Reviewers' Comments:

Reviewer #1:

Remarks to the Author:

In this paper, the authors conduct 3 experiments to show evidence of increased internal control
beliefs lead to increased affective valuation and associated changes in neural processing. They use
a task where the level of internal control is modulated while measuring subjects’ affect via
subjective ratings of happiness and pride. One of the interesting findings is the differentiation
between these two conditions, termed general positive affect and more self-conscious positive
affect, with the latter being more specific to contexts in which control is experienced. The authors
also observed modulation of neural circuits involved in self-processing and valuation, with the
vmPFC in particular tracking success and personal control. Finally, they showed that people were
willing to discount money to attain control. Taken together, it is a nice collection of cleverly
designed studies packaged in a well-written and interesting paper. While I liked the paper overall,
there are some questions and suggestions below that merit discussion.

1- The tasks involve the manipulation of perception of control and argues that it is not enough to
merely have choice to have self-evaluative affect. I am in agreement with the statement that
having choice is not enough. However, this is not inconsistent with prior work cited by the author.
Such work tends to compare free-choice vs forced (or random) choice options, and has observed
that having the perception of choice is linked to positive affect and neural signals associated with
reward and motivation. The current paper goes a step further with a more elaborate comparison
while removing the forced/random choice (in Exps 2 and 3, LC in Exp 1). In this way, itis a
parametric modulation of context where the more control one perceives the more these affective
signals are represented. If the authors’ paradigm involved only the MC and LC condition, for
instance, it is likely that the differences between MC and LC would be magnified. Thus, while I am
in agreement with the authors’ premise, I do not fully agree that it is inconsistent with prior work,
merely that it is a nice extension showing further contextual differences (with nice added features
with regards to relation to self-conscious positive affect.

2- In relation to the last point, it would be helpful to clarify the nature of the MC task. Were
subjects requested only to pick between two colors for a 50/50 guess? That is, was it a slight step
above the LC condition which involved pressing one button for a 50/50 guess?

3- The task includes the instruction screen highlighting which condition it is. It would be useful for
the authors to analyze brain responses to that screen that signify what type of trial it will be.

4- Task timing appears to be missing on all experiments, but particularly the fMRI task.

5- With respect to the fMRI analyses, there are a few questions.

a. First, the 3-way conjunction analysis is unclear and not justified. The contrast of HC Win > MC
no Win is not appropriate and it would seem that a better analysis would be an interaction
between (HC and MC) (win, no win).

b. Second, the PPI results are interesting. The main result involves increased connectivity in VS
and VMPFC as a function of receipt of task outcomes in the HC. Was this all outcomes? Or a
contrast of win vs no win? Basically, is it driven by win or no win?

c. Third, also on the PPI, it would be useful to perform the same PPI with MC trials to see if the VS-
MPFC connectivity is also there.

6- For the fMRI design, were ratings evenly distributed across wins and no wins (and conditions?)
That is, would HC pride trials randomly follow more wins than no win trials for example? Or was
the order of subjective ratings also sampled in a way that ensured even distribution across
outcomes and conditions?

7- Are happiness and pride correlated in the experiments?



8- For Exp.3 (and to a degree the vmPFC result in 2), it would be useful to discuss Wang et al.,
2019, Cerebral Cortex, which also showed that individuals were willing to give up value in order to
attain control.

Reviewer #2:

Remarks to the Author:

This manuscript reports 3 experiments that evaluate the relationship between affective reactions
to outcomes associated with varying levels of control. A novel choice task was used to manipulate
control (1. no choice/control (LC), 2. binary choice/gambles (MC), and 3. perceptual discrimination
task that is ostensibly ability-based (HC)) and pride and happiness ratings are evaluated after
outcomes (Win vs. No-Win). Manipulation checks show that subjective ratings of control increase
with the levels of the task manipulation. In Study 1, happiness and pride increased following wins
than no wins, but more so as controllability increased, and more so for pride than happiness. In
Study 2, value-based regions of the brain (vMPFC, striatum) responded more strongly to wins than
no-wins, self-processing regions (VMPFC, ACC, precuneus) responded more strongly to HC>MC
conditions, and vMPFC related to both value and self-processing responded more strongly to wins
in high control conditions and to pride more so than happiness. Moreover, the vMPFC region
showed higher covariation with striatum in the HC condition. Finally, in Study 3, individuals were
willing to forgo monetary reward to select HC choices over MC choices, and their propensity to
choose HC over MC (when their value was equivalent) correlated to pride responses. The task is
clever and well-designed to manipulate perceived control, and the topic is timely and interesting.
It is also commendable that the authors pursued their questions across a few experiments with
independent samples. However, I have a number of concerns that limit the interpretation and
impact of the results, which I outline below:

Given that pride and happiness and importantly their difference is so critical to the current
interpretation, it would be important to evaluate the extent to which pride and happiness
judgments are correlated. Based on the nature of the task — making perceptual discrimination
judgments about luminance and receiving manipulated feedback - it could be that people are
experiencing pride and happiness, or some mildly positive response that straddles the two. If
people are asked to assigh a number to pride and to happiness, they’ll do so, but it is unclear if
the experience itself represents pride and happiness and whether these are separable.

For instance, the difference in pride between Win and No Win is more influenced by the control
manipulation (HC > MC) than happiness, which could lead to the interpretation that “the resulting
pride response was significantly larger than the happiness response”. But it is the difference of
differences that differs by the control manipulation, and not the overall degree of pride or
happiness being experienced. The levels of happiness seem larger overall than levels of pride, and
the difference between Win and NoWin in HC condition in happiness seems equivalent (Study 2) if
not larger (Study 1) than that for pride.

For the HC condition, if feedback was pre-determined, then the actual outcomes are still chance
based. If pride depends upon feelings of mastering a task, then are people really feeling pride if
the outcomes do not depend on mastery or ability? Did participants suspect that feedback was not
tied to performance, as their performance on HC trials could not improve over time? This sense of
improvement seems important for mastery and hence pride.

In the fMRI analyses, self-value mask removes value regions from the self ROIs. However, part of
the argument being made is that the high control condition is subjectively valuable compared to
the other conditions, and indeed the findings from study 3 show this. What is the rationale behind
conducting the HC>MC analysis only in self regions rather than valuation (or a combination of
both) given the subjective value involved in greater degree of control?



The logic behind the conjunction of value of winning under high control is confusing. Why not
simply run a conjunction of HC W > HC NoW and HC W > MC W, or an interaction between HC >
MC and W > NoW? The prediction is that Winning under HC will generate larger responses in
valuation and/or self-processing regions, which is a spreading interaction. The HC W > MC NoW
contrast in the conjunction, to me, does not seem to add meaningful information in the
conjunction, other than possibly help increase the effect in vMPFC.

In order to test whether vMPFC activity tracks pride more strongly than happiness ratings, why not
conduct a contrast of pride > happiness, which is consistent with the rest of the analyses
presented in the manuscript? The analysis in its current form compares beta weights for pride vs.
happiness in the Self and Value ROIs. Alternatively, the effects of Winning and Control could also
be tested using this approach, by extract beta weights from the ROIs and test the effects of
Winning (W/NoW) and Control (HC/MC) rather than running contrasts. The differences in analytic
approach raises questions about the robustness of the effect.

For PPI analyses, it wasn't clear whether they tested for connectivity differences (e.g., between
striatum and vMPFC) between conditions HC > MC, or whether additionally there were significant
PPI effects within the HC condition itself. A significant difference in connectivity doesn’'t address
whether there is a significant connectivity effect in the HC condition itself, just that it is different
across conditions.

In study 3, it makes sense that people should choose HC more often if the value is equal with MC,
and that this should be related to pride. But the results also show that participants forgo monetary
reward to choose HC (average value per trial for HC and MC, probably also in aggregate money
forgone during the duration of the task). Shouldn’t the degree to which an individual values control
(and therefore gives up money to experience HC) relate to pride? This could be tested with the
mean value of trials, money forgone during the task, or a point of subjective equality (the value at
which people are equally likely to choose HC and MC, which will veer towards HC). It would be
good to know if pride correlates with the bias towards HC over MC when their values are equal,
and/or whether pride correlates with the propensity to forgo rewards to choose HC over MC.

Minor points:

Related to my comment related to the relationship between pride and happiness, the abstract
discusses the findings in relation to affective dynamics or positive affect, but the remainder of the
results draw strong distinctions between pride and happiness. Why is there such a discrepancy in
the description of the results across the manuscript?

There is a broader literature on self and value (e.g., Somerville et al., JoCN, 2010; Hughes & Beer,
JoCN, 2013; Korn et al., INeuro 2012) that could further support the connection between vMPFC
responses to self and reward.

There is also an interesting experiment on reward responses associated with Illusory control that
could be included given its relevance to the current study (Kool, Getz, Botvinick, JoCN, 2013).

The abstract introduces the term “self-evaluative affective dynamics” but this is very difficult to
understand without a description.



Revision of Manuscript “Internal control beliefs shape positive affect, motivation,
and neural dynamics during outcome valuation”
(Response to Reviews — Manuscript #: NCOMMS-19-18929)

We are grateful to the editor and the reviewers for their constructive comments as well as
their overall recognition of the quality of the reported studies. The suggestions raised in
the reviews were very helpful. We very much appreciate the opportunity to revise our
manuscript and have addressed all comments raised by the reviewers.

Specifically, we have clarified the exact nature of the experimental task and its distinction
to related paradigms that have been previously used in the study of behavioral control.
We have extensively analyzed and discussed the rationale and implications of the
association between happiness and pride and more clearly delineate why we believe that
our task and findings allow to learn novel aspects with regards to behavioral control,
outcome valuation, and their relation to affective dynamics.

Furthermore, we performed a series of additional behavioral and fMRI analyses that were
suggested by the reviewers, removed or corrected analyses that were rightfully criticized,
and included information that was missing. We have also included an additional analysis
that was motivated from the suggestions of the reviewers and we considered valuable to
better align our results to existing literature on the value of control. In addition, we have
broadened our discussion based on the references to the relevant articles the reviewers
suggested to incorporate.

We marked all changes to the draft in red and provide a point-by-point reply to the
constructive feedback of the reviewers below.



Reviewers’ comments:
Reviewer #1 (Remarks to the Author):

In this paper, the authors conduct 3 experiments to show evidence of increased internal control beliefs
lead to increased affective valuation and associated changes in neural processing. They use a task
where the level of internal control is modulated while measuring subjects’ affect via subjective ratings
of happiness and pride. One of the interesting findings is the differentiation between these two
conditions, termed general positive affect and more self-conscious positive affect, with the latter being
more specific to contexts in which control is experienced. The authors also observed modulation of
neural circuits involved in self-processing and valuation, with the vmPFC in particular tracking success
and personal control. Finally, they showed that people were willing to discount money to attain control.
Taken together, it is a nice collection of cleverly designed studies packaged in a well-written and
interesting paper. While | liked the paper overall, there are some questions and suggestions below that
merit discussion.

Thank you very much for your appreciation of our work and the constructive feedback. We think
that your comments have helped us to more clearly elaborate on the novel aspects our studies
add to the literature of control beliefs and improved the methods and analytical procedures.
Please find the point-by-point reply to your specific comments below.

Comment #1:. The tasks involve the manipulation of perception of control and argues that it is not
enough to merely have choice to have self-evaluative affect. | am in agreement with the statement that
having choice is not enough. However, this is not inconsistent with prior work cited by the author. Such
work tends to compare free-choice vs forced (or random) choice options, and has observed that having
the perception of choice is linked to positive affect and neural signals associated with reward and
motivation. The current paper goes a step further with a more elaborate comparison while removing
the forced/random choice (in Exps 2 and 3, LC in Exp 1). In this way, it is a parametric modulation of
context where the more control one perceives the more these affective signals are represented. If the
authors’ paradigm involved only the MC and LC condition, for instance, it is likely that the differences
between MC and LC would be magnified. Thus, while | am in agreement with the
authors’ premise, | do not fully agree that it is inconsistent with prior work, merely that it is a nice
extension showing further contextual differences (with nice added features with regards to relation to
self-conscious positive affect.

We emphatically agree with the reviewer that our data and conclusions are not inconsistent
with prior work. In fact, the neuroscience studies we referenced (e.g. Cockburn, Collins, &
Frank, 2014; Leotti & Delgado, 2011, 2014) are central to the understanding of psychological
concepts such as choice and behavioral control as well as their underlying neural mechanisms
and we agree that this study extends these previous findings. This relevance is also reflected
in study 1, which shows that perceived control was higher for MC than for LC (see figure 1D),
demonstrating the fundamental role that choices play in perceived control. Thus, we note that
despite the presence of the HC condition in study 1, there are still discernible differences
regarding the level of perceived control in MC and LC. We very much agree with the reviewer
that a mere comparison of MC and LC could likely amplify these differences in perceived control
and the available conditions of the particular experiment to shape how participants use the
rating scale and anchor their judgment. That being said, in the following, we would like to (i)
elaborate what we think is the important qualitative distinction in the HC condition of the present
paradigm that is important for investigating novel aspects of perceived control and self-
conscious affect, (i) show some empirical evidence against the idea that the mere experimental



context defines the rescaling of control ratings, and (iii) discuss specificities in how we measure
the construct of control that should contribute to the observations.

