
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Solving ambivalence in context: The experience and resolution of attitudinal
ambivalence

Nohlen, H.U.

Publication date
2015
Document Version
Final published version

Link to publication

Citation for published version (APA):
Nohlen, H. U. (2015). Solving ambivalence in context: The experience and resolution of
attitudinal ambivalence. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/solving-ambivalence-in-context-the-experience-and-resolution-of-attitudinal-ambivalence(e26dbf1e-8d71-4c26-b312-599fd84f53e2).html


 
 

 

Chapter 4 
 
 
 
Resolving ambivalence in context: 
Neural responses to ambivalent information are also 
shaped by evaluative context. 
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Evaluations of our environment provide us with essential information that 
guides our behavior. Positive evaluations of an object, person, or situation 
suggest that it may be advantageous to approach and explore, whereas 
negative evaluations suggest that one might want to avoid or attack the 
source of evaluation (Chen & Bargh, 1999; Darwin, 1872). Although 
evaluations can be quick and efficient, they require considerably more effort 
when associations with a stimulus are positive and negative, thus forming an 
ambivalent attitude (Cacioppo & Berntson, 1994; Kaplan, 1972; Newby-Clark, 
McGregor, & Zanna, 2002; Priester & Petty, 1996; Thompson, Zanna, & Griffin, 
1995; van Harreveld, van der Pligt, de Vries, Wenneker, & Verhue, 2004). An 
ambivalent attitude (structural ambivalence) is the prerequisite for experienced 
ambivalence, which develops when competing stimulus associations are 
simultaneously active and cannot easily be resolved (cf. Cunningham, Zelazo, 
Packer, & van Bavel, 2007; Priester & Petty, 1996; van Harreveld, Nohlen, & 
Schneider, 2015; van Harreveld, Rutjens, Rotteveel, Nordgren, & van der Pligt, 
2009; van Harreveld, van der Pligt, & de Liver, 2009). Whereas an ambivalent 
attitude thus refers to the existence of opposing associations, experienced 
ambivalence refers to the subjective experience of conflict due to attitudinal 
ambivalence. 

Processing ambivalent information is more complex than processing univalent 
information. This is especially the case when ambivalence has to be resolved 
in order to derive a single-factor solution, for example when having to make a 
dichotomous choice (i.e. positive or negative, approach or avoid; Cunningham 
et al., 2007; van Harreveld, Rutjens et al., 2009). Consistently, neuroimaging 
studies have shown that processing ambivalent information in order to make 
such a valence-based choice (good/bad; for/against) engages a broad 
network of regions including the anterior cingulate cortex (ACC), 
ventrolateral prefrontalcortex (vlPFC), posterior cingulate cortex (PCC), 
precuneus, temporal parietal junction (TPJ), as well as the insula (Chapter 2; 
Cunningham et al., 2003; Jung et al., 2008).  This is contrary to deriving 
valence-based judgments from univalent information, which does not result 
in any additional activation compared to processing ambivalent information 
in the same task (Chapter 2). In cases when ambivalent information has to be 
integrated to make a valence-based choice, evaluative context or task goals 
can often help reduce and even temporarily resolve conflict (Chapter 3; 
Cunningham et al., 2007). Consider your evaluation of Joe, who has positive 
(e.g., he is intelligent) and negative characteristics (e.g., he is dominant). As a 
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result, your attitude toward Joe consists of positive (intelligent) and negative 
(dominant) associations, i.e. it is ambivalent. Depending on the context in 
which the information is evaluated, the inconsistency between opposingly 
valenced evaluations (i.e. “Joe is positive and Joe is negative”) may be solved 
(“Can Joe write a good research article?”) by emphasizing some information 
(“Joe is intelligent”) or suppressing other information (“Joe is dominant”). In 
this case, even though the attitude is ambivalent and the overall evaluation of 
Joe is inconsistent, competition between evaluative tendencies is resolved 
quickly and making a choice can become relatively simple (Chapter 3). 
However, if the context does not allow shifting the relevance of one type of 
evaluative tendency (e.g., “Do you think Joe is a good collaborator?”), both 
competing tendencies create choice conflict and thus make it more difficult to 
come to a unitary judgment. In this case, positive and negative associations 
both remain important for the evaluation and individuals experience 
ambivalence and negative affect. Despite depending on the same associative 
structure of the attitude representation and thus having the same structural 
complexity, less conflict is experienced in the former compared to the latter 
evaluation of Joe. This is also reflected in greater zygomaticus activation when 
processing ambivalent information for which conflict is situationally 
resolvable than ambivalent stimuli for which this is not the case (Chapter 3). 
What remains unknown is how evaluative context influences processing of 
ambivalent information. Resulting from the findings reported in Chapter 3, 
we have posed the question whether evaluative context can prevent the 
development of evaluative conflict and situationally resolvable ambivalent 
information is essentially processed similarly to univalent information, or 
whether evaluative context can help resolve conflict after ambivalence has 
been detected. Neuroimaging may shed some light on this issue, and in the 
current study we aim to investigate how situational resolution of ambivalence 
is reflected in the activation of different brain regions. 

