relationship.

Discussion

The present study was undertaken to increase our understanding of how younger and older
adults, who vary in knowledge, motivation, and dietary modification status, process NFPs to
make accurate decisions regarding food healthfulness. Past research using eye tracking
methodology has shown that individuals prefer to examine food label information that is
central to their field of view and simple in content and format (Graham & Jeffery, 2011; van
Herpen & van Trijp, 2011; Visschers et al., 2010). In the present study, we were interested
in exploring how person factors interacted to impact how information is extracted (i.e.,
strategies) as well as how person factors and strategies impact decision accuracy.

Individuals Use Compensatory and Noncompensatory Strategies

The data show that individuals use both compensatory and noncompensatory strategies
when deciding which of two NFPs is more healthful. These findings add to the literature
surrounding NFP comprehension (Goldberg, Probart, & Zak, 1999a; Graham & Jeffery,
2011; Grunert et al., 2010; Levy & Fein, 1998; van Herpen & van Trijp, 2011) by showing
that consumers use a variety of approaches (two at least) when evaluating food healthfulness
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based on NFPs, and further, that different decision making strategies are associated with
different outcomes.

We found that the use of noncompensatory strategies, those that rely on making
comparisons between single nutrients across labels, was driven by a motivation to avoid fat
and junk food. Specifically, those with dietary modification goals increased their use of
nutrient comparisons with increasing levels of motivation. We also found that none of these
variables predicted compensatory strategies, those that entail evaluating different nutrient
information within one label. However, a measure that considered both strategy types (i.e.,
strategy difference), showed a positive relationship between relatively more between- than
within-NFP sequences and knowledge, again for those with dietary modifications. In none
of these cases, however, did age reach significance, indicating age constancy in the use of
the different strategies. Thus, younger and older adults appear to use quantitatively and
qualitatively similar strategies when making healthfulness decisions based on NFPs.

However, we did find age differences in the effectiveness of noncompensatory decision
making strategies. Specifically, relatively more between-NFP sequences (and fewer within-
NFP sequences) was positively associated with decision accuracy of older adults. This
finding adds to the literature on age differences in consumer decision making. Past research
has shown that older adults preferred a noncompensatory decision making strategy when
performing a mock car purchase task (Johnson, 1990). However, decision outcomes for that
study were based on preferences and therefore linking strategies to accuracy was not
possible. We suggest that when consumers compare several values back and forth across
options, they may be constructing a mental model of the food that helps to track individual
comparisons and determine which food is more healthful. It could be that more comparisons
are required for older adults to arrive at a well-informed decision (Meyer, Russo, & Talbot,
1995).

We speculate that noncompensatory strategies may support more efficient decision making
processes, at least for older adults. The number of food decisions that individuals make in a
day exceeds 200 (Wansink & Sobal, 2007). One way to deal with this high information-
processing load is to use effective strategies that enable individuals to assimilate large
amounts of nutrition information on a food label, and in turn, increase the likelihood of
using this information to make accurate healthfulness decisions. Moreover, decision
strategies may support accurate decisions, in part, through their impact on mental model
construction. Mental models are internal representations of aspects of the real world (e.g.,
objects, events, and processes) and include information regarding the structure and
interrelationships among elements (Johnson-Laird, 1983). Mental models of specific foods
may provide a coherent representation of the good and not-so-good nutrient qualities and in
turn promote more accurate healthfulness decisions.

Knowledge and Motivation

Past work has shown that motivation is related to knowledge which is related to NFP use
and dietary intake (Fitzgerald et al., 2008). Other work has suggested that motivation to
process nutrition information is positively associated with the amount of information
accessed (Balasubramanian & Cole, 2002) and degree of conceptual integration (Miller et
al., 2010) and that knowledge is related to understanding of food label information (Grunert
et al., 2010) and knowledge acquisition (Miller, Gibson, et al., 2011). Moreover, past work
has shown that health motivation may be more important than taste motivation in seeking
difficult-to-locate nutrition information on a food label (Visschers et al., 2010). The present
findings add to this literature by showing that, independently, knowledge and motivation
were related to strategy use, but only among those with dietary modification goals. It is
important to point out that those with dietary modification goals did not possess higher
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levels of either factor. Thus, it appears that these individuals utilized the knowledge and
motivation that they did have, more effectively. Perhaps individuals who self-identify as
having dietary restrictions have a deeper commitment to thoughtful food-related decision
making, which is reflected in greater engagement in a healthfulness decision making task.
We were somewhat surprised to find that stage of change and dietary modification goals
were not more similar a) to each other and b) in their relationship to strategy use. Although
both variables reflected greater engagement, they had multiplicative effects rather than
independent effects. Moreover, both dietary modification goals and stage of change related
to how adults used NFPs to make decisions whereas stage of change was also related to how
well older adults, but not younger adults, used NFPs to make decisions.

