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Abstract

There are established effects of self- and reward-biases even on simple perceptual matching tasks 

[Sui, J., He, X., & Humphreys, G. W. (2012). Perceptual effects of social salience: Evidence from 

self-prioritization effects on perceptual matching. Journal of Experimental Psychology, Human 
Perception and Performance, 38, 1105–1117]; however we know little about whether these biases 

can be modulated by particular interventions, and whether the biases then change in the same way. 

Here we assessed how the biases alter under conditions designed to induce negative mood. We had 

participants read a list of self-related negative or neutral mood statements [Velten, E. (1968). A 

laboratory task for induction of mood states. Behavior Research and Therapy, 6, 473–482] and 

also listen for 10 min to a passage of negative or neutral music, prior to carrying out perceptual 

matching with shapes associated to personal labels (self or stranger) or reward (£12 or £1). 

Responses to the self- and high-reward-associated shapes were selectively slower and less 

sensitive (d′) following the negative mood induction procedures, and the decrease in mood 

correlated with decreases in the reaction time bias across “high saliency” (self and high-reward) 

stimuli. We suggest that negative mood may decrease self- and reward-biases through reducing 

attention to salient external stimuli.
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Recent work has established that both perception and memory can be modulated by a variety 

of biases reflecting (for example) whether a stimulus is personally linked to a participant and 

whether a stimulus has an associated reward value. For instance, Sui, He, and Humphreys 

(2012) had participants associate simple geometric shapes either with personal labels 

(circle–you, square–friend, triangle–stranger) or with different reward values (e. g., circle–

£9, square–£3, triangle–£1). Participants then saw either the original pairings (as above) or 

shapes and labels re-paired (e.g., circle–friend, square–you, or circle–£3, square–£9). They 

found highly robust biases in perceptual matching for self-related stimuli (e.g., reaction 

times, RTs, for circle–you < RTs for square–friend) and for high-reward stimuli (RTs for 

circle–£9 < RTs for square–£3). In addition, responses to self- and high-reward stimuli were 
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less affected by degrading stimulus contrast than responses to stimuli linked to other people 

and low rewards. Thus both self-bias and reward-bias effects interact with manipulations of 

the perceptual quality of the shapes, consistent with effects of self-reference and reward on 

perceptual processing.

The effects on perceptual matching also link to enhanced binding of information. Using a 

redundancy gain paradigm, researchers have reported that performance with two items is 

better than that with single items (the redundancy gain; e.g., Miller, 1982). These 

redundancy gains are larger when the items group to form a single object (Mordkoff & 

Danek, 2011), and they are larger for self-related than for other-related stimuli (Sui, 

Yankouskaya, & Humphreys, 2015) In addition, responses to redundant self stimuli violated 

the independent processing of two items (cf. Miller, 1982), and they were processed with 

“super-capacity” (Townsend & Eidels, 2011). The data indicate that participants responded 

to redundant self-related shapes as a perceptual whole, consistent with self-reference 

enhancing perceptual integration.

There is evidence for improved integration processes in memory induced by self-reference 

(Cunningham, Turk, Macdonald, & Macrae, 2008; Wang, Humphreys, & Sui, 2016). For 

example, participants typically show better memory for items subjected to self-ownership 

decisions than for items assigned to ownership by others. Furthermore, for remembered 

items, participants are more accurate at judging that the stimuli have been categorized in 

relation to the self than that they have been categorized in relation to other people (i.e., on 

source memory tasks; Cunningham, Brady-Van den Bos, & Turk, 2011). This enhancement 

of source memory is consistent with the better integration of elements to their memorial 

context (see Sui & Humphreys, 2015, for an overview).

These results converge with other findings indicating that self- and reward-associations 

increase the attentional saliency of stimuli. For example, Sui, Liu, Mevorach, and 

Humphreys (2013) showed that associating a shape with the self altered responses to the 

shape when it was presented within a hierarchical form (a large shape made up from smaller 

shapes) in the same way as altering the perceptual saliency of the shape by increasing its 

contrast or blurring. Also overlapping brain regions were recruited when self- and when 

perceptually salient distractors had to be ignored. Anderson, Laurent, and Yantis (2011) had 

stimuli consistently associated with high and low reward values and found that distractors 

associated with high reward were subsequently difficult to ignore even when irrelevant to the 

task. Self- and reward-related stimuli may each capture attention and demand specific neural 

processes to then be ignored.