4According to the Iterative Reprocessing Model of Evaluation (IR Model; 
Cunningham & Zelazo, 2007), evaluative information is interpreted and re-
interpreted until a motivationally sufficient evaluation has been reached. 
Across these evaluative cycles, evaluations can become more complex and 
engage more higher-order regions. A satisfactory evaluative response is 
reached relatively quickly and easily if the attitude is unconflicted (univalent), 
because initial evaluations suggest a clear behavioral strategy which may 
subsequently be confirmed in higher-order processing. However, if the 
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attitude is ambivalent, initial evaluative tendencies are conflicted and leave 
decisional uncertainty. According to the IR Model, current situational 
affordances and goals (i.e. evaluative context) may allow shifting the 
relevance of different associations by emphasizing some parts of the 
evaluation and suppressing others (Cunningham & Zelazo, 2007; 
Cunningham et al., 2007; O’Reilly & Munakata, 2000). This may be done, for 
example, by focusing attention on positive aspects and ignoring negative 
ones. Evaluative context can thus help reduce inconsistency between 
evaluative tendencies by biasing subsequent evaluations and eventually 
behavioral output (Figure 4.1).  

 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1. 
Evaluative processing of ambivalent information in line with context. 

This model of evaluative processing has certain implications regarding the 
question posed at the beginning of this chapter. As current context and goals 
are thought to influence later evaluative cycles (Cunningham et al., 2007), 
processing of ambivalent stimuli should be distinguishable from processing of 
univalent stimuli even if evaluative context helps resolve ambivalence. The IR 
Model makes predictions about certain brain regions involved in this process, 
yet does not make predictions about others (e.g., insula, TPJ) that we have 
found more activated during processing of ambivalent than univalent 
information in a choice context. A key region suggested to be involved in the 
detection of evaluative uncertainty is the ACC, which communicates the need 
for additional reprocessing of the stimulus (cf. Botvinick, 2007). Signals of this 
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region may then be relayed to the lateral prefrontal cortex (lPFC), where 
evaluative uncertainty is attempted to be reduced by forming increasingly 
complex evaluations (Nakao et al., 2010; Kerns et al., 2004; Ridderinkhof, 
Ullsperger, Crone, & Nieuwenhuis, 2004). Whether ambivalence is 
experienced as a state of conflict (choice conflict in this case) depends on 
whether reprocessing of the stimulus can resolve evaluative competition by 
taking current context and goals into account (cf. Cunningham & Zelazo, 
2007).  

Based on our findings from Chapter 2, next to regions suggested by the IR 
Model, we may also find increased involvement of the PCC/precuneus, TPJ, 
and insula when individuals attempt to resolve ambivalence. Especially the 
PCC may play an important role based on studies suggesting an engagement 
of the PCC when expectations are violated (Du, Hitchman, Yhang & Qiu, 
2014) that ask for a change in behavioral strategies (Leech, Braga, & Sharp, 
2011). PCC and ACC may thus be similarly engaged as both signal the need to 
change processing strategies. The insula may be mostly engaged when 
evaluative context cannot help resolve ambivalence, mirroring the negative 
affective response to unresolvable evaluative conflict in a choice situation 
(Chapter 3). In Chapter 2, we have also found the TPJ to be more activated 
when processing ambivalent compared to univalent information. The TPJ has 
been linked to Theory-of-Mind tasks, in which individuals infer other people’s 
beliefs and intentions by taking another person’s perspective (Saxe, 2010). 
Others have found that the TPJ is also engaged by attentional tasks, for 
example, when distracting stimuli are presented that share a salient, 
perceptual feature (e.g., color) with a particular target stimulus (Serences et 
al., 2005). This has been interpreted as the TPJ playing a role in selectively 
shifting attention from task-irrelevant to relevant features. The role of the TPJ 
may thus be dependent on task features and we did not have any specific 
predictions about its differential engagement during processing of resolvable 
or unresolvable conflict. 

