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The present two-year longitudinal study aimed to examine the relationship between depression and reasoning ability in adolescents, and further investigated the modulation effect of growth mindset on this relationship. A total of 1,961 and 1,667 Chinese adolescents participated in the study for the first year (T1) and second year (T2), respectively. The results showed that T1 depression was negatively correlated with T1 growth mindset (r = −0.35, p < 0.001), T1 reasoning (r = −0.30, p < 0.001), and T2 reasoning (r = −0.23, p < 0.001). Regression analysis revealed that T1 depression and the interaction between T1 depression and T1 growth mindset significantly predicted T1 reasoning (β = −0.220/−0.044, all ps < 0.05). After controlling for gender, age, family socioeconomic status, and T1 reasoning ability, both T1 depression and the interaction between T1 depression and T1 growth mindset still significantly predicted T2 reasoning (β = −0.104/β = 0.054, all ps < 0.05). The simple slope analysis found that the negative correlation between depression and reasoning in the high growth mindset group was weaker than that of the low growth mindset group in both T1 and T2, suggesting that growth mindset plays a significant moderating role in the relationship between depression and reasoning. In conclusion, depression was negatively correlated with reasoning ability in adolescents, in addition, growth mindset moderated the relationship between depression and reasoning.
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INTRODUCTION

Depression refers to the mood disorder with a series of symptoms such as loss of interest, constant sadness, and impaired social function (Sadek and Bona, 2000). Studies revealed that depression could damage cognitive abilities such as attention, working memory, and inhibition. Besides, the depression could also increase the risk of behavioral problems, interpersonal conflict, and academic problems (Khesht-Masjedi et al., 2019). Adolescence is a critical stage with complex physical and mental transitions, and studies found that depressive symptoms among adolescents have gradually increased (Pimentel et al., 2020). A survey revealed that the incidence of depression in adolescents is 16–18% (Liu et al., 1999; Pimentel et al., 2020). Depression has become a common psychological problem among adolescents, however, compared with adults, depression among adolescents has not received enough attention from the public.

Reasoning ability refers to a form of thinking in which individual generalizes a general law in a specific situation or introduces a new conclusion based on existing judgments (Almomani et al., 2018). Reasoning ability is one of the most important cognitive skills (Tao et al., 2015). Studies revealed that depression leads to decreased cognitive ability (Baker and Channon, 1995; Liu and Wang, 2018). For example, individuals with depression are often accompanied by cognitive deficits, such as attention and decision-making difficulty (Liu and Wang, 2018). Depression has an adverse effect on reasoning ability in depressive patients (i.e., patients with clinical-level depression), for example, compared with healthy individuals, depressive patients have defects in abstract reasoning (Hecker et al., 2005). However, some studies revealed that the effect of depression on reasoning ability may be conditional. Parisi et al. (2014) found that depression did not significantly predicted reasoning ability for the elderly individuals, and the reason may be that there is a moderating variable between depression and reasoning ability (Parisi et al., 2014). Most previous studies focused on the depression patients or the elderly, and few studies investigated the effect of depression on reasoning ability for adolescents. Considering adolescents are at a critical stage for reasoning ability development (Demetriou et al., 2020), the present study aimed to evaluate the effect of depression on their reasoning ability and further explore possible moderating variables.

The growth mindset is the belief that attributes such as cognitive ability and personality are changeable, and the opposite belief is the fixed mindset which refers to the attributes are unchangeable (Dweck, 2006). Adolescents with growth mindset tend to regard setbacks and challenges as the opportunities to improve their abilities (Yeager and Dweck, 2012). Adolescents with growth mindset have more motivation to deal with challenging tasks such as reasoning. Researchers have found that adolescents with growth mindset have more positive motivation and better performance in solving reasoning problems (Sullivan and Davidson, 2014). Research has also shown growth mindset buffers the negative effects of stressful situations, depression, and anxiety (Molden et al., 2006; Job et al., 2010). Therefore, growth mindset may mediate the effect of depression on reasoning ability in adolescents. Till now, there are no research have been conducted to test whether and how growth mindset has a mediating effect on the adverse effects of depression on the reasoning ability for adolescents.

To further understand the effect of depression on reasoning ability for adolescents, the present study explored the relationship between depression and reasoning ability for two years. In addition, the present study examined whether growth mindset has a mediating effect on the effects of depression on adolescent’s reasoning ability. We hypothesized that depression in adolescents would be associated with reasoning ability, and that growth mindset moderates this relationship.