First, the key difference between LC and MC is having a choice or not, which is comparable to
free-choice vs forced-choice paradigms (Cockburn et al., 2014; Leotti & Delgado, 2011, 2014).
In contrast, both MC and HC include a facet of choice. Importantly, however, choices in the HC
condition are informed choices. That is, individuals will exert effort to collect information needed
to identify the brightest square (i.e. through comparison of varying levels of brightness) and
then make a choice based on this information. In case they perform sufficiently well, they will
receive a WIN outcome, and otherwise a noWIN outcome. This allegedly renders HC outcomes
informative about the individuals’ efforts or abilities in the experimental context, which lays the
basis for attributional processes, the evaluation of (aspects of) the self, and hence the
experience self-conscious affect (Tracy & Robins, 2004). Based on this reasoning, we think
that it is unlikely that a mere comparison of forced-choice (i.e. LC) vs free-choice (i.e. MC)
conditions will render the latter qualitatively more similar to HC, even though quantitative
differences in control ratings between MC and LC might in fact be amplified when no HC task
is available for comparison. This is because in contrast to HC, choices in MC are fundamentally
uninformed, and hence, outcomes are only attributable to chance.

Second, in part our data also speak against the idea of contextual rescaling of control ratings.
To illustrate this point, we think it is worth comparing effect sizes across study 1 and study 2 +
3 that implement different experimental context with regards to how participants might allocate
their perceived control to the different conditions. Here, the mere presence of the LC condition
in study 1 does not change the effect size for the difference in perceived control between MC
and HC across studies (study 1: 1.77, study 2: 1.53; study 3: 1.61). While we very much agree
that contextual rescaling of perceived control might be a factor to consider when evaluating the
results, these data indicate that the effects might not severely bias our findings.

Third, we want to emphasize that we measured the construct of control with items that reflect
the concept of “internal control beliefs” as suggested by theory. In order to estimate internal
control beliefs, participants in study 1 and study 2 rated their control experience with regard to
how well they thought they were able to influence the results (“How strongly could you influence
the outcome in the task?”) and in study 3 additionally with respect to how much control they
experienced (“How strongly could you control the outcome of the task?”). Both items were
highly correlated (r = .76) and are thus considered to represent a similar latent variable that we
think represents internal control beliefs. This operationalization of the construct of control better
reflects the notion of internal control as implied by classical theories and might explain why we
find stable differences across experimental contexts, whether the LC condition being present
or not.

We want to emphasize that this line of reasoning in our view does not diminish the fundamental
relevance of free-choice vs. forced-choice for understanding perceived control, that has been
demonstrated before (Cockburn et al., 2014; Leotti & Delgado, 2014; Leotti, lyengar, &
Ochsner, 2010) and does not imply that our results are inconsistent with previous literature. In
contrast and as the reviewer suggests, our study should be considered an extension to prior
studies and their conceptualization of control beliefs which we think is valuable specifically, but
not exclusively, because of its important implications for affect and motivation.

Based on the theoretical considerations above and the operationalization of the construct of
control emphasizing internal control beliefs, we have focused on the comparison of HC and
MC given the temporal constraints of the fMRI study (study 2) and methodological constraints
of the choice paradigm (study 3). Future experimental and theoretical work is nonetheless



needed to delineate more clearly how perceived control and emotional experience is shaped
in the contexts of no-choice (LC), free-choice (MC) and informed choice (HC) tasks.

We have now revised the manuscript to make it clearer that our results support previous
findings and are an extension to the existing ideas in the literature. We have thus made
changes in the introduction, results, and discussion. Further, we have acknowledged and
emphasized the relevance of previous findings for the current studies in order to avoid
misunderstandings that the present study is inconsistent with previous results. To also better
align our findings with the existing literature, we have included additional analyses on the
relation of internal control believes with choice behavior in study three, which was initially
lacking in the manuscript. Below we highlight the most prominent changes that we have made
to address your comment.

Introduction:

Il. 60-62 “...a region implicated in dopaminergic reward processing (Knutson, Adams,
Fong, & Hommer, 2001; O’Doherty, Buchanan, Seymour, & Dolan, 2006; Pagnoni,
Zink, Montague, & Berns, 2002). Theory and empirical literature thus very much agree
that having the option to choose increases control beliefs and carries intrinsic value.”

11.75-80 “Thus, while having choices is the condition necessary for exerting control, it is
in principle not sufficient for experiencing the quality of control belief underlying self-
attribution of task outcomes as implied by theory (Ajzen, 2002; Bandura, 1977; Rotter,
1966). Only if the context offers the potential for building the belief of internal control
over outcomes, it is possible to attribute events to the self, own efforts, and abilities,
with broader implications for self-related affect and motivation (Tracy & Robins, 2004;
Williams & DeSteno, 2008).”

Results:

1.166-168 “This replicates previous findings showing that choice is essential for the
experience of control (Leotti & Delgado, 2011, 2014), but additionally shows that
perceived control comparably excels in situations in which only one’s own performance
and abilities allow to obtain the desired outcomes.”

11.388-401 “In order to further embed our data into the existing literature on perceived
control and task preferences (Leotti et al., 2010; Wang & Delgado, 2019), we also
tested the association between the three indices of control preference and individual
differences in experienced control over the different tasks. Results clearly show that
people who experienced stronger differences in control beliefs (HC-MC) also more
strongly preferred the HC over the MC task. All three variables indicative of control
preferences showed significant effects in the expected directions. Precisely, people
experiencing stronger control were more likely to select the HC task in case of equal
offers (Spearman’s rho=.28, one-sided p=.048), were willing to forgo money in order to
play the HC task (Spearman’s rho=.26, one-sided p=.048), and showed shifts in the
POE so that MC offers needed to be larger in order to achieve similar probabilities of
selecting HC and MC (Spearman’s rho=-.24, one-sided p=.048, all p-values FDR-
corrected for multiple comparisons). Collectively, these findings support and extend
previous results that showed that mere choice is preferable to not having choices
(Leotti & Delgado, 2011; Wang & Delgado, 2019) by highlighting the notion of
instrumental control over the outcomes for building preferences (Ly, Wang, Bhanji, &
Delgado, 2019), and emphasizing that self-related positive affect might be a relevant
factor for mediating motivated behavior (Williams & DeSteno, 2008).



Discussion:

Il. 493-495 “Our findings support and extend previous work on the value of control
(Leotti & Delgado, 2011; Suzuki, 1997) by demonstrating that participants preferred a
controllable task over an uncontrollable one, reflecting differences in subjective value
that are likely processed by vmPFC (Bartra, McGuire, & Kable, 2013).”

Comment #2: In relation to the last point, it would be helpful to clarify the nature of the MC task. Were
subjects requested only to pick between two colors for a 50/50 guess? That is, was it a slight step
above the LC condition which involved pressing one button for a 50/50 guess?

Yes, this is correct. The LC task asked subjects to click on the central gray square in order to
receive either a WIN or a noWIN outcome. In the MC task, subjects were instructed that the
computer would randomly define one color to be correct before the beginning of each trial and
that subjects should then guess which of the two colors they believed was correct. Those two
conditions are conceptually nearly identical to the idea of the experimental setups used in
previous studies of behavioral control (Leotti & Delgado, 2011, 2014). Thus, while the LC task
did not even include any component of choice, the MC task allowed subjects to choose
between two options, comparable to choosing heads or tails in a coin-flip. Thus, a comparison
of MC vs LC asks about the fundamental prerequisite of control, i.e. having choices (Leotti et
al., 2010). However, in distinction to the HC condition, choices in the MC condition were
uninformed, i.e. random guesses, and did therefore not reasonably allow to relate outcomes to
own abilities or efforts, as argued in more detail above.

Thank you for pointing out that this distinction might not have been clear enough. We have now
included a brief clarification regarding the differences between the conditions at the beginning
of the results section.

Results:

IIl. 148-156: “On the lowest level of control, successes (WIN outcomes; 0.20 €) and
non-successes (NOWIN outcomes; 0.00 €) depended on an automated gamble which
was initiated by clicking on the grey square (low control, LC; see figure 1). Comparable
to previous studies (Leotti & Delgado, 2011, 2014), participants in the LC condition thus
had no option to choose and employ even the lowest level of control. On the medium
level of control, WIN and noWIN outcomes allegedly depended on the correct choice
between the two colors (medium control, MC) introducing the opportunity to choose in
MC. On the highest level of internal control, WIN and noWIN outcomes depended on
whether subjects were able to identify the brightest square within the shades of one
color (high control, HC) thus allowing the attribution of task outcomes to the self and
internal causes.”

Comment #3: The task includes the instruction screen highlighting which condition it is. It would be
useful for the authors to analyze brain responses to that screen that signify what type of trial it will be.

We agree with the reviewer that this analysis is interesting, as it would allow to more coherently
relate our study to previous findings that showed that anticipating opportunities for choice (as
compared to forced-choice) recruits the ventral striatum (e.g. Leotti & Delgado, 2011). If the
anticipation of tasks experienced to be more controllable has greater subjective value,
anticipation of the HC condition should induce stronger VS activation than anticipating the MC
condition. We performed the suggested analysis (CUE:HC > CUE:MC), and did find



significantly stronger activation of both left and right VS (small-volume FWE-corrected inside
the VALUE-SELF mask; see supplementary figure S1 and supplementary table S21). This
reflects and extends previous findings showing that anticipation of control recruits regions
associated with reward anticipation (Knutson et al., 2001; Leotti & Delgado, 2011). We have
included references to this analysis in the result section and clarify that these findings very well
align with previous work mainly of the group of Delgado et al. (Leotti & Delgado, 2011, 2014).

Results:

Il. 262-268: “Prior studies have demonstrated that the anticipation to exert control
increases activation in the ventral striatum (Leotti & Delgado, 2011, 2014). We
therefore also tested for differential VS activity in our task during the presentation of
the task cues, contrasting HC against MC cues. This analysis yielded significant
activations in the bilateral VS (left: -12,8,-6, t1(38)=4.73; Z=4.16, k=26, p=.013; right:
18,4,-6, 1(38)=4.85, Z=4.25, k=62, p=.009; small-volume FWE-corrected inside the
VALUE-SELF mask, see supplementary table S21 and supplementary figure S1),
replicating various previous findings of increased striatal activation when environmental
information signals the potential for exerting control (Leotti & Delgado, 2011, 2014).”

Methods:

Il. 878-881: “In a further GLM analysis, on the first level we additionally modelled the
cue phase of each trial, when subjects were informed about which of the two conditions
(HC or MC) was presented next. All other regressors were the same as in the previous
GLM. The first level contrast images for the contrast CUE:HC > CUE:MC were then
taken to a second-level one-sample t-test.

Supplementary figure S1:

Effect of task cue HE > MC Figure S1. Effect of cue phase.
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Supplementary table S21:

Table §21. Paired Hlest for CUE:HC=CUE:MC, small-volume corrected inside SELFMVALUE, critical T=4.218

sal cluster peak MMI coordinates (mm)
P c p{FWE) p(FDR) K plunc) p(FWEp(FDR) T Z  plunc) X ¥ z
=001 3 023 A48 5 A48 003 354 526 4531 =001 22 12 4
0 (041 62 014 009 354 485 425 =001 18 4 -5
011 354 477 419 =001 22 L -1
012 354 476 419 =001 24 10 -1
014 354 468 413 =001 2] 10 -5
016 354 465 411 =001 3] 14 -8
036 721 434 389 =001 18 12 4]
005 135 26 080 013 354 473 416 =001 -12 | i

Comment #4: Task timing appears to be missing on all experiments, but particularly the fMRI task.

It is correct that the task timings were missing for studies 1 and 3 and we have included these
in the methods section of the manuscript in the respective subsections. We are very sorry for
this mishap. However, regarding the fMRI study, timings were already included in the methods
section of the original version of the manuscript, but admittedly, this was perhaps not extremely
well indicated in other parts of the manuscript. To make the reference clearer, we have now
included a sentence in the caption of figure 1, which indicates that detailed timing information
for all studies is included in the methods section. We thought about including timing information
in figure 1 itself, but decided not to, because the differing timings for the three studies would
have caused the figure to be quite cluttered.

