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Abstract: Many people are aware of the negative consequences of plastic use on the environment.
Nevertheless, they use plastic due to its functionality. In the present paper, we hypothesized that
this leads to the experience of ambivalence—the simultaneous existence of positive and negative
evaluations of plastic. In two studies, we found that participants showed greater ambivalence toward
plastic packed food than unpacked food. Moreover, they rated plastic packed food less favorably
than unpacked food in response evaluations. In Study 2, we tested whether one-sided (only positive
vs. only negative) information interventions could effectively influence ambivalence. Results showed
that ambivalence is resistant to (social) influence. Directions for future research were discussed.
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Plastic can be found almost everywhere: it is even in the human body [1]. In humans,
higher plastic concentrations are related to type two diabetes [2,3], heart disease [4,5], and
endocrine changes [6]. Most often, plastic enters the human body through food sources by
migrating from packaging to food [7]. However, even if people eat food that is not packed
in plastic, it can still be found in the human body [8]. Since commonly used plastics are not
biodegradable [9], plastic that has been released into the environment remains there. For
example, it exists as debris in the oceans [10], and as micro- or nanoparticles in the air [11],
agricultural soils [12], and water supplies [13]. Thus, plastic can also enter the human body
due to inhalation of plastic particles in the air, as well as through the consumption of plants
which have absorbed it, and fish which have swallowed it.
Not only does the disposal and durability of plastic threaten human and animal health,
its whole lifecycle aggravates climate change. In 2019, the greenhouse gas emissions of
the plastic lifecycle were 850 million metric tons [14], which is more than the total yearly
greenhouse gas emissions of Germany (e.g., 808.73 million metric tons in 2016; [15]).
Despite these critical arguments, plastic production has quadrupled over the past
four decades [9]. According to statisticians, if this trend continues, the greenhouse gas
emissions from plastic could comprise 15% of the global carbon budget by 2050 [16]. If it
does not change, this trend will make limiting the global temperature rise to 1.5 ◦ C nearly
impossible [14].
In order to counteract the environmental and health threats caused by plastic, reduced
plastic production and consumption are essential [14]. In the present work, we focus on
the latter, specifically plastic consumption in cases in which unpacked alternatives are
relatively easily accessible (e.g., fresh food).

Licensee MDPI, Basel, Switzerland.
This article is an open access article

1.1. Ambivalence Regarding Plastic
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In their literature review, Heidbreder et al. [17] found that overall plastic is perceived
as an environmental risk but is used due to its light weight, transparency, resistance,
and convenience. Therefore, people may simultaneously have favorable and unfavorable
evaluations toward plastic. This psychological co-occurrence of positive and negative
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evaluations toward the same object is known as ambivalence [18]. Attitudes toward plastic
may be considered as ambivalent because plastic also has positive aspects despite its wideranging negative consequences for the environment and human health. In fact, Zwicker
et al. [19] demonstrated that people’s attitude toward plastic consists of positive and
negative associations with plastic: the positive associations include aspects like considering
plastic to be cheap, useful, or lightweight, as well as emotions, with people indicating that
they feel joy or excitement when thinking about plastic. The negative associations include
considerations such as plastic being harmful to animal and human health and causing
waste, and emotions such as guilt and worry felt by people when they think about plastic.
If the positive and negative evaluations merely co-occur without inducing conflict, this is
referred to as potential ambivalence [20]. Indeed, Zwicker et al. [19] found initial evidence
for plastic-related ambivalence: compared to bio-based plastic, conventional plastic had
significantly higher self-reported potential ambivalence. Thus, plastic is a prime example
of an ambivalent attitude object.
Potential ambivalence, however, does not necessarily affect behavior, cognition, and
affect [18]. In fact, only if people are confronted with making a choice (e.g., do I buy
plastic packed mushrooms or unpacked mushrooms) people actually experience conflict
(i.e., felt ambivalence) which affects behavior, cognition, and affect [20]. While it is possible to measure potential and felt ambivalence with self-report questionnaires, these
measures are prone to error (e.g., lack of introspection; [21]) and can produce statistical artifacts [22]. To avoid these problems, felt ambivalence can be measured via the MouseTracker
paradigm [21,23]. It requires participants to make a choice (i.e., evaluate the attitude object
as positive vs. negative) while the mouse movements are recorded. Thus, felt ambivalence
captures ambivalence-induced conflict.