The question arises then whether these biases on perception, attention, and memory can be 

modulated under particular conditions. There is much work with both humans and animals 

indicating that emotional states affect cognitive performance (Padmala & Pessoa, 2014; Soto 

et al., 2009), including effects on reward and self-related information processing. For 

example, low mood has been shown to increase self-focus (e.g., Grimm et al., 2009; 

Pyszczynksi, Hamilton, Herring, & Greenberg, 1989; Salovey, 1992; Wood, Saltzberg, & 

Goldsamt, 1990) and to reduce attention/motivational responses to reward (Blood & Zatorre, 

2001; Chiew & Braver, 2011; Hervás & Vázquez, 2013), particularly in depression (Eshel & 
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Roiser, 2010; Henriques & Davidson, 2000). Broadly speaking, the change from neutral to 

low mood can be interpreted as a general shift away from exteroceptive value judgment 

towards a more internal focus on homeostatic interactions, or the resting state of the value 

input system (Paulus, 2007). Thus, the relationship between exteroceptive reward valuation 

and the self-concept may be affected by low mood (Northoff & Hayes, 2011). If low mood 

reduces attention to reward then we may predict that reward-based biases may decrease 

under conditions that induce negative mood (e.g., Grimm et al., 2009). The predictions 

related to self-bias are less clear, however. If low mood produces a focus of attention to 

internal states, then it is possible that self-bias effects could increase under low mood 

conditions, if participants become more focused on self-related stimuli than on stimuli 

related to other people. On the other hand, it can be argued that self-biases in perceptual 

matching do not depend on internal attention to the self but rather on attention to self-

associated external stimuli. For example, Sui, Rotshtein, and Humphreys (2013) examined 

the neural basis of self-bias effects in perceptual matching. They found that self-related 

stimuli enhanced neural activity (compared with stimuli associated to other people) in the 

ventral–medial pre-frontal cortex (vmPFC) and the left posterior, superior temporal sulcus 

(LpSTS). The vmPFC has been linked to self processing in a variety of brain imaging 

studies (Decety & Sommerville, 2003; Northoff & Bermpohl, 2004; Uddin, Lacoboni, 

Lange, & Keenan, 2007) while the LpSTS has been related to attention to the external 

stimulus environment (Samson, Apperly, Chiavarino, & Humphreys, 2004). Sui, Rotshtein, 

et al. (2013) further showed that greater self-biases were associated with increased 

functional connectivity between the vmPFC and the LpSTS, suggesting that the biases arise 

from self-representations (in the vmPFC) priming attentional responses (in the LpSTS) to 

self-related external stimuli. If this is indeed the case, and if low mood reduces attention to 

external stimuli, then we might expect that inducing a low mood in participants would 

decrease self-biases in perceptual matching. This was tested here.

The current study also has the potential to prise apart the relations between self- and reward-

biases in perception. As noted, Sui et al. (2012) found qualitatively similar effects of self- 

and reward-bias on perceptual matching. However, this does not mean that self- and reward-

biases reflect the same underlying mechanisms, but merely that perceptual processing is 

modulated by both factors. Indeed, in their study of redundancy gains Sui et al. (2015) failed 

to find evidence for super-capacity for redundant high-reward stimuli, contrasting with the 

evidence with redundant self-related stimuli. This suggests that integration processes at a 

perceptual level may be less affected by reward than by self-association. By testing the 

effects of music intervention here on both self- and reward-biases, we evaluate whether the 

two biases are affected in the same way by a common intervention, and whether the same 

aspects of the intervention affect performance. In addition, we can assess whether changes in 

self-bias and changes in reward-bias, under the music intervention, are correlated across the 

participants. If there are common processes mediating the two bias effects, then the effects 

of mood change in one case (e.g., for self-bias) should follow the pattern in the other (e.g., 

for reward-bias).

