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A B S T R A C T

Food may be a particularly ambivalent stimulus, as it may be associated with high feelings of both positivity and
negativity (objective ambivalence), in addition to feelings of conflict (subjective ambivalence). In this study we
examine objective and subjective ambivalence toward healthy and unhealthy food, as well as nonfood objects.
We show that food (particularly unhealthy food) images do elicit higher ambivalence than nonfood images,
particularly due to increased negative feelings. Furthermore, individuals higher in eating restraint showed in-
creased objective and subjective ambivalence to healthy food, suggesting that food may be a highly arousing,
conflicting stimulus for constant dieters. Implications for treatment of eating disorders and for future research on
food consumption are discussed.

1. Introduction

Valence has long been considered one of the three critical dimen-
sions of meaning, stemming from Osgood, Suci and Tannenbaum's
seminal work (1957), and continues to be a central factor for dominant
theories of affect (e.g., Green, Goldman, & Salovey, 1993; Russell &
Carroll, 1999). But when choosing between multiple food options, does
valence capture the complexity and full affective experience of the
decision? We argue here that it does not; that combining positive and
negative affect (as valence is typically considered the difference be-
tween the two) obscures important information about our affective
responses, most critically the fact that we may feel both good and bad
(i.e., ambivalent) about food – and unhealthy food in particular.

1.1. Theoretical and empirical work on ambivalence

Bipolar models of affect argue that valence, which ranges from
unpleasant (i.e., negative affect) to pleasant (positive affect), is irre-
ducible; in other words, that negativity and positivity cannot co-occur
(cf. Russell & Carroll, 1999). Bivariate models, on the other hand, argue
that negativity and positivity are separable dimensions of emotional
experience. The model of evaluative space (ESM; Cacioppo & Berntson,
1994; Cacioppo, Gardner, & Berntson, 1997; Cacioppo, Gardner, &
Berntson, 1999; Norris, Gollan, Berntson, & Cacioppo, 2010), for ex-
ample, proposes that negativity and positivity are independent and are
combined to guide motivation either away from (i.e., avoidance) or

toward (i.e., approach) a stimulus. In other words, our good and bad
feelings ultimately determine approach or avoidance. Importantly, the
ESM allows for the co-occurrence of negativity and positivity (i.e.,
ambivalence), which produces a conflicting motivational state in which
both avoidance and approach are equally likely. In the current paper we
focus on the possibility that food in particular may produce mixed
feelings (i.e., ambivalence) and, ultimately, conflicting motivations.

Evidence for ambivalent emotional responses has been found both
in responses to life events and in the laboratory, using a variety of
methods and categories of stimuli that are beyond the scope of the
current paper. In addition, researchers have argued that there are dif-
ferent types of ambivalence: objective and subjective. Song and
Ewoldsen (2014) define objective ambivalence as the discrepancy be-
tween positive affect and negative affect that coexist; this is often
measured as the minimum between positive and negative affect ratings
(Kaplan, 1972). Although it may seem unusual to label a measure of
ambivalence based on self-report ratings as “objective,” the term is
applicable here as individuals are not asked to directly reflect on the
mix or co-occurrence of their positive and negative affect; thus, objec-
tive ambivalence is an indirect measure calculated from subjective
feelings of positive and negative affect. Subjective ambivalence is an in-
dividual's perception of psychological conflict, and is often assessed by
self-reports asking participants about their mixed feelings toward an
attitude object. Thus, objective and subjective ambivalence char-
acterize related but distinct aspects of the experience of mixed affect.
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1.2. Why study ambivalence toward food?

Food may be a particularly ambivalent stimulus, given conflicting
information that we are exposed to almost daily, as well as personal
preferences and past experiences, to say nothing of its relationship to
weight and health. The culture within the United States, for example,
places strong emphasis on weight as a standard for beauty and desir-
ability, while rates of both obesity (stateofobesity.org/rates; Ng et al.,
2014) and eating disorders (EDs; https://www.nationaleatingdisorders.
org/statistics-research-eating-disorders; Currin, Schmidt, Treasure, &
Jick, 2005) remain stable or continue to grow. Given the theoretical
work on ambivalence, understanding mixed positive and negative affect
toward food may shed light on the conflict people experience when
attempting to make healthy (or not) decisions about what to consume.
Ambivalence toward unhealthy food in particular may be critical; if
feeling both good and bad about food leads to a high arousal state of
conflict, it may impact our ability to regulate our behavior and make a
healthy choice.

Food may be an ambivalent stimulus particularly for individuals
that are constantly focused on a concern for dieting and on weight
fluctuation. These two dimensions make up an individual difference
factor referred to as eating restraint (Herman & Polivy, 1975, 1980;
Polivy, Herman, & Howard, 1988). Individuals high in eating restraint
tend to indicate that they are often or always dieting and give too much
time and thought to food, and are highly aware of their weight fluc-
tuations, which strongly affect the way they live their lives. There is
some evidence to suggest that eating restraint is related to EDs
(Schaumberg & Anderson, 2016), although this relationship may be
complicated and there may be many other moderating factors (e.g.,
body mass index; BMI). If highly restrained eaters experience more
ambivalence toward food (and unhealthy food in particular), their de-
cisions about what to consume may be conflictual, resulting in high
arousal that may impact their ability to make healthy decisions and
their psychological well-being in general.