Because ambivalence is reflected in a conflict, it is often conceptualized as an indicator
of attitude strength, with higher ambivalence indicating weaker attitudes [24]. Weaker
attitudes are usually considered to be less predictive of behavior intentions [25]. Consistently, previous research has shown that ambivalence moderates the attitude-intention
relationship predicted by the theory of planned behavior [26–28]. In this way, ambivalence
might be the starting point for developing interventions: weaker attitudes should be more
pliable to influence [24].
In accordance with this hypothesis, Armitage and Conner [25] found that a persuasive
message influenced people more when they were ambivalent toward its topic. Furthermore, Russel et al. [29] showed that one-sided arguments that match the context of the
attitude object have a bigger influence than non-matched arguments. Here, we argue
that arguments that are consistent (inconsistent) with the evaluation of the object should
decrease (increase) ambivalence. For example, if an ambivalent person evaluates plastic
rather negatively and receives information about the negative aspects of plastic (consistent),
plastic-related ambivalence should decrease. Contrarily, if the same person only receives
information about the positive aspects of plastic (inconsistent), plastic-related ambivalence
should increase.
1.2. The Present Investigation
In the present investigation, we aimed to examine whether plastic induces ambivalence
and whether this ambivalence can be changed via one-sided information interventions.
In two studies, we measured felt ambivalence toward plastic packed and unpacked food
via the MouseTracker paradigm [21,23]. In Study 2, we tried to influence plastic-related
ambivalence via one-sided text interventions. Both studies were approved by the ethics
committee of the University (No. 17/2019) and were pre-registered before data collection
was started. Supplementary materials include pre-registrations, materials, data, and
analysis scripts for both studies and is available on OSF https://osf.io/zyshj/.
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2. Study 1
In Study 1, we aimed to demonstrate that plastic elicits felt ambivalence. We hypothesized that people exhibit more ambivalence if they evaluate food packed in plastic than if
they evaluate unpacked food.
2.1. Method
2.1.1. Participants and Design
We recruited 55 participants (6 men, 49 women, Mage = 20.98, age range = 18–48 years).
Participants were university students and received course credits for participation. Study 1
was conducted as a one-factor (plastic, no plastic) within-subject design. Based on studies
by Schneider and colleagues [21], who found a medium sized effect (d = 0.45, 95% confidence interval (CI) [0.23, 0.68]) for ambivalent vs. non-ambivalent stimuli, we conducted
an a priori power analysis. This repeated measure ANOVA sample size calculation via
G*Power 3.1 [30] with f = 0.25, a correlation of r = 0.5, a power of 1− β = 0.95, and α = 0.05,
revealed a sample size of N = 54 participants. A slightly larger sample was achieved due to
active participation. The data analyses were conducted after the collection of all data.
2.1.2. Materials and Procedure
The study was conducted in a lab and lasted approximately half an hour. Participants
were seated in soundproof cubicles with a chair, a desk, a flat screen computer (Eizo
FlexScan S1911, 1280×1024), a QWERTZ keyboard, and a computer mouse in front of them.
A total of six participants could participate at the same time. First, the participants were
informed that the study was about thought processes and personal assessments, and that
they had to perform a categorization task in which they evaluate various objects. Then,
they were asked to give informed consent to participate in the study.
Afterwards, the study started and the participants completed the MouseTracker
paradigm [23]. With the MouseTracker paradigm [23] it is possible to track real-time
processing by recording the mouse movement as well as the response (i.e., evaluation as
positive vs. negative). The degree of ambivalence and univalence, as well as neutrality,
can be captured in mouse movements [21,31]. In order to reduce variance in the target
pictures while also ensuring visibility of the products, pictures of food (cucumber, white
mushrooms, iceberg lettuce, brown mushrooms, tomatoes, broccoli, beetroot, pointed
cabbage, chinese cabbage, corn) either packed in transparent plastic or unpacked were
used. This resulted in a total of 20 target pictures. We used 40 pictures from the Food Pics
database [32] as distractors. The target and distractor pictures did not differ in size.