To test the above hypotheses, we had participants perform self- and reward-related tasks 

after music intervention in two sessions (one session with negative music, the other with 

non-negative music as a baseline). In each session, a 10-min period in which participants 
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listened to music was followed immediately by two perceptual matching tasks—one in 

which shapes were associated with personal labels and one in which the shapes were 

associated with labels for different reward values (Sui et al., 2012). At the end of each 

session, participants were asked to rate their mood state using a continuous scale (negative to 

positive). We measured the effect of music intervention on mood state as well as on the self- 

and reward-biases in the matching task. In addition, we assessed the relations between the 

valence of the negative mood and changes in self- and reward-bias. Does negative mood 

enhance or reduce the two biases in perceptual matching? Also, are the effects of mood 

induction on self- and reward-bias linked?

Experimental Study

Method

Participants—Twenty-three undergraduates from Oxford University participated in the 

experiment (13 males, ages 18–22 years, mean age = 19.17 ± 1.11 years). All participants 

were right-handed and had normal or corrected-to-normal vision. Informed consent was 

obtained from all individuals prior to the experiment according to procedures approved by 

the ethics committee of the Medical Sciences Division of Oxford University. Three 

participants who did not show a self-advantage effect in the neutral condition were excluded 

from further analyses. Three out of the remaining 20 participants also did not rate the mood 

statements according to the instruction.

Stimuli and tasks—Eight geometric shapes (triangle, circle, square, hexagon, pentagon, 

octagon, diamond, and ellipse) were assigned to labels representing two people (the 

participant and a stranger) or two reward values (£12–high reward and £1–low reward) in 

two sessions (neutral music intervention and negative music intervention), respectively. The 

assignment of the shapes to the different people and reward values, across the two music 

conditions, was counterbalanced across participants and sessions. For example, participants 

were told that “the circle represents a stranger, and the ellipse represents you” in the 

personal associative task, and “the hexagon represents £1, and the square represents £12” in 

the reward associative task (Sui et al., 2012). After the instruction to associate the label and 

the shape, participants immediately underwent a shape–label matching task to judge whether 

the shape–label pair presented on each trial matched or mismatched. A shape (covering 3.5° 

× 3.5° of visual angle) was displayed above a white central fixation cross (0.8° × 0.8° visual 

angle). One of two labels (“you” or “stranger” or “£12 or £1”, depending on the session) 

covering 1.76°/2.52° × 1.76° of visual angle was displayed below the fixation cross. 

Participants were also told that there were extra rewards linked to the high- and low-

associated shapes. For this session, participants gained an additional maximal reward across 

all trials of £12 for correct responses to high-reward-associated shapes, and an additional 

maximum of £1 for low-reward-associated shapes. All the stimuli were displayed on a grey 

background. E-prime software (Version 2.0) was used to present the stimuli and to record 

responses. The experiment was run on a PC with a 22″ monitor (1920 × 1080 pixels) at 60 

Hz.
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Mood induction procedure—In accordance with the requirements of a local ethics 

committee, we combined the Velten mood induction procedure (Velten, 1968) and a music 

mood induction procedure, both of which have been demonstrated to be effective in inducing 

negative mood (Clark, 1983; Pignatiello, Camp, & Rasar, 1986; Westermann, Spies, Stahl, & 

Hesse, 1996). In the negative mood induction, participants were presented with the negative 

list of Velten statements and were played a looped recording of Chopin’s Prelude No. 6 in B 

Minor, performed by Maurizio Pollini on desktop speakers. For the neutral mood condition, 

participants were presented with the neutral list of Velten statements and a looped recording 

of Ballade, Op. 19, by Fauré, performed by David Korevaar. Each music piece took about 10 

min.

Two sessions (neutral and negative music interventions) took place over two consecutive 

days. Half the participants carried out the session with the neutral music intervention on the 

first day and then a session with negative music intervention on the second day. The order of 

these two sessions was reversed for the other participants. In each session, the order of 

personal and reward tasks was counterbalanced across participants. At the end of each 

session, participants had to rate their mood state using a 7-point continuous scale (1 = very 

negative, 4 = neither positive nor negative, 7 = very positive). The scores were used to 

calculate the effect of music intervention on mood state.