MATERIALS AND METHODS


Participants

This longitudinal survey was carried out for two times: March 2016 (Time 1, T1) and March 2017 (Time 2, T2). The participants were selected from three secondary vocational schools in Guangzhou, China. Five classes were selected randomly at grade 1 and 2, respectively. Questionnaires in this research were collected online. Contemporary research showed that online questionnaires preformed good equivalence and similar psychometric properties to paper and pencil tests (Gosling et al., 2004; Aluja et al., 2007). The quality control questionnaire was used to provide a reliable quality control for online surveys. The questionnaire assessed the surrounding environment of the participants and their psychological feelings when answering the questions. It consists of four items as follows: “Are there urgency to handle with now? Such as doing homework or going out to play?” “How are you feeling now?” and “Please tell us the current noise situation in your surroundings?” (Wang and Liu, 2018). The participants who have the poor status that could not support them to give a reliable answer (such as having urgency to deal with) was excluded. Finally, there were 1,961 (Mean age = 16.97, SD = 1.10 years; male: n = 862, female: n = 1099) and 1,667 (Mean age = 16.84, SD = 0.94 years; male: n = 751, female: n = 916) adolescents participated in the study at T1 and T2, respectively. The differences for background variables between T1 and T2, as well as T2 and lost were shown in Table 1. Estimates of effect size were computed by using the Cohen”s d or Φ (small ≥ 0.20, medium ≥ 0.50, large ≥ 0.80) (Cohen, 1988). According to effect size, the difference in age between tracking and lost participants was significant (t = –6.72, p < 0.001, Cohen’s d = 0.43). The reason may be that the participants who in higher grade were lost in graduation.


TABLE 1. The differences for background variables between T1 and T2, as well as T2 and lost.
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All participants in this study were provided a complete explanation of the whole research. Parents/guardians of participants under 18 years old wrote informed content. The Ethics Board for Research Projects at Hangzhou Normal University reviewed and approved this research.



Instruments


Background Questionnaire

The background questionnaire investigated three parts information includes gender, age, and family socioeconomic status through self-report form. The annual household income and the year of parents’ education as two indicators to represent the family socioeconomic status. The answer options of annual household income question as follows: 9 ≥ ¥200,000; 8 = ¥150,000–199,999; 7 = ¥100,000–149,999; 6 = ¥50,000–99,999; 5 = ¥30,000–49,999; 4 = ¥10,000–29,999; 3 = ¥6,000–9,999; 2 = ¥3,001–5,999; 1 = < ¥3,001.



The Center for Epidemiologic Studies-Depression Scale

The Center for Epidemiologic Studies Depression-Scale (CES-D) was developed by Radloff (1977) to assess depression. Four dimensions were included in the scale as follows: somatic and retarded activity, positive affect, depressed affect, and interpersonal. The scale contained 20 items, and each item was scored from 0 (rarely or none of the time) to 3 (most of the time). Four items in the dimension of positive affect were reverse coded to ensure the participants attending to each of the question and not answering carelessly. Aggregate scores for the CES-D range from 0 (never had depressive symptom) to 60 (most of the time had felt depressive symptom). The total scores greater or equal to 16 points was used to indicate depressive symptom (Radloff, 1991). Chen et al. (2009) had proved that the Cronbach’s α of CES-D is 0.88 for Chinese adults. The Cronbach’s α of the CES-D was 0.91 in the present study.



Growth Mindset Inventory

The Growth Mindset Inventory was developed by Dweck (2006). The Growth Mindset Inventory included two dimensions: fixed mindset (11 items) and growth mindset (9 items), totally 20 items. Answers were given based on 4-point Likert-type form (0 = totally disagree, 1 = disagree, 2 = agree, 3 = totally agree). The higher scores of the participants on either dimension of mindset, the more tendency with this mindset. The items of fixed mindset are reversely scored when calculated the total scores of this scale. Summed scores greater than 32 points indicates a higher tendency of growth mindset, in contrast, indicates fix mindset tendency (Mora, 2015). The Cronbach’s α of this inventory was 0.78 in the present study.



Reasoning Ability Test

The Reasoning Ability Test was selected from the Investigation Report of Psychological Development Characteristics of Chinese Children and Adolescents by National Research Project Team (Dong and Lin, 2011). Reasoning Ability Test consisted of two subtests: inductive reasoning (18 items) and analogy reasoning (41 items), totally 59 items. Among them, the analogical reasoning ability included of both graphic analogical (e.g., Figure 1) and digital analogical reasoning (e.g., Figure 2) tasks, while the inductive reasoning ability only included graphic sequence inference task (e.g., Figure 3). The Cronbach’s α of each subtest and whole test are all beyond 0.70 in previous study (Dong and Lin, 2011). The internal consistency α coefficient of the scale was 0.89 in the present study.
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FIGURE 1. Graphic analogical reasoning test.
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FIGURE 2. Digital analogical reasoning test.
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FIGURE 3. Graphic sequence inference task.