A number of studies have investigated questions about ambivalence
and attitudes toward food and food consumption. For example, Yan
(2015) measured participants' objective ambivalence (i.e., co-existing
positive and negative feelings) toward eating junk food, which they
define as food “high in saturated fats, salt, or sugar and low in fruit,
vegetables, or dietary fiber (p. 251),” and found that higher objective
ambivalence predicted greater cognitive elaboration (more thoughts
listed) following exposure to a persuasive message about junk food.
This is consistent with the idea that objective ambivalence is associated
with increased distinct positive and negative thoughts about junk food.
Using a longitudinal design, Keller and Siegrist (2015) found that fe-
males with higher objective ambivalence toward palatable food showed
more extreme weight fluctuations over the course of 4 years, suggesting
that co-existing positive and negative feelings about food can impact
actual consumption (and over eating in particular). Similarly, Povey,
Wellens, and Conner (2001) found that objective ambivalent attitudes
(i.e., participants-generated positive and negative beliefs) toward one's
diet (e.g., meat eaters, vegetarians) moderated the relationship between
attitudes toward food and intention to consume those foods, such that
the attitude-intention link was stronger for those lower in objective
ambivalence. Finally, Hormes and Rozin (2011) examined the temporal
course of objective ambivalence (i.e., relative strengths of positive and
negative affect) during and after a decision to consume (or not con-
sume) a chocolate bar, and showed that objective ambivalence peaked
immediately before the decision and decreased after, primarily due to a
decrease in positive affect toward the chocolate bar.

In sum, these findings support the fact that objective ambivalence in
particular is related to increased thoughts about food, higher weight
fluctuations, the attitude-behavior link toward food consumption, and
actual consumption of an unhealthy food. Thus, objective ambivalence
clearly plays an important role in attitudes toward food. These previous
studies, however, focused on objective ambivalence toward

consumption or one's own dietary choices, and therefore have not in-
vestigated subjective ambivalence (i.e., mixed feelings or conflict) to-
ward food; nor have most addressed the patterns of positive and ne-
gative affect that underlie objective ambivalence. Past studies have also
not looked at how individual differences in restrained eating might
moderate both subjective and objective ambivalence toward food in
general (i.e., not in the context of consumption). Furthermore, to our
knowledge we are the first to compare ambivalence toward food with
ambivalence toward nonfood objects; this is critical for showing that
food generates higher levels of ambivalence than common, everyday
items and underscores the importance of considering ambivalence in
studies of diet and consumption.

The current study sought to examine subjective and objective am-
bivalence toward food images. First, we hypothesized that food images
– particularly of unhealthy food – will elicit higher levels of mixed
positive and negative affect (i.e., objective ambivalence) and mixed
feelings or feelings of conflict (i.e., subjective ambivalence) than non-
food images. Second, we proposed that individuals high in restrained
eating may show elevated levels of ambivalence toward unhealthy (and
possibly healthy) foods, compared to those low in restrained eating.
Third, we investigated the possible underlying affective components of
heightened ambivalence toward food images: specifically, is ambiva-
lence toward food driven by higher positive affect or higher negative
affect, and does this differ for unhealthy and healthy food, or for in-
dividuals lower and higher in restrained eating? In order to examine
these questions, we have also produced for the field a dataset including
normative ratings of perceived healthiness, separate positive and ne-
gative affect toward food, and subjective and objective ambivalence
toward food.

2. Method

The current study was registered at www.aspredicted.org (#12567).
We begin with analyses testing our central hypothesis, that individuals
higher in eating restraint scores will report more ambivalence (i.e.,
mixed bad and good feelings) toward images of food – particularly
unhealthy food – than those lower in eating restraint scores. We then
move to analyses that help understand the mechanisms underlying this
effect. We have clearly noted any discrepancies between the pre-
registration and analysis approach. Data are available at Open Science
Framework (osf.io/gmhyz).

2.1. Participants

209 (67 female) participants were recruited through Amazon
Mechanical Turk (www.mturk.com) and were compensated $4 for a
session that lasted on average 45min. Any worker registered on mTurk
was able to participate in the study, there were no exclusion criteria.
One (female) participant failed to meet our criteria that completion
times be within ± 3 SDs of the mean for the sample and was dropped
from all analyses. In addition, 14 (3 female) participants failed our
attention check item and were dropped from all analyses. The final
sample consisted of 194 (64 female) participants between the ages of 19
and 70 (M=33.31, SD=10.53).

Note that we preregistered a sample size of 100. We set our original
sample size at 100 based on the assumption that 100 participants would
provide enough power to examine the moderation of effects by in-
dividual differences in restraint (this is a common assumption in much
research on individual differences; see Dubois & Adolphs, 2016). Over
the course of collecting data a colleague suggested that we consider
Schönbrodt & Perugini, 2013, who have shown that correlations sta-
bilize as N approaches 250 (but that the point of stability is often closer
to 161; Graphical Abstract). Thus, we made the decision to increase our
sample size to approximately 200 (weighing cost against statistical
power). As it was unclear how to estimate effect size for the current
study, we believe that our approach is justified. Increasing the sample
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size to approximately 200 also had the added benefit of providing more
stable normative ratings of the food images, which we have included on
OSF for use by other researchers.

