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Abstract

:

Understanding what (and to what extent) psychological factors affect university performance has attracted a lot of research interest recently. In this paper, we use logistic regression models to study the incremental predictive power of positive psychological factors over pre-enrollment achievement measures on academic performance. The study is based on the data of 302 business and economics undergraduate students from the Budapest University of Technology and Economics. Coping proved to be the most important factor that sheds light on the importance of stress management for students. We also found that using properly chosen psychological factors measuring coping, personality traits, psychological immune system, emotional intelligence, and PERMA (P—positive emotion, E—engagement, R—relationships, M—meaning, A—accomplishments) factors, together with the university entrance score and academic performance can be predicted significantly better than solely relying on pre-enrollment achievement measures.
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1. Introduction


High dropout rates and delayed completion in higher education is a moral and economic problem as well. It represents a cost for the government and society, an unnecessary expense for the family, and an experience of failure for the university student. To identify students at risk of academic failure at the time of enrollment, we studied the underlying variables of academic success by investigating both pre-enrollment achievement measures and the psychological profiles of the students. Identifying at-risk students as early as possible enables decision-makers to initiate targeted development programs to prevent dropout.



The majority of the literature investigating university performance and dropout prediction relies on prior achievement indicators and personal details [1,2]. It was demonstrated in several studies that university performance can be predicted efficiently based on pre-enrollment achievement measures using sophisticated machine learning algorithms [3,4,5]. For example, Nagy and Molontay achieved 73% accuracy in identifying future dropouts of the Budapest University of Technology and Economics [6].



On the other hand, the question comes up as to whether better prediction performance could be achieved if psychological factors were also taken into account. While pre-enrollment achievement measures are usually directly available for higher education institutes, universities normally do not have data on their students’ psychological factors. In this paper, we investigate a wide range of psychological factors and study their incremental predictive powers over pre-enrollment achievement measures on university performance. These factors are measured using lengthy questionnaires that makes it cumbersome to collect all of these measures from all incoming students. On the other hand, by identifying a small set of psychological factors that have significant incremental predictive power, we suggest a more feasible strategy with direct applications: measuring only these important factors at the time of enrollment and using the psychological data together with the pre-enrollment achievement measures to identify students at risk of academic failure more efficiently.



Researchers have been exploring the connection between students’ academic success and personality traits, motivations, or drives. The challenge is to find the right set of variables that affect the performance the most. Based on the meta-analysis by Schneider and Preckel, intelligence and pre-achievement of students are more related to university success than personality and motivational factors [7]. However, non-cognitive characteristics are also found to have a strong predictive power on students’ academic success since these characteristics play an important role in students’ motivation, achievements, and interests [7,8,9,10,11].



The strong effect of personality attributes on university performance has been shown in many studies [12,13]. For example, conscientiousness is found to play a key role in almost every academic field, from programming [14] through psychology [15], to business and management [16]. In addition to conscientiousness, agreeableness and openness also play an important role in academic achievement, according to a meta-analysis by Poropat [12]. However, there are also some domain-specific differences, for instance, regarding openness to experience with management students—conscientiousness and extraversion seem to be the most important factors [17,18], while with other students, other traits are found to be more important [10,11]. Eysenck’s [19] super traits also have high predictive validity on academic performance [20]. Emotional stability and neuroticism are shown to be related to grades and performance [21]. Moreover, Eysenck’s traits not only fit the lexical criteria, but super trait extraversion (and introversion, which refers to the degree of sociability); neuroticism (from emotional instability to emotional stability) and psychoticism also have strong biological backgrounds [22,23].



The above-mentioned set of personality factors and motivations seem to be more important than being simply smart at the university-level [24]. Achievement motivation, namely the tendency to reach success and avoid failures, can clarify this picture, because motivation gives focus and energy to fulfil personality-based aims [25]; thus, it has a significant impact on learning efforts [26]. Therefore, internal or intrinsic motivation is a relevant predictor of success and is associated with personality [24].



We propose that not only well-studied intelligence, personality, and motivational factors are associated with academic achievement, but the below-listed set of positive psychological competencies may also have an important role in predicting academic success. As a new approach in psychology, positive psychology focuses on a well-lived life and places special emphasis on the positive role of emotions in our lives. For the selection of these additional psychological variables, we used three criteria: they describe emotion-related competencies in a positive way, they can be easily developed even in a university context, and there is research evidence that the phenomenon is linked with academic success as detailed below.