In this chapter, we tested the influence of evaluative context in processing 
ambivalent and univalent information on behavioral (response times) and 
neural level using a similar person perception paradigm as in Chapter 3. Our 
predictions were three-fold. First, the necessity to engage in more evaluative 
cycles for processing of ambivalent information and the idea that evaluative 
context reduces (instead of prevents) conflict by influencing later evaluations 
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suggests an increase in response times from choices about univalent, to 
situationally resolvable to situationally unresolvable ambivalent choices 
(univalence < situationally resolvable ambivalence < situationally 
unresolvable ambivalence). In line with our finding that the affective response 
to making a choice on ambivalent information is only more negative 
compared to univalent information if the inconsistency between evaluations 
remains unresolved (Chapter 3), we may obtain stronger insula activation 
only when evaluative context cannot help resolve inconsistency (univalence = 
situationally resolvable ambivalence < situationally unresolvable 
ambivalence) due to the insula’s assumed role in the experience of negative 
emotional states (Critchley, Elliott, Mathias, & Dolan, 2000). Finally, we may 
find evidence for increased engagement of ACC, lateral PFC, and PCC from 
choices about univalent to situationally resolvable and situationally 
unresolvable ambivalent stimuli (univalence < situationally resolvable 
ambivalence < situationally unresolvable ambivalence). ACC, usually 
associated with conflict detection and monitoring (e.g., Botvinick et al., 2004; 
Bush et al., 2000) is suggested to signal the presence of opposingly valenced 
(i.e. ambivalent) evaluations and initiate additional prefrontal processing. 
PCC and precuneus have been linked to signaling the need for a change in 
behavioral strategies and changing the focus of attention (Leech & Sharp, 
2014). In line with the IR model, which suggests that evaluative context is 
used in later evaluative cycles (Cunningham et al., 2007), greater ACC and 
PCC/ precuneus activation for ambivalent information may initially be 
independent of the possibility to resolve inconsistency and thus also be 
present for ambivalent stimuli if inconsistency is situationally resolvable. 
Medial and lateral prefrontal regions are suggested to reprocess evaluative 
information and use evaluative context in order to resolve conflict. Re-
evaluation of the stimulus within its context can either prevent or elicit a state 
of experienced ambivalence. If re-evaluation does not alleviate conflict, 
individuals experience ambivalence and conflict reflected in even greater ACC 
and PCC activity, initiating further re-evaluations of the stimulus.  

Materials and Methods 

Participants 

Participants were 20 current and former students of the University of 
Amsterdam and the Amsterdam College of higher education in the 
Netherlands (11 male, 9 female) in the age range of 18 to 29 years (M = 22.7, 
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SD  = 2.60). Participants provided informed consent, had normal or corrected-
to-normal vision and none of them had a history of neurological problems. 19 
of 20 participants were right-handed. All procedures were approved by the 
ethical committee of the University of Amsterdam. 

Design and Procedure 

Two to five days before the scanning session, participants received 
descriptions of four male individuals (Tom, Fred, Bob, and Jan12). The 
descriptions consisted of a list of four traits and a short text to make the traits 
more memorable for the individual. Based on the traits, one individual was 
described as positive (friendly, charming, enthusiastic, intelligent13), one as 
negative (dominant, jealous, lazy, dumb), and two had mixed characters 
(dominant, jealous, enthusiastic, intelligent; friendly, charming, lazy, dumb). 
The combinations of names and characteristics were counterbalanced across 
participants and we used a pilot test (N = 34) to ensure that the trait 
combinations were interpreted as positive, negative, or ambivalent. 
Participants were asked to memorize the combinations before the scanning 
session and were tested on how well they remembered the combinations 
before entering the scanner. If participants were not able to freely recall the 
characteristic of the four individuals at the beginning of the experiment, they 
were again given time to learn them. All participants were able to quickly 
recall the combinations at the beginning of the scan session.  

fMRI choice task. 

Participants made dichotomous (yes/no) choices about the four target persons 
in 21 different evaluative contexts (see Chapter 3 for a similar design). All 
evaluative contexts were presented randomly in combination with all four 
target persons (84 trials in total). Based on the pretest we expected these 
contexts to vary in the degree to which they resolved the inconsistency 
between evaluative tendencies for ambivalent targets by altering the 
importance of characteristics for the choice participants had to make. An 
example of an item that helps resolve inconsistency between evaluative 
tendencies and thus elicits relatively low levels of experienced ambivalence 
would be: X is intelligent and dominant. “Do you think X can write a good 

                                                            
12 Jan is a male name in Dutch. 
13 Stimuli are translated from Dutch. 
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research article?”. For the same characteristics, the question “Do you think X 
would be a good collaborator?” would elicit greater levels of experienced 
ambivalence. To account for differences in the positive and negative weight 
that individuals give to particular traits in each evaluative context, 
participants’ subjectively experienced ambivalence to the combination of 
question and target traits was assessed in a post-test. This measure was used 
to categorize ambivalent trials into trials that represented situationally 
resolvable and situationally unresolvable ambivalent trials for each 
participant individually (see below for a more detailed description). 

In the scanner, participants indicated their choice (“yes”, “no”) on each 
question by pressing one of two buttons with their right index and middle 
finger. Choice labels were counterbalanced, so that half of the participants 
responded ‘yes’ with their index finger and half of the participants responded 
‘no’ with their index finger. The order of questions (i.e. evaluative contexts) 
and target persons was randomized and participants were given a 5 s break 
after every 21 trials. Trials started with a fixation cross (500ms), and questions 
were presented until participants made a response. After the response we 
presented a white dot on a black screen with varying presentation times (min. 
= 4000ms, max. = 6600ms) before starting the next trial (Figure 4.2).   

Ambivalence measures. 

