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Chapter 2
Ambivalence in action: 
Unveiling the cognitive 

competition between 
opposing evaluations 





To think one thought meant thinking the opposite thought, and no 
sooner did that second thought destroy the first thought than a third 
thought rose up to destroy the second. 
Paul Auster
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Think about whether you feel positive or negative about 
the following topics: holiday, abuse, and euthanasia. 
Did you experience any differences in judging whether 
you were positive or negative about any of these topics? 

While holiday and abuse mostly elicit positive and negative feelings 
respectively, most people agree that euthanasia can have both 
positive and negative aspects. When thinking about such a topic, 
people most likely experience (some degree of) ambivalence.

Various researchers assumed that ambivalence is 
accompanied by simultaneous activation of, and competition 
between, conflicting evaluations. This viewpoint was largely based 
on research showing delayed response latencies for ambivalent 
attitude objects. Researchers interpreted this as showing cognitive 
competition (Bargh et al., 1992; van Harreveld et al., 2004). So far, 
however, no direct evidence for this assumption exists because 
response time measures cannot give insight into what is happening 
in real time. The current research aims to go beyond response time 
measures and provides a direct test of the assumption that ambivalent 
attitudes indeed lead to competition between opposing evaluations.

Ambivalent attitudes
Ambivalence refers to simultaneously holding both positive 

and negative evaluations about an object or issue (Kaplan, 1972; 
Thompson et al., 1995). We may, for instance, feel that euthanasia 
is a fundamental human right, while at the same time we reject the 
idea of taking the life of another person. Most people hold several 
ambivalent attitudes, in relation to a wide range of topics such as fast 
food, abortion, chocolate, organ donation, euthanasia, and alcohol 
(for an overview see van Harreveld et al., 2013). 

Ambivalent attitudes, consists of strong associations, both 
positive and negative, distinguishing it from indifference or a neutral 
or non-attitude (Bargh et al., 1992). When responding to ambivalent 
items in a Single Target Implicit Association Test, for instance, both 
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negative and positive evaluations of ambivalent attitude objects yield 
similar response times. Moreover, in contrast with neutral attitude 
objects, response times to ambivalent attitude objects are facilitated 
by both positive as well as negative primes (de Liver et al., 2007).

It is generally assumed that opposing evaluations are 
simultaneously activated when people are asked to evaluate 
an ambivalent attitude object. The stronger this simultaneous 
activation, the more ambivalent a person will feel about the 
ambivalent attitude object (Newby-Clark et al., 2002). Furthermore, 
this simultaneous accessibility is presumed to be particularly 
strong when people are asked to make an unequivocal evaluation of 
a specific attitude object (van Harreveld, Rutjens, et al., 2009). 

Some researchers have suggested that this simultaneous 
accessibility induces cognitive competition between the various 
conflicting evaluations (Bargh et al., 1992; see van Harreveld et 
al., 2004, for a similar argument). So far, however, the idea that 
ambivalent attitudes elicit cognitive competition between opposing 
evaluations has solely been based on interpretations of response 
times in research into the automatic activation of attitudes (Bargh 
et al., 1992; van Harreveld et al., 2007). Whether there actually is 
cognitive competition, however, remains unclear. Response times 
give no insight in what is happening beyond the time it takes 
ambivalent attitude holders to come to their overall evaluative 
response. 

The present research aims to investigate the real-time 
mental processing accompanying responses to ambivalent attitude 
objects. Building on the assumptions in literature we hypothesize 
that cognitive competition between evaluations will be greater 
for ambivalent attitudes, compared to univalent attitudes during 
mental processing of the attitude object, and test this using an online 
measure.
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Overview of the current studies
The aim of the current studies is to assess what happens from 

the moment people are asked to evaluate an ambivalent topic until 
they have provided their (positive or negative) response. In previous 
research, participants were asked to evaluate an attitude object by 
pressing one of two keys (positive vs. negative). Subsequently, the 
time between presentation of the attitude object and the response 
was measured (Bargh et al., 1992; Fazio et al., 1986). In the present 
studies, we go beyond these measures of response time and track 
the process of coming to an overall evaluative response by using a 
dynamic online measure of mental processing. 