There is some debate among researchers and clinicians regarding the role of knowledge in
dietary choice. In essence, the larger question is: why do individuals eat unhealthy food
when they know that these foods are unhealthy? We would argue that knowledge is
necessary - but not sufficient - for accurate healthful decisions and healthy eating. It seems
likely that motivation also plays a role. Data from the present study shed light on this issue
in three ways. First, the data show that knowledge and motivation have independent effects
on accuracy, as reflected by zero-order correlations, and that knowledge has a larger
association with accuracy than does motivation. Both knowledge and motivation interact
with dietary modification goals to impact strategy use. Thus, both factors play a role in how
NFPs are processed. Second, the two factors grow in importance with age. We found that
when knowledge and motivation were statistically controlled, age-related declines in
accuracy were evident. These data suggest that both factors play a protective role in the
ability to use NFPs to make healthful decisions. This finding is consistent with the migration
hypotheses (Salthouse, 2003) suggesting that, as individuals age, they move into higher
knowledge groups. These findings extend this pattern to include higher motivation groups as
well as knowledge groups.

Finally, our study informs the literature on the relationship between knowledge and
motivation. Mediational tests showed that motivation to avoid unhealthy foods (fat and junk
food) impacts decision accuracy through prior knowledge of nutrition. This was true
regardless of dietary modification goals and age. Cognitive researchers have suggested that
knowledge remains inert unless is it activated in some way (Boekaerts, 1996; Bransford et
al., 1999; Kintsch, 1998). It could be that motivation to eat healthful foods provides the
spark that ignites the application of nutrition knowledge to food-related decision making.

NFP Comprehension and Aging

Roughly one half of consumers report reading a product’s label when purchasing a food for
the first time (Choiniére & Lando, 2008), regardless of age (Ollberding et al., 2010). One
reason for low use could be challenges associated with understanding the information (Levy
& Fein, 1998; Levy, Fein, & Schucker, 1992, 1996; Lewis & Yetley, 1992). Indeed,
individuals in the present study were not always correct when evaluating two NFPs side by
side. However, decision accuracy was comparable across age groups. This finding stands in
contrast to past work showing age-related declines in NFP comprehension (Burton &
Andrews, 1996; Levy et al., 1992). It is important to point out that our sample of older adults
was high functioning. Older adults were in good health as reflected by a low number of
chronic conditions and medications taken, and they had more years of education than
younger adults. Thus, data from older adults in the present study represent aging under
optimal conditions, a best case scenario. Indeed, the data showed that our older adults had
sufficient levels of knowledge and motivation that offered some protection against age
declines in accuracy. More work is needed to examine age differences relative to
knowledge, motivation, and accuracy within a more diverse population.
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Limitations

As noted above, one limitation of the present study is that the sample was high in cognitive
functioning, well educated, and had good health. The sample size was also small. In a larger,
more diverse sample, age declines in healthfulness accuracy may be evident and the roles of
supportive factors may be greater. Although our findings offer a picture of decision making
as it occurs under the best conditions, it is important to note that we may have
underestimated the roles of age, dietary modification status, knowledge, and motivation.
Moreover, the nature of the decision making task used in the present study may have
encouraged an effortful approach to decision making that may be evident in only limited
situations in the grocery store or restaurant (e.g., buying a food for the first time). More
work is needed to determine how contextual factors (e.g., food environment, ethnicity, and
acculturation) and other aspects of the food label (e.g., ingredient lists, health claims, brand
information) impact decision making. For example, when brand information is present, we
could find that individuals devote less effort to NFP comparisons than was observed in the
present study. In addition, our study included a single question regarding dietary
modification goals. More work is needed to determine whether there are meaningful
subcategories of dietary modification status that differentially impact decision making
processes. Research on strategies surrounding NFP use would also benefit from a more
diverse set of decision making tasks. For example, the use of NFPs together with claims and
pictures of various foods may offer another approach to understanding how nutrition
information is processed on food labels (Houts, Doak, Doak, & Loscalzo, 2006).

Conclusions

We found that the use of noncompensatory strategies (humber of nutrient-to-nutrient
comparisons between NFPs) increased with knowledge and motivation among those with
dietary modifications goals. The data suggest that these individuals are more willing to
apply their knowledge and motivation to a food-related decision making task. Among older
adults, strategy and motivation were important moderators of decision accuracy after
controlling for health variables. Moreover, after controlling for knowledge and motivation,
age-related declines in accuracy were evident. Finally, across all individuals, knowledge
mediated the relationship between motivation and accuracy, suggesting that motivation
provides the impetus needed to apply what one knows to food decisions. Together, these
data suggest that knowledge and motivation support more comparisons across choices,
which in turn may enable more nutrient information to be assimilated and improve decision
quality.
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Model of nutrition information processing as it pertains to decision accuracy.
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Figure2.

For those with dietary modification goals (DMG), knowledge was associated with relatively
greater use of between-NFP sequences (top) and motivation was associated with greater use
of between-NFP sequences (bottom).
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Age declines in accuracy were greater among those with lower relative to higher strategy
difference scores (between- relative to within- NFP sequences) (top) and lower relative to
higher levels of motivation (bottom).
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Figure 4.
Knowledge partially mediated the relationship between motivation and decision accuracy.
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