Procedure—After the mood induction session (see above), participants underwent 

associative matching where they were instructed to link two shapes with the self or a 

stranger in the personal association task, and two shapes with £12 or £1 in the reward task, 

respectively. Participants were told that they would be rewarded extra bonus at the end of 

each session based on and proportional to their correct responses to shapes associated with 

the high and low reward values. There were no images of stimuli displayed during the 

instruction stage.1 After the instruction, participants had to judge whether a simultaneously 

presented shape and label pair matched. Each trial started a central fixation cross for 500 ms, 

followed by a shape–label pair at the centre of the screen for 100 ms. Half the pairings of the 

shape and label conformed to the instruction and were responded to as match trials; on the 

remaining trials the shapes and labels were re-paired to form mismatch trials. For mismatch 

trials, a shape was paired with the other labels (e.g., self shape with stranger label in the 

personal task, or £12-associated shape with £1 label in the reward task). The next frame was 

a 1000-ms blank field. Participants were encouraged to make a response as quickly and 

accurately as possible within this 1000-ms interval. A feedback message (correct, incorrect, 

or too slow!) was then given in the centre of the screen for 500 ms. Participants were also 

informed of their overall accuracy at the end of each block. There were four blocks of 60 

trials following 10 practice trials. Thus there were 60 trials for each match and mismatch 

condition in each task.

Data analysis—First we examined whether the mood induction procedure was effective 

by comparing the change in reported mood scores in the neutral and negative music 

intervention sessions. Second, we assessed the effect of negative mood induction on self- 

1Our prior experience indicates that showing participants the stimuli before the perceptual matching task has little effect on 
performance.
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and reward-biases. There was no trade-off between RTs and accuracy in either the self or the 

reward tasks, for any conditions. The accuracy results were assessed using d′, computed 

from performance on match trials contrasted against mismatch trials with the same shape 

(see Sui et al., 2012). For each analysis (RTs, d′) we (a) first measured the effect of negative 

mood intervention on self- and reward-bias using a repeated measures analysis of variance 

(ANOVA) with three within-subjects factors—mood (neutral vs. negative music 

intervention), task (self vs. reward), and association (self or high reward vs. stranger or low 

reward). All multiple comparisons were corrected using Holm–Bonferroni corrections for α 
= .05 (Holm, 1979); (b) conducted correlation analyses across sessions and tasks to assess 

how the valence of the negative mood shaped the responses to stimuli associated with 

different people and reward values, across individuals. We assumed that the more negative 

the mood state after the intervention, the greater any change in the self- and reward-bias 

effects. We hypothesized that the shift would be greatest in the self and high-reward 

conditions, whereas the stranger-associated and low-reward-associated stimuli should be less 

affected (e.g., if they benefit less from outward-facing attention to the stimuli).

Data analyses were based on the data for the correct responses only. Responses faster than 

200 ms were also excluded from data analyses (less than 5% of trials were excluded). Mean 

scores in RTs were applied in data analyses.

Results

The effect of negative mood intervention on mood state—We conducted a 

pairwise t test to assess differences in reported mood scores between the neutral and negative 

mood induction sessions. There was a significant difference in mood status between two 

sessions, t(16) = 11.06, p < .0001 (three participants who did not report mood status based 

on the instruction were excluded from data analysis). The mood state was more negative 

after the negative intervention than after the neutral intervention. In order to assess the 

absolute level of mood state in each session (positive or negative), two simple t tests (against 

the score “4” indicating neutral mood status) were conducted for each session. The analysis 

showed a negative mood state after the negative intervention (M = 2.88, SD = ±0.93), t(16) = 

−4.97, p < .0001, along with a positive mood state after the neutral intervention (M = 5.41, 

SD = ±0.62), t(16) = 9.41, p < .0001.

The data indicated that our procedure was successful in modulating the mood of 

participants. Next we assessed how negative mood induction influenced the self- and 

reward-biases in the matching task. Is there a different effect of negative mood on self- and 

reward-biases?