2.2. Procedure

Participants were recruited through Amazon's Mechanical Turk
(www.mturk.com) for a project entitled “Emotional Responses to
Objects” in which they were told they would view images of everyday
items and tell us how good and bad they felt about them. On the first
screen participants were asked to confirm that they were at least 18
years of age and gave informed consent.

Next, participants read instructions for the Evaluative Space Grid
(ESG; Larsen, Norris, McGraw, Hawkley, & Cacioppo, 2009), a 5× 5
grid that allows for independent assessments of positivity (horizontal
axis) and negativity (vertical axis). Participants are instructed to move
the mouse to one of the cells in the grid to indicate their positive and
negative feelings. The x- and y-coordinates of responses provide scores
on two 5-point unipolar scales, ranging from 0 (not at all good/bad) to 4
(extremely good/bad), which reflect independent measures of positivity
and negativity (Larsen et al., 2009). In addition to these two ratings, the
ESG allows for a measure of ambivalence, which is simply the minimum
of the positivity and negativity ratings (i.e., MIN[pos, neg]; Kaplan,
1972; Schimmack, 2001; Larsen, McGraw, Mellers, & Cacioppo, 2004).

Following these instructions, participants completed 150 trials (see
Fig. 1 for a trial schema). On each trial participants viewed an image of
either an unhealthy food, a healthy food, or a nonfood object. The ESG
was presented below the image. Participants were instructed to select
one of the 25 cells of the ESG that best captured how good and bad they
felt about the item represented in the image. When they had selected a
cell, they clicked an arrow to continue. They could only proceed if a
single cell had been selected; if more than one cell was chosen, they
were instructed to choose a single cell. The ESG remained on the screen
until a single cell was selected and they clicked the arrow, at which
point it was replaced with a second rating scale. Participants answered
the question “How MIXED do you feel about the item represented in
this image?” by selecting 1 of 5 responses, presented horizontally: Not
at all MIXED, Slightly MIXED, Moderately MIXED, Quite a bit MIXED, and
Extremely MIXED. Responses were converted to a scale from 1 to 5.
Following their response, participants clicked an arrow to continue to
the next trial. Thus, all trials were self-paced and images remained on
the screen until both ratings were complete. Images were presented in a
random order for each participant.

Upon completion of the trials, participants completed a series of
self-report measures:

• Revised Eating Restraint Scale (ERS; Herman & Polivy, 1980). The
ERS includes 10 items, 6 of which assess concern for dieting (CD)
and 4wt fluctuation (WF). A sample CD item is: “How often are you
dieting?”, with possible responses including: Never, Rarely, Some-
times, Often, and Always. A sample WF item is: “In a typical week,
how much does your weight fluctuate?”, with possible responses
including: 0–1 lbs, 1–2 lbs, 2.1-3 lbs, 3.1-5 lbs, 5.1+ lbs. Items were
scored according to Herman and Polivy (1980) and summed to
create an overall eating restraint score, which for simplicity we refer
to as “restraint” throughout. Restraint was normally distributed in
our sample, with a range from 1 to 28 (possible scores on the ERS
range from 0 to 35; Polivy & Herman, 1983). Furthermore, Polivy
and Herman (1983) state that “women scoring 16 and above and
men scoring 12 and above [are] considered restrained eaters.” Using
this criterion, 35 of our 64 female participants (55%) and 90 of our
130 male participants (69%) qualify as restrained eaters. Thus, our
sample included an appropriate range of ERS scores and a sig-
nificant portion qualify as restrained eaters.
• Attention Check. Immediately following the ERS, participants re-
sponded to an attention check question: “I believe it is important to

pay attention during this survey. Please select strongly agree.”, with
possible responses including Strongly disagree, Disagree, Disagree
Somewhat, Neither agree nor disagree, Agree somewhat, and Strongly
agree.
• Diet. Participants completed two additional items designed to assess
their diet. First, they were asked: “What best describes your diet?”,
with possible responses including:
- Omnivore (I eat most things, including some meat, fish/seafood,
fruits, vegetables)

- Pescetarian (I do not eat meat, but do eat fish/seafood, fruits,
vegetables, eggs, dairy)

- Ovo-lacto vegetarian (I am mostly vegetarian, but do eat eggs and
dairy)

- Vegetarian (I do not eat meat or fish/seafood)
- Vegan (I do not eat animal products of any kind)
- Other

A text box was provided next to “Other” for participants to enter
their own response. Second, they were asked: “Are there any food
groups that you avoid for either moral or physical reasons?”, with
possible responses including: All Meat, Red Meat, Pork, Kosher restric-
tions, Gluten, Lactose/Dairy, Fish, Shellfish, and Other. Again, a text box
was provided next to “Other” for participants to enter their own re-
sponse. Participants were allowed to select as many responses as they
liked on this measure.

• Behavioral Inhibition/Activation Scales (BIS/BAS; Carver & White,
1994). Participants also completed the BIS/BAS, which we added
after preregistering the study. The BIS/BAS was included based on
previous research showing that Behavioral Inhibition (BIS) in par-
ticular accounts for significant amounts of variance across eating
disturbance outcomes for female college students, as it is positively
associated with all subscales of the eating disorder inventory
(Chang, Kahle, Yu, & Hirsch, 2014). Analyses involving BIS, how-
ever, were beyond the scope of the current paper and will not be
discussed further.
• Demographics. Finally, participants answered a series of demo-
graphic questions that assessed their age, fluency in English, gender,
ethnicity, and race.