Pretest: ambivalence toward the target persons. Attitudinal ambivalence toward 
the four target persons was assessed before the scanning session in two ways. 
Participants evaluated all four individuals on Priester and Petty’s subjective 
ambivalence scale (1996). The scale consists of three items and aims to 
measure the affective, cognitive, and behavioral components of ambivalent 
attitudes. The three items were anchored with “Toward this person I...” have 
completely one-sided feelings, feel no conflict, and feel no indecision (0) and have 
mixed feelings, feel maximum conflict, and maximum indecision (100). Participants 
responded on a slider without numeric labels (α = .71). Ambivalence was 
determined by taking the mean of these three questions. Additionally, 
participants rated how positively (negatively) they evaluated each targets’ 
most positive (negative) traits on a scale ranging from not at all (0) to very 
(100). These positive and negative ratings were combined using Thompson et 
al.’s (1995) formula: Ambivalence = (Pos +Neg)/2 - │Pos-Neg│. 
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Figure 4.2.  
(A) Timing sequence of an experimental trial, (B) Example trial for each 
stimulus type. 
 
Posttest: experienced ambivalence toward each target person in each evaluative 
context. After scanning, participants rated each question (i.e. combination of 
target person and evaluative context) presented in the scanner on the 
subjective ambivalence scale (Priester & Petty, 1996) by stating to what degree 
they had mixed feelings, felt conflict, and felt indecisive about each question that 
was presented (e.g., “I have mixed feelings/feel conflict/feel indecision about 
X being able to write a good research paper”). Equivalent to the pretest, 
responses were given on a slider (0-100) without numeric labels (α =.93). 
Based on the mean of these three questions, we could differentiate trials in 
which the conflict between ambivalent evaluations could be resolved from 
trials in which conflict between competing evaluative tendencies could not be 
resolved and participants were presented with a choice conflict. As 
participants were presented with 21 trials about each target, for each 
participant and target person described by ambivalent traits, the 11 highest 
scoring ambivalent trials on the posttest subjective ambivalence measure were 
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categorized as situationally unresolvable ambivalence trials and the 10 lowest 
as situationally resolvable ambivalence trials. This was done for both 
ambivalent target individuals, so that we had 22 situationally unresolvable 
ambivalent trials and 20 situationally resolvable ambivalent trials per 
participant. To account for individual variation, categorization of trials was 
done on participant level instead of across participants (see above). For 
exploratory reasons, participants also responded to the same questions that 
were presented in the scanner in a continuous manner ranging from definitely 
not (0) to definitely yes (100). This second measure was not analyzed for this 
study.  

Ambivalence measured toward the target person in general (pretest) served as 
the measure of attitudinal ambivalence (i.e. conflict) toward the person, and 
ambivalence toward the target person in a particular evaluative context 
(posttest) indicated the degree to which conflict for ambivalent target persons 
could be resolved in each evaluative context, where higher scores indicated 
more experienced conflict (situationally unresolvable ambivalence) and lower 
scores indicated less experienced conflict (situationally resolvable 
ambivalence). The same scale was used for both measurements to ensure that 
any obtained effects would not be due to different measurements of 
ambivalence. In the following, we will thus use the term attitudinal ambivalence 
to refer to the ambivalence toward the person as measured in the pretest, and 
experienced ambivalence to refer to the ambivalence toward the target person in 
the evaluative context (posttest).  

There were thus three critical stimulus types: univalent (42 trials), 
attitudinally ambivalent stimuli for which evaluative context could help 
resolve ambivalence (low experienced ambivalence; 20 trials), and 
attitudinally ambivalent stimuli for which context could not help resolve 
ambivalence (high experienced ambivalence; 22 trials). 

MRI Data Acquisition 

Imaging was conducted with a 3.0 Tesla Philips Achieva scanner at the 
Spinoza Centre for Neuroimaging in Amsterdam. Head motion was limited to 
a minimum by placing foam inserts around the head inside the head coil. 
Stimuli were presented using E-Prime and projected onto a screen in the 
magnet bore which participants could see through a mirror attached to the 
head coil. The task consisted of one event-related run, lasting approximately 
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12 minutes. Functional data were obtained using T2*-weighted echo-planar 
imaging (EPI). The first 2 dummy scans were removed to allow for 
equilibration of T1 saturation effects (Time repetition (TR) = 2 sec, Time Echo 
(TE) = 28ms, voxel size 3 x 3 x 3 mm). A high-resolution T1-weighted sagittal 
scan was collected as anatomical reference (TR = 9.56; TE = 4.6, voxel size 1.2 x 
1.2 x 1.2).  

fMRI Processing 

Data were preprocessed and analyzed with FSL (FMRIB’s Software Library, 
www.fmrib.ox.ac.uk/fsl). Using FSL default settings, data were corrected for 
motion, and spatially smoothed using a Gaussian kernel of FWHM 5 mm. We 
applied a highpass temporal filter (Gaussian-weighted least-squares straight 
line fitting, with sigma = 50s). Images were registered to high resolution 
structural and standard space images using FLIRT. The data were modeled by 
a series of events convolved with a hemodynamic response function (HRF). 
Trials were modeled based on the onset of stimulus presentation. The trial 
functions were used as covariates in a general linear model, along with a basic 
set of cosine functions to high-pass filter the data. We used a corrected cluster 
significance threshold of p = 0.05 and determined clusters by Z > 2.3 to 
threshold the Z statistic images (Worsley, 2001). 