Statistical Analyses

SPSS 21.0 and PROCESS were used to analyze the data. All the variables were standardized before analysis. First, we conducted description and correlation analysis of all variables in the study. Second, regression analysis was used to examine the simultaneous moderation effect of T1 growth mindset on the relationship between T1 depression and T1 reasoning ability, and the moderation effect of T2 growth mindset on the relationship between T2 depression and T2 reasoning ability. In addition, we further examined the delayed moderation effect of the T1 growth mindset on the relationship between T1 depression and T2 reasoning ability. Third, a simple slope test was used to investigate the simultaneous and delayed moderation effect of growth mindset on the relationship between depression and reasoning ability.

The Harman’s single factor test was used to examine the common-method variance in the regression analysis. The report of the test showed that the number of factors that the eigenvalue greater than 1 were 14; the interpretation rate of the first factor was 35.06%, less than the critical criterion 40%. Therefore, the common-method bias did not exist in this study. It was acceptable for us to conduct regression analysis. Besides, Bootstrap was used to test whether the modulation effect was significant. The Bootstrap is a resampling method which was used to estimate statistics on participants by sampling a dataset with replacement, and this method has been widely used in previous studies (Tan and Holub, 2015). The number of resampling was 1,000 or 5,000. Bootstrap could alleviate the possibility of type I and type II errors effectively. This study used the Bootstrap method to construct 5,000 samples, each with a sample size of 1,667 participants. The 95% confidence interval (CI) was used in the present study. If the CI does not contain zero, it indicates the result was significant (Erceg-Hurn and Mirosevich, 2008). Estimates of effect size were computed by using the Cohen’s d or Φ (small ≥ 0.20, medium ≥ 0.50, large ≥ 0.80) (Cohen, 1988).




RESULTS


Correlation Analysis

The descriptive statistics and correlations among gender, age, family’s socioeconomic status (annual family income and parents’ educational level), depression, reasoning ability, and growth mindset were shown in Table 2. The results showed that T1 depression was positively associated with mother’s educational level (r = 0.07, p = 0.001), and negatively associated with gender (r = −0.07, p < 0.001), T1 growth mindset (r = −0.35, p < 0.001), T1 reasoning ability (r = −0.30, p < 0.001), and T2 reasoning ability (r = −0.23, p < 0.001). T1 growth mindset was positively associated with gender (r = 0.07, p = 0.015), T1 reasoning ability (r = 0.29, p < 0.001), and T2 reasoning ability (r = 0.16, p < 0.001). In addition, T1 reasoning ability was positively associated with annual family income (r = 0.06, p = 0.001), and T2 reasoning ability (r = 0.41, p < 0.001).


TABLE 2. Demographic results and Pearson correlations between variables.
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Regression Analysis

Hierarchical regression analysis was used to test the predictive effect of depression on reasoning ability and the moderation effect of growth mindset. The depression was used as an independent variable, the growth mindset was used as the moderation variable, and reasoning ability were used as the dependent variable into the regression analysis (see Table 3).


TABLE 3. Regression analysis for the variables to predict Reasoning ability.
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After controlling for gender, age, and family socioeconomic status, T1 depression has a significant negative predictive effect on T1 reasoning ability (β = −0.220, p < 0.001); T1 growth mindset has a significant positive predictive effect on T1 reasoning ability (β = 0.201, p < 0.001). The R2 change (ΔR2) between Model 2 and Model 3 was significant (ΔR2 = 0.01, p < 0.01). And the interaction between T1 depression and T1 growth mindset has a significant negative predictive effect on T1 reasoning ability (β = −0.044, p = 0.037), indicating that T1 growth mindset moderated the relationship between T1 depression and T1 reasoning ability. Therefore, growth mindset had the simultaneous moderation effect on the relationship between depression and reasoning ability in adolescents.

Further, after controlling for gender, age, family socioeconomic status, and T1 reasoning ability, T1 depression still negatively predicted T2 reasoning ability (β = −0.104, p < 0.001). The R2 change (ΔR2) between Model 2 and Model 3 was significant (ΔR2 = 0.01, p < 0.01). And the interaction between T1 depression and T1 growth mindset negatively predicted T2 reasoning ability (β = −0.054, p = 0.030), indicating that T1 growth mindset moderated the relationship between T1 depression and T2 reasoning ability. Therefore, growth mindset had a delayed moderation effect on the relationship between depression and reasoning ability in adolescents.