Caption figure 1:
“See methods for detailed timing information of the three studies.”
Methods:

Il. 628-633: “On each trial, after a fixation of 3 seconds and a 1 second cue, the task

was presented for a total of 4.5 seconds. 3 seconds after task onset, the cursor
appeared at a random position over the squares and subjects could respond within 1.5
seconds. If subjects responded correctly, the outcome was presented for 2 seconds,
otherwise a warning message followed without delay and informed subjects about their
mistake (e.g. if they were too slow or had clicked on the background instead of a
square).”

Il. 664-669: “On each trial, following a fixation cross (jittered between .75 and 2.75
seconds) and a 1 second cue, the task was presented for a total of 4.5 seconds. The
cursor appeared centrally on the screen .5 seconds after task onset and subjects could
respond within 4 seconds. If subjects responded correctly, following a 1.5 second
delay, the outcome was presented for 3 seconds. Otherwise a warning message
followed without delay and informed subjects about their mistake (e.g. if they were too
slow or had clicked on the background instead of a square). If a trial contained a rating,
this was presented for 4 seconds.”



Comment #5:; With respect to the fMRI analyses, there are a few questions.

a. First, the 3-way conjunction analysis is unclear and not justified. The contrast of HC Win > MC no
Win is not appropriate and it would seem that a better analysis would be an interaction between (HC
and MC) (win, no win).

We thank the reviewer for highlighting this issue, and we apologize for not sufficiently
elaborating on our rationale in the original submission. In principle, the analytical strategies for
showing regional specific effects in the brain break down into modeling the additive or super-
additive effects of control (i.e. HC) and positive outcomes (i.e. WIN). It thus depends on the
specific hypotheses which analyses are adequate and justified. With the conjunction analyses,
we have aimed to test the more general — and from our view straight-forward hypotheses - that
whether having control (i.e. HC) and receiving positive outcomes (i.e. WIN) would lead to
regional specific, additive effects in the ventromedial prefrontal cortex. This equates to asking
whether WIN outcomes under HC engage the vmPFC more strongly than any of the other
outcomes and the specific set of tests included in our conjunction analysis. This is a different
and more general model compared to searching for super-additive effects testable with an
interaction analysis, as suggested by the reviewer. Such an analysis would allow answering
the question of whether the integration of HC (vs. MC) and WIN (vs. noWIN) outcomes follows
linear but non-additive principles with respect to BOLD activation of a specific brain region. In
fact, performing both analyses, and thereby testing the two alternative hypotheses of whether
control and successes lead to additive or super-additive effects, is a valuable and interesting
question even though the latter is considerably more specific. Hence, we have decided to
perform the interaction analysis as requested by the reviewer, in order to gain a deeper
understanding of how the vmPFC integrates both concepts. However, our data shows no
support for super-additive effects neither in the vmPFC nor other parts of the brain, even at
more lenient thresholds. We also now discuss the effects of the conjunction analyses more
closely related to the idea of additive effects for successes and control in the vmPFC.

Aside from suggesting to run an interaction analysis, the reviewer criticized that the contrast
HC:WIN>MC:noWIN is not appropriate in the conjunction analysis we performed. We note that
in SPM, the statistical significance of a conjunction analysis is limited by the weakest effect,
and testing HC:WIN>MC:noWIN in vmPFC should be expected to produce a larger effect than,
for instance, HC:WIN>MC:WIN. Thus, we agree with the reviewer that including this contrast
in the conjunction might be unnecessary, but would also like to point out that therefore, it did
not affect the statistical significance of the conjunction analysis. This is supported by the fact
that an updated conjunction analysis which only included the contrasts HC:WIN>HC:noWIN
and HC:WIN>MC:WIN (i.e., excluding HC:WIN>MC:noWIN) yielded almost exactly the same
results with regard to resulting p-values and T-statistics. We have now adopted the conjunction
without HC:WIN>MC:noWIN, however with similar results. Please find the updated figure below
and our response to comment #4 of reviewer #2.

Results:

Il. 246-261: “Next, we were interested in the additive effects of internal control and
winning, by describing specific neural correlates of receiving positive outcomes under
high control beliefs. To do so, we composed the two-way conjunction contrasting
success achieved under high control to both success achieved under medium control
and no success obtained under high control (HC:WIN>HC:noWIN] N
[HC:WIN>MC:WIN]; figure 5). This analysis revealed that the left vmPFC, specifically,
is more strongly engaged when subjects’ successes are attributable to their own
actions (-4,48,-10, t(114)=3.45; 7Z=3.36, k=12, p=.022, FWE-corrected within the



SELFNVALUE mask). The additivity of the effect in this region is illustrated by the
common of responses to winning (WIN>noWIN: -2,48,-4, t1(114)=7.60; Z=6.82, k=193;
p<.05, FWE-corrected) as well as control (HC>MC; -8,48,-12, 1(114)=6.13; Z=5.69,
k=162, p<.05, small-volume FWE-corrected). The localization of this effect thus mirrors
how the processing of value and self-reference converges in the vmPFC53,60. Aside
from these rather additive effects of success and internal control beliefs, one might
hypothesize that vmPFC activity responds in a super-additive fashion or spreading
activation to the convergence of these factors. That is, vmPFC activity might differ more
strongly between WIN and noWIN for HC than for MC outcomes. We thus tested this
interaction ([HC:WIN>HCnoWIN]>[MC:WIN>MCnoW!IN]), which did not yield any
significant effects in any of the masks (even at more lenient thresholds at p<.001,
uncorrected), nor on the whole-brain level.”

Methods:

Il. 873-877: “For the analyses at the second level, we focused on the outcome phase
of the task by implementing a within-subjects ANOVA including the individual first-level
contrast images for MC:WIN, MC:noWIN, HC:WIN, and HC:noWIN. Using this
approach we computed main effects of condition (HC>MC) and outcome valence
(WIN>noWIN), the conjunction (HC:WIN>HC:noWIN)N(HC:WIN>MC:WIN), as well as
the interaction (HC:WIN>HC:noWIN) > (MC:WIN>MC:noWIN)).”

Figure 5:

a Additive effect of HC and WlN_ VmPEC Figure 5. Additive effect of winning under high control

and parametric effects of emotion ratings. a Activations
show the specific effect of HCWIN (i.e. 2-way
conjunction [HC:WIN>HC:noWIN] n [HC:WIN>MC:WIN])
displayed at p<.005, uncerrected. The conjunction
contrast survived small-volume FWE-correction at p<.05
inside the SELFNVALUE mask in vmPFC. Bar plot
represents differences of neural activation in vmPFC

o o™
parameter estimates
s o o o
(=] - [+ (%] b

‘Sgé ‘égé between HC:WIN and the other three outcomes. b
[]SELFNVALUE mask %% égf‘ Parametric modulation effect of happiness (red-yellow)
EN Y and pride ratings (blue-green) at outcome presentation,

b Parametric effects of pride and happiness . displayed at p<.001, uncorrected for illustrative
v purposes. Bar plot shows group-level parameter

estimates of the parametric modulations at the peak of
each parametric effect inside the SELFNVALUE mask.
Violet outlines show SELFNVALUE mask. Error bars are
+/- 1 standard error of the mean.
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Table S19-S20:

Table 519. 2-way conjunclion small-volume-corrected inside SELFNVALUE, critical T = 3.164

sal cluster peak MNI coordinates (mm)
1) c PIFWE) p(FDR} & plunc) p(FWEpP(FOR) T Z __ pfunc) X ¥ z
050 1 025 ABE 12 A86 D022 435 345 338 <.00d -4 48 -10

Note. Effects listed are for the contrast [HC:WIN=HC:noWIN]r [HC:WIN=MC:WIN]

Table §20. 2-way conjunclion inside SELFMVALUE, p<.005. uncorrected

sal cluster paak MM coordinates (mm)
p e p{FWE) p(FDR) k plunc) p(FWEpR(FOR) T Z  plunc) X y z
1 2 B85 A B0 ATE B84 691 345 336 =<0 -4 48 -10
1000 772 287 291 002 -2 42 0
1.000 811 1 811 1000 692 3068 300 001 [i] 42 4

Note, Effects listed are for the contrast [HCWIN=HC:noWIN] A [HCWIN=MC:WIN]



b. Second, the PPI results are interesting. The main result involves increased connectivity in VS and
VMPFC as a function of receipt of task outcomes in the HC. Was this all outcomes? Or a contrast of
win vs no win? Basically, is it driven by win or no win?

c. Third, also on the PPI, it would be useful to perform the same PPI with MC trials to see if the VS-
MPFC connectivity is also there.

Thank you very much for these comments and please apologize if we haven’t been clear
enough in the earlier version. We would like to respond to the points 5b and 5c collectively,
because we think that this allows clarifying a misunderstanding that might have been related
to lacking precision in the wording of the original draft. Specifically, the description of our results
regarding the psychophysiological interaction (PPI) analysis was misleading, suggesting that
we performed the PPI analysis in the HC condition only, while we truly ran a contrast of
connectivity differences in HC > MC. We have now clarified the initial sentence regarding the
PPI results in order to avoid such a misunderstanding when reading the manuscript (see Il. 287
and 298 in the results section of study 2). We would furthermore like to elaborate on the
rationale of our original analysis and have also performed new analyses suggested by the
reviewer (regarding comment 5b).

The original PPI analysis contrasts VS connectivity for both WIN and noWIN outcomes between
HC and MC. Thus, this analysis shows that the activity time-course of the left VS that tracks
the valence of outcomes (WIN>noWIN) is more strongly correlated with the activity of cortical
midline structures (CMS) when outcomes are received under HC than when they are received
under MC. Importantly, the contrast which defined the region from which to extract the time-
course of activity (i.e. WIN>noWIN) was orthogonal to the contrast used for defining the PPI
term (HC>MC). This is important for methodological reasons as orthogonal contrast for
selecting time-courses and contrasts in the PPl improve the statistical power of the analyses
and it is generally recommended to build experimental designs so that they result in orthogonal
contrasts of interests. As WIN and noWIN varies within HC and MC with equal frequency our
design ensures that the time-courses extracted from regions that show an effect for success
(i.e. the VS) are independent to the factor of control.

Yet, as suggested by the reviewer, it is in fact interesting to see whether the PPI effect we
report so far was mainly driven by WIN or noWIN outcomes (comment 5b), and whether we
can identify connectivity effects for the HC and MC conditions separately (i.e. without
contrasting the two, comment 5c). Hence, in order to answer this question, we ran a series of
additional PPI analyses.

For the first analysis, we constructed a new PPI regressors in SPM using the interaction of the
left VS time-course and the contrast HC:WIN>MC:WIN. This analysis tests whether functional
connectivity of left VS is stronger for HC:WIN outcomes than for MC:WIN outcomes, thus
excluding noWIN outcomes. Equivalently, we constructed a second PPI term based on the left
VS time-course and the contrast HC:noWIN>MC:noWIN, thus excluding WIN outcomes. We
included these two PPI terms in a new first-level GLM analyses of each subject, which
otherwise included the left VS time-course, the two contrasts used for construction of the PPI
terms, and all regressors that were also included in the original PPI reported in the draft (i.e.
two regressors modeling task phases, two regressors modeling rating phases, as well as six
realignment parameters and their first derivatives). For each subject, we then contrasted the
PPI effect for WIN outcomes against the PPI effect for noWIN outcomes and included these
first-level contrast images in a second-level one-sample t-test.



The second set of analyses focused on connectivity during HC and MC outcomes separately.
For each of these analyses, we constructed a PPI term based on the interaction of the left VS
time-course with the respective contrast (i.e. HC>0 and MC>0). For each subject, two separate
first-level GLM analyses were run, which included as predictors the respective PPI term, the
left VS time-course, and the contrast used for constructing the PPI term. Additionally, we added
regressors for the two outcomes not included in the PPI (e.g. for the HC PPI, two regressors
modelling MC:WIN and MC:noWIN outcomes were included, and vice versa). Last, in each
GLM, we added all remaining regressors that were also included in the original PPI analysis
(i.e. two regressors for modelling the task phases, two regressors modelling the rating phases,
as well as six realignment parameters and their first derivatives). Finally, for both the HC PPI
as well as the MC PPI, we ran separate second-level one-sample t-tests on the first-level
contrast images of the respective PPI term.

We included descriptions of these additional PPl analyses in the methods section and report
the results of these analyses.

Results:

Il. 299-305: “In a set of control analyses we tested whether dynamics in functional
connectivity were driven by WIN or noWIN outcomes. Comparing the PPIs contrasting
HC:WIN>MC:WIN and HC:noWIN>MC:noWIN did not reveal significant differences in
the connectivity dynamics in any of the a-priori masks nor on the level of the whole
brain. Further analyses additionally showed that the HC>MC PPI effects were driven
by increased functional connectivity of left VS for HC outcomes (see supplementary
tables S34 & S35, and supplementary figure S2).