We modeled the BOLD response by the four target persons (positive, 
negative, and two ambivalent targets). For each ambivalent target person, 
trials were categorized as eliciting low (situationally resolvable ambivalence) 
or high levels of experienced ambivalence (situationally unresolvable 
ambivalence) based on the individual median split of participants’ 
ambivalence score about each presented trial (posttest, see above for a more 
detailed description). This was done in order to separate activation on the 
basis of context-dependent resolution of ambivalence. Filler trials (5 sec breaks 
after every 21 trials) were entered as nuisance regressors. 

Results 

Behavioral Results 

Pretest. 

Two separate ratings for attitudinal ambivalence toward the four target 
persons, independent of evaluative context, were assessed in the pretest. First, 
we computed ambivalence to each of the targets by taking the mean of 
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participants’ self-reported conflicting thoughts, indecisiveness, and mixed feelings 
about the target persons (cf. Priester & Petty, 1996). A dependent t-test 
comparing the ambivalence scores for the univalent with the ambivalent 
targets confirmed that participants experienced less ambivalence about the 
former (M = 11.03, SE = 2.24) compared to the latter targets (M = 40.67, SE = 
3.13), t(19) = -8.610, p < .001, r =.89. We also calculated an ambivalence score 
on the basis of the positivity and negativity ratings for each of the four target 
individuals using Thompson et al.’s (1995) formula 14. As expected, 
ambivalence was significantly higher for the two individuals described by 
mixed characteristics (M = 48.05, SE = 4.61) than the two individuals with only 
positive or negative characteristics (M = -30.21, SE = 5.14; t(19) = -9.405, p < 
.001, r = .91. Both results confirmed that our manipulation of attitudinal 
ambivalence was successful.  

Posttest. 

We tested whether categorizing of ambivalent trials into situationally 
resolvable and situationally unresolvable ambivalent trials according to 
experienced ambivalence scores resulted in the desired difference between the 
three trial types (univalent, situationally resolvable ambivalence, situationally 
unresolvable ambivalence). A repeated measures Anova revealed the 
expected main effect of trial type on subjectively experienced ambivalence, 
F(2, 23.67) = 62.74, p < .001, ɳ2 =.77 (Greenhouse-Geisser corrected). Whereas 
experienced ambivalence for univalent (M = 7.96, SE = 2.5) and situationally 
resolvable ambivalent trials (M = 11.66, SE = 2.79) did not differ (p  = .10), 
experienced ambivalence for situationally unresolvable ambivalent trials (M = 
41.80, SE = 4.14) was significantly higher than univalent and situationally 
resolvable ambivalent trials (both p < .001; see Figure 4.3). This confirmed that 
categorization of ambivalent trials according to experienced ambivalence was 
successful in creating three different groups of trials. 

Behavioral results during scanning. 

A paired t-test comparing response times for ambivalent and univalent trials 
showed that RTs were slower for choices about ambivalent (M = 4.03s, SE = 
0.29s) than choices about univalent target persons (M = 2.73s, SE = 0.13s), t(19) 
= 7.273, p < .001, r = .86. Additionally, we conducted a repeated measures 

                                                            
14 Ambivalence = (Pos +Neg)/2 - │Pos-Neg│ 
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Anova comparing response times based on trial type (univalent, situationally 
resolvable ambivalent, situationally unresolvable ambivalent), F(2,27.51) = 
43.69, p < .001, ɳ2 =.70 (Greenhouse-Geisser corrected). As expected, response 
times increased from univalent trials (M = 2.73s, SE = 0.13s) to situationally 
resolvable ambivalent trials (M = 3.85, SE = 0.28s; p < .001) to situationally 
unresolvable ambivalent trials (M = 4.19s, SE = 0.30s; p = .005). 

Assessing the distribution of response categories to the different targets 
showed that, as expected, participants’ responses to questions about 
ambivalent targets were mixed, with responses being negative (‘no’) in 53.7% 
of the trials and positive (‘yes’) in 46.3%. Questions about exclusively positive 
targets yielded mostly positive responses (85.7%) and questions about 
negative target individuals were mostly evaluated negatively (87.4%). 

 

 
 
 
 
 
 
 
 
 
Figure 4.3  
Experienced ambivalence toward univalent and ambivalent target persons in 
evaluative contexts (posttest). Ambivalent trials are separated by situational 
resolvability.  

Neuroimaging Results 

GLM using ambivalence as categorical predictor: situationally resolvable 
and unresolvable ambivalence. 