2.3. Image selection

Images were selected from the FoodCast research image database
(FRIDa; Foroni, Pergola, Argiris, & Rumiati, 2013) according to nor-
mative values. In addition to the values provided by Foroni et al.
(2013), we conducted a pilot study to collect ratings of perceived
healthiness for all food depicted. Participants in this pilot study (6
groups; ns ranging from 31 to 35) viewed a subset of images (n=94)
and for each responded to the question “How healthy is this food?” on a
scale from 1 (Very Unhealthy) to 7 (Very Healthy).

As we were interested in perceptions of healthiness in the general
population, we did not define “healthy” for participants in this pilot
study. Food images for the current study were chosen based on these
normative values; 50 food images were chosen to be well above the
midpoint of the rating scale (i.e., food perceived to be healthy) and 50
were chosen to be well below the midpoint of the rating scale (food
perceived to be unhealthy; means and SDs are presented in Table 1). In
addition, for each image we calculated a “healthiness extremity” score
as the absolute value of the difference between the normative perceived
healthiness rating and the midpoint of the rating scale. These extremity
scores are critical for the current study, as we needed to demonstrate
that unhealthy foods were no more extreme than healthy foods (i.e.,
any differences between the two categories were not due to extremely
healthy and/or unhealthy foods; Table 1). Validating ratings of per-
ceived healthiness obtained from this pilot study, unhealthy foods were
higher in fat content, carbohydrates, and kilocalories than were healthy
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foods, but did not differ in protein (values provided by Foroni et al.,
2013, Table 1). Thus, although healthy and unhealthy food images were
chosen based on their perceived healthiness ratings from a pilot study,
they did in fact differ in their dietary composition. Therefore, our use of
the term “healthy” refers to foods that are perceived to be healthier that
are measurably lower in fat content, lower in carbohydrates, and lower
in kilocalories; “unhealthy” refers to foods that are perceived to be
unhealthier that are measurable higher in fat content, higher in car-
bohydrates, and higher in kilocalories. Importantly, healthy and un-
healthy foods did not differ in normative ratings of palatability or
cravability (values provided by Foroni et al., 2013, Table 1). Our set of
healthy food images included, for example: cashews, oatmeal, fruits and
vegetables (e.g., cucumbers, carrots, bell peppers, oranges, grapes),
salmon sushi, and roasted chicken; unhealthy images included: ice
cream, cookies, donuts, pizza, and cheeseburgers. A full set of stimuli
can be found on Open Science Framework (osf.io/gmhyz).

Nonfood images were also chosen based on normative values pre-
sented by Foroni et al. (2013) to be matched with unhealthy and
healthy food images on a series of psychological values (valence,
arousal, complexity, recognizability, and familiarity) and psychophy-
sical values (red, green, blue, brightness, and contrast; Table 2). Our set
of nonfood images included, for example: flowers, hammers, an um-
brella, leaves, money, and animals (e.g., dog, turtle, chick).

In sum, unhealthy food, healthy food, and nonfood images were
equally positive, arousing, complex, recognizable, familiar, and were
matched on visual characteristics. Any differences emerging from our
study are therefore attributable to the content of the images.

2.4. Data analysis

We first calculated a measure of objective ambivalence for each
image as the minimum of the negative and positive ratings from the

Fig. 1. Sample Trial Schema. First, participants saw an image and made a rating on the ESG. Second, participants saw the same image and made a rating of their
mixed feelings on a 1–5 Likert scale. Trials were self-paced; all 150 images were presented randomly for each participant.
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ESG (i.e., MIN[neg, pos]; Kaplan, 1972). This produces an index of
objective ambivalence for each image that ranges from 0 (no ambiva-
lence) to 4 (highest ambivalence). The arithmetic mean (i.e., statistical
average) was calculated across all images with each category separately
for: MIN scores, the two ratings from the ESG (i.e., positive ratings,
negative ratings), and ratings of subjective ambivalence (i.e., “How
MIXED do you feel?”). Analyses were conducted separately on these
four dependent variables. Given the normal distribution of all variables,
parametric statistics were used throughout. To explore the relationship
between objective and subjective ambivalence, Pearson correlations
were conducted.

As stated in our preregistration, our primary analysis was a 3(image
type: unhealthy food, healthy food, nonfood) x restraint general linear
model (GLM), where the first factor was manipulated within partici-
pants. The GLM approach allows for the inclusion of the entire range of
restraint scores, which were z-transformed, then entered as a con-
tinuous between-participants factor (Aiken & West, 1991; Norris,
Dumville, & Lacy, 2011; Norris, Larsen, & Cacioppo, 2007; Rutherford,
2011). Restraint scores were z-transformed to center them and allow for
easier interpretation of results (i.e., +1 = 1 SD above the mean,
−1 = 1 SD below the mean); as this was a linear transformation it did
not affect the distribution of scores in any way. This approach allows us
to examine (a) the main effect of image type, controlling for restraint;
(b) the main effect of restraint, controlling for image type; and (c) the
interaction between image type and restraint in a single analysis.

Significant effects involving restraint were investigated using estimates
at 1 standard deviation (SD) above (higher restraint) and below (lower
restraint) the mean; thus, we utilize the entire range of restraint scores
in each analysis rather than using a median split approach.