To further investigate the moderation effect of growth mindset, a simple slope analysis was performed. The total points of Growth Mindset Inventory were divided into high and low level of groups based on the mean ± 1 standard deviation (Figure 4). We put reasoning ability as the dependent variable, depression as the independent variable. The results showed that T1 depression negatively predicted T1 reasoning ability in both T1 low level of growth mindset group (simple slope = −0.186, t = −7.138, p < 0.001) and T1 high level of growth mindset group (simple slope = −0.274, t = −8.413, p < 0.001). After further analysis, we found that the negative prediction effect between the depression and reasoning ability in the high level of growth mindset group was weaker than that of the low level of growth mindset group [F(1, 1929) = 12.01, p < 0.001, f2 = 0.15].


[image: image]

FIGURE 4. The moderation effect of T1 growth mindset on the relationship between T1 depression and T1 reasoning ability in adolescents.


Moreover, simple slope analysis was performed with T1 depression as an independent variable and T2 reasoning ability as the dependent variable. The results showed that T1 depression negatively predict T2 reasoning ability in both T1 low level of growth mindset group (simple slope = −0.061, t = −2.010, p = 0.031) and T1 high level of growth mindset group (simple slope = −0.173, t = −4.296, p < 0.001) (Figure 5). Therefore, the negative prediction effect of depression on reasoning ability in the high level of growth mindset group was weaker than that of the low level of growth mindset group [F(1, 1638) = 6.63, p < 0.001, f2 = 0.07].
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FIGURE 5. The moderation effect of T1 growth mindset on the relationship between T1 depression and T2 reasoning ability in adolescents.





DISCUSSION

The present two-year longitudinal study aimed to examine the relationship between depression and reasoning ability in adolescents, and further investigated the moderation effect of growth mindset on this relationship. Both the results of correlation and regression analysis showed that T1 depression not only negatively predicted T1 reasoning ability, but also negatively predicted T2 reasoning ability, indicating that the prediction effect of depression for reasoning ability was stable. Further, the simple slope analysis revealed that growth mindset could moderate the relationship between depression and reasoning ability at both simultaneous (T1) and delayed time (T2).

Depression has an adverse effect on reasoning ability in adolescents, which was consistent with previous studies (Radenhausen and Anker, 1988; Hecker et al., 2005). Radenhausen and Anker (1988) found that the performance of reasoning was worse for individuals with depressive emotion than that of positive and neutral emotions, indicating that depression may have an adverse effect on reasoning. Hecker et al. (2005) also revealed that compared with healthy individuals, depressive patients have defects in abstract reasoning. Reasoning requires the flexible allocation of attentional resources to synthesize the content in working memory into new conclusions. However, depression could take up the limited resources of working memory to process negative information, which hinders the reasoning (Ellis and Ashbrook, 1987). Studies revealed that depressive patients cannot effectively coordinate the cognitive functions of attention and working memory in complex reasoning tasks (Silberman et al., 1983; von Hecker et al., 2005).

Most previous studies have focused on depressive patients (Hecker et al., 2005) or the elderly (Parisi et al., 2014), and the present study extended the previous studies. Adolescents face academic challenges and changes in both physical and mental, and therefore, the depressive mood has become a common mental health problem in adolescents. The results of the present study help us to understand that depression has a negative effect on reasoning in adolescents, which indicates that educators and parents should pay more attention to the mental health of adolescents.

This two-year longitudinal study found that growth mindset moderated the relationship between depression and reasoning ability at both simultaneous and delayed time. Therefore, growth mindset buffered the relationship between depression and reasoning. Growth mindset allows individuals to focus on how to improve their abilities through effort in challenging tasks and stressful situations (Molden et al., 2006). Job et al. (2010) found that under the condition of self-exhaustion, individuals with growth mindset have better self-control performance. The cognitive ability, especially reasoning ability, is critical for the academic performance in adolescents. Consequently, growth mindset moderated the relationship between depression and reasoning for adolescents. Educators could consider growth mindset intervention to reduce the negative impact of depression on cognitive function for adolescents.

There are some limitations in this research. First, adolescents’ participants are all from secondary vocational schools. Future research could enrich age groups and school types of samples and further investigate whether the growth mindset still moderates the relationship between depression and reasoning in academic high school. Second, the present study did not investigate the effect of growth mindset intervention, and future studies could further examine this question. Such research could further investigate the specific mechanism by which growth mindset can weaken the adverse effects of depression on reasoning. Third, the present study did not investigate the influence of reasoning to depression. Our future studies would further explore the effect of reasoning ability on depression.
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