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Abstract 

Mindsets are different beliefs that individuals can hold about personality trait stability. For example, 

regarding intelligence, individuals with a growth mindset believe that through hard work, intelligence 

can be changed, whereas individuals with a fixed mindset believe that intelligence cannot be altered. 

The present study aimed to delineate the relationship between growth mindset and frontal alpha 

asymmetry. Participants completed two resting-state EEG recordings, before and after participants read 

a passage that either induces a growth mindset, or a fixed mindset. Participants were also asked to 

answer questions regarding depressive symptoms, general motivation, and growth mindset. It was 

hypothesized that the growth mindset manipulation would induce a greater change in frontal alpha 

asymmetry than the fixed mindset manipulation. Results supported that an increase in growth mindset 

was related to increased activation in the left frontal lobe—a region associated with positive approach-
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minimal effort into learning (Dweck, 2006). When faced with failure, individuals with a fixed mindset 

view their failure as a reflection of their intellectual abilities that they cannot change, which results in 

academic decline (Dweck, 2006). As such, it is important to foster a growth mindset in the learning 

community.  

 Research has, therefore, focused on ways to manipulate a growth mindset (Daly et al., 2019; Li 

& Bates, 2019; Miele & Molden, 2010; Mueller & Dweck, 1998). Mindset manipulations center around 

instilling beliefs in participants about the plasticity of intelligence (Li & Bates, 2019; Miele & Molden, 

2010; Mueller & Dweck, 1998). The specific wording of praise given to children regarding academic 

performance on a test of fluid intelligence has been a popular manipulation in the mindset literature 

(Mueller & Dweck, 1998; Li & Bates, 2019). This is done through altering whether participants hear 

praise about their innate intelligence or praise about their hard work. Growth mindsets have also been 
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Progressive Matrices (RPM), which measures fluid intelligence, after praise showed that “hard workers” 

scored higher than the students praised for their intelligence (Mueller & Dweck, 1998).  

Li and Bates (2019) attempted to replicate Mueller and Dweck’s 1998 study, implementing the 

same measure of intelligence and manipulations of mindset. However, Li and Bates believed that praise 
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environmental factors that can be altered (growth mindset) (Miele & Molden, 2010). After being 

exposed to one of the manipulation conditions, participants were presented with coherent or 

incoherent versions of text with subsequent questions assessing perceived comprehension and actual 

comprehension (Miele & Molden, 2010). Mindset condition did not affect the actual comprehension of 

the incoherent or coherent versions of the text. That is, participants in both mindset conditions did not 

show significant differences in actual comprehension scores between the incoherent and coherent 

versions of the text (Miele & Molden, 2010). However, it was found that participants in the growth 

mindset condition did not show a difference in perceived comprehension between the incoherent and 

coherent versions of the text, while participants in the fixed mindset condition reported lower perceived 

comprehension on the incoherent version of the text than the coherent version (Miele & Molden, 2010). 

According to Miele and Molden, this shows that individuals who possess a growth mindset are more 

likely to perceive a challenge as a positive learning experience, whereas those who possess a fixed 

mindset are more likely to perceive a challenge as a lack of their innate intellectual ability.  

Growth mindset also correlates with levels of motivation. This correlation has specifically been 

tested in studies involving growth mindset and motivation in mathematics (e.g., Degol et al., 2017). 

Degol et al. (2017) tested high school students from various math classes who completed questionnaires 

to assess mindset and motivational beliefs regarding math. Motivational beliefs were broken down into 

expectancy beliefs and task value. Expectancy beliefs asked students the degree to which they agree 

with certain statements such as, “I am good at math”, “Compared to most other subjects, math is easy 

for me”, and other similar questions. Task value was assessed by measuring the degree of agreement 

with statements such as, “I’m really eager to learn a lot in math”, “I will need good math skills for my 

daily life outside school”, “If I can learn something new in math, I’m prepared to use my free time to do 
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reducing the distance between a person and stimuli) or withdrawal-related behaviors (i.e., actions 

aimed at increasing the distance between a person and stimuli) (Davidson, 1993, 1998)?  

For approximately the past 30 years, frontal alpha asymmetry has mainly been measured while 

participants are in a resting state (Smith, 2016). Within this body of research, frontal alpha asymmetry 

has frequently been used to study relationships between brain activity and emotion, psychopathology, 

and motivation (Smith, 2016). Asymmetries present during the processing of emotion (i.e., the 

perception of facial/vocal expressions) are not the same as the asymmetries present during the 

production of the same emotion (Davidson, 1993). This leads to the conclusion that the experience 

(production) of an emotion has different underlying neural correlates than the perception of that same 

emotion (Davidson, 1993).  Different neural substrates are observed in posed emotion versus the 

spontaneous production of the same emotion (Davidson, 1993).  

The experience of emotion has been lateralized by many researchers into the anterior left and 

anterior right hemispheres (Davidson, 1984). According to Davidson (1984), the left anterior portion of 

the brain is active during positive approach-related emotions, while the right anterior portion of the 

brain is active during negative withdrawal-related emotions. Positive approach-related emotions refer 

to emotions that lead to actions aimed at reducing the distance between the individual and the stimuli 
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The BIS/BAS Motivational scale, which measures an individual’s level of approach or avoidance 

motivation, has also been used in research regarding frontal alpha asymmetry patterns (Coan & Allen, 

2003; Kaack et al., 2020; De Pascalis et al., 2013). It has been shown that individuals high in BAS, which 
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correlation was not observed when using average or linked-mastoid references (Coan & Allen, 2003). 