Methods:

Il. 912-929: “In a first follow-up analysis, we focused on whether the PPI described
above was driven by WIN or noWIN outcomes. Therefore, we constructed two PPI
terms for each subject by computing the interaction of the left VS time-course with the
contrasts HC:WIN>MC:WIN and HC:noWIN>MC:noWIN, respectively. Aside from
these two PPI terms, we included regressors modelling the two task phases, two rating
phases, the two contrasts used for constructing the PPI terms, the activation time-
course of the left VS, as well as six realignment parameters and their first derivatives.
The first level images contrasting the WIN and noWIN PPI terms were then taken to a
second-level one-sample t-test, to test whether there were significant connectivity
differences for WIN and noWIN outcomes.

A second set of follow-up analyses tested for functional connectivity of the left VS only
during HC and only during MC outcomes. For each subject, we computed the
interaction of the left VS activation time-course with the contrast HC>0 and the contrast
MC>0, respectively. We then set up two GLMs for each subject, including, aside from
the respective PPI terms, regressors modelling the two task phases, two rating phases,
the contrast used for constructing the PPI term, the activation time-course of the left
VS, as well as six realignment parameters and their first derivatives. In addition, for the
PPI modelling HC connectivity, the outcome phases for MC (MC:WIN, MC:noW!IN)
were included as two additional regressors. Vice versa, for the PPI modelling MC
connectivity, the outcome phases for HC (HC:WIN, HC:noWIN) were included as two
additional regressors. We then computed two second-level one-sample t-tests on the
first level PPI effects (contrast images for HC PPl and MC PPI).”



Supplementary figure S2:

a Increased connectivity with left VS for HC outcomes b Connectivity with left VS for MC outcomes
(displayed at p<.005, unc.) (n.s.; displayed at p<.05, unc.)
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Figure S2. Functional connectivity of the left ventral striatum (VS). a For HC outcomes, the PPI term was
based on the interaction of the left VS time-course and the contrast HC>0. Only positive connectivity effects
were found. b For MC outcomes, the PP| term was based on the interaction of the left VS time-course and
the contrast MC>0. Connectivity effects for this PPl were generally weak, so the effects are displayed on
very liberal thresholds (p<.05, uncorrected) for illustration purposes. Blue-green indicates negative
connectivity effects, red-yellow indicates positive connectivity effects.

Supplementary tables S34-S35:

Tabla $34. Laft VS PP| (HC>D) wholebrain p=.001, uncarrected, k==50

sal cluster paak MNI coardinates (mm)
5 e p(FWE) p(FDR} &k  plunc) p(FWEpR(FDR) T Z plunc) % ¥ z
<001 10 =001 <001 2873 <001 028 276 575 4.83 <001 -0 26 60

033 278 5B8 470 <001 B 56 38
297 493 476 418 <001 4 /8 26
434 107 154 047 256 499 483 423 <0M 40 A 58
532 527 444 385 =001 42 18 52
819 648 409 368 <001 42 14 50
028 028 254 003 262 499 482 4322 =DM 48 B84 42
B45 675 406 366 <001 52 56 34
H70 74D 377 344 <001 46 B0 30
002 003 462 <00 277 493 479 420 <001 4z 28 ¥
A79 493 483 400 <001 46 3| 12
A19 493 458 405 <001 ¥4 22 16
<001 001 572 <001 293 493 476 418 <001 40 40 ¥
385 493 463 408 =001 38 34 2
567 544 440 382 <001 44 42 16
A24 107 159 04§ 343 493 489 413 <001 4B 68 40
002 003 466 <00 444 493 455 403 <001 -4 -4 6
AT3 493 451 400 <001 A0 14 B
596 544 437 380 <001 -14 4 12
013 s 310 0o 481 499 450 3899 <0M 8 56 34
882 891 309 362 =001 0 56 3B
820 702 382 356 <001 -4 -T0 5B
BST  B3B 56 125 683 550 427 382 <=0M 28 20 -2
A4B5 413 79 073 814 702 383 357 <001 40 60 -26
078 764 374 342 =00 30 66 -24

Table 535. Left VS PPI (MC>0) whalebrain p=.001, uncorracied

sal cluster peak MNI coordinates (mm)
p ¢ p(PWE)p(FDR}) k  plunc) p(FWEpP(FDR) T 2z plunc)  x y 2z
1 3 1.000 858 1 858 892 998 3BT 337 =.01 -20 -30 10
9949 858 2 784 1000 996 337 313 <=.00 -40 -BE 14
1.000 858 1 858 1000 99 333 308 =001 -26 -B8 18




Comment #6: For the fMRI design, were ratings evenly distributed across wins and no wins (and
conditions?) That is, would HC pride trials randomly follow more wins than no win trials for example?
Or was the order of subjective ratings also sampled in a way that ensured even distribution across
outcomes and conditions?

A total of 48 ratings for pride (24) and happiness (24) was evenly distributed across all
combinations of HC/MC and WIN/noWIN, with 6 ratings of either pride or happiness for each
of the 4 possible trial types. The assignment of ratings to trials was predefined so that ratings
would in fact be evenly distributed across the experiment and additionally, the assignment of
pride and happiness ratings to specific trials was counterbalanced across participants. That is,
19 of the 39 participants rated pride for those trials on which the other 20 participants rated
happiness, and vice versa.

Information on the nature and distribution of ratings across conditions can be found on pp. 31-
32 of the original submission (lines 709 to 720 of the revised manuscript). In order to make this
information more accessible to the reader, we have also included more details on this in the
caption of figure 1.

Caption figure 1:

“Overview of the three studies. The task was presented in each study with varying
numbers of trials, conditions, and ratings. In study 1, both pride and happiness were
rated after each outcome. In study 2, either pride and happiness were rated after a
given outcome. Ratings were evenly distributed across the four possible outcomes, and
the order of pride and happiness ratings was predefined and counterbalanced across
subjects. In study 3, only pride was rated, and predefined ratings were evenly
distributed across all possible outcomes. See methods for details.”

Comment #7: Are happiness and pride correlated in the experiments?

This is a very good comment indeed, thank you very much for bringing this up. The information
regarding the correlation of pride and happiness was in fact missing in the original submission.
The revised submission now reports these analyses in the results section of study 1 (lines 186-
187) and more detailed information can be found in the supplementary materials, for both
studies 1 and 2 (tables S10, S11, & S12). In study 3, only pride was rated, so no correlations
with happiness could be computed. While focusing on the correlation, your question also directs
to a comment of reviewer #2 (comment #1) referring to the implications of a potential
association between both affective concepts. Please also see our response to their comment
#1 below which addresses related implications and conceptual issues.

Since pride and happiness ratings were differently distributed in study 1 and study 2 we ran
different analyses to disentangle the association of both affective concepts. First, only in study
1 we could test whether pride and happiness ratings are correlated on the within-subject level,
as this was the only study in which subjects rated both emotions for the same outcomes. The
mean within-subject correlation of pride and happiness across all conditions is M=.671
(SD=.209). Thus, ratings of these emotions are correlated in our task, which is to be expected
given that both are strongly characterized by positive affective experience and correlations vary
across individuals.

Second, in addition to the within-subject correlations reported above, we computed the mean
pride and happiness ratings of each individual subject for each condition in both studies 1 and



2. In study 1, correlations of pride and happiness between subjects ranged from r = .68
(LC:noWIN) to r = .82 (HC:WIN). In study 2, the lowest (absolute) correlation between pride
and happiness across subjects was r = .52 (MC:WIN), and the highest was r = .95 (HC:noW!IN).
Thus, subjects who reported higher intensities of happiness generally also reported higher
levels of pride in the same condition. A detailed table including all these correlations of pride
and happiness between subjects is now included in the supplementary material (see
supplementary tables S10, S11, & S12).

Last, we tested whether the pride and happiness responses were correlated (i.e. the term
[HC:WIN-HC:noWIN] — [MC:WIN-MC:noWIN] computed separately for pride and happiness
ratings for each subject). In both studies 1 and 2, medium to large correlations of pride and
happiness responses were found (study 1: r = .38, one-sided p =.008; study 2: r = .47, one-
sided p=.001). This indicates that subjects whose pride was more strongly modulated by HC
as compared to MC outcomes, also reported a stronger control-dependent modulation of
happiness. Nevertheless, we note that the pride response was significantly larger than the
happiness response in both studies 1 and 2, as indicated by the 3-way interactions in the
repeated measures ANOVAs. We have referred to the correlation between pride and happiness
responses in the results sections of studies 1 & 2.

Results:

Il. 185-189: “Besides these effects on positive affect and the generally strong
association between pride and happiness ratings (within-subject Pearson’s r: M= .67,
SD=.21, t(39)=20.29, one-sided p<.001; for between-subject correlations see
supplementary tables S10 and S12), the pride response (i.e. the difference [HC:WIN-
HC:noWIN]-[MC:WIN-MC:noWIN]) increased more strongly from MC to HC than the
happiness response (t(39)=3.69, one-sided p<.001).”

Il. 209-215: “Subjects experienced much higher internal control in HC than in MC
(paired t-test: t(38)=9.56, p<.001, d=1.53, 90% CI=[1.13; 1.91]), and affect ratings
differed between tasks with different levels of control (rmANOVA: main effect of
condition: F(1,38)=8.38, p=.006, n§:.18), outcome valence (F(1,38)=174.83, p<.001,

n§:.82) and their interaction (F(1,38)=40.23, p<.001, n§:.51) supporting the impact of

successes and internal control beliefs on positive affect (see also supplementary tables
S11 & S12 for the association of pride and happiness).

Supplemental tables 10-12:

Table $10. Pearson comrelations of pride and happiness ratings across subjects (study 1)

proud happy
Lc MC HC Lc MC HC
N (j 5] no Mo no no
win  VING iy WING gy WING gy WING iy WING gy
LIC  WIN 73
noWIN 88 72
MC
proud WIN 72 &7 6o
o TWN % s o7 e
WIN 62 8 57 8 55
o MWN 68 42 70 3% 70 .18
WIN 50 73 46 79 45 80 41
noWIN 67 42 68 3 71 19 99 43
happy MC
WIN 47 69 42 78 41 80 36 088 47
o TWN 62 s e 32 60 14 9% 41 97 35

WIN Af &7 M T4 39 82 34 85 36 A6 .30




Tabla S11.
Pearson correlations of pride and happiness ratings across subjects (study 2)

praud happy
MC HC MC HC
no no no no
win  YING gy WING gy WIN gy
MC WIN 24
proud neWWIN B8 A9
HC
WIN 05 b5 -.08
noWIN &9 08 M -A7
MC
WIN - -7 a2 =12 BB -28
happy
He noWIN .90 22 95 -.09 .80 -7
WIN - -34 A5 =37 75 - A48 BB =36
Table S12.
Spearman comrelations of pride and happiness responses across subjects (studies 1 & 2)
90% CI
Spearman's rho lower upper one-sided p
Study 1 42 8 62 003
Study 2 24 -03 A48 il

Comment #8: For Exp.3 (and to a degree the vmPFC result in 2), it would be useful to discuss Wang
et al., 2019, Cerebral Cortex, which also showed that individuals were willing to give up value in order
to attain control.

We thank the reviewer for this suggestion and the link of these important results to our study.
We fully agree that the article by Wang et al. nicely relates to the questions targeted by our
work. In fact, it provides further evidence regarding the value of control and its neural
processing in the vmPFC. This study employed a clever choice paradigm comparable to the
one we used in study 3 of the present manuscript. Precisely, participants were presented with
different monetary incentives for choosing or not to exert control, and the results show that
individuals with a stronger preference for control were willing to give up money in order to exert
control themselves instead of ceding it to the computer.

These findings are close to ours, but with respect to the reviewer’s first comment and our
response to it, we note that in our view, the two studies focus on different aspects of perceived
behavioral control. Specifically, Wang and Delgado convincingly demonstrate that subjects are
willing to give up money in order to have any control at all, that is, in order to make choices
themselves. Our study extends these findings and shows a preference for informed choices
that allow self-evaluation (as detailed above) versus choices that do not allow such self-
evaluation and relate these to affective dynamics during task execution. Hence, while Wang
and Delgado (2019) focus on free choice (as compared to no choice) as a basic necessity for
exerting control, our study highlights how individuals strive for situations in which they know
why to behave in a certain way as compared to choosing randomly between two options.