A trial started with the appearance of a start button presented at the bottom middle of
the screen and the two response buttons (positive vs. negative) at the top right and top left
corner of the screen. The site of the response button was balanced between participants.
Thus, half of the participants had the positive button on the right and the negative button
on the left, while this was reversed for the other half of the participants. Because the results
did not differ, the data were collapsed. After clicking the start button, a picture appeared in
the middle of the screen while the mouse was centered at the bottom middle of the screen.
The response was indicated by moving the mouse and clicking on the chosen response
button. After the response, the picture disappeared and a new trial started. If participants
took longer than 1000 ms to start moving the mouse, they were instructed to move earlier,
even if they were not sure about their response. Trials with reaction times faster than
300 ms and trials with reaction times slower than 3000 ms were excluded (in both studies
these accounted for less than 1.5% of all trials; [21]). After five training trials, participants
completed two blocks of trials. In each block participants rated the randomly presented
target and distractor pictures, resulting in two ratings for all pictures.
A mouse movement has less pull to the unselected response for univalent evaluations
compared to ambivalent evaluations. Therefore, an ambivalent evaluation results in a
curved line [21]. Most often, maximum deviation (MD) is used to operationalize the pull of
the mouse toward the unselected response. A bigger MD is expected for ambivalent than
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for univalent products (see Figure 1). The response measures positive or negative button
press and indicates the percentage of positive evaluations.

Figure 1. Illustration of the MouseTracker paradigm with plastic packed and unpacked food. The blue dots illustrate the
mouse movement but were not presented to participants. Both panels depict a negative response. The left panel illustrates a
trial where the mouse trajectory is pulled toward the non-chosen option (ambivalent) and the right panel illustrates a trial
where the mouse trajectory is not pulled toward the non-chosen option (univalent).

After completing the MouseTracker, participants answered demographic questions
(age, sex, field of study, handedness). For exploratory purposes, they also filled out an
extended theory of planned behavior questionnaire about plastic packaging (adapted
from [33]). The questionnaire included subscales on attitude toward plastic packaging,
subjective norm, perceived behavioral control, intention to use plastic packaging, convenience, environmental concern, and ethical beliefs. Note that the exploratory analyses were
inconclusive and are not reported because the power was insufficient to test mediation and
moderation hypotheses. Finally, they were thanked and debriefed.
2.2. Results
All analyses were conducted with IBM SPSS Statistics for Windows (Version 26).
MouseTracker Paradigm
In order to test the pre-registered hypothesis that pictures of plastic packed food elicit
more ambivalence than pictures of unpacked food, we conducted a one-factor (plastic, no
plastic) repeated measure ANOVA with the dependent variable MD. The main effect was
significant, F(1, 54) = 11.37, p = 0.001, η p 2 = 0.17, 95% CI [0.03, 0.34]. As hypothesized,
people were drawn more toward the non-chosen option if they evaluated food packed in
plastic (M = 0.22, SD = 0.18) compared to unpacked food (M = 0.14, SD = 0.12). This implies
that people experience greater ambivalence and that their response is literally torn when
evaluating food packed in plastic compared to unpacked food.
A one-factor (plastic, no plastic) repeated measure ANOVA with the dependent
variable response (percentage of positive evaluation) was conducted to investigate the
general direction of the evaluations. This analysis revealed that food packed in plastic
was rated as significantly less positive (M = 0.24, SD = 0.31) than unpacked food (M = 0.79,
SD = 0.22), F(1, 54) = 122.7, p < 0.001, η p 2 = 0.69, 95% CI [0.55, 0.78]. That is, people
evaluated pictures of unpacked food as positive in 79% of the trials, while they evaluated
pictures of plastic packed food as positive in only 24% of the trials.
2.3. Discussion
In this study, we found that people experience more ambivalence if they evaluate food
packed in plastic than if they evaluate unpacked food. We took this as a first indication
that addressing this ambivalence might be a good lever to reduce intentions for plastic use.
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3. Study 2
Study 1 provided confirming evidence that people hold ambivalent attitudes toward
plastic. In the next step, we investigated whether plastic-related ambivalence can be
changed through interventions. In line with Russel et al. [29], we implemented text
interventions stressing either the positive or the negative sides of plastic packaging for
food. The intervention design was completed by a control condition providing information
unrelated to plastic.