During mental processing, information from high-level 
associations can flow to pre-motor cortices (Cisek & Kalaska, 2010). 
In other words, mental processing can be revealed in simple motor 
responses before the final judgment has been made. In the present 
studies we assess these motor responses with a computerized task 
by measuring the movements of the mouse cursor over a screen. 
Tracking peoples’ mouse trajectories can give insight in to the mental 
processes accompanying the formation of an explicit evaluation 
(e.g. Freeman & Ambady, 2009; Freeman, Dale, & Farmer, 2011; 
Wojnowicz, Ferguson, Dale, & Spivey, 2009). 

We conducted three studies in which we tracked participants’ 
mouse trajectories. In each study, we used a standard dichotomous 
response task where we asked participants to evaluate the attitude 
object as either positive or negative (cf. Bargh et al., 1992; Fazio 
et al., 1986). In each trial, participants were randomly presented 
with either an ambivalent or a univalent attitude object and had 
to move their mouse either toward the “positive” button or toward 
the “negative” button. These buttons were presented in the top left 
and top right corner on the screen. During each trial, streaming x 
and y coordinates of the computer mouse were recorded. To record, 
process, and analyze these mouse trajectories, we used the Mouse 
Tracker software package (Freeman & Ambady, 2010).
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Cognitive competition between evaluations was 
operationalized as the degree to which the curvature of the trajectory 
deviated toward the unselected response (Maximum Deviation, MD, 
cf. Wojnowicz et al., 2009). In other words, MD describes the level 
of attraction or pull of the non-chosen option during evaluation. 
As an example, a univalent topic with only negative or only positive 
evaluations associated with it is expected to yield a straight line from 
the start button to the response button. An ambivalent topic that is 
associated with both negative and positive evaluations is expected 
to show a line that is partially attracted to both response options, 
creating a more curved line. We predicted that MD would be greater 
for ambivalent compared to univalent attitude objects, reflecting 
more cognitive competition.

Study 2.1

In the first study we used two types of attitude objects. First 
of all, we used “established” ambivalent attitude objects such as 
“abortion” and “euthanasia”. However, the relative familiarity of 
these objects may have caused participants to be quite efficient in 
generating and unequivocal response if needed. For this reason we 
also included novel ambivalent attitude objects. For this we selected 
pictures from the International Affective Picture System (Lang, 
Bradley, & Cuthbert, 2008) depicting ambivalent scenes such as a 
beautiful cheetah devouring bloody red meat. 
Method

Participants and Design. Forty-nine students (34 females, 
3 unreported, Mage = 21.57, SDage = 2.99) participated for course 
credit or monetary reward. The experiment was run at the end of 
an experimental hour and was preceded by unrelated tasks. The 
experiment followed a two-factor (valence: ambivalent vs. univalent 
and type: topics vs. images) within-subject design with Maximum 
Deviation as main dependent variable. All participants signed an 
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informed consent form. 
Attitude objects. We used 12 established attitude objects. 

The ambivalent topics were: abortion, organ donation, euthanasia, 
and alcohol. The univalent topics were: happy, holiday, in love 
(in Dutch this is one word), sunshine, abuse, depressed, disgust, 
and unhappy. The 15 novel attitude objects consisted of images 
from the International Affective Picture System (IAPS: Lang et al., 
2008)1. Because the IAPS does not make an explicit distinction in its 
ratings to identify ambivalent images, we selected images that had 
a relatively neutral valence and high arousal. The combination of 
the two is likely to reflect an ambivalent evaluation of the image (cf. 
Schneider, van Harreveld, & Rotteveel, 2012; van Harreveld, Rutjens, 
et al., 2009). We selected five ambivalent images and ten univalent 
images2. 

Manipulation checks. To assess whether our pictures and 
topics indeed differed in terms of their ambivalence, we presented 
participants with three established measures of ambivalence. First, 
objective ambivalence was measured using two items assessing 
participants’ negative and positive evaluations of each particular word 
and image independently (Kaplan, 1972). We asked participants to 
ignore their negative (vs. positive) evaluations and rate how positive 
(vs. negative) they thought the word/image was. The items read: 
“Think about this. When you think about the positive (negative) 
aspects, while ignoring the negative (positive) aspects, how positive 
is your evaluation of this?”. Participants gave their ratings on a 9- 
point scale ranging from not at all positive (negative) to very positive 
(negative). We calculated objective ambivalence using the following 
formula: ((P + N) / 2) - | P – N | (Thompson et al., 1995). As a result, 
participants’ scores on the objective ambivalent scale could range 
from – 4.5 to 9, where higher scores reflect more ambivalence.