Three whole-brain contrasts were calculated. To identify differences in brain 
activation pattern between processing of situationally resolvable inconsistent 
information and processing of univalent information, we first contrasted 
ambivalent trials eliciting low levels of experienced ambivalence with 
univalent trials (situationally resolvable ambivalence > univalence). This 
revealed four clusters more activated for situationally resolvable ambivalence: 



Ambivalence resolution in context: fMRI |85 

ACC/ paracingulate extending to the superior frontal gyrus (MNI: -4, 20, 44), 
ventromedial frontal cortex (MNI: 10, 40, -12), left lateral frontal pole (MNI: -
30, 66, 2) and the cerebellum (MNI: 52, -72, -34; Table 4.1).  

Table 4.1 Peak regions of activation for the evaluation of ambivalent targets 
that elicit low levels of experienced ambivalence (situationally resolvable 
ambivalence) > univalent targets. 

Region Side Voxels P Z 
MNI coordinates 

x y z 

Cerebellum R 2880 3.92e-10 4.47 52 -72 -34 
    4.13 38 -68 -42 
    3.68 42 -80 -30 
    3.65 36 -78 -44 
    3.63 36 -82 -28 
 L   3.6 -42 -76 -42 
ACC/ paracingulate L 964 0.000306 3.92 -4 20 44 
    3.76 -6 14 50 
    3.73 -4 24 40 
    3.71 -8 30 40 
 R   3.48 10 28 40 
    3.39 -24 18 42 
Ventromedial frontal cortex R 849 0.000853 3.54 10 40 -12 
Frontal pole L   3.52 -22 64 -18 
    3.4 -20 56 -20 
    3.4 -22 60 -20 
 R   3.27 10 62 -14 
 L   3.18 -14 62 -20 
Frontal pole  L 462 0.0401 3.23 -30 66 2 
(lateral frontal cortex)    3.17 -46 46 -4 
    3.03 -36 54 8 
    3 -40 56 2 
    2.94 -40 50 6 
    2.77 -38 62 12 

        

Clusters were determined by Z>2.3 and a corrected cluster significance threshold of p 
=.05 was used. Coordinates of the maximally activated voxel and the maximum Z-
value are given for each cluster. 
 
Second, we contrasted trials eliciting high levels of experienced ambivalence 
with univalent trials (situationally unresolvable ambivalence > univalence). 
Greater BOLD response was observed in the ACC/ paracingulate extending 
to the superior frontal gyrus and frontal pole (MNI: 0, 24, 40), a relatively 
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large posterior region encompassing the PCC, precuneus and parts of the 
thalamus and caudate (MNI: 0, -12, 10), an additional region in the superior 
lateral occipital cortex connecting to the TPJ (MNI: -48, -68, 40) and the 
orbitofrontal cortex connecting to the insula (MNI: 46, 24, -14; Table 4.2). 

 
Table 4.2 Peak regions of activation for the evaluation of ambivalent targets 
eliciting high levels of experienced ambivalence (situationally unresolvable 
ambivalence) > univalent targets. 

Region Side Voxels P Z 
MNI coordinates 

x y z 

ACC/paracingulate  12087 6.42e-30 4.84 0 24 40 
    4.83 -4 32 32 
    4.67 -22 40 40 
Frontal pole    4.42 4 62 16 
    4.38 -8 30 42 
    4.35 -6 22 44 
Cerebellum R 4811 1.33e-15 4.89 38 -68 -42 
    4.78 50 -70 -36 
    4.61 48 -72 -40 
    4.53 46 -68 -44 
 L   4.51 -38 -68 -44 
    4.51 -46 -76 -42 
Thalamus  2994 5.01e-11 4.29 0 -12 10 
    4.17 -10 8 10 
PCC    4.1 -2 -50 22 
Precuneus    3.98 -6 -56 12 
    3.71 0 -34 6 
    3.64 -10 -54 26 
TPJ/ Superior lateral occipital  L 1078 5.99e-05 4.04 -48 -68 40 
cortex    3.72 -46 -64 30 
    3.72 -52 -66 32 
    3.51 -38 -58 40 
    3.23 -44 -62 52 
    3.06 -38 -72 36 
Orbital frontal cortex R 637 0.00416 4.26 46 24 -14 
    3.84 40 28 -12 
    3.72 42 24 -22 
    3.21 38 34 -24 
    3.15 32 24 -10 
Insula    3.06 36 20 -4 
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Clusters were determined by Z>2.3 and a corrected cluster significance threshold of p 
=.05 was used. Coordinates of the maximally activated voxel and the maximum Z-
value are given for each cluster. 
 
To further examine the effects of situational resolution of conflict, the third 
contrast focused on ambivalent targets, comparing activation for ambivalent 
trials in which inconsistency between evaluative tendencies could not be 
situationally resolved with trials in which evaluative context allowed 
situational resolution of inconsistency (situationally unresolvable ambivalence 
> situationally resolvable ambivalence). Trials in which context did not 
provide the possibility to resolve inconsistency was associated with greater 
activity in the ACC spreading to the paracingulate and superior frontal gyrus 
(MNI: -8, 32,30) compared to situationally resolvable ambivalent trials (Table 
4.3; Figure 4.4). No regions were found more activated for situationally 
resolvable ambivalent trials (low experienced ambivalence) compared to 
situationally unresolvable ambivalent trials (high experienced ambivalence). 