Even though ambivalence includes the co-occurrence of positive and negative evaluations toward an attitude object [18], (ambivalent) participants in Study 1 responded
mostly negatively to plastic packed food. This indicates that when people have to make
decisions, the negative associations toward plastic dominate. Therefore, we argue that
giving negative information about plastic should decrease ambivalence. Contrarily, giving
positive information about plastic should increase ambivalence. That is, we expected
that if people read a text about the positive aspects of plastic (being inconsistent with the
response), they would exhibit more ambivalence than people reading a control text or
people reading a text about the negative aspects of plastic. Contrarily, if people read a text
about the negative aspects of plastic (being consistent with the response), we expected
them to exhibit less ambivalence than people reading a control text or people reading a
text about the positive aspects of plastic.
3.1. Method
3.1.1. Participants and Design
A total of 101 (87 women, 14 men, Mage = 21.08, age range = 18–32 years) students
participated in the study and received course credits for their participation. Students
who participated in Study 1 were excluded prior to their participation. Study 2 was
conducted in a 3 (intervention: positive, negative, control) × 2 (packaging: plastic, no
plastic) within-between participant design with repeated measures on the last factor. An a
priori within-between ANOVA sample size calculation via G*Power 3.1 [30] with f = 0.25,
a correlation of r = 0.5, a power of 1− β = 0.95, and α = 0.05, for three groups and two
measurements was calculated. For the between factor effect, this analysis resulted in a
minimum of N = 189, and for the within-between interaction, this analysis resulted in a
minimum of N = 66 participants. As pre-registered, the data collection was terminated on
December 6th, 2019. All data analyses were conducted after the collection of the data.
3.1.2. Materials and Procedure
Study 2 took place in the same lab setting as Study 1. The design of this study was
similar to Study 1, except for the intervention before the MouseTracker paradigm [23] and
the manipulation check at the end of the study.
Intervention
One group received a text about positive aspects of plastic packaging around food
(positive), another group read a text about the negative aspects of plastic packaging
around food (negative) and a control group read a text about a resource called Lignin
without referring to plastic (control). The texts were approximately the same length
(the text about the positive aspects of plastic had one word less than the texts about
the negative aspects of plastic or the control text) and were adapted from the website
PLASTIKALTERNATIVE [34,35].
Manipulation Check
Participants received a pen and paper questionnaire with a free recall question about
the content of the text. Additionally, they indicated their agreement to three statements on
a 100 mm long scale ranging from 0 to 100 with the endpoints labeled “I do not agree” and
“I do agree”. The first 25 participants had a questionnaire with a slightly longer explanation
on how to use the scale. Due to a technical error, the last 25 participants received a
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manipulation check questionnaire with slightly shorter scales (98 mm), the data of these
participants was transformed (answer of participant *~1.02) so that it was equivalent to the
participants answering on the 100 mm scale. Even though missing values were theoretically
possible, this case did not occur. The statements were: “The content of the text is positive.”
(Item 1), “The content of the text is negative.” (Item 2), and “The content of the text is
credible.” (Item 3). Afterwards, they were thanked for their participation and debriefed.
3.2. Results
All analyses were conducted with IBM SPSS Statistics for Windows (Version 26).
3.2.1. Manipulation Check
Three participants were excluded from the pre-registered analysis because they incorrectly recalled the content of the intervention text. The results of Item 1 and Item 2 were in
the expected direction (see Supplementary Materials for detailed analyses). Critically, the
one-factor (intervention: positive, negative, control) ANOVA for Item 3 was significant, F(2,
95) = 17.27, p < 0.001, η p 2 = 0.27, 95% CI [0.12, 0.39]. Bonferroni adjusted pairwise comparison revealed that the participants reading the negative text rated the text as significantly
more credible than participants reading the positive text (p < 0.001, dZ = 1.4, 95% CI [0.85,
1.94]) or the control text (p < 0.001, dZ = 1.31, 95% CI [0.77, 1.83]). Participants reading
the positive text and participants reading the control text did not differ in their credibility
ratings (p = 0.62).