An initial overall ANOVA in RTs indicated a borderline interaction between association and 

response (match vs. mismatch trials), F(1,19) = 4.08, p = .058, η2 = .19. Accordingly the 

data were analysed by considering effects on match and mismatch trials separately. Note that 

different processes are likely to be involved on these trial types, including the additional 

process of rejecting the matching associations on mismatch trials (see Wang et al., 2016).

RTs for match pairs: Negative mood intervention on self- and reward-biases—
common effects—We conducted a three-way ANOVA on RTs for matched pairs with the 
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factors being association (self or high reward vs. stranger or low reward), task (self vs. 

reward), and mood intervention (negative vs. neutral). The analysis showed a significant 

main effect of association (self or high reward vs. stranger or low reward), F(1, 19) = 20.19, 

p < .0001, η2 = .52; there were faster responses to the shapes associated with self and high 

reward than to the shapes associated with stranger and low reward, reflecting general biases 

to “high saliency” stimuli (self and high reward). There was a significant main effect of task, 

F (1, 19) = 5.28, p = .03, η2 = .22, reflecting faster responses to the reward than to the 

personal association task. The main effect of mood was not significant, F = 1.71, p = .21. 

There was, however, a significant interaction between association and mood (neutral vs. 

negative), F(1, 19) = 4.65, p = .04, η2 = .20 (Figures 1A and 1B). No other significant 

interactions involving mood and task were observed, Fs < 0.70, ps > .41, indicating that 

negative mood induction exerted a comparable overall effect on the self- and reward-biases.

To examine the interaction between association and mood, we conducted pairwise t tests for 

the two mood intervention sessions. In the neutral mood session there was a strong overall 

advantage across the self- and high-reward conditions than across the stranger- and low-

reward conditions, t(19) = −4.67, p < .0005. This is consistent with prior research (Sui et al., 

2012). The overall self- and high-reward advantage remained after the negative mood 

induction—but in this case this was a marginal effect, t(19) = −2.11, p = .05 (Figure 1B). 

The interaction reflects the smaller self-/high-reward-bias after negative than after neutral 

mood induction. The reduced advantage was due to slower responses to self- and high-

reward-associated shapes after negative mood intervention (compared to the neutral mood 

session), t(19) = −2.71, p = .01, but there was no effect of mood intervention on responses to 

stranger- and low-reward-associated shapes, t(19) = 0.35, p = .73 (Figure 1B).

To assess the relations between the high-saliency bias (self- and high-reward) and the change 

in mood more directly, we correlated shifts in the valence of mood after the negative mood 

induction procedure (compared with the neutral mood procedure) with shifts in the biases to 

high-saliency stimuli (combining the self- and high-reward associations) relative to low-

saliency stimuli (combining the stranger and low-reward associations).2 There was a reliable 

correlation between the change in mood and the changes in the responses to high-saliency 

stimuli across the two sessions, r (16) = .50, p = .04; the greater the drop in mood, the 

stronger the shifts in high-saliency stimuli (Figure 1C).

RTs for mismatch pairs—A three-way ANOVA with mood intervention (neutral vs. 

negative music intervention), task (self vs. reward), and association (self or high-reward vs. 

stranger vs. low-reward) failed to show any significant effects, Fs < 2.05, ps > .16.

d′—The analysis for d′ demonstrated a significant main effect of association, F(1, 19) = 

7.99, p = .01, η2 = .30; there were larger d′ values for shapes associated with self and high 

reward than for the shapes associated with stranger and low reward, reflecting self- and high-

reward advantage effects in perceptual sensitivity. The main effects of mood and task were 

2Given that we failed to find any differences between the effects of mood induction on self- and reward-biases, we averaged 
performance, respectively, across the self- and high-reward conditions and across the stranger- and low-reward conditions, in order to 
achieve the most stable data for the correlations.
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not significant, F(1, 19) = 2.98 and 2.45, p = .10 and .13. In line with the RT results, the 

effects were modulated by negative mood intervention. There was a significant interaction 

between association and mood, F(1, 19) = 4.47, p < .05, η2 = .19 (Figures 2A and 2B). For 

the neutral mood intervention there was a reliable overall advantage across the self- and 

high-reward conditions (compared with the stranger- and low-reward conditions), t(19) = 