Second, the subjective experience of ambivalence was 
measured with one item: “To what degree do you experience 
conflicting thoughts and/or feelings regarding this?”. The 9-point 
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answer scales ranged from no conflicting thoughts and feelings at all 
to maximum conflicting thoughts and feelings (cf. Priester & Petty, 
1996). 

Third, affective responses to the attitude objects were 
measured using the evaluative space grid (ESG: Larsen, Norris, 
McGraw, Hawkley, & Cacioppo, 2009). The evaluative space grid 
allows participants to indicate their positive and negative evaluations 
on a 5x5 grid, using the X-axis to indicate positivity and the Y-axis to 
indicate negativity. The question on the X-axis was: “How positive do 
you feel about this?” The question on the Y-axis was: “How negative 
do you feel about this ?” The cells on the axes were labeled as not 
at all positive (vs. negative) to very positive (vs. negative). Overall 
scores were calculated with the formula: ((P + N) / 2) - | P – N |. 
Participants’ scores on the ESG could range from – 2.5 to 5, with higher 
scores reflecting more ambivalence in affective responses toward 
the objects. We will refer to this measure as affective ambivalence 
throughout the manuscript.

Evaluation task. Upon entering the lab, participants were 
seated in individual cubicles. The experiment was administered per 
computer. In the first part of the experiment participants were asked 
to evaluate words and images. They were instructed to respond 
as fast and accurately as possible. At the start of each trial, a start 
button appeared at the bottom center of the screen and the response 
options (positive and negative) appeared in the top left and top right 
corner of the screen. When participants clicked the start button at 
the center bottom of the screen the attitude object appeared. They 
then moved the mouse to one of the two response buttons located 
in the top right and top left of the screen (see Figure 1). After this, 
the attitude object disappeared and a new trial started. At the start 
of the experiment, participants completed two neutral practice trials 
(one word, “TREE”, one picture of baskets) to familiarize themselves 
with the task.
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Figure 2.1: Evaluation task

Each participant evaluated each attitude object twice in two separate 
blocks of trials, including 27 attitude objects each. In each block, all 
attitude objects were presented once, in a random order. We intended 
to counterbalance response option location between participants, 
however, due to a technical error, only one counterbalance condition 
functioned. In this version, in the first block, the positive response 
option appeared always on the right and the negative on the left. In the 
second block, this location was reversed. During each trial, streaming 
x and y coordinates of the computer mouse were recorded (sampling 
rate of approximately 70 Hz). To record, process, and analyze mouse 
trajectories, we used the MouseTracker software package (Freeman 
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& Ambady, 2010). After the judgment task, participants rated all 
attitude objects for ambivalence on the three ambivalence measures. 
When participants finished the experiment they were rewarded and 
debriefed.

Results and Discussion
Due to a technical error, the trajectories of one participant 

were lost. Raw trajectories were normalized into 101 time steps using 
linear interpolation so that all trials had the same amount of time 
steps and could be averaged. Because not all trajectories would 
move toward the same response button, we remapped al trajectories 
rightwards. This way, we were able to compare trajectories. To obtain 
a trial-by-trial index of the degree to which there was attraction 
toward the opposite evaluation (an indication of competition) 
maximum deviation (MD) was computed as the largest positive 
x-coordinate deviation from an ideal trajectory (i.e. a straight line 
between the starting point and the final response). 

Manipulation check. To confirm that our ambivalent 
attitude objects were indeed perceived as ambivalent and our 
univalent attitude objects as univalent, we first analyzed the data 
of the post-ratings. We subjected the data to a two factor (type and 
valence) repeated measure design with the objective, subjective and 
affective measures of ambivalence as dependent variable. Results 
showed that a multivariate test for the effects of valence, type and 
the interaction of valence with type, were significant (all p’s < .001). 