3.2.2. MouseTracker Paradigm
The Shapiro-Wilk tests were significant, however, our group sizes are almost equal
and degrees of freedom are high. Thus, the ANOVAs should be robust against this
violation [36]. In order to investigate the impact of the intervention on ambivalence,
a 3 (intervention: positive, negative, control) × 2 (packaging: plastic, no plastic) withinbetween ANOVA, with repeated measurement on the second factor and MD as dependent
variable was conducted. The analysis revealed a main effect of packaging, F(1, 95) = 10.03,
p = 0.002, η p 2 = 0.1, 95% CI [0.01, 0.22], indicating more ambivalence in plastic packed food
(M = 0.23, SD = 0.21) than in unpacked food (M = 0.13, SD = 0.2). All other Fs < 1, and
all other ps > 0.05. Thus, contrary to the hypothesis, the intervention did not influence
felt ambivalence.
For the response a 3 (intervention: positive, negative, control) × 2 (packaging: plastic,
no plastic) within-between ANOVA with repeated measurement on the second factor
revealed a main effect of packaging, F(1, 95) = 550.87, p < 0.001, η p 2 = 0.85, 95% CI [0.8, 0.89].
Participants evaluated plastic-packed food less positively (M = 0.13, SD = 0.24) compared
to unpacked food (M = 0.87, SD = 0.2). Thus, participants positively evaluated plastic
packed food in 13% and unpacked food in 87% of the trials. The main effect of intervention
did not reach significance (p = 0.27). The interaction of packaging and intervention did not
reach significance, F(2, 95) = 2.74, p = 0.069, η p 2 = 0.06, 95% CI [0.00, 0.15].
3.3. Discussion
The results of Study 2 replicated the findings of the previous study, that plastic
elicits ambivalence. This ambivalence was, however, not influenced by the intervention,
indicating that ambivalence might not be as pliable as hypothesized. However, results of
the marginal significant interaction of packaging and intervention in responses indicated
that the intervention had at least some influence on participants’ ratings.
4. General Discussion
Plastic can be found (almost) everywhere, even in humans [1]. It is contained in
a lot of objects that we use in everyday life (i.e., bottles, food packaging, clothing) as
it is easy to use and highly versatile. Unfortunately, plastic also poses a great threat to
human health and the environment [11]. This ambivalence is reflected in people’s attitudes
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toward plastic, including positive and negative aspects as well as positive and negative
emotions [19]. In the present investigation, we argued that this ambivalence may affect the
attitude-intention link [26–28]. Based on this, we hypothesized that targeting ambivalence
could be an effective intervention strategy to reduce plastic use intention [25].
We conducted two studies testing whether plastic elicits felt ambivalence and whether
this ambivalence can be changed via one-sided information interventions. In Study 1,
data supported the hypothesis that plastic effectively induces ambivalence: plastic packed
food elicited more felt ambivalence than unpacked food. This highlights the need to
acknowledge that attitude objects can elicit strong positive and strong negative evaluations
at the same time.
In Study 2, we investigated ambivalence as a leverage point for interventions. We
tested whether one-sided information interventions can affect ambivalence—which in
turn should influence intention to use plastic. Based on Study 1 and the findings of
Russel et al. [29], we hypothesized that positive information about plastic packaging (being
inconsistent with people’s responses) would increase plastic-related ambivalence, and
negative information about plastic packaging (being consistent with people’s responses)
would decrease plastic-related ambivalence. This assumption, however, was not supported
by the data.
One factor explaining why the intervention did not influence ambivalence could
be people’s prior knowledge. People might already be aware of the positive and negative aspects, rendering the intervention ineffective. Consistently with this hypothesis,
Sawicki et al. [37] found that participants expected attitude-consistent new information
to decrease ambivalence whilst they expected attitude-inconsistent new information to
increase ambivalence. Thus, if the information given in the text interventions was already
known, ambivalence should not differ between interventions. Nonetheless, the texts for
the interventions were matched with the context of the stimuli (plastic packed food) and
the manipulation check indicated that people at least processed the information provided.
Thus, ambivalence toward plastic might not be as pliable as expected.
In addition, a strong connection between moral values and attitude toward plastic
might account for the lack of effectiveness of the intervention. Previous research suggests
that plastic use and according intentions are strongly associated with moral beliefs [33,38].