All statistical analyses were conducted using the IBM SPSS program
for Windows, version 24 (IBM, Chicago, IL, USA). The statistical sig-
nificance level was set at 5%. To correct for multiple pairwise com-
parisons the Bonferroni correction was applied. Effect sizes (partial eta
squared; ɳ2p) were calculated for each analysis; 95% confidence inter-
vals (i.e., 95% CIs) are also included for all main effects and interac-
tions.

3. Results

3.1. Ambivalence toward food images

To examine our primary hypothesis, that individuals higher in re-
straint would feel more ambivalent about food – and particularly un-
healthy food – images, we subjected MIN scores to a 3(image type:
unhealthy, healthy, nonfood) x restraint GLM. The image type main
effect, F(2, 191)= 16.48, p < .001, ɳ2p = .15, indicated that unhealthy
food images elicited higher objective ambivalence (M=0.97,
SE=0.08) than did healthy food images (M=0.76, SE=0.07, 95%
CIs [0.12, 0.30]) or nonfood images (M=0.71, SE=0.70, 95% CIs
[0.14, 0.39]), ps < .001. Healthy food images and nonfood images did
not differ in objective ambivalence (95% CIs [-0.003, 0.11]), p > .05.
The restraint main effect, F(1, 192)= 4.09, p= .045, ɳ2p = .02, in-
dicated that individuals higher in restraint exhibited higher objective
ambivalence (M=0.95, SE=0.10) than did those lower in restraint
(M=0.68, SE=0.10). Although the image type× restraint interaction
did not reach traditional levels of significance, F(2,191)= 0.88,
p= .42, ɳ2p = .009, we conducted pairwise comparisons based on our a
priori hypotheses (Fig. 2a). Individuals lower in restraint exhibited
higher objective ambivalence to unhealthy food images (M=0.81,
SE=0.11) than to healthy food images (M=0.62, SE=0.10, 95% CIs
[0.06, 0.31]) and to nonfood images (M=0.60, SE=0.10, 95% CIs
[0.04, 0.38]), ps < .05; but showed no difference in objective am-
bivalence to healthy food images and nonfood images (95% CIs [-0.06,
0.11]), p=1.00. Individuals higher in restraint exhibited higher ob-
jective ambivalence to unhealthy food images (M=1.13, SE=0.11)
than to healthy food images (M=0.90, SE=0.10, 95% CIs [0.11,
0.36]), and higher objective ambivalence to healthy food images than
to nonfood images (M=0.81, SE=0.10, 95% CIs [0.004, 0.17]),
ps < .05. Given that the restraint x image type interaction did not
reach traditional levels of significance, we urge caution in the inter-
pretation of these pairwise comparisons. However, the pattern is certain
noteworthy, as individuals lower in restraint showed essentially
equivalent levels of objective ambivalence to healthy food and nonfood

Table 1
Results from 2(image type: unhealthy food, healthy food) ANOVAs conducted
on normative stimulus values during selection of images for the current study.
Means (SDs) are included in each cell; dfs = (1, 98); subscripts that differ in-
dicate pairwise tests that differ at p < .05 and significant main effects of image
type are bolded.

Unhealthy Healthy F-statistic

Psychological Factors
Healthiness 2.39 (0.72)a 5.62 (0.96)b 362.33,

p < .001
Healthiness
Extremity

1.61 (0.72)a 1.62 (0.96)a 0.001, p= .98

Palatability 57.76 (5.85)a 57.08 (6.51)a 0.31, p= .58
Cravability 34.44 (4.82)a 34.04 (5.60)a 0.15, p= .70

Macronutrientsa

Protein 5.86 (5.52)a 7.76 (8.97)a 1.68, p= .20
Fat 16.60 (11.29)a 8.06 (14.48)b 10.81, p= .001
Carbs 37.78 (21.82)a 10.78 (15.00)b 51.98,

p < .001
Kcal 335.22

(148.58)a
153.98
(163.18)a

33.72,
p < .001

a Macronutrients were calculated per 100 g and in total in the image (i.e.,
were multiplied by the grams present/100; Foroni et al., 2013).

Table 2
Results from 3(image type: unhealthy food, healthy food, nonfood) analyses of variance (ANOVAs) conducted on normative stimulus values during selection of
images for the current study. Means (SDs) are included in each cell; dfs= (2, 147); subscripts that differ indicate pairwise tests that differ at p < .05 and significant
main effects of image type are bolded.

Unhealthy Healthy Nonfood F-statistic

Psychological Factors
Valence 52.66 (4.30)a 54.42 (6.32)a 54.68 (7.20)a 1.64, p= .20
Arousal 32.34 (3.87)a 31.66 (2.80)a 30.36 (7.16)a 2.05, p= .13
Complexity 3.94 (3.48)a 4.76 (3.29)a 4.84 (2.45)a 1.29, p= .28
Recognizability 93.58 (8.27)a 93.14 (7.37)a 95.98 (6.48)a 2.13, p= .12
Familiarity 93.76 (7.78)a 95.10 (5.72)a 94.88 (11.04)a 0.36, p= .70

Psychophysical Factors
Red 0.48 (0.06)a 0.47 (0.08)a 0.47 (0.14)a 0.22, p= .80
Green 0.32 (0.07)a 0.34 (0.06)a 0.32 (0.10)a 1.73, p= .18
Blue 0.19 (0.05)a 0.19 (0.05)a 0.21 (0.08)a 1.66, p= .19
Brightness 35.06 (14.66)a 34.28 (12.98)a 35.98 (15.62)a 0.17, p= .84
Contrast 50.98 (14.04)a 47.78 (13.93)a 50.18 (14.54)a 0.69, p= .50
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images; whereas individuals higher in restraint showed higher levels of
objective ambivalence to healthy food than to nonfood images.