The effect of valence was significant for all measures (see 
Table 2.1 for relevant means). This means that scores on objective 
ambivalence, F(1, 46) = 10.09, p = .003, η2

p = .18 , subjective ambivalence, 
F(1, 46) = 157.66, p < .001, η2

p = .77, and affective ambivalence, F(1, 
46) = 313.46, p < .001, η2

p = .87, were higher for ambivalent attitude 
objects compared to the univalent attitude objects, indicating that 
our manipulation was successful. 
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Table 2.1
Mean (SD) ratings for each ambivalence measure for ambivalent 
vs. univalent attitude objects overall and for topics versus food 
separately (Study 2.1)

Objective Ambivalence Subjective Ambivalence Affective Ambivalence

Ambivalent Univalent Ambivalent  Univalent Ambivalent Univalent

Overall 2.60 (.27)** 2.50 (.18) 4.16 (1.14)*** 2.31 (1.21) 1.14 (.59)*** -.26 (.46)

Topics 2.84 (.31)*** 2.54 (.20) 4.39 (1.34)*** 2.23 (1.25) 1.10 (.94)*** -.31 (.66)

Images 2.37 (.31) 2.44 (.24) 3.93 (1.19)*** 2.40 (1.31) 1.18 (.48)*** -.22 (.44)

* p <.05, **p <.01, ***, p <.001

The main effect was qualified by two interactions. First, for the 
measure of objective ambivalence, the interaction effect of valence 
with type was significant, F(1, 46) = 58.65, p < .001, η2

p = .56, reflecting 
that the difference in objective ambivalence was significant for topics 
only, F(1, 46) = 59.35, p < .001, η2

p = .56, and not for images, (p = 
.09). Second, the significant interaction of type with valence for the 
subjective ambivalence measure, F(1, 46) = 11.14, p = .002, η2

p = .20 
showed that ambivalent topics were more ambivalent compared to 
ambivalent images F(1, 46) = 21.31, p < .001, η2

p = .32, but that there 
was no difference between univalent topics and univalent images (p = 
.16). This means that the ambivalent topics as well as the ambivalent 
images elicited more ambivalence than the univalent topics and 
univalent images. The univalent topics however, did not differ from 
the univalent images in terms of their subjective ambivalence. 

Competition. Due to technical problems, we were not able 
to counterbalance block order between participants, thus, for the 
analyses of our measure of cognitive competition, we included block 
as a within-subjects factor (first vs. second). Repeated measures 
analyses with valence (ambivalent vs. univalent), type (topics vs. 
images), and block (first vs. second) as within subjects factors and 
MD as dependent variable showed a main effect of valence, type, and 
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block. The overall pattern of results did not differ between blocks, 
however, so for clarity reasons we describe the results without the 
results pertaining to this factor3. 

In accordance with our hypothesis, we found a main effect 
of valence, trajectories for ambivalent attitude objects showed more 
MD compared to univalent attitude objects, F(1, 47) = 208.61, p < 
.001, η2

p = .82 (See Table 2.2 for relevant means). This means that for 
ambivalent attitude objects, there was more cognitive competition 
between evaluations compared to univalent attitude objects. The 
main effect of type showed that cognitive competition was stronger 
for topics than for images, F(1, 47) = 36.72, p < .001, η2

p = .44. Finally, 
the interaction effect between valence and type, shows that the 
difference in MD between ambivalent topic and ambivalent images 
was larger than the difference between univalent topics and univalent 
images, F(1, 47) = 11.86, p = .001, η2

p = .20. 

Table 2.2
Mean Maximum Deviation (MD) for ambivalent vs. univalent 
attitude objects overall and for topics versus images separately 
(Study 2.1).

Ambivalent Univalent
Overall .49 (.20)*** .20 (.14)
Topics .60 (.32)*** .23 (.23)
Images .38 (.27)*** .16 (.19)

* p <.05, **p <.01, ***, p <.001

We performed distributional analyses to determine whether 
the average of the curvature was made up of many types of curves 
around the average or actually reflected the average between two 
types of responses: one directly toward the target and one with an 
extreme curve. Modality analysis of the distribution of MD values 
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in the ambivalent condition showed that it was within the b < 0.555 
bimodality-free region (SAS Institute, 1989), b = .50. This means that 
the MD we observed was not due to bimodality. 

In sum, as predicted, there was more curvature toward the 
non-chosen option in the mouse trajectories for ambivalent attitude 
objects than for univalent attitude objects; regardless of whether 
these were topics or images, although the effects were somewhat 
stronger for topics. These results support our idea that judging an 
ambivalent attitude object leads to cognitive competition between 
opposing evaluations.