Furthermore, the study by Wang and Delgado (2019) also shows stronger engagement of the
vmPFC in subjects with a more pronounced control preference when choosing between
exerting control themselves or letting the computer exert control for them. This finding nicely
extends the literature on value computation, control preferences, and functionality of the
vmPFC (Kable & Glimcher, 2007; Leotti & Delgado, 2011; Leotti et al., 2010; Maier & Seligman,
2016). We would expect that the vmPFC is also relevant when individuals choose between



tasks akin to our HC and MC conditions, but the data from the present manuscript do not allow
to test this hypothesis.

We have included a discussion of these findings and reference to the article by Wang and
Delgado in the results, as well as in the discussion section.

Results:

. 388-391: “In order to further embed our data into the existing literature on perceived
control and task preferences (Leotti et al., 2010; Wang & Delgado, 2019), we also
tested the association between the three indices of control preference and individual
differences in experienced control over the different tasks.”

Il. 398-401: “Collectively, these findings support and extend previous results that
showed that mere choice is preferable to not having choices (Leotti & Delgado, 2011;
Wang & Delgado, 2019) by highlighting the notion of instrumental control over the
outcomes for building preferences (Ly et al., 2019), and emphasizing that self-related
positive affect might be a relevant factor for mediating motivated behavior (Williams &
DeSteno, 2008).”

Discussion:

Il. 504-509: “In fact, a recent study by Wang & Delgado (2019) provides first evidence
supporting this notion. The authors show that individuals with a stronger preference for
control show higher vmPFC activity when choosing between exerting control
themselves or ceding control to the computer. In that sense it seems a plausible next
step to directly assess how vmPFC activity during outcome valuation relates to
behavioral preferences when outcomes are under internal control and how the
connectivity dynamics of the VS can inform motivated behavior.”

Il. 542-547: “Interestingly, previous studies have conceptually linked the vmPFC to
illusions of control, distorted probability estimates, and positive affect (Kool, Getz, &
Botvinick, 2013), and there is evidence relating activity in this region to behavioral
preferences for subjectively controllable tasks (Wang & Delgado, 2019). In concert with
these findings, the present results provide a hint for clinical research to refocus on
perturbed beliefs of control over the environment to understand affective and
motivational symptoms as well as altered neural dynamics associated with relevant
psychiatric conditions.”



Reviewer #2 (Remarks to the Author):

This manuscript reports 3 experiments that evaluate the relationship between affective reactions to
outcomes associated with varying levels of control. A novel choice task was used to manipulate control
(1. no choice/control (LC), 2. binary choice/gambles (MC), and 3. perceptual discrimination task that is
ostensibly ability-based (HC)) and pride and happiness ratings are evaluated after outcomes (Win vs.
No-Win). Manipulation checks show that subjective ratings of control increase with the levels of the
task manipulation. In Study 1, happiness and pride increased following wins than no wins, but more so
as controllability increased, and more so for pride than happiness. In Study 2, value-based regions of
the brain (vMPFC, striatum) responded more strongly to wins than no-wins, self-processing regions
(VMPFC, ACC, precuneus) responded more strongly to HC>MC conditions, and vMPFC related to both
value and self-processing responded more strongly to wins in high control conditions
and to pride more so than happiness. Moreover, the vMPFC region showed higher covariation with
striatum in the HC condition. Finally, in Study 3, individuals were willing to forgo monetary reward to
select HC choices over MC choices, and their propensity to choose HC over MC (when their value was
equivalent) correlated to pride responses.

The task is clever and well-designed to manipulate perceived control, and the topic is timely and
interesting. It is also commendable that the authors pursued their questions across a few experiments
with independent samples. However, | have a number of concerns that limit the interpretation and
impact of the results, which | outline below:

We thank the reviewer for the positive and constructive feedback and the appreciation of the
study design. We think that we have addressed all your comments and included your
recommended analyses in our results. Your suggestions and remarks helped a lot for revising
the manuscript. Please find a point-by-point answer to your comments below.

Comment #la: Given that pride and happiness and importantly their difference is so critical to the
current interpretation, it would be important to evaluate the extent to which pride and happiness
judgments are correlated. Based on the nature of the task — making perceptual discrimination
judgments about luminance and receiving manipulated feedback — it could be that people are
experiencing pride and happiness, or some mildly positive response that straddles the two. If people
are asked to assign a number to pride and to happiness, they’ll do so, but it is unclear if the experience
itself represents pride and happiness and whether these are separable.

Your comment addresses an important empirical and conceptual issue and relates to a
question reviewer #1 has asked with respect to the correlation of pride and happiness (please
see reviewer #1, comment #7). Besides the empirical investigation of the association between
both affective concepts in our study, which we have addressed in greater detail above and
briefly summarize below, we here aim to elaborate more thoroughly for why believe it is
important to examine both constructs concurrently. To do so, we broke your comment down
into two sections, a first rather general part and a second, which we think more specifically
illustrates your point.

Variation in the pride and happiness ratings in response to the here presented outcomes are
associated both on the within-subject as well as on the between subject level. The effect sizes
suggest a strong association with ~40% of the variance shared on average on the within subject
level as well as between ~25% and ~80% on the between subject level, depending on
conditions and study. These associations are important to consider but not surprising at all.
With respect to theory of self-conscious emotions, happiness could in fact be construed rather
independent of pride while the experience of pride is closely entangled with a concurrent
happiness response. The motivation for including happiness ratings in the current study was



thus not to show that both concepts are unrelated but to verify that we in fact measure
differences in the qualitative construal of affect and not merely rely our interpretation on an
increased positive valence of positive outcomes under high control. This can be rooted in a
constructivist theory of emotion, which proposes that emotions are not naturally existing
entities, but rather abstract concepts that allow to categorize and create meaning out of internal
states (like increased arousal, hedonic tone, etc.; Lindquist & Barrett, 2008; Roy, Shohamy, &
Wager, 2012; Seth, 2013). Importantly, it is assumed that the context in which certain internal
states occur will shape which emotional concepts are likely to be applied. With regard to the
present scenario, obtaining WIN or noWIN outcomes leads to shifts in hedonic state with WIN
outcomes having much greater positive valence. If the task context then allows attributing these
changes in hedonic state to own actions, the probability with which an individual conceptualizes
her internal states as pride (or reductions thereof) increases. In contrast, if one does not feel
responsible for the event causing a given state, references to pride should decrease in theory.
Thus, receiving positive information increases happiness (Rutledge, Skandali, Dayan, & Dolan,
2014), and relating this information to own action additionally leads to pride, as shown in the
present manuscript. In this line, according to theory of self-conscious emotions it is less likely
to experience pride without experiencing happiness than vice versa (Tracy & Robins, 2004).
Therefore, we expected ratings of these emotions to be substantially correlated and it would
be conceptually more problematic if both emotions were not correlated at all, as this would
question the validity of our measures and the underlying theory. Despite the relatively strong
correlation of the two emotions, however, and within the space to construe the emotions on the
given scales of pride and happiness, we think that participants’ responses well reflect the
qualitative shift in the construal of affective experiences if internal control beliefs increase.

We have now included a brief clarification of our rationale in the introduction, and refer to the
new analyses in the results section. Also, we have now aimed to improve the clarity of our
argument throughout the manuscript and explain how internal control beliefs should relate to
changes positive affect in general and a qualitative shift towards pride more specifically. Due
to the various minor changes we only highlight the most prominent changes with regards to
your comment here.

Introduction:

Il. 81-85: “Theories on self-conscious affect (Tangney, Stuewig, & Mashek, 2007) and

appraisal theories (Roseman, Antoniou, & Jose, 1996; Scherer, 2001) predict that
control beliefs shift the valuation of outcomes and result in distinct patterns of affective
experience. While internal control beliefs should relate to dynamics in positive affect
due to their intrinsic value, the attribution of outcomes to controllable and internal
causes is also a necessary condition for the experience of the self-conscious affect of
pride (Tracy & Robins, 2004).”

[Il. 101-102: “As predicted by theory, positive affect and pride dynamics in particular
should be more strongly modulated by outcomes if these are perceived to depend on
one’s own behavior.”

. 127-129: “More precisely, we hypothesize successes and greater control beliefs to
increase positive affect since both carry intrinsic value. Moreover, we expect to
observe a qualitative shift in the affective report with stronger references to pride in
context of internal control beliefs.”



Results:

[l. 182-189: “The main effects of outcome valence (F(1.00,39.00)=60.92, p<.001,
n§:.61) and condition (F(1.31,50.93)=60.92, p<.001, ﬂ§:-43)- as well as their two-way

interaction (F(1.37,53.55)=48.51, p<.001, T]f,=-55) additionally show how internal

control beliefs drive positive affect in response to stimulus outcomes in general.
Besides these effects on positive affect and the generally strong association between
pride and happiness ratings (within-subject Pearson’s r. M= .67, SD=.21, 1(39)=20.29,
one-sided p<.001; for between-subject correlations see supplementary tables S10 and
S12), the pride response (i.e. the difference [HC:WIN-HC:noWIN]-[MC:WIN-
MC:noWIN]) increased more strongly from MC to HC than the happiness response
(t(39)=3.69, one-sided p<.001).”

[I. 193-198: “If such self-attribution is possible, internal control increases beyond having
a choice or not, effectively increasing the self-relevance of outcomes and changing
their affective valuation by driving positive affect and qualitative shifts in the construal
of the experience towards pride(Tracy & Robins, 2004). In contrast, merely having a
choice may be rewarding in itself (Leotti & Delgado, 2011), but falls short of internal
control beliefs as defined in classic theories (Ajzen, 2002; Bandura, 1977; Rotter, 1966)
and should have less impact on this self-evaluative aspects of positive affect (Roseman
et al., 1996; Tangney et al., 2007; Tracy & Robins, 2004).”

ll. 209-221: “Subjects experienced much higher internal control in HC than in MC
(paired t-test: t(38)=9.56, p<.001, d=1.53, 90% CI=[1.13; 1.91]), and affect ratings
differed between tasks according to the level control (rmANOVA: main effect of
condition: F(1,38)=8.38, p=.006, n§:.18), outcome valence (F(1,38)=174.83, p<.001,

n§:.82) and their interaction (F(1,38)=40.23, p<.001, 11,2,:-51) supporting the impact of

successes and internal control beliefs on positive affect (see also supplementary tables
S11 & S12 for the association of pride and happiness). Comparably to study 1,
however, dynamics in pride in response to task outcomes differed from those for
happiness in dependence of control beliefs (condition*outcome valence*affect:
F(1,38)=9.08, p=.005, n§:.19).[. ..] The resulting pride response was significantly larger

than the happiness response (t(38)=3.01, one-sided p=.005), emphasizing how the
construal of self-related positive affect hinges on the subjective belief that outcomes
depend on one’s own actions (for full rmANOVA effects, see supplementary table S2).”

Discussion:

ll. 427-445: “Overall, our findings provide evidence for the link between internal control
beliefs, positive affect and the experience of pride in particular. This concords with
psychological theories of self-conscious affect (Tracy & Robins, 2004) and appraisal
theories (Roseman et al., 1996; Scherer, 2001), stating that internal control allows
attributing task outcomes to internal causes, such as one’s abilities. Self-evaluative
processes are crucial to the understanding of self-conscious affect like pride,
differentiating them from other constructs that people use to describe their affect, such
as happiness. It should be noted however, that positive affect was generally increased
in response to successes under high control and both affective experiences were highly
correlated with each other across the different tasks. This is not surprising as happiness
and pride both highly relate to a core dimension of positive affect and pleasantness
(Roseman et al., 1996). In theory, it is thus very unlikely that people report feelings of
pride without also referring to happiness (Tracy & Robins, 2004) which was also



reflected in our data as the affective report for happiness exceeded the reported
experience of pride also in the highly controllable conditions. Since outcomes obtained
under internal control beliefs are informative about one’s abilities (Miller-Pinzler et al.,
2019), participants can use these outcomes to infer to what extent they succeed at
actually exerting control. Regarding their affective report, this was reflected by a
qualitative shift in the response, i.e. the fact that the concept of pride was more readily
referred to in the task allowing higher levels of internal control. We did not observe such
construal of affect for uncontrollable events, where increased happiness, but relatively
lower pride was observed in response to positive outcomes. This supports the
theoretical assumption that control beliefs are not merely related to increased positive
valence but also contribute to a qualitatively distinct construal of affect when outcomes
are obtained (Roseman et al., 1996; Tracy & Robins, 2004).

Comment #1b: For instance, the difference in pride between Win and No Win is more influenced by
the control manipulation (HC > MC) than happiness, which could lead to the interpretation that “the
resulting pride response was significantly larger than the happiness response”. But it is the difference
of differences that differs by the control manipulation, and not the overall degree of pride or happiness
being experienced. The levels of happiness seem larger overall than levels of pride, and the difference
between Win and NoWin in HC condition in happiness seems equivalent (Study 2) if not larger (Study
1) than that for pride.