According to Bar-On [27] (p. 57) “emotional-social intelligence is an array of interrelated emotional and social competencies and skills that determine how effectively individuals understand and express themselves, understand others and relate with them, and cope with daily demands, challenges and pressures”. Current research findings strengthen the notion that emotional intelligence (EI) or emotional intelligence quotient (EQ) is not only related to workplace and social competency, but also to academic success; however, the size of the effect is culture- and field-dependent [28,29,30,31,32,33]. Awareness of emotions has a strong effect on academic performance that can be explained by the fact that dealing with educational challenges requires emotional awareness, flexibility, self-motivation, self-control, the ability to handle the emotions of others, and influence the motivations of others [28,34]. The transition to higher education is usually a stressful situation that requires emotional competencies. Parker et al. [32] found that some EI factors, such as intrapersonal, stress management, and adaptability, play an important role in academic success, and can explain 8–10% of the variability on grade point average (GPA). How stress management, personality, and EI are related is a scientific debate; however, there is some empirical evidence that suggests that these phenomena influence academic success. Saklofske et al. [35] found that EI may play a mediating role in the relationship between personality factors and academic success, because we must take stress into consideration. EI plays an important role in handling stress and, hereby, reaching academic success. Based on this approach, coping skills and strategies can also have strong predictive power on university performance. MacCann et al. [36] focused on coping styles that influence performance. Problem-focused coping is a stable basis of performance, while emotion-focused coping strategies have different effects in this special context. Their study pans out the subjective well-being of students, and the potential associations with coping and success.



One important facet of the detailed construct of well-being is grit. Grit is the ability to persevere with passion for long-term goals, despite setbacks [37]. Grit is closely related to personality, especially to conscientiousness, but can also add something new in predicting academic success, because narrower, more specific facets, can have better predictive power [38]. We note that self-control is closely related to grit, but they are different, because self-control (as part of EI) refers to the ability to work hard for short-term goals, and it is related to the presence of temptation, while grit is primarily for the long-term, and it is mostly for intrinsically motivated goals [39].



These positive psychological concepts are strongly linked. Emotional intelligence and grit could be related to other source competencies, such as coping and the psychological immune system. The psychological immune system collects traits and skills that are helpful to deal with stress [40]. This is an integrative structure for adaptation and coping, which contains cognitive, motivational, and behavioral dimensions. With a well-functioning psychological immune system, the stress-resistance period is longer, emotional stability is higher, and it promotes healthy coping and growing under hard circumstances. These components are consonant and refer to the PERMA (P—positive emotion, E—engagement, R—relationships, M—meaning, A—accomplishments) model in terms of positive psychology [41,42]. The pillars of well-being are positive emotions, engagement, relationships, meaning, and accomplishments, which are also associated with success [43,44]. Some research evidence exists already proving that PERMA components are associated with academic success [45,46]; moreover, PERMA factors support disabled students as a buffer to reach academic success [47].



While exploring the characteristics of students, we placed special focus on personality traits [48] and the aforementioned positive source competencies [22,24,28,32,35,36,38,43,44,45,46,47,48], as they can change and improve, and, thus, provide an important intervention point in increasing the success of students and prevent at-risk students from dropping out. We propose that certain personality variables, positive psychological resource competencies, and demographic variables of university students determine their success at university, and can increase the predictive power of pre-enrollment achievement measures. The present study was guided by the following main research questions:




	
What incremental predictive power do certain psychological factors (e.g., personality traits and positive source competencies as emotional intelligence, coping skills, psychological immunity, grit, and PERMA) have over pre-enrollment achievement measures on academic success?



	
What set of psychological factors should be measured at the time of enrollment that make identifying students at risk of academic failure more efficient?









2. Materials and Methods


In this section, we present our data together with the used methodology. We gathered data to get a detailed picture of economics and management students: their personality variables and positive psychological factors (resources, psychological immunity, subjective well-being, and emotional and social skills), and their coping skills. Moreover, we collected data about their pre-enrollment achievement measures and university performance (GPA). We built an integrative model to examine what incremental predictive validity psychological attributes have over pre-enrollment achievement measures on academic performance



2.1. Participants


This study is based on the data collected among first-year students of management and economics at the Budapest University of Technology and Economics enrolled in 2018 and 2019. Participants were recruited from a large psychology class and were asked if they would volunteer to participate in this study by filling out a set of surveys at the beginning of their first semester. Almost all of the students filled out the questionnaire (n = 436) and 69.3% of the participants (n = 302) gave permission to connect their answers with data stored in the educational administrative system to retrieve their first-year grade point averages (FGPAs) and gain access to their university entrance scores (UESs), which revealed their prior academic achievements.



To combine the psychological factors with academic success, we also monitored the performance of the respondents in the first academic year of their undergraduate programs. On average, students took 62 university credits over the two semesters and received a first-year GPA of 3.4 (out of 5).



The data set included data from 180 women and 122 men; the average age at the time of completing the questionnaire was 19.5 years. Moreover, 52.6% of the students lived with their parents, while 22.5% of the respondents lived in rented apartments. The vast majority of the respondents (88.1%) came to the university directly from high school.



All of the data were collected and stored cautiously, and personal data were anonymized.