Study 2.2

In Study 2.1 we found support for the notion that cognitive 
competition is stronger between opposing evaluations for ambivalent 
attitude objects than for univalent attitude objects. We also found, 
however, that there was no distinction between ambivalent and 
univalent images on the objective measure of ambivalence. We 
suggest that this might be due to the lack of clear cognitions about 
these new attitude objects. One could also ague, however, that it was 
due to specific characteristics of processing an unfamiliar image. To 
rule this out, we conducted a second study. In this study we visually 
presented participants with relatively familiar attitude objects. 
Because unhealthy eating and drinking behavior are strong elicitors 
of ambivalence (Conner & Sparks, 2002; Sparks et al., 2001), we used 
palatable but unhealthy foods and alcohol as ambivalent attitude 
objects and healthy foods and orange juice as univalent attitude 
objects in Study 2.2.

Method
Participants and Design. Thirty-eight students (28 females, 

Mage = 21.58, SDage = 5.79) participated for course credit or monetary 
reward. The experiment was run at the end of an experimental hour 
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and was preceded by unrelated tasks. The experiment followed 
a one-factor (valence; ambivalent vs. univalent) within subjects 
design, with Maximum Deviation as main dependent variable. All 
participants signed an informed consent form.

Attitude objects. In this experiment we used images 
depicting different kinds of foods and beverages (for clarity we will 
refer to “foods” for this category throughout the manuscript). The 
ambivalent attitude objects depicted: beer, hamburger, chocolate, 
and French fries. The univalent attitude objects depicted: vegetables, 
apple, bread, and orange juice. The attitude objects were presented 
in random order. The images were acquired from the internet and, 
keeping original constraints, scaled to 300 pixels wide and presented 
against a white background. 

Measures and Procedure. We measured objective, 
subjective and affective ambivalence, and cognitive competition as 
in Study 2.1. The experiment was administered in the same manner 
as Study 2.1 with the exception that the location of the response 
button was counterbalanced between participants. Thus, all attitude 
objects were only presented once and no habituation could ensue. 
Furthermore, the neutral practice trials now consisted of an image 
of baskets (like in Study 2.1) and an image of a grey desk cabinet.

Results and Discussion
 Normalization, remapping and calculation of MD were done 

in the same manner as in Study 2.1. 
Manipulation checks. We analyzed the data of the post-

ratings to confirm that our ambivalent attitude objects were indeed 
perceived as ambivalent and that our univalent attitude objects were 
perceived as univalent. We subjected the data to a repeated measure 
analyses with valence as within factor with objective, subjective and 
affective measures of ambivalence as dependent variable. Results 
showed that a multivariate test for the effect of valence was significant 
(p < .001). 
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 The effect of valence was significant for all measures, 
indicating that our manipulation was successful. Scores on objective 
ambivalence were higher for ambivalent attitude objects (M = 1.77, 
SD = 1.00) compared to the univalent attitude objects (M = .51, 
SD = .79), F(1, 37) = 51.73, p < .001, η2

p = .58. Scores on subjective 
ambivalence were also higher for ambivalent attitude objects (M = 
4.64, SD = 1.66) compared to the univalent attitude objects (M = 
2.34, SD = 1.33), F(1, 37) = 52.77, p < .001, η2

p = .59. Finally, scores on 
affective ambivalence were higher for ambivalent attitude objects (M 
= 1.44, SD = 1.01) compared to the univalent attitude objects (M = 
-.12, SD = .71), F(1, 37) = 69.83, p < .001, η2

p = .65. 
Competition. Repeated measures analyses with valence 

(ambivalent vs. univalent) as within-subjects factor a main effect of 
valence such that MD was higher for ambivalent attitude objects (M 
= .47 SD = .31) than for univalent attitude objects (M = .26 SD = .25), 
F(1, 36) = 13.62, p = .001, η2

p = .27. This means that participants showed 
greater curvature toward the non-chosen option for the ambivalent 
attitude objects compared to the univalent attitude objects, reflecting 
greater cognitive competition between evaluations. 

Modality analysis of the distribution of MD values in the 
ambivalent condition, however, showed that it was just outside 
the b < 0.555 bimodality-free region (SAS Institute, 1989), b = .60. 
This may imply that the curvature reflects the average between two 
types of responses instead of being made up of many types of curves 
around the average. Interestingly, this was also true for the univalent 
condition, b = .60, indicating that both conditions were similarly 
distributed and that bimodality may have been the result of the 
experimental set up and not ambivalence per se. 

Conclusions. This study provided a conceptual replication 
of Study 2.1; as predicted, there was more curvature toward the non-
chosen option in the mouse trajectories for ambivalent attitude 
objects than for univalent attitude objects. This signifies more 
cognitive competition between evaluations during the formation of 
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the response for ambivalent attitude objects, compared to univalent 
attitude objects.