Thank you very much for bringing up this argument in greater detail. It is of course true that the
overall intensity of happiness is higher than that of reported pride, but in our view, this does not
reduce the validity of our findings, interpretations, and implications.

Regarding the intensity of affect, we did not expect pride ratings to be as high or even higher
than happiness ratings. This is due to the assumption that visual discrimination abilities as in
our task (HC condition) might not be of high self-relevance to the majority of our subjects, which
is however central to the experience of strong self-conscious affect. In general, the necessity
of self-relevance of a task for the experience of self-conscious emotions makes it difficult to
create experimental designs that elicit strong levels of pride in the majority of subjects (Tracy
& Robins, 2004). It will be even more difficult in case one aims to design experiments that allow
for the controlled presentation of repeated events in rather short periods of time and can also
be conducted in the restricted environment of neuroscience laboratories. As a consequence,
the vast majority of studies examining pride and other self-conscious emotions in the
neurosciences relied on presenting standardized vignettes and using imagination techniques
which are questionable with regards to inducing genuine and strong affective experiences for
their own reasons (see however Muller-Pinzler et al., 2015 for an exception). In this line, our
study is one of the few examples that aims to create experimental conditions that should be
able to induce the experiences of pride, even though they might be comparably small and do
not reflect the full-blown affective experience of pride that people report in everyday life and
when mastering a highly self-relevant task.

However, our goal was not to induce the most intense feelings of pride, but rather to show how
the unique pattern in pride and happiness emerges in response to outcomes and how this
depends on internal control beliefs. That is, the reason why we included happiness ratings in
our tasks was to demonstrate that control-dependent affective responses are most prominent
in reported pride, and not simply attributable to changes in general positive affect. This renders
the overall intensity of the reported emotions less relevant. To highlight this point, we also
computed the difference in pride between HC:WIN and MC:WIN outcomes, and compared this
to the equivalent term for happiness. In both studies 1 and 2, this increase was stronger for



pride than for happiness ratings (study 1: t(39)=4.039, one-sided p<.001; study 2: t(38)=2.822,
one-sided p=.004), while the overall intensity of happiness was of course higher in all four
conditions in both study 1 and study 2 (see figures 1 and 2 in the manuscript).

We have added these analyses in the result section.
Results:

Il. 177-181: “To highlight that internal control over successes impacts pride more
strongly than happiness, we also computed the difference in pride between HC:WIN
and MC:WIN outcomes specifically, and compared this to the equivalent term for
happiness. This increase was stronger for pride than for happiness ratings
(t(39)=4.039, one-sided p<.001), while the overall intensity of happiness was higher in
all four conditions (see figure 1).”

Il. 221-223: “Emphasizing the effect of internal control on affective responses, the
difference in pride between HC:WIN and MC:WIN outcomes was significantly larger
than the equivalent term for happiness (1(38)=2.82, one-sided p=.004), as was the case
in study 1.”

Comment #2: For the HC condition, if feedback was pre-determined, then the actual outcomes are
still chance based. If pride depends upon feelings of mastering a task, then are people really feeling
pride if the outcomes do not depend on mastery or ability? Did participants suspect that feedback
was not tied to performance, as their performance on HC trials could not improve over time? This
sense of improvement seems important for mastery and hence pride.

We want to structure our reply to this comment in two sections and start with the second
question whether participants suspected that feedback was not tied to performance. As we
have stated in the manuscript, we excluded those subjects who did not believe our cover-story.
In order to identify those subjects doubting the truthfulness of the feedback, the post-
experimental interview included written questions asking subjects a) whether they had any idea
about the general purpose of the study; b) whether they noted any peculiarities during the
study; and c) whether they wanted to note anything else about the experiment. After subjects
had a chance to answer these questions, the experimenter debriefed each subject, by first
asking broadly about anything the subject would like to note about the task and then asking
more specifically about the separate conditions. After informing the subjects that feedback was
manipulated they were also asked whether they had suspected this. Answers to these
questions were the criteria to exclude a given subject because the cover story did not work
sufficiently well. In total, 12.3% of subjects reported some sort of skepticism and were excluded
(i.e. 19 out of 154 tested subjects, see table 1). Importantly, this does not imply that subjects
felt they were unable to master the task or did not feel to improve over time. In fact, none of
these subjects was skeptical because of this issue. Rather, on some trials these subjects
indicated that they were very certain about their identification of the brightest square, while
feedback was negative and thus inflicted doubt about whether feedback was truthful and linked
to performance.

Your first question appears to be conceptually related to your previous comment on whether
this paradigm is able to induce strong pride experience in the individuals. As we have stated
above, our aim was not to induce strong pride experiences per se but stimulate the construal
of different affective qualities related to internal control beliefs. Further, we want to elaborate
what the concept of mastery contributes to the understanding of pride and whether your
comment is critical for the implications and conclusions that we can draw from our study.



While we are in agreement with the notion that mastery (indicated by improvement over time)
can drive pride, we would not posit that it is a necessary condition for experiencing pride. For
instance, it is likely that individuals who try to get better at a specific task and who monitor their
improvement over time will be proud in case this intrapersonal performance comparison over
time indicates that they have, in fact, become better. However, another situation in which
individuals would likely experience pride is an interpersonal comparison, such as beating an
opponent in a game of chess. In this situation, the improvement of one’s abilities over time
does not necessarily constitute the central phenomenological experience that drives emotional
responses at that moment. Yet, importantly, we argue that in both of these situations, i.e. the
intra- and interpersonal comparisons, it is relevant that the observed outcomes are attributable
to one’s own efforts or abilities, and not to chance or other external reasons. In fact, attributing
events to own actions is a necessary prerequisite for experiencing mastery or improvement
over time, as events that are perceived to be due to chance are per se not informative about
one’s ability. This does, however, not mean that pride is only elicited when one experiences
improvement over time, or mastery.

Another argument regarding the point that outcomes are chance based by design and thus
imply the lack of experience of mastery is that the included subjects did not only rate the HC
task to be more controllable than the other tasks, but in study 3 also rated the HC task as more
difficult than the MC task (see table S9; difficulty was not rated in studies 1 & 2). In our view,
even if a task is controllable, high difficulty can impede high success rates, which allows for
chance-level (i.e. 50/50) outcomes to occur. Thus, receiving 50% WINs and 50% noWINs does
not necessarily mean that the outcomes were attributed to chance, but rather to a successful
investment of effort in an otherwise difficult task. Related to the argument we have raised
above, mastery can also develop rather slowly or level out at a certain point without reaching
perfection with people still being able to shape the odds of successes to their benefit. In our
case, random guessing and thus capitalizing on chance when identifying the brightest square
would lead to much lower probabilities in winning than 50%. People should experience
mastering the task to a certain degree if they achieve these hit rates overall. This is also
reflected in our ratings of control, which operationalize control beliefs close to the concept of
internal control as defined in the literature (Ajzen, 2002; Rotter, 1966): Participants were
explicitly asked to which degree they believed they could influence the outcome of the task (i.e.
something one could relate to some degree of mastery) - if people would feel no mastery at all
and think that outcomes were purely based on chance, they would also not think that they are
able to influence the outcome.

Besides this, we very much appreciate your notion on the temporal dynamics in mastery to
drive affective response and thought about how to also empirically examine the effects of
temporal dynamics in mastery based on the success history within our study. However, our
experimental paradigm was designed in a manner so that the different types of feedback are
presented with rather constant frequency. For the fMRI analyses this is an important
methodological constraint, as we aimed for stable frequencies of events across the whole
session to increase power and avoid filtering out low-frequency events during pre-whitening of
the BOLD time-series. We have thought and thoroughly discussed about how to implement
such analyses in our experiment and tried several procedures to investigate temporal dynamics
in mastery. Due to the experimental design constraints discussed above, we were however
running into the problem that there were only very few task outcomes preceded by a longer
and consistent history of WIN outcomes, which would be indicative of improvement over time
in the HC condition. In fact, the outcome sequence was designed in a fashion that not more
than 3 consecutive WIN or noWIN outcomes would be presented in any condition. We therefore
concluded that the present data does not allow for performing reliable analyses of how the



performance history influences affect ratings. In order to test such effects reliably, the
experimental task would have to be optimized in a way that drives the temporal dynamics of
mastery, inducing “winning streaks” and “losing streaks”.

Comment #3: In the fMRI analyses, self-value mask removes value regions from the self ROIs.
However, part of the argument being made is that the high control condition is subjectively valuable
compared to the other conditions, and indeed the findings from study 3 show this. What is the rationale
behind conducting the HC>MC analysis only in self regions rather than valuation (or a combination of
both) given the subjective value involved in greater degree of control?

This is a very good point indeed and this analysis was in fact erroneously missing in the initial
version of the submission. We have included the results of this analysis in the revised
manuscript as follows.

Results:

ll. 239-245: “Furthermore, we found significant activations in aspects of the vmPFC
covered by the SELFNVALUE mask (covering regions associated with both “self-
referential” and “value”, -8,48,-12, t(114)=6.13, Z=5.69, k=164) as well as the
VALUE-SELF mask (-6,52,-12, t(114)=5.71, Z=5.35, k=133; all p-values <.05, small-
volume FWE-corrected). These findings indicate, that, as hypothesized, cortical
regions associated with processing of self-relevant information and value are engaged
when outcomes are obtained in task environments that are perceived as controllable
and thus provide information about the subjects’ capabilities (Northoff & Bermpohl,
2004; Tracy & Robins, 2007).”

Comment #4: The logic behind the conjunction of value of winning under high control is confusing. Why
not simply run a conjunction of HC W > HC NoW and HC W > MC W, or an interaction between HC >
MC and W > NoW? The prediction is that Winning under HC will generate larger responses in valuation
and/or self-processing regions, which is a spreading interaction. The HC W > MC NoW contrast in the
conjunction, to me, does not seem to add meaningful information in the conjunction, other than possibly
help increase the effect in vMPFC.

Thank you for bringing this up and we apologize for not making our rationale any clearer. As
we understand, your comment addresses two different questions: first, you question the validity
of the specific configuration of the conjunction analysis we have conducted and second, you
suggest that testing a spreading interaction of success and control would be also reasonable
to do. We want to answer both aspects separately.

First, we want to point out that integrating HC:WIN > MC:noWIN in the conjunction analysis
does not formally invalidate our results and does not help increasing the effect in the vmPFC.
It is important to consider that the conjunction analyses we have applied is based on the
minimum of several t-statistics. Including additional contrasts that show strong effects do not
change the overall results of the conjunction as only the smallest effect defines the statistical
significance of the analyses. As a result, the conjunction analysis with and without the HC:WIN
> MC:noWIN produce the exact similar result. Nonetheless one might argue whether the
composition of the conjunction is easy to follow and confusing. Here, we agree with the
reviewer, that we have not made the rationale quite clear and were over inclusive in the setup
of the conjunction. The more straightforward step would be to only include the contrasts



HC:WIN>MC:WIN and HC:WIN>HC:noWIN. Please apologize for the confusion and we have
now updated the figure 5 and the description in the result section accordingly.

Your comment also aligns with comment #5a of reviewer #1 questioning the use of the
conjunction analyses in general. Please also see our reply to this comment above for a more
in-depth argument for why we believe that the conjunction analysis is appropriate if we aim for
identifying converging additive effects in the BOLD response. In summary, this breaks down
into the question whether to model additive or super-additive effects of success and control as
you have already suggested. We believe the conjunction analyses address the more general
hypotheses that control and success are jointly processed in brain regions rather than
integrated in a super-additive manner or spreading activation, which is an even more specific
assumption. Nonetheless, we think it is worth testing both models and we have now also
conducted the test for the interaction and super-additive effects as you have suggested but did
not find evidence for a spreading activation.

Results:

Il. 246-261: “Next, we were interested in the additive effects of internal control and
winning, by describing specific neural correlates of receiving positive outcomes under
high control beliefs. To do so, we composed the two-way conjunction contrasting
success achieved under high control to both success achieved under medium control
and no success obtained under high control ([HC:WIN>HC:noWIN] N
[HC:WIN>MC:WIN]; figure 5). This analysis revealed that the left vmPFC, specifically,
is more strongly engaged when subjects’ successes are attributable to their own
actions (-4,48,-10, t(114)=3.45; Z=3.36, k=12, p=.022, FWE-corrected within the
SELFNVALUE mask). The additivity of the effect in this region is illustrated by the
common of responses to winning (WIN>noWIN: -2,48,-4, t(114)=7.60; Z=6.82, k=193;
p<.05, FWE-corrected) as well as control (HC>MC; -8,48,-12, 1(114)=6.13; Z=5.69,
k=162, p<.05, small-volume FWE-corrected). The localization of this effect thus mirrors
how the processing of value and self-reference converges in the vmPFC53,60. Aside
from these rather additive effects of success and internal control beliefs, one might
hypothesize that vmPFC activity responds in a super-additive fashion or spreading
activation to the convergence of these factors. That is, vmPFC activity might differ more
strongly between WIN and noWIN for HC than for MC outcomes. We thus tested this
interaction ([HC:WIN>HCnoWIN]>[MC:WIN>MCnoW!IN]), which did not yield any
significant effects in any of the masks (even at more lenient thresholds at p<.001,
uncorrected), nor on the whole-brain level.”