In sum, participants expressed more objective ambivalence toward
unhealthy food images than toward healthy food images and nonfood
images, controlling for restraint. Although this finding is not consistent
with our initial hypothesis (that objective ambivalence toward un-
healthy food would be moderated by restraint), we did find that in-
dividuals higher in restraint exhibited higher objective ambivalence to
healthy food images than to nonfood images, suggesting that food is an
ambivalent stimulus, regardless of nutritional value.

MIN scores capture objective ambivalence, as they are an indirect
measure of the relative amount of positivity and negativity felt toward a
stimulus. We also included a measure of subjective ambivalence in the
current study, which indexes the degree of mixed feelings or conflict
felt toward a stimulus. Objective and subjective measures of ambiva-
lence are not interchangeable, but are often correlated. In the current
study, the Pearson correlations between objective and subjective am-
bivalence were: unhealthy food= 0.71, healthy food= 0.73, non-
food= 0.78; all dfs= 192 and ps < .001. Subjective ambivalence
ratings were subjected to a 3(image type) x restraint GLM. The image
type main effect, F(2, 191)= 37.57, p < .001, ɳ2p = .28, indicated that
unhealthy food images elicited higher subjective ambivalence
(M=2.37, SE=0.09) than did healthy food images (M=2.09,
SE=0.08, 95% CIs [0.19, 0.37], p < .001), which in turn elicited
higher subjective ambivalence than did nonfood images (M=1.94,
SE=0.08, 95% CIs [0.10, 0.21], p < .001). The restraint main effect,
F(1, 192)= 7.57, p= .007, ɳ2p = .04, indicated that individuals higher
in restraint exhibited higher subjective ambivalence (M=2.35,
SE=0.11) than did those lower in restraint (M=1.92, SE=0.11). The
image type× restraint interaction did not reach traditional levels of
significance, F(2,191)= 0.87, p= .42, ɳ2p = .009, and pairwise

comparisons exhibited the same pattern for individuals lower and
higher in restraint (Fig. 2b). Thus, although objective ambivalence to-
ward food (versus nonfood) images did differ as a function of restraint,
subjective ambivalence did not.

3.2. Underlying affective responses

Measures of ambivalence index conflict between positivity and ne-
gativity and thus represent mixed feelings toward a stimulus, but fail to
capture which underlying affect might be driving ambivalent responses.
Are unhealthy food images seen as more negative or as less positive
than healthy food images? To answer this question, positive and ne-
gative ratings were subjected to separate 3(image type) x restraint
GLMs.

Positive Ratings. The image type main effect, F(2, 191)= 56.89,
p < .001, ɳ2p = .37, indicated that unhealthy food images were rated
more positively (M=2.55, SE=0.07) than were healthy food images
(M=2.30, SE=0.06, 95% CIs [0.12, 0.38]), which in turn were rated
more positively than nonfood images (M=1.92, SE=0.07, 95% CIs
[0.28, 0.50]), ps < .001. No other effects were significant; and pair-
wise comparisons from the image type× restraint interaction were
identical for individuals lower and higher in restraint (Fig. 2c).

Negative Ratings. The image type main effect, F(2, 191)= 14.51,
p < .001, ɳ2p = .13, indicated that unhealthy food images were rated
more negatively (M=1.21, SE=0.08) than were healthy food images
(M=1.06, SE=0.07, 95% CIs [0.04, 0.27]), which in turn were rated
more negatively than nonfood images (M=0.89, SE=0.08, 95% CIs
[0.08, 0.25]), ps < .01. The restraint main effect, F(1,192)= 5.98,
p= .015, ɳ2p = .03, showed that individuals with higher restraint pro-
vided more negative ratings (M=1.23, SE=0.10) than did those with
lower restraint (M=0.88, SE=0.10). Although the image

Fig. 2. Results from 3(image type: unhealthy, healthy, nonfood) x restraint GLMs conducted on MIN scores (i.e., objective ambivalence; a), subjective ambivalence
ratings (b), positive ratings (c) and negative ratings (d). Estimates are provided for restraint scores ± 1 SD around the mean; −1 SD ERS represents participants
lower in eating restraint scores and +1 SD ERS represents participants higher in eating restraint scores. The range on the y-axis is consistent for all measures to show
relative differences in ratings.
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type× restraint interaction did not reach traditional levels of sig-
nificance, F(1,192)= 2.12, p= .12, ɳ2p = .03, we again conducted
pairwise comparisons based on our a priori hypotheses. These analyses
revealed different patterns for individuals lower and higher in restraint
(Fig. 2d). Individuals lower in restraint essentially showed no differ-
ences in negative ratings of unhealthy food pictures (M=0.99,
SE=0.11), healthy food pictures (M=0.87, SE=0.10), and nonfood
pictures (M=0.78, SE=0.11), all pairwise ps≥ .05. Individuals
higher in restraint rated unhealthy pictures (M=1.44, SE=0.11)
more negatively than healthy food pictures (M=1.24, SE=0.10, 95%
CIs [0.03, 0.36], p= .017), which in turn were rated more negatively
than nonfood pictures (M=1.01, SE=0.11, 95% CIs [0.11, 0.36],
p < .001). As with objective ambivalence, given that the restraint x
image type interaction did not reach traditional levels of significance,
we urge caution in the interpretation of these pairwise comparisons.
Again, however, the pattern is important, as individuals lower in re-
straint showed essentially equivalent levels of negative ratings to all
images; whereas individuals higher in restraint showed elevated levels
of negative ratings to unhealthy food than to healthy food, and to
healthy food than to nonfood images. This pattern is particularly im-
portant as it sheds light on the mechanisms underlying objective am-
bivalence: namely, positivity did not differ for those low and high in
restraint, meaning that greater objective ambivalence toward healthy
food than nonfood images in individuals higher in restraint is due to
greater negativity.