Due to the relationship only being observed in one reference schema and not the others, it could be the 

case that there are some reference-specific properties that account for the relationship which negate 

the strength of the relationship found, such as increased extra electrical activity at the reference, as is 

the case with Cz (Hagemann et al., 2001).  
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point of the article in one sentence,” “Describe the evidence from the article that you found most 

convincing,” and “Describe an example from your own experiences that fits with the main point of the 

article”.  

Growth Mindset Questionnaire (Dweck, 2006) 

The 8-item Growth Mindset Questionnaire (Dweck, 2006) provides a measurement of 

participants’ growth mindset. Participants rated their agreement (on a scale of 1-6) with statements 

such as “Your intelligence is something that you can’t change very much” and “You can always 

substantially change how intelligent you are.” Responses across statements were averaged, creating a 
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EEG 

EEG data were recorded using a HydroCel Geodesic Sensor Net, with Cz reference (Electrical 
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calculated as (F4-F3) (Right-Left)/(F4+F3) to correct the model for variance.  Therefore, positive FAA 

values reflect greater left frontal relative to right frontal activity, whereas negative FAA values reflect 

greater right frontal relative to left frontal activity.  

To test the effectiveness of the manipulation in changing frontal alpha asymmetry, a one-way 

ANOVA was conducted comparing the change in frontal alpha asymmetry between fixed and growth 

mindset conditions. There was a significant difference in the change in frontal alpha asymmetry 

between the fixed (M = - 0.08; SD = 0.12) and growth (M = - 0.01; SD = 0.04) mindset conditions, F(1, 35) 

= 7.70, p = .01 p
2 =0.18. 

Paired samples t-tests conducted by condition revealed that for participants in the fixed mindset 

condition, frontal alpha asymmetry decreased significantly from pre (M = 0.02; SD = 0.12) to post (M = - 

0.07; SD = 0.13), t(16) = 2.94, p = .01, d =0.71. There was no significant change in pre (M = - 0.05; SD = 

0.13) to post (M = - 0.06; SD = 0.14) frontal alpha asymmetry observed in the growth mindset condition, 

t(19) = 0.82, p = .43, d = 0.18. Results are displayed in Figure 3.  

Patterns between Pre Resting- State Brain Activity and Self-report Measures 

Pearson’s correlation analyses were conducted to explore the relationships between pre FAA 
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significant change in the growth mindset condiǝon could be due to the trend that parǝcipants in both 

condiǝons started high in growth mindset, making an increase in growth mindset harder to achieve for 

individuals who were assigned to the growth mindset condiǝon.  

Addiǝonally, the results showed that the manipulaǝon was successful at inducing a significant 

change in BAS drive, which again was also driven by parǝcipants in the fixed mindset condiǝon, such that 

parǝcipants had significantly lower BAS Drive scores (i.e., a decrease in persistent pursuit of moǝvaǝng 

goals) aƊer being exposed to the fixed mindset manipulaǝon reading than at pre measurement. This 

supports our hypothesis that growth mindset and moǝvaǝon are related and is in line with work from 

Daly et al. (2019) and Degol et al. (2017), who found that growth mindset and moǝvaǝon are related in 

compleǝon of math problems. This hypothesis was also supported by the posiǝve correlaǝon observed 

between pre growth mindset and pre BAS Drive, which confirms that parǝcipants higher in growth 

mindset at pre also had higher BAS Drive at pre. However, no correlaǝons were found between the 

change in growth mindset and change in any of the moǝvaǝon subscales. This provides support that, 

although related to some extent, moǝvaǝon and growth mindset are different constructs.  

 It is interesǝng to note that growth mindset and BAS Drive were both found to be significantly 

correlated at pre and significantly affected by our manipulaǝon, driven by changes in the fixed mindset 

condiǝon. Since no correlaǝon was reported between BAS Drive change and Growth Mindset change, it 

could be that our manipulaǝon was more effecǝve at inducing a change in mindset than inducing a 

change in BAS Drive, which is further supported by the greater effect size for the change in growth 

mindset analysis, when compared to change in BAS Drive. 

  Although not predicted, our results showed that the correlaǝon Ŀ orľe l Ŀ edlts fseeslt
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relaǝonship was not observed on a neural level—BDI scores were not correlated with frontal alpha 

asymmetry and did not approach significance. This is not in line with previous work by Gotlib et al. 

(1998), who found that leƊ frontal hypoacǝvaǝon was associated with a vulnerability to depression.  

 In support of the hypothesis that changes in FAA would accompany changes in mindset, our 
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Table 3 

Correlation Coefficients Between Change in Growth Mindset and Change in Motivation Subscales   

Variable   Change in 
Growth 
Mindset 

 Change in BAS 
Drive 

 Change in BAS Reward 
Responsiveness 

 Change in BAS 
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Table 4 

Correlation Coefficients Between Change in Growth Mindset and Pre Manipulation Measures

C
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Figures 

Figure 1 

Change in Mean Growth Mindset as a Function of Time

 

Note. Change in mean growth mindset by condition from pre to post manipulation.  

*The change in growth mindset from pre to post manipulation is significant in the fixed mindset 

condition. 
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Figure 2 

Change in Mean BAS Drive as a Function of Time 

 

 

Note. Change in mean BAS Drive by condition from pre to post manipulation.  
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Figure 3 

Change in Mean FAA as a Function of Time 

 

 

Note.
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Appendix A 

Growth Mindset Manipulation Reading  
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Appendix B 

Fixed Mindset Manipulation Reading 
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