Study 2.3

The aim of Study 2.3 was to provide further evidence for our 
hypothesis by replicating our findings from Study 2.1 and Study 
2.2. Furthermore, we also aimed to address the bimodality found 
in the data of Study 2.2. Because we found bimodality for both the 
ambivalent and the univalent condition, we suspected that the 
bimodality was not specific to either condition, but due to a factor in 
the task itself. Considering that we also used visual stimuli in Study 
2.1 and did not find a strong bimodal pattern (b = .558 and .259 for 
the ambivalent and univalent condition respectively), we reasoned 
that bimodality was probably not due to the fact that we presented 
images in Study 2.2. Instead, we reasoned that the bimodal pattern 
might possibly be related to the stimulus category: i.e. foods. 

To assess whether foods elicit qualitatively different 
trajectories compared to other attitude objects, we needed non-food 
comparison stimuli. To this end, we used both attitude objects from 
Study 2.2 (foods), as well as from Study 2.1 (topics). To make sure 
that our stimuli did not differ in mode of presentation (i.e. Study 2.1 
stimuli presented as words vs. Study 2.2 stimuli presented as images) 
we now presented the attitude objects from Study 2.2 as words. So, 
instead of showing a picture of a hamburger, we now presented the 
word “hamburger”. Second, because one of the foods attitude objects 
was “beer”, we decided to drop “alcohol” from the Study 2.1 attitude 
objects, to prevent overlap.

Method
Participants and Design. Forty-five students (29 females, 

1 unreported, Mage = 21.11, SDage = 3.19) participated for course 
credit or monetary reward. The experiment was run at the end of 
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an experimental hour and was preceded by unrelated tasks. The 
experiment followed a three-factor (valence; ambivalent vs. univalent, 
type; topics vs. foods and response button location: positive left 
and negative right vs. positive right and negative left) mixed design 
with valence and type as within factor and position of the response 
options as between factor, with Maximum Deviation (MD) as main 
dependent variable. All participants signed an informed consent 
form.

Attitude objects. In this experiment we used attitude objects 
from both previous studies. From Study 2.1 we took the ambivalent 
topics: abortion, euthanasia, and organ donation. The univalent 
topics were: depressed, abuse, unhappy, happy, sun, and holiday. 
From Study 2.2 we used the same food stimuli. However, in Study 
2.3 we presented the foods verbally instead of visually. So, instead of 
presenting participants with an image of a hamburger, we presented 
them with the word “hamburger” on screen. The ambivalent foods 
were: beer, hamburger, chocolate, and French fries with sauce. The 
univalent foods were: vegetables, apple, bread, and orange juice (as 
in Study 2.2).

Measures and procedure. We measured objective, subjective 
and affective ambivalence in the same manner as in Study 2.1 and we 
administered the experiment in the same manner as Study 2.2.

Results and Discussion
Normalization, remapping and calculation of MD was done 

in the same manner as in studies 2.1 and 2.2.
Manipulation checks. We analyzed the data of the post-

ratings to confirm that our ambivalent attitude objects were indeed 
perceived as ambivalent and that our univalent attitude objects 
were indeed perceived as univalent. We subjected the data to a 
repeated measures design with valence and type as within factors 
with objective, subjective and affective measures of ambivalence as 
dependent variables. Results showed that the multivariate effect for 
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both the valence was as well as the interaction between type and 
valence was significant (p’s < .001)

We present relevant means in Table 2.3. Scores on objective 
ambivalence, F(1, 43) = 110.36, p < .001, η2

p = .72, subjective ambivalence, 
F(1, 43) = 112.54, p < .001, η2

p = .72, and affective ambivalence, F(1, 
43) = 168.68, p < .001, η2

p = .80 were higher for ambivalent attitude 
objects compared to the univalent attitude objects, indicating that 
our manipulation was successful. The interaction effect was only 
significant for the affective ambivalence measure, F(1, 43) = 25.39, p 
< .001, η2

p = .37 and signified that even though the main effect on the 
affective measure was significant for both types of attitude objects, 
the effect was stronger for topics, compared to foods (all p’s < .001).

Table 2.3
Mean (SD) ratings for each ambivalence measure for ambivalent 
vs. univalent attitude objects overall and for topics versus food  
separately (Study 2.3).