3.36, p < .005. In contrast, the combined self- and high-reward advantage effects were 

eliminated after negative mood induction, p > .56 (Figure 2B). This reflected reduced 

sensitivity of shape discrimination to self- and high-reward-associated shapes after negative 

mood intervention compared to after neutral mood intervention, t(19) = 2.47, p = .02, but 

there was no effect of mood intervention in responses to stranger- and low-reward-associated 

shapes between two sessions, p = .93 (Figure 2B). There were no significant interactions 

involving mood, Fs < 0.27, ps > .61.

Unlike the RT results, there were no reliable correlations between the change in individual 

mood states and the alteration in the combined d′ in high-saliency items (averaged across 

the self- and the high-reward conditions) across the two sessions, r(16) = .15, p = .57.

Similar to the ANOVA results for the RT data, the d′ results showed that inducing a negative 

mood reduced both the self- and the reward-advantages in shape sensitivity. The effect was 

due to sensitivity to self- and high-reward-associated stimuli dropping after a negative mood 

was induced, while there was no effect on the stranger- and low-reward-associated stimuli. 

In this case, the drop in self- and reward-biases was not directly related to the absolute drop 

in mood across individuals. There was also no relation between how the mood shift affected 

the self-bias and the reward-bias effects.

Discussion

Following prior research (Sui et al., 2012), we confirmed substantial self- and reward-biases 

on RTs and perceptual sensitivity in simple perceptual matching. Subsequently we had 

participants listen to neutral or negative music as well as receiving neutral or negative 

statements. The negative mood intervention was found to reduce the self- and reward-biases, 

in both cases due to effects on the self- and high-reward conditions (with the stranger and 

low-reward conditions being unchanged). The decrease in the bias effects did not interact 

with the type of bias, consistent with common effects on both self- and reward-biases. 

Furthermore, the drop in mood across participants was correlated with the reductions in the 

combined biases on RTs (though this did not hold for d′).

The self- and reward-biases found in the perceptual matching task at least partly reflect 

changes in the perceptual processing of stimuli (e. g., as the biases interact with perceptual 

variables such as stimulus degradation; Sui et al., 2012). There are also effects based on 

associative memory for the relations between the shape and the label. For example, Wang et 

al. (2016) report carry-over effects from the memory for (a) an association between a self-

label and (b) the ability to respond to new associations to the same shape. An initial self-

association disrupts responses to new associations to the same shapes. The biases on 

perceptual matching can also reflect increased attention to the self and high-reward stimuli, 

as shown in studies requiring self- and other-associated targets to be selected and distractors 

with the opposite association to be ignored (see Sui, Liu, et al., 2013; see also Anderson et 
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al., 2011, for data on the effects of reward). We can account for the present data by 

suggesting that the two bias effects are dependent on the efficient allocation of attention to 

external stimuli associated with either the self or the high reward (Anderson et al., 2011; Sui, 

Liu, et al., 2013). This enhances both perception and memory. The effect of inducing a 

negative mood may be to turn attention towards internal states rather than to the external 

stimulus (Paulus, 2007), and this will in turn decrease the self- and high-reward advantages 

on perception and memory normally induced by the attentional saliency of the stimuli.

Other accounts are also possible, though. For example, one alternative is that both self- and 

high-reward associations reflect the emotional valence linked to the stimulus—with these 

associations generating a positive emotional response to the associated stimuli. The positive 

emotional response may enhance processing of the associated stimulus, speeding perceptual 

matches to self- and high-reward items. The effect of the negative mood induction then may 

be to reduce any positive emotional response, which in turn reduces the self- and high-

reward advantages. Converging evidence for there being associations between emotion and 

self and between reward and emotion comes from Ma and Han (2010). These authors 

showed that evaluating negative personality traits in relation to the self reduced the self- 

advantage effect in face recognition. Similar effects have also been reported on memory 

(e.g., Herbert, Pauli, & Herbert, 2011). Going beyond these previous studies, we provide 

evidence that task-irrelevant modulation (irrelevant negative mood intervention) rather than 

task-relevant modulation (trait evaluation) can affect biases in perceptual matching. In 

particular by using a common association procedure for both the self- and reward we 

showed that both self- and reward-biases decrease with a common mood induction variable. 