Methods:

Il. 873-877: “For the analyses at the second level, we focused on the outcome phase
of the task by implementing a within-subjects ANOVA including the individual first-level
contrast images for MC:WIN, MC:noWIN, HC:WIN, and HC:noWIN. Using this
approach we computed main effects of condition (HC>MC) and outcome valence
(WIN>noWIN), the conjunction (HC:WIN>HC:noWIN)N(HC:WIN>MC:WIN), as well as
the interaction (HC:WIN>HC:noWIN) > (MC:WIN>MC:noWIN)).”



Figure 5:
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Figure 5. Additive effect of winning under high control
and parametric effects of emotion ratings. a Activations
show the specific effect of HCWIN (i.e. 2-way
conjunction [HC:WIN>HC:noWIN] N [HC:WIN>MC:WIN])
displayed at p<.005, uncorrected. The conjunction
contrast survived small-volume FWE-correction at p<.05
inside the SELFNVALUE mask in vmPFC. Bar plot
represents differences of neural activation in vmPFC
between HC:WIN and the other three outcomes. b
Parametric modulation effect of happiness (red-yellow)
and pride ratings (blue-green) at outcome presentation,
displayed at p<.001, uncorrected for
purposes. Bar plot shows group-level
estimates of the parametric modulations at the peak of

illustrative
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each parametric effect inside the SELFNWVALUE mask.
Violet outlines show SELFNWVALUE mask. Error bars are
+/- 1 standard error of the mean.

t
5

8
]
E
@
@
g
:
@
a

[~
1]

L

0
[]SELFNVALUE mask proud happy

Table S19-S20:

Table 519. Z-way conjunclion small-volume-corrected inside SELFNVALUE, critical T = 3.164

sal cluster peak MMI coordinates (mm)
p [ p(FWE) p(FDR) K plunc) p(FWEp(FDR) T Z  plunc) X ¥ z
050 1 025 ABB 12 ABG 022 435 345 338 =001 -4 48 -10

Note. Effects listed are for the contrast [HC:WIN=HC:noWIN]r [HC:WIN=MC:WIN]

Table 520. 2-way conjunclion inside SELFMVALUE, p=.005, uncorrected

sal cluster peak MMI coordinates (mm)
p [ p({FWE) p(FDR) K plunc) p(FWEp(FDR) T Z  plunc) X ¥ z
1 2 .BBG A1 BO ATE B84 691 345 338 =00 -4 48 -10
1000 772 287 281 002 -2 42 0
1000 .81 1 311 1.000 692 3068 300 .001 0 42 4

Note. Effects listed are for the contrast [HC:WIN=HC:noWIN]r [HC:WIN=MC:WIN]

Comment #5: In order to test whether vMPFC activity tracks pride more strongly than happiness
ratings, why not conduct a contrast of pride > happiness, which is consistent with the rest of the
analyses presented in the manuscript? The analysis in its current form compares beta weights for pride
vs. happiness in the Self and Value ROIls. Alternatively, the effects of Winning and Control could also
be tested using this approach, by extract beta weights from the ROIs and test the effects of Winning
(W/NoW) and Control (HC/MC) rather than running contrasts. The differences in analytic approach
raises questions about the robustness of the effect.

We agree with the reviewer that comparing the extracted beta-weights for the parametric
modulations is not consistent with the remainder of the analyses. We have therefore performed
the equivalent analysis again, testing the effect with the same approach as in the rest of the
task effects. In fact, this analysis did not produce a significant difference between the
parametric modulations of pride and happiness. We have updated the report of this analysis
which now concludes that the parametric modulation effects are not significantly different from
one another (p =.189, corrected). Please see also the updated figure 5 above. Also, we discuss
these results in light of previous findings of vmPFC activity being associated with positive affect.



Results:

Il. 279-284: “The effect for pride ratings survived FWE-correction on the whole-brain
level (-2,56,0, t(38)=6.15, Z=5.09, k=24, p=.008), while the one for happiness did not.
However, directly contrasting the parametric modulation effects of pride against
happiness did not yield significant results in the vmPFC mask (1(38)=4.83, Z=4.24, p =
.189, small-volume FWE-corrected inside the SELFNVALUE mask). This is very much
in line with previous literature highlighting the involvement of vmPFC activity in the
experience of positive affect (Wager et al., 2008), here demonstrated for pride and
happiness.”

Discussion:

Il. 421-426: “Here, the vmPFC seems to play a key role in tracking success, internal
control beliefs as well as affective dynamics. In addition, activity in these regions is
more strongly related to functional responses of brain regions processing reward
information, i.e. ventral striatum, when outcomes depend on one’s own behavioral
performance. In a final step, we highlight the subjective value of the emerging positive
affect, as people discount monetary gains for tasks offering internal control in
dependence of their pride response during task execution.”

. 473-478: “Third, intra-individual variability in pride and happiness in response to task
outcomes similarly covaried with neural activity in vmPFC, very much in line with
previous ideas on how the vmPFC is involved in the affective valuation of outcomes in
more or less controllable conditions (Kool et al., 2013). Collectively, these findings
support the notion that positive affect and self-evaluation might depend on the
integration of outcome information with self-representations, mediated via regions of
the cortical midline and AG, mirroring findings of studies investigating other types of
self-conscious affect (Muller-Pinzler et al., 2015).”

Comment #6: For PPI analyses, it wasn’t clear whether they tested for connectivity differences (e.g.,
between striatum and vMPFC) between conditions HC > MC, or whether additionally there were
significant PPI effects within the HC condition itself. A significant difference in connectivity doesn’t
address whether there is a significant connectivity effect in the HC condition itself, just that it is different
across conditions.

Thank you for this comment which also aligns with the comment #5b & c of reviewer #1 and
please apologize for not having described our PPl approach in sufficient detail. In the original
submission, we have in fact only contrasted the connectivity of the VS between the HC and
MC condition and have not checked for the connectivity within the HC condition itself. Following
your recommendations, we have now tested the PPI effects in HC and MC separately to
explore the significance of the functional connectivity within conditions. Both analyses support
the interpretation that BOLD signal correlations of the VS with the vmPFC, CMS, and the TPJ
are larger in HC and that these correlations are in fact statistically significant. Below you can
find an illustration of the PPI effect for HC and MC clearly showing more widespread and
significant effects in HC than in MC. We have added references to these additional control
analyses in the result section and included them in supplementary tables S34 & S35, as well
as supplementary figure S2 (see below). In addition, please see also the results of the various
other control analyses we have conducted in response to comment #5c of reviewer #1 above.

Results:

Il. 299-305: “In a set of control analyses we tested whether dynamics in functional
connectivity were driven by WIN or noWIN outcomes. Comparing the PPIs contrasting



HC:WIN>MC:WIN and HC:noWIN>MC:noWIN did not reveal significant differences in
the connectivity dynamics in any of the a-priori masks nor on the level of the whole
brain. Further analyses additionally showed that the HC>MC PPI effects were driven
by increased functional connectivity of left VS for HC outcomes (see supplementary
tables S34 & S35, and supplementary figure S2).

Methods:

Il. 912-929: “In a first follow-up analysis, we focused on whether the PPI described
above was driven by WIN or noWIN outcomes. Therefore, we constructed two PPI
terms for each subject by computing the interaction of the left VS time-course with the
contrasts HC:WIN>MC:WIN and HC:noWIN>MC:noWIN, respectively. Aside from
these two PPI terms, we included regressors modelling the two task phases, two rating
phases, the two contrasts used for constructing the PPI terms, the activation time-
course of the left VS, as well as six realignment parameters and their first derivatives.
The first level images contrasting the WIN and noWIN PPI terms were then taken to a
second-level one-sample t-test, to test whether there were significant connectivity
differences for WIN and noWIN outcomes.

A second set of follow-up analyses tested for functional connectivity of the left VS only
during HC and only during MC outcomes. For each subject, we computed the
interaction of the left VS activation time-course with the contrast HC>0 and the contrast
MC>0, respectively. We then set up two GLMs for each subject, including, aside from
the respective PPI terms, regressors modelling the two task phases, two rating phases,
the contrast used for constructing the PPI term, the activation time-course of the left
VS, as well as six realignment parameters and their first derivatives. In addition, for the
PPI modelling HC connectivity, the outcome phases for MC (MC:WIN, MC:noWIN)
were included as two additional regressors. Vice versa, for the PPl modelling MC
connectivity, the outcome phases for HC (HC:WIN, HC:noWIN) were included as two
additional regressors. We then computed two second-level one-sample t-tests on the
first level PPI effects (contrast images for HC PPl and MC PPI).”

Supplementary figure S2:

a Increased connectivity with left VS for HC outcomes b Connectivity with left VS for MC outcomes
(displayed at p<.005, unc.) (n.s.; displayed at p<.05, unc.)
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Figure S2. Functional connectivity of the left ventral striatum (VS). a For HC outcomes, the PPl term was
based on the interaction of the left VS time-course and the contrast HC>0. Only positive connectivity effects
were found. b For MC outcomes, the PPI term was based on the interaction of the left VS time-course and
the contrast MC>0. Connectivity effects for this PPl were generally weak, so the effects are displayed on
very liberal thresholds (p<.05, uncorrected) for illustration purposes. Blue-green indicates negative
connectivity effects, red-yellow indicates positive connectivity effects.



Supplementary tables S34-S35:

Table §34. Lafl V5 PP (HC=0) wholebrain p<.001, uncorrécied, k==50

sal cluster peak MMl coordinates (mm)
p ¢ p(FWE) pIFDR) & plunc) p(FWEpP(FOR] T Z  plunc) % ¥y z
=001 10 =001 <001 2973 =001 028 276 575 483 =001 -10 26 G0
033 276 G568 479 =001 -8 56 38

297 493 476 418 =001 4 38 26

34 Ao 154 o017 256 499 483 423 =001 -40 8 56

532 527 444 395 =001 -42 16 52

819 648 4089 369 =001 -32 14 50

028 .0z8 254 003 262 499 482 422 =001 48 64 42

B45 675 408 366 =001 52 -56 34

A70 740 37T 344 =001 46 60 30

ooz 003 452 <001 27T 488 479 420 =001 42 28 Bl

Aa79 499 483 408 =001 46 36 -12

419 493 458 405 =001 34 22 -16

=001 001 572 <001 293 493 476 418 =001 -40 40 Bl

385 499 483 408 =001 -38 s 2

A67 544 440 39592 =001 -4 42 -16

24 Ao 159 015 343 499 489 413 =001 -46 68 40

ooz 003 466 <001 444 488 455 403 =001 - - G

473 493 451 400 =001 -10 14 G

596 544 437 3890 =001 -14 4 12

013 i 310 2001 481 493 450 399 =001 8 -56 34

Baz2 691 389 362 =00 0 -56 36

B20 702 382 358 =001 - -T0 56

65T 638 56 125 683 550 427 382 =001 -28 20 -20

AB5 413 K| 073 814 702 383 357 =0 40 60 -26

76 764 374 342 =001 30 66 -24

Table §35. Left V5 PPI (MC=0) wholabrain p=.001, uncomacled

sal cluster peak MNI coordinates (mm)
P [ p{FWE) p(FDR) K plunc) p(FWEpP(FDR) T Z  plunc) X ¥ z
1 3 1.000 858 1 B58 892 8996 367 337 <00 -20 -30 10
888 .B58 2 T84 1000 896 337 313 =00 -40 -B6 14
1.000 858 1 B58 1.000 896 333 308 <00 -26 -B8 18

Comment #7: In study 3, it makes sense that people should choose HC more often if the value is equal
with MC, and that this should be related to pride. But the results also show that participants forgo
monetary reward to choose HC (average value per trial for HC and MC, probably also in aggregate
money forgone during the duration of the task). Shouldn’t the degree to which an individual values
control (and therefore gives up money to experience HC) relate to pride? This could be tested with the
mean value of trials, money forgone during the task, or a point of subjective equality (the value at which
people are equally likely to choose HC and MC, which will veer towards HC). It would be good to know
if pride correlates with the bias towards HC over MC when their values are equal, and/or whether pride
correlates with the propensity to forgo rewards to choose HC over MC.