Objective Ambivalence Subjective Ambivalence Affective Ambivalence

Ambivalent Univalent Ambivalent  Univalent Ambivalent Univalent

Overall 1.51 (.87)** .18 (.62) 3.74 (1.34)*** 2.02 (.86) 1.23 (.97)*** -.16 (.64)

Topics 1.59 (.92)*** .13 (.63) 3.77 (1.95)*** 2.20 (1.35) 1.43 (1.12)*** -.45 (.71)

Foods 1.43 (1.13)*** .23 (.77) 3.72 (1.85)*** 1.84 (.86) 1.03 (1.21)***   .13 (.74)

* p <.05, **p <.01, ***, p <.001

Competition. Repeated measures analyses with valence 
(ambivalent vs. univalent) and type (topics vs. foods) as within 
subjects factor and MD as dependent variable showed a main effect 
of type and valence. Results also showed an interaction between 
type and valence. As expected, MD was higher for ambivalent 
attitude objects, compared to univalent attitude objects, F(1, 44) = 
61.95, p < .001, η2

p = .59. This means that participants showed greater 
curvature toward the non-choice option for the ambivalent attitude 
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objects compared to the univalent attitude objects, indicating 
greater cognitive competition. The main effect of type revealed that 
cognitive competition was stronger for topics (M = .49, SD = .26) 
compared to foods (M = .21, SD = .20), F(1, 44) = 41.53, p < .001, 
η2

p = .49. The interaction effect showed that the main effect of 
valence was also somewhat stronger for topics, compared to foods, 
F(1, 44) = 31.08, p < .001, η2

p = .41 (See Table 2.4 for relevant means). 
Distributional analyses showed that there was slight bimodality, 
b = .61 in the ambivalence condition. Further inspection of the 
distributions of ambivalent topics and foods separately, did not 
reveal bimodality (b = .47 and b = .43, respectively). This means 
that differences in MD were not due to a bimodal distribution. 

Table 2.4
Mean Maximum Deviation (MD) for ambivalent vs. univalent 
attitude objects overall and for topics versus food separately (Study 
2.3). 

Ambivalent Univalent
Overall .49 (.24)*** .21 (.19)
Topics .72 (.38)*** .26 (.24)
Foods .26 (.54)* .17 (.24)

* p <.05, **p <.01, ***, p <.001

Conclusions. As predicted, there was more curvature toward 
the non-chosen option in the mouse trajectories for ambivalent 
attitude objects than for univalent attitude objects, reflecting 
greater cognitive competition between evaluations. Although 
stronger for words, the pattern was not qualitatively different for 
foods. Replicating Study 2.1 and Study 2.2 (directly and conceptually, 
respectively) and in line with our predictions, this reflects greater 
cognitive competition between evaluations for ambivalent compared 
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to univalent attitude objects.

Chapter Discussion

The current studies are the first that we know of that directly 
show that opposing evaluations indeed lead to greater cognitive 
competition between evaluations for ambivalent than for univalent 
attitude objects. Our work is in line with earlier theorizing on the 
dynamics of ambivalent attitude objects (Bargh et al., 1992; van 
Harreveld et al., 2004), and is the first to support this reasoning with 
direct empirical evidence.

Our results corroborate the earlier finding that ambivalent 
objects activate both positive and negative associations (de Liver et 
al., 2007) and extends this work by showing that these evaluations 
are continuously in conflict during response formation. By revealing 
these online dynamics we go beyond research depending on response 
times and provide a direct test of the notion that evaluations of which 
an ambivalent attitude consists are in competition during formation 
of the response.

Our findings add to an increasing body of literature showing 
that simple body movements, as measured by mouse trajectories, 
can reveal complex cognitive dynamics (for an overview see Freeman 
et al., 2011) and are in accordance with recent theorizing on the 
formation of explicit attitudes which holds that explicit attitudes are 
formed dynamically and online. When confronted with an attitude 
object, associated evaluations are activated. These evaluations 
compete with each other until the system settles into an equilibrium 
that forms the explicit attitude (e.g. Wojnowicz,et al., 2009).

Interestingly, our results show that the effects were the same 
for both established, as well as relatively unfamiliar attitude objects. 
This was true for the mouse trajectories and the ambivalence 
measures. This could suggest that ambivalence can arise when 
evaluations are formed on the spot. As such, it seems that not only 
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existing evaluations that are retrieved on encountering the attitude 
object, but also immediate evaluative responses can be a) in conflict 
and b) give rise to experiences of ambivalence. Future research may 
more directly assess these interesting implications. 