Also, averaging across the biases, we found that changes in self- and reward-biases were 

correlated with changes in the induced mood.

A refinement on the account in terms of changes in the emotional response to stimuli is that 

the results reflect a “polarity correspondence effect”, which occurs when stimuli are mapped 

onto a marked axis to support decision making. For example, we might imagine that self and 

other stimuli, and high- and low-reward stimuli, are respectively mapped onto opposite ends 

of a decision axis, with self-related stimuli and stimuli related to high reward mapped onto 

the marked end of the axis. This marked end can be coded as positive and the other end as 

negative. It follows that positive/neutral mood may overlap with self/high-reward stimuli, 

and negative mood with other/low-reward stimuli. The responses to stimuli corresponding to 

congruent positive polarity (associated with self/high reward, neutral mood induction) are 

facilitated compared to those to stimuli corresponding to incongruent polarities (associated 

with self/high-reward, negative mood induction), but there was no effect from congruent 

negative polarity (stimuli associated with stranger/low reward, negative mood induction; see 

Lakens, 2012).

In the light of these arguments it is interesting to review the finding that changes in mood 

state directly correlated with reductions in the bias to high-saliency stimuli (self and high 

reward), for RTs but not for the measure of perceptual discriminability (d′). For example, 

consider the argument that negative mood affected attention, and through this effects on 

perception and memory were changed. We may assume that the d′ results more reflect 

perception than memory, while RTs may reflect both stages of processing. It would then 
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follow that the mood induction was more directly related to changes in memory than 

perception, and so correlations emerged for RTs rather than d′. Effects on d′, and 

perception, may reflect more a step drop in mood. Similar arguments may also be made in 

relation to claims that effects of negative mood induction stemmed from changes in the 

emotional valence and “polarity correspondence” of the stimuli—provided we assume that 

emotion and polarity correspondence modulate memory more than attention.

As well as providing evidence for factors that potentially drive the self- and high-reward-

biases, the results are also informative about the relations between self and reward effects 

themselves. In particular, the matching effects of the negative mood state on self- and 

reward-biases fits with the idea that these two effects are at least partly related. This too 

extends prior work that shows that self- and reward-bias effects both interact with the 

contrast of the stimulus (Sui et al., 2012). We suggest that self-bias effects can include one 

component that relates to the inherently high reward value linked to self-associated stimuli.

Overall we note that there is little research directly examining the relations between mood, 

self, and reward, which form three crucial topics for both behavioural and neuroscience 

studies. By integrating a simple associative learning approach with a mood intervention 

procedure, we have been able to study the three factors within a single study, showing that 

mood modulates the self- and reward-biases.
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Figure 1. Performance in reaction times (RTs).
(A) RTs as a function of task (self vs. reward), mood (neutral mood intervention vs. negative 

mood intervention), and association (self or high reward vs. stranger or. low reward). (B) 

The effect of negative mood intervention on self- and reward-biases. (C) Correlation 

between (i) shifts in the valence of mood after the negative music (compared with the neutral 

music) and (ii) changes in the combined responses to self- and high-reward-associated 

shapes in RTs across the two sessions. Error bars represent standard errors.
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Figure 2. Performance in d′.
(A) d′ as a function of task (self vs. reward), mood (neutral mood intervention vs. negative 

mood intervention), and association (self or high reward vs. stranger or low reward). (B) The 

effect of negative mood intervention on self- and reward-biases. (C) Correlation between (i) 

shifts in the valence of mood after the negative music (compared with the neutral music) and 

(ii) changes in the combined d′ in self- and high-reward-associated shapes in d′ across the 

two sessions. Error bars represent standard errors.
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