Table 4.3 Peak regions of activation for situationally unresolvable ambivalence 
> situationally resolvable ambivalence.  
Region Side Voxels P Z MNI 

coordinates 
x y z 

ACC/ paracingulate L 542 0.00829 3.17 -8 32 30 
    3.1 -10 22 58 

 R   3.03 2 30 38 
    3 2 26 38 
    2.97 6 28 28 
 L   2.95 -4 20 36 

Clusters were determined by Z>2.3 and a corrected cluster significance threshold of p 
=.05 was used. Coordinates of the maximally activated voxel and the maximum Z-
value are given for each cluster. 
 

Subthreshold Activations. 

As noted by Lieberman and Cunningham (2009), standard fMRI analyses are 
heavily biased toward reducing Type I errors at the expense of increasing 
Type II errors. They propose that in addition to reporting corrected results, it 
is important to report results at lower thresholds (e.g., uncorrected p < .005) to 
provide a more complete picture of the results. When doing this, several key, 



88| Chapter 4 

and predicted regions emerge. Specifically, greater PCC/precuneus activation 
is observed for situationally resolvable ambivalence > univalence (MNI: 2, -50, 
22, Z = 2.59). A similar regions was also more activated in the situationally 
unresolvable ambivalence > situationally resolvable ambivalence contrast 
(MNI: -4, -52, 22, Z = 1.87). Additionally, we found greater activation in the 
left lateral frontal pole (MNI: -46, 44, -14, Z = 2.33) for trials categorized as 
situationally unresolvable compared to situationally resolvable ambivalent 
trials. This suggests that as for ACC activation, PCC/precuneus and lPFC also 
become increasingly engaged from univalent to situationally resolvable to 
situationally unresolvable ambivalent trials. However, it is important to note 
that because these regions did not survive the more strict procedures, these 
results will need to be replicated in future research.  

 
Figure 4.4  
Group-averaged brain activation during evaluation of ambivalent or 
univalent stimuli.  
Blue: Situationally unresolvable ambivalent stimuli > Univalent stimuli; 
Red: Situationally resolvable ambivalent stimuli > Univalent stimuli.  
Yellow: Situationally unresolvable ambivalent stimuli > Situationally 
resolvable ambivalent stimuli. 
The left side of the brain is displayed on the right and right side of the brain is 
displayed on the left side. 

Discussion 

The present study demonstrates that brain regions are indeed differentially 
activated according to the level of situational resolution of ambivalence 
indicated by self-reported experienced ambivalence. Results on behavioral 
(RTs), self-report, and neural level support the idea that current evaluative 
context and task goals can allow for unambiguous evaluative responses 
despite ambivalent information about the target stimulus. First, response 
times increased for choices on univalent trials to situationally resolvable to 
situationally unresolvable ambivalent trials, suggesting increasing processing 
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efforts from univalent to more complex, ambivalent information (univalence < 
situationally resolvable ambivalence < situationally unresolvable 
ambivalence). Second, and in line with results of Chapter 3, insula activation 
was only stronger for ambivalent compared to univalent trials when 
evaluative context did not help resolve the inconsistency between evaluations 
(univalence = situationally resolvable ambivalence < situationally 
unresolvable ambivalence). Third, we observed increased engagement of a 
network consisting of ACC, PFC, PCC/precuneus, involved in shaping 
evaluative responses, from univalent to situationally resolvable to 
situationally unresolvable ambivalence (univalence < situationally resolvable 
ambivalence < situationally unresolvable ambivalence). Our data thus support 
the idea that processing univalent information can be distinguished from 
processing of ambivalent information even if conflict can be resolved in the 
current situation. Results suggest that evaluative information is dynamically 
processed, with processing becoming increasingly complex if current 
evaluations have not reached a motivationally sufficient response. 
Implications will be discussed along these findings. 

 
Figure 4.5 
Whole-brain contrast ambivalence > univalence, left: chapter 2; right: chapter 4  
 
We replicated the involvement of a network including ACC, PFC, 
PCC/precuneus as well as insula in ambivalent decision-making (Chapter 2; 
Cunningham et al., 2004; Figure 4.5). The greater engagement of this network 
for processing of more complex, ambivalent information is mirrored by longer 
response times for decisions on ambivalent compared to univalent trials. 
Producing an unambiguous response seems to require increasingly more 
effort, and possibly more iterations the more evaluatively complex 
information becomes (Cunningham & Zelazo, 2007).  