Thus, positive ratings of pictures did not differ as a function of re-
straint; whereas individuals higher in restraint provided higher nega-
tivity ratings overall, and in particular toward unhealthy (and, to a
lesser degree, healthy) food images.

3.3. Valence ratings

Finally, although our three sets of images (unhealthy food, healthy
food, and nonfood objects) were matched based on normative liking
ratings (Foroni et al., 2013), we sought to examine how participants
rated overall liking of the images in the current study. Liking is
equivalent to valence, a dimension that ranges from very negative (high
dislike) to very positive (high liking), and can be calculated as the
difference between positive and negative ratings (i.e., positive – nega-
tive; Larsen et al., 2009). We subjected averaged valence ratings to a
3(image type) x restraint GLM, and found only a main effect of image
type, F(2, 191)= 8.11, p < .001, ɳ2p = .08. Pairwise comparisons in-
dicates that unhealthy food images (M=1.34, SE=0.10) and healthy
food images (M=1.25, SE=0.08) were rated higher in valence/liking
than were nonfood images (M=1.02, SE=0.06), ps= .002; unhealthy
and healthy food images did not differ in valence/liking, p= .80. Al-
though this result was unexpected, given that sets of images were
matched on liking ratings from the normative dataset, it is possible that
nonfood images simply were less appealing when paired with food
images for our sample. Furthermore, the fact that unhealthy and
healthy food images were rated as equally liked in our sample both (a)
does not invalidate any of our results comparing the two categories, and
(b) underscores the utility of including measures of ambivalence for
better elucidating differences in feelings toward unhealthy and healthy
food, regardless of level of restraint.

4. Discussion

Our results indicated that although unhealthy food, healthy food,
and nonfood images were chosen to be matched on normative valence
ratings, meaning that all three categories were emotionally equivalent
based on a previous sample of individuals, unhealthy food images eli-
cited more objective and subjective ambivalence than did healthy food
images. This finding is consistent with our hypothesis that people feel
ambivalent about unhealthy foods, and suggests that research on
emotional responses to food should consider the role of ambivalence.

Furthermore, individuals higher in eating restraint also reported higher
objective ambivalence to healthy food images than to nonfood images;
whereas those lower in eating restraint did not differ in their objective
ambivalence toward healthy food and nonfood images. We originally
predicted that eating restraint would moderate ambivalence toward
unhealthy food in particular. Although our hypothesis was not sup-
ported by the current data, the finding that restrained eaters reported
ambivalence toward healthy food images suggests that food in general is
a highly ambivalent stimulus for individuals constantly concerned
about their weight and/or diet. Patterns of data for subjective and ob-
jective ambivalence were similar, with the exception that all partici-
pants indicated stronger subjective ambivalence (e.g., mixed feelings)
toward healthy food vs. nonfood images. Taken together, these findings
suggest that studying separate positive and negative feelings (as well as
objective ambivalence) toward food (and nonfood) images may be
critical for understanding how restrained eaters respond emotionally to
food stimuli.

All participants reported strong positive affect toward food images,
and particularly toward unhealthy food images. This result was not
moderated by eating restraint scores, and ultimately is consistent with
food being a primary reward. Again, this is an important finding be-
cause unhealthy food, healthy food, and nonfood images were matched
on normative valence values (which confound positivity and negativity,
as valence places them on opposite ends of the same scale); but ratings
of positivity differentiated between the three categories. In addition,
the fact that individuals both lower and higher in eating restraint re-
ported the highest positive affect toward unhealthy foods, middling
towards healthy foods, and lowest towards nonfood objects suggests
that increasing positive affect toward healthy food may be an effective
approach to changing attitudes toward food in the general population.

Although the image type main effect for negative affect revealed a
similar pattern, such that unhealthy food images were rated more ne-
gatively than healthy food images, which in turn were rated more ne-
gatively than nonfood images, pairwise comparisons for individuals
lower and higher in eating restraint scores showed a difference between
groups. Specifically, those lower in restraint did not differentiate their
negativity toward the three categories; those higher in restraint drove
the main effect. Taken together with results from the analyses of po-
sitive ratings, this finding suggests that objective ambivalence toward
food images (and particularly unhealthy food) is due to elevated levels
of negativity toward food. Furthermore, individuals with higher eating
restraint felt particularly negative toward food (again, particularly
unhealthy food) images. This result suggests that reducing negativity
toward food may be critical for regulating ambivalence and ultimately
encouraging healthy consumption. Indeed, in his study on the effects of
individual differences in objective ambivalence toward eating junk food
on responses to persuasive messages, Yan (2015) found that ambivalent
individuals were more persuaded by negatively-framed messages about
junk food.