Another intriguing finding of these studies pertains to the 
difference in distribution of responses in Study 2.2 compared to 
Study 2.3. In Study 2.2, where we employed images of foods, our 
data showed a slightly bi-modal distribution. In Study 2.3, where 
we employed words of foods, there was no bimodality. A bimodal 
distribution, where some trials show no attraction and others extreme 
attraction, may suggest that the evaluation involves a dual-process 
(Freeman & Dale, 2012). Although beyond the scope of the studies 
presented here, future research should explore whether images of 
foods elicit reliably different patterns than words pertaining to foods. 
Such a finding may indicate different mental processing of the same 
attitude object, depending on mode of presentation and may have 
interesting applied implications such as the layout of restaurant 
menus and information on food containers.

To further unpack the process accompanying responses 
to ambivalent attitude objects, it may be interesting to look more 
specifically at different types of ambivalent attitudes. In this research 
we did not look at a specific type of ambivalence. Conceptually, 
however, three types of ambivalence can be distinguished. 
Intracomponent ambivalence refers ambivalence as the result of 
conflicting cognitions (cognitive/cognitive conflict) or affective 
responses (affective/affective conflict) (van Harreveld et al., 2009). 
Intercomponent ambivalence or affective-cognitive ambivalence 
refers to ambivalence as the result of conflict between cognitions and 
affective responses (Lavine, Thomsen, Zanna, & Borgida, 1998; Maio, 
et al., 2000). Investigation of the different patterns accompanying 
different types of ambivalence will further our understanding of 
what it means to be ambivalent.
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Conclusions
Research on ambivalence using response time measures has 

suggested that evaluating ambivalent attitude objects (compared to 
univalent attitude objects) leads to cognitive competition between 
evaluations. We tested this assumption directly, using an online 
measure of mental processing. Using different attitude objects, we 
found a stable pattern of results, showing that activated evaluations 
are in competition while the response is formed, revealing the online 
mental processing of ambivalent attitudes. 
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Notes

1. The 4 attitude objects reported here have been used in 
earlier research. Initially we had also included 4 attitude objects with 
which we had no previous experimental experience. These attitude 
objects were: me, future, sports, and blood donation. However, we 
decided not to include these attitude objects, as they were not rated 
as ambivalent. The same applied to 5 IAPS pictures (1303, 6910, 2458, 
9150, 9411). Consequently, only the most ambivalent attitude objects 
were used in our design. 

2. The ambivalent images (1310, 2704, 7640, 8160, 8192) 
had a mean valence score of 5.00 (SD = .34). The univalent images 
consisted of five relatively positive images (5700, 5833, 8470, 8525, 
8190), which had an average valence of 7.94 (SD = .25) and five 
relatively negative images (9635.1, 9040, 3350, 3180, 2800), which 
had an average valence of 1.83 (SD = .10). More importantly, the three 
types of images did not differ in arousal (Mambivalent = 5.76, SDambivalent = 
.53; Mpositive = 5.85, SDpositive = .34; Mnegative = 5.93, SDnegative = .35, p = .79), 
as such, any effects found on our dependent measure could not be a 
result of differences in arousal that our images evoke.

3. The effects and interactions of the presentation factor are 
described here in more detail. Below we describe the main effect of 
block as well as a two-way interaction between type and presentation, 
and a three-way interaction between valence, type, and block. 
Regarding the main effect of block, competition was stronger for the 
first block (M = .39, SD = .18) compared to the second block (M = .29 
SD = .17) , F(1, 47) = 19.36, p < .001, η2

p = .29. Reflecting the interaction 
between type and presentation, F(1, 47) = 8.18, p = .006, η2

p = .15, for 
topics, MD was higher in the first block (M = .49 SD = .30) compared 
to the second block (M = .34 SD = .25), F(1, 47) = 28.88, p < .001, η2

p = 
.38 but not for images. Reflecting the three-way-interaction between 
valence, type, and presentation, F(1, 47) = 8.86, p = .005, η2

p = .16, 
simple contrasts showed that for ambivalent images only, MD was 
higher in the first block (M = .44, SD = .27) compared to the second 
block (M = .32, SD = .27), t(47) = - 2.41, p = .02, r = .22. 