Important to note is that even evaluating ambivalent information under 
conditions when evaluative context allowed the resolution of inconsistency 
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between evaluative tendencies engaged a similar, though less strong, pattern 
of activation that was distinct from activation as a response to evaluating 
univalent targets. Evaluating ambivalent information in a context that helps 
resolve conflict, and thereby either prevents or diminishes a subjective 
experience of ambivalence, generated greater prefrontal activation including 
ACC, ventromedial and left rostrolateral PFC. While earlier research has 
distinguished univalence from situationally unresolvable ambivalence that is 
associated with high levels of experienced conflict (e.g., Chapter 2), here we 
observe that processing of ambivalent information when conflict is resolvable 
can also be differentiated from the processing of univalent information. The 
finding that evaluating ambivalent information seems to demand more 
cognitive effort than evaluating univalent information even if context 
eventually helps to resolve ambivalence, suggests that making a choice based 
on ambivalent information is more complex regardless of contextual 
information. It may be that, at least in this experimental design, ambivalence 
about a stimulus is first detected before context influences further processing 
of evaluative information (Cunningham et al., 2007). That is, if evaluative 
context would be taken into account before detecting ambivalent information, 
processing of situationally resolvable ambivalent information should be 
similar to processing of univalent information since only one aspect of the 
attitude representation would be relevant for the evaluation. However, our 
data indicate more effortful processing of situationally resolvable ambivalent 
than univalent information. This interpretation is supported by longer 
response time for choices about situationally resolvable ambivalent targets 
compared to those about univalent targets.  

In general, we found a greater increase in ACC, PFC, and PCC/precuneus 
from univalent to situationally resolvable to situationally unresolvable 
ambivalent stimuli. Whereas these results were robust for the situationally 
resolvable ambivalent > univalent contrast, only activation in the ACC 
survived corrections in the situationally unresolvable ambivalent > 
situationally resolvable ambivalent contrast. The increasing engagement of 
lateral PFC and PCC in evaluative processing with increasing conflict 
experience should thus be replicated. Activation in the ACC as a response to 
situationally resolvable ambivalent stimuli, in addition to even greater ACC 
activation for situationally unresolvable ambivalent stimuli, supports the idea 
of an evaluative system that initially detects evaluative conflict due to 
competing evaluative tendencies and subsequently engages lateral prefrontal 
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areas in order to initiate reprocessing of competing information. Lateral PFC 
may be more engaged for ambivalent trials to reprocess conflicting evaluative 
information in an attempt to foreground (emphasize) and background 
(suppress) certain aspects in order to generate an unambiguous response in 
line with evaluative context. In this task, it appears that this process may be 
engaged whenever ambivalence is present. If processing of information in line 
with evaluative context cannot alleviate conflict, ACC and PCC continue to 
respond, possibly to indicate remaining conflict and a need for behavior 
change (see Figure 4.6). Activation in the ACC and PCC may thus reflect the 
detection and continuous monitoring of conflicting responses, signaling a 
need for behavior change (Botvinick et al., 2004; Carter et al., 1998; Leech & 
Sharp, 2014).  

 
Figure 4.6 
Increasing activation in the dorsal ACC (ambivalent > univalent) based on 
stimulus type during the dichotomous choice task.  

Additionally, there was some indication of greater insula activation for 
situationally unresolvable stimuli compared to univalent stimuli. Insula 
activation is generally observed when experiencing negative emotional states 
and has been linked to physiological arousal (Critchley et al., 2000; Critchley, 
Wiens, Rotshtein, Öhlman, & Dolan, 2004). Greater insula activation may 
signal more negative affect as a response to unresolvable evaluative conflict, 
mirroring the results of Chapter 3. There we found that processing ambivalent 
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information only resulted in decreased zygomaticus activation when 
evaluative context did not help resolve ambivalence in the choice situation.  

In sum, our results suggest that evaluative context shapes neural responses to 
ambivalent information. It was shown that evaluating attitudinally 
ambivalent information engages a network of regions activated in many social 
cognition tasks (Mars et al., 2012). Ambivalent information for which conflict 
could be situationally resolved engaged the anterior cingulate, ventromedial 
frontal cortex as well as left rostrolateral PFC to a greater extent than 
processing information that was only positive or negative. Based on the IR 
Model (Cunningham & Zelazo, 2007) and our data we suggest that evaluative 
information is processed in a dynamic fashion in order to reach an 
appropriate evaluative response, with ACC, PCC and prefrontal regions 
playing a central role in the detection of evaluative conflict and its resolution 
(Figure 4.1). If foregrounding and backgrounding, mediated by medial and 
lateral PFC, successfully solves competing evaluative tendencies, an 
unambiguous evaluation is formed. If this is not the case, ACC continues to be 
engaged and signals the necessity for executive control. Insula may then be 
more engaged reflecting a more negative emotional state due to evaluative 
conflict. Based on the low temporal resolution of MRI data, however, we can 
only speculate about the temporal order in which regions are engaged. 
Methods that allow for temporal tracing of evaluative processes are needed in 
future studies to shed more light on the temporal development of evaluative 
responses and the interplay between medial and lateral prefrontal structures 
in resolving ambivalence.