For example, Sun et al. [33] found that the higher the ethical beliefs were, the lower was
the intention to use plastic and the less favorable was the attitude toward plastic. This
indicates that attitudes toward plastic and plastic use have a strong moral basis. Research
indicates that such morally grounded attitudes are more resistant to persuasion [39], and
lead to a higher correspondence between attitude and according intention [40]. It could
thus be speculated that any information in our intervention lead people to reflect on their
attitudes toward plastic. Thereby, the moral issues that people associate with it could have
become salient independently from intervention conditions. This could potentially explain
why the interventions were ineffective.
4.1. Future Studies
So far, however, studies yielded mixed results on whether stressing moral issues in
interventions is advantageous. In fact, interventions that aim to strengthen moral norms to
reduce plastic use have not been effective so far [41]. This is somewhat surprising because
moral transgressions (e.g., using plastic) should lead to guilt, and guilt is known to motivate
pro-environmental intention as well as actual behavior [42]. In line with this, Zwicker
et al. [19] found that guilt is central in plastic perception and has a strong connection to
behavior. In one of their studies, they found that a text intervention was able to induce
experienced guilt, leading people to donate to a sustainable cause.
Thus, we propose that some people are able to deny that plastic use is a moral
transgression and, consequently, do not experience guilt. For instance, Atkinson and
Kim [43] found that people justify their plastic consumption via two moral disengagement
strategies: denial of responsibility and denial of injury. Denial of responsibility frees people
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from their responsibility, for example, the perceived lack of alternatives leaves consumers
with no choice but to purchase products packed in plastic. Denial of injury diminishes the
harm caused by plastic consumption, for example, by rationalizing that other products
have even more plastic packaging, so purchasing a product that is packed in plastic, but
not overpacked, is justified. These strategies allow people to selectively disengage their
behavior from their moral standards and indulge in immoral behavior without feeling
guilty [44].
Therefore, keeping people morally engaged might trigger behavior change. In order
to do this, it might not only be important to raise people’s awareness for issues regarding plastic (as in our study) but linking people’s individual and specific actions to the
negative outcome. In accordance with this view, a two-stage intervention to reduce meat
consumption—another prime example of ambivalence—not only led to a less favorable
attitude toward meat but also to less willingness to eat meat [45]. That is, the first stage
consisted of information and the second stage of a dialog designed to counteracting moral
disengagement (e.g., denial of responsibility). In a similar vein, identifying additional
moral disengagement strategies and counteracting them could be an effective way to
combat plastic use.
4.2. Limitations
At first glance, our results may be interpreted to mean that packaging around food in
general, rather than plastic packaging in particular, is perceived as negative and induces
ambivalence. In fact, we only compared pictures of plastic packed and unpacked food.
While this interpretation is valid, we deliberately chose these options. In fact, other
packaging materials, like paper or cotton, do not offer suitable comparisons to test our
hypotheses, as they also harm the environment—perhaps even more than plastic. For
instance, paper or cotton carrier bags might be perceived as more environmentally friendly
because they are fully biodegradable. However, taking the whole lifecycle into account,
a paper bag would have to be reused 43 times, and conventional cotton bags 7100 times,
to have a similar environmental impact than that of an average plastic carrier bag [46].
Moreover, we believe it is a strength of our experimental design that the stimuli were
identical concerning size except for the transparent plastic package. This high comparability
could not have been achieved by using other (non-transparent) packaging such as paper or
cotton bags.
It should also be noted that the manipulation check for our intervention indicated
differences in the credibility of the manipulation. Participants who read the negative text
(consistent with responses) rated the text as more credible compared to participants who
read the other text interventions. Even though this might suggest that the negative intervention should be more effective, it was not. We did not find an effect of the intervention
on plastic-related ambivalence.
5. Conclusions
Like many other stimuli in the world, plastic elicits ambivalent attitudes. In both
studies, we found that plastic triggered felt ambivalence. This ambivalence, however,
seems to be persistent and not easily influenced. Considering the connection between
ambivalence and morality, moral disengagement might explain people’s guilt free plastic
use. Thus, future research should identify plastic-related moral disengagement strategies.
Interventions counteracting these strategies might lead to reduced plastic use, which is
necessary in order to keep plastic out of the environment and human bodies.
Supplementary Materials: The pre-registration, materials, data, and analysis scripts for both studies
are available online at https://osf.io/zyshj/.
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