Thank you for this comment, which we believe is a very good addition to our current set of
analyses. We very much agree that we have previously provided a rather limited perspective
on how to relate pride experiences with choice behavior and included only the arguably most
straightforward parameter from the logistic regression models. Your suggestions are very
helpful and we have now computed the different measures in order to relate the pride response
to choice behavior.

In addition to our previous analyses, we have now also computed the point of equivalence
(POE) indicating subjective equality as derived from the b0 and b1 parameters of the regression
model and a second variable representing the monetary value of control reflecting the money
forgone due to preferences for HC. The POE is the (log-transformed) monetary value offered
for HC relative to that for MC, at which a given subject was equally likely to choose either
option, i.e. had a probability of .5 to choose HC. Thus, we subtracted .5 from each subject’s



logistic function and then used the fzero function in Matlab to determine the POE. Lower values
indicate greater preference for HC and higher values indicate a preference for MC. The
monetary value of control was based on the trial-by-trial difference between the presented
offers for HC and MC, and the median of these differences was taken as an index of control
preference for each subject.

In agreement with our initial analyses these variables also support that subjects prefer the HC
condition. Participants had higher probability of choosing HC over MC if offers have equal
monetary value, show equivalent probabilities for choosing either HC or MC only if MC offers
exceed those of HC as indicated by the POE (MD=-0.29, IQR=0.36, Wilcoxon signed-rank
W=54, one-sided p<.001), and are willing to give up money for expressing their preferences in
the choices (monetary value of control: MD=0.24€, IQR=0.20, Wilcoxon signed-rank W=1199,
one-sided p<.001; see supplementary table S5). Also, the pride response showed the expected
association across the three variables with probability to choose HC in case of equal offers
(Spearman’s rho=.47, one-sided p<.001), and the monetary value of control (Spearman’s
rho=.30, one-sided p=.026) being significantly correlated even after the appropriate FDR
correction for the handling of the three dependent variables. The association with POE was in
the expected direction but did not reach significance after correcting for multiple comparisons
(Spearman’s rho=-.18, one-sided FDR-corrected p=.106).

In addition to the more comprehensive description of the association between choice behavior
and the pride response, we now also provide the correlations of individual differences in the
experience of internal control and choice behavior. This was motivated by your and your co-
referee’s comments and our aim to strengthen our argument, replicate previous findings and
better align our results to the existing literature on the subjective value of control, even though
this was not explicitly addressed as a potential concern. Here, we correlated the three variables
of choice behavior with differences in the perceived control between HC and MC and found
significant associations comparable to those of the pride response in the sense that people
who experience more difference in control between HC and MC also prefer HC over MC.

We have updated the results and methods section included your suggestions in the analyses.
Results:

. 364-371: “Further exploration of variables indicative of the choice behavior showed
similar evidence for a preference of HC over MC offers. First, the monetary value of
control, i.e. the median difference in money offered for MC and HC on each trial (see
methods) was significantly positive, indicating higher offers for MC than for HC
(Wilcoxon signed-rank W=1199, one-sided p<.001, MD of difference=0.23€, IQR=0.20)
and the willingness to forgo money to execute control. Second, the point of equivalence
(POE), i.e. the (log-transformed) value of HC relative to MC at which subjects were
equally likely to choose either option, was also significantly negative (Wilcoxon signed-
rank W=54, one-sided p<.001, MD=-0.29, IQR=0.36; see supplementary table S5).”

Il. 375-377: “Comparably, the POE also remained significantly negative when
controlling for expected outcome probabilities (Wilcoxon signed-rank W=283, p<.001,
MD=-0.13, IQR=0.37).”

Il. 378-401: “A further goal of study 3 was to demonstrate that participants’ preference
for HC over MC varies in dependence of the affective dynamics during the main task.
As expected, individuals who had a more positive pride response showed a higher
probability to choose HC in the choice task, given equal values of the two choice
options (Spearman’s rho=.47, one-sided p<.001; figure 7). Further, subjects with a



higher pride response also had a higher monetary value of control (Spearman’s
rho=.29, one-sided p=.029) thus willing to forgo money in order to play the HC task.
While the POE showed effects in the expected direction, it was not significantly
correlated with the pride response after correcting for multiple comparisons
(Spearman’s rho=-.18, one-sided p=.106; all p-values FDR-corrected). Notably, these
associations cannot be fully explained by how difficult or exciting people experienced
the HC and MC tasks, since after controlling for differences in these variables the
overall pattern of association between task preference and pride response remained
stable (see supplementary table S8). In order to further embed our data into the
existing literature on perceived control and task preferences (Leotti et al., 2010; Wang
& Delgado, 2019), we also tested the association between the three indices of control
preference and individual differences in experienced control over the different tasks.
Results clearly show that people who experienced stronger differences in control
beliefs (HC-MC) also more strongly preferred the HC over the MC task. All three
variables indicative of control preferences showed significant effects in the expected
directions. Precisely, people experiencing stronger control were more likely to select
the HC task in case of equal offers (Spearman’s rho=.28, one-sided p=.048), were
willing to forgo money in order to play the HC task (Spearman’s rho=.26, one-sided
p=.048), and showed shifts in the POE so that MC offers needed to be larger in order
to achieve similar probabilities of selecting HC and MC (Spearman’s rho=-.24, one-
sided p=.048, all p-values FDR-corrected for multiple comparisons). Collectively, these
findings support and extend previous results that showed that mere choice is preferable
to not having choices (Leotti & Delgado, 2011; Wang & Delgado, 2019) by highlighting
the notion of instrumental control over the outcomes for building preferences (Ly et al.,
2019), and emphasizing that self-related positive affect might be a relevant factor for
mediating motivated behavior (Williams & DeSteno, 2008).

Methods:

Il. 845-853: “In order to assess each subject’s preference for control, we computed
three indices for a preference of HC over MC. First, by setting 3_1 to 0, _0 directly
defines the probability of choosing HC when monetary offers for HC and MC are equal
(p(choose HC|HC=MC); see figure 7). Second, we determined the monetary value of
control for each subject by computing the median of the trial-by-trial difference in money
offered for choosing MC minus the offer for HC on that trial. Third, we computed the
point of equivalence (POE), i.e. the (log-transformed) monetary value offered for HC
relative to that for MC, at which a given subject was equally likely to choose either
option, i.e. had a probability of .5 to choose HC. Thus, we subtracted .5 from each
subject’s logistic function and then used the fzero function in Matlab to determine the
POE. In the present case, a more negative POE indicates a stronger preference for
control.”



Supplementary tables S5-S6:

Table S5. Pride responses, perceived control, and control preference (study 3)

rank-biserial 80% CI
w one-sided p correlation lower upper
Pride response ® 1229.00 <.001 .93 .89 .96
Control difference HC-MC * 1252.00 <.001 .96 94 .98
p(HC|HC=MC)* 1185.00 <.001 .86 g7 .91
monetary value of control ® 1199.00 <.001 .88 .80 93
indifference point © 54.00 <.001 -92 -.95 -.86

Note. a = alternative hypothesis specifies that the population median is larger than 0. b = Alternative hypothesis
specifies that population median is larger than .5. ¢ = Alternative hypothesis specifies that population median is
smaller than 0.

Table S6. Associations between pride response, perceived control, and control preference

Pride response Control difference HC - MC
one-sided 90% CI one-sided 90% Ci
h. rho p* lower upper h. rho p* lower  upper
p(HC|HC=MC) + 473 <.001 267 B37 + .282 .048 .050 485
monetary value of - 5qq 026 069 500 v 260 048 027 467
control
indifference point - -.180 106 -.398 058 - -239 .048 -449 -.003

Note. h.= hypothesized direction of correlation. *All p-values are FDR-corrected for multiple comparisons.

Minor points:

Comment #8: Related to my comment related to the relationship between pride and happiness, the
abstract discusses the findings in relation to affective dynamics or positive affect, but the remainder of
the results draw strong distinctions between pride and happiness. Why is there such a discrepancy in
the description of the results across the manuscript?

Thank you very much for this comment and we agree with your evaluation on the discrepancies
in how we refer to these concepts. In part, these inconsistencies relate to a previous comment
of yours and your co-referee addressing the relation and distinction of the concepts of
happiness and pride. Our motivation to include both happiness and pride as affective
dimensions in our experiments was that we wanted to show that internal control believes result
in a qualitative shift in affect when obtaining outcomes and are not merely related to stronger
positive affect, in line with appraisal theories (Roseman et al., 1996; Scherer, 2001) and
construal of self-conscious emotions (Lindquist & Barrett, 2008; Tracy & Robins, 2004).
Happiness thus serves as a control or reference condition but as our result show and in line
with theory it is also strongly affected by internal control believes. We have discussed this point
more thoroughly above. As a result, we introduced inconsistencies with regards to how much
we stressed the distinction of the affective constructs, made more prominent reference to their
common core positive affect, or referred to the shift in the affective qualitative towards pride as
a genuine self-evaluative affective response. We sincerely apologize for the resulting
discrepancies. We have aimed to resolve this issue and thoroughly improved the manuscript
to provide a more balanced description of the results also in line with the discussions we have
had in the review process. Your will find various changes in the manuscript related to this
comment.



Comment #9: There is a broader literature on self and value (e.g., Somerville et al., JoCN, 2010;
Hughes & Beer, JOCN, 2013; Korn et al., JNeuro 2012) that could further support the connection
between vMPFC responses to self and reward.

We thank the referee for suggesting the additional literature on this topic. We have included
references to the suggested (and additional, i.e. Chavez, Heatherton, & Wagner, 2017)
manuscripts in the introduction in order to further strengthen our line of argument. Additionally,
we included these studies in the discussion section, as they are helpful to understand how the
vmPFC might subserve self-esteem regulation.

Discussion:

Il. 519-524: “Furthermore, several studies have supported this role of vmPFC in the
updating of self-related beliefs (Korn, Prehn, Park, Walter, & Heekeren, 2012;
Kuzmanovic, Jefferson, & Vogeley, 2016; Kuzmanovic, Rigoux, & Tittgemeyer, 2018).
For instance, Korn and coworkers (Korn et al., 2012) showed that a region in medial
PFC was related to participants’ belief updating regarding their desirability as a person
in response to social feedback. This collective evidence supports the interpretation that
the vmPFC activation and affective dynamics we observed in response to outcomes
from controllable tasks might reflect correlates of short-term updating of beliefs about
one’s abilities.”

Comment #10: There is also an interesting experiment on reward responses associated with lllusory
control that could be included given its relevance to the current study (Kool, Getz, Botvinick, JOCN,
2013).

This is a very interesting read indeed and we have integrated this literature in the discussion
of illusory control.

Discussion:

Il. 542-547: “Interestingly, previous studies have conceptually linked the vmPFC to
illusions of control, distorted probability estimates, and positive affect, and there is
evidence relating activity in this region to behavioral preferences for subjectively
controllable tasks (Wang & Delgado, 2019). In concert with these findings, the present
results provide a hint for clinical research to refocus on perturbed beliefs of control over
the environment to understand affective and motivational symptoms as well as altered
neural dynamics associated with relevant psychiatric conditions.”

Comment #11: The abstract introduces the term “self-evaluative affective dynamics” but this is very
difficult to understand without a description.

We thank the reviewer for this remark. In line with your comment #8 we have now clarified our
language and resolved discrepancies across the manuscript. Please find the revised abstract
below.

“Experiencing events as controllable and attributing positive outcomes to own
contributions is essential for human well-being. Based on classic psychological theory
we test how internal control beliefs impact the affective valuation of task outcomes,
neural dynamics and ensuing behavioral preferences. In three consecutive studies with



independent samples we show that affective dynamics increase, with a qualitative shift
towards self-evaluative pride, when agents believe they caused a given task outcome.
We demonstrate that these outcomes engage brain networks processing self-
referential information in the cortical midline. Here, activity in the ventromedial
prefrontal cortex tracks outcome valence regarding both success as well as internal
control, and covaries with positive affect in response to outcomes. These affective
dynamics also relate to increased functional coupling between the ventral striatum and
cortical midline structures. Finally, we show that self-evaluative pride promotes
preferences for control, even at a monetary cost. Our investigations extend recent
models of positive affect and well-being, and emphasize that control beliefs drive
intrinsic motivation.”
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Reviewers' Comments:

Reviewer #1:

Remarks to the Author:

The authors have clarified several points and added new analyses that enhance the paper. I
appreciate the attention to details and the revisions the authors have implemented, the paper
reads very well.

Reviewer #2:

Remarks to the Author:

I'd like to thank the authors for very thorough and clear set of responses to my comments. I feel
that the manuscript was much improved by the revisions and additional analyses, and their
responses made the contributions of the work clear. I'd be happy to cite this manuscript in my own
work.

Sincerely,
Brent Hughes