One unexpected finding that emerged in three of the four primary
analyses was that individuals with higher eating restraint exhibited
greater objective ambivalence, subjective ambivalence, and negative
affect, regardless of image type, than did those lower in eating restraint.
Given that objective ambivalence was driven by negative affect, these
results ultimately indicate that high restraint individuals gave higher
subjective ratings (i.e., mixed feelings) and higher negative affect to-
wards all stimuli; and both effects were driven primarily by food
images. We do not believe this is a general response bias (e.g., misuse of
the rating scales) for a number of reasons: (a) positive affect was not
elevated for high restraint participants; (b) negative affect and sub-
jective ambivalence were collected on very different types of measures
(i.e., the ESG and a 1–5 Likert scale, respectively), suggesting that high
restraint individuals did not simply always choose the same response
option; and (c) we predicted that high restraint individuals would show
elevated subjective ambivalence and negative affect to food images.
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4.1. Strengths & limitations

The current study has a number of limitations. We did not collect
body mass index (BMI), which is a gold standard of health and may be
associated with both feelings about food and with dietary restraint. We
do not, however, believe that the lack of BMI is a critical flaw, for a
number of reasons. First, past studies have failed to find a relationship
between BMI and restraint (e.g., Stice, Fisher, & Lowe, 2004), sug-
gesting that they are unrelated (or at the least, that the relationship is
weak and/or complicated). Second, although some studies have re-
ported that higher BMI is associated with increased restraint
(Heatherton et al., 1988; Goldfield et al., 2010); other studies have
shown that higher restraint is related to weight loss (e.g., over the first
year of college; Delinsky & Wilson, 2008), decreased caloric intake
(Laessle, Tuschl, Kotthaus, & Pirke, 1989) and to intent to diet and
controlled eating (Lawson et al., 1995). Thus, it is difficult to make a
prediction about how BMI would relate to feelings about food images,
and how restraint might moderate these relationships. Future studies
should include BMI to further explore its role in feelings about food and
their collective relationships to restraint.

The Eating Restraint Scale (ERS) is also composed of two subscales,
concern for dieting and weight fluctuation. Past research has demon-
strated that weight fluctuation in particular may be a related but dis-
tinct phenomenon from concern for dieting, and that a different ap-
proach to examining these factors may be warranted (cf. van Strien,
Breteler, & Ouwens, 2002). Stice et al. (2004) have argued that dietary
restraint scales in general are uncorrelated with caloric intake, and that
the predictive validity of such scales for pathology (e.g., bulimia ner-
vosa) should be reconsidered. Having said this, in the current study the
concern for dieting and weight fluctuation subscales were correlated
with each other and with overall restraint scores at 0.83 and 0.76, re-
spectively. Thus, we have reported results based on individual differ-
ences in overall restraint, in keeping with the original theoretical ap-
proach. Although we are aware of and sensitive to concerns regarding
the independent contributions of the two subscales, it is beyond the
scope of the current paper to explore them separately.

In addition, we used mTurk for data collection, which is a mixed
blessing. mTurk allows for the convenient collection of a large amount
of data from a broad sample of the population (thus increasing external
validity and the ability to answer questions involving different demo-
graphic groups); but lacks control and the oversight of a well-conducted
survey or laboratory study. Indeed, one limitation of conducting the
current study through mTurk is that had we decided to measure BMI we
would be relying on self-reported height and weight, both of which are
likely prone to responses biases, which would limit the utility of that
measure. Certainly, when collecting data that may be used as norms for
future studies – such as in the current context – a broader, more diverse
sample is desirable. And we believe that our exclusionary criteria, in-
cluding extremely long or short completion times and failure to pass an
attention check, largely mitigated any of the problems inherent in the
lack of experimental control. Future studies, however, should replicate
our findings under more controlled circumstances.

We also believe that the strengths of the current study largely out-
weigh its weaknesses. First and foremost, we have shown that liking
ratings (i.e., valence) fail to capture the full affective response that
individuals have toward food. Although unhealthy and healthy food
images were rated as equally liked, positive and negative ratings re-
vealed a much more nuanced response. Furthermore, we have shown
that people feel ambivalent about food – a stimulus category often
thought of as a primary reward. These feelings of ambivalence emerged
not only in how “mixed” they felt about food images (indicating con-
flict), but also in their actual positive and negative ratings about food.
By focusing on ambivalence and its underlying components, we have
been able to show that restraint also moderates feelings about food in
important and subtle ways.

4.2. Conclusion

In sum, results indicate that people respond to food (especially
unhealthy food) with mixed positive and negative affect, and that
ambivalence toward healthy food is higher for individuals higher in
eating restraint. Future research should consider the role of ambiva-
lence in responses to food, and its moderation by eating restraint. In
addition, there are a number of other factors that may moderate am-
bivalence toward food images, including age, gender, and general diet.
Although these factors are included in the current dataset, they are
beyond the scope of this paper. Ultimately, we believe that studies
aimed at modifying attitudes or feelings toward food may benefit from
focusing on decreasing negative affect (rather than increasing positive
affect) toward healthy food to reduce ambivalence and encourage
healthy eating behaviors.
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