2.2. Measures


In this section, we describe our measurement tools. Table 1 summarizes the descriptive statistics and psychometric attributes of the used tools. Apart from the first-year GPA and the university entrance score, all of the measures were collected by a set of surveys.



First, to collect some sociodemographic variables, we asked the students about their age, gender, family, and other living circumstances. The second survey was the Eysenck Personality Questionnaire (EPI) [49,50,51]. This test measures the personality in three main dimensions: extraversion–introversion (E: the tendency to seek peers, activity, and relationships and I is the opposite), neuroticism–emotional stability (N: the tendency of how much people are influenced by environmental emotional cues), and psychoticism (P: this scale is associated with aggression, more masculine behavior, and non-conformity). To measure the conformity and lying tendency, there is a fourth subscale integrated into the inventory (L). The Hungarian version of the questionnaire contains 58 questions and the students’ task was to decide whether the item applied to them or not. The psychometric properties of the test are acceptable based on a meta-analysis; Cronbach’s α (alpha) values (a measure of internal consistency) are between 0.58 and 0.85 [52].



The third survey was the Emotional Intelligence Inventory, developed by Bar-On [53,54]. The test contains 121 items and asks students for a self-report on how much the items describe them, using a 5-point Likert-scale. Emotional intelligence is divided into 5 scales with a different number of subscales: intrapersonal scale, which assesses the self-awareness and self-expression (subscales are self-regard, emotional self-awareness, assertiveness, independence, and self-actualization); interpersonal scale, which measures social awareness and interpersonal relationship (subscales are empathy, social responsibility, and interpersonal relationship); stress management scale, which assesses emotional management and regulation (subscales are stress tolerance and impulse control); adaptability scale, which measures change management (subscales are reality-testing, flexibility, and problem-solving), and general mood scale, which measures competencies of self-motivation (subscales are optimism and happiness) [55,56] (p. 21). This is a widely used emotional intelligence test with acceptable psychometric properties: high Cronbach α-s on each scale and subscale (0.67–0.79) and good test–retest reliability, even in a multicultural context [53,55].



Next, we measured the positive source competencies with the help of PERMA Profiler, this is the first holistic measurement tool of well-being [42]. We used the 23-item questionnaire; the refined model has acceptable psychometric attributes with α-s between 0.60 and 0.94 on each scale, except 2 scales (happiness and loneliness), which contain only 1 item [42]. For PERMA happiness and loneliness, there are no α-s because these factors contain only one question, so the calculation of the value is unnecessary. The final structure has seven subscales, five from the original PERMA structure: positive emotion, engagement, positive relationship, meaning or purpose in life, accomplishment, and two new factors of the refined model: negative emotion, physical health. The authors suggest using these factors separately and not as a general PERMA score because it seems to be an umbrella term [42].



We also used the Grit-Short (Grit-S) questionnaire, which is dedicated to measuring perseverance (at a trait-level) and the passion for long-term goals. It contains 8 items, and students indicate how much the items describe them using a Likert-scale. This short questionnaire has strong psychometric characteristics (α-s = 0.82 and 0.84) [57].



As behavioral factors, we measured stress management and coping skills using two questionnaires with acceptable psychometric characteristics developed by Oláh [58,59]. The first tool was the coping preferences test that contains 80 items with a 4-point Likert-scale in which students decide how often they use the offered answer in a stressful situation. The test gives a profile of preferences on 8 coping mechanisms: problem-focused strategies (e.g., problem-focused reaction), support-finding strategies (e.g., support seeking), and emotion-focused strategies (e.g., impulse control, emotion-focused actions, acting out, self-punishment, acquiescence, and attention diversion). As another aspect of coping, the measurement of the psychological immune system focused on mental and psychological aspect of stress management. The test contains 80 items with a 4-points Likert-scale. After the assessment, we get 16 factors in three subsystems of the well-functioning psychological immune system: monitoring—approximate system (positive thinking, sense of control, sense of coherence, feeling of growth, challenge seeking, social source monitoring, and goal orientation), mobilizing—generating subsystem (self-efficiency, creativity, mobilizing skills, social source founding skills, learned optimism), and self-regulating sub-system (mindfulness—-synchronization skill, impulse control, irritability-control, and control of emotions) [60,61].



To measure prior academic achievement, we used the university entrance score (UES). The nationally standardized Hungarian university entrance score is a composite score of pre-enrollment achievement measures and was shown to have high predictive validity [62]. Students applying for undergraduate programs in Hungary gain a nationally determined UES, which mostly relies on the score of Matura exit examination and high school grades and has a maximum value of 500. The exact calculation of the UES is detailed in the paper by Nagy and Molontay [62].



Using the aforementioned psychological and pre-enrollment achievement measures, we aimed to predict university performance and identify at-risk students. Although university success and academic achievement can be defined in many ways, we used a traditional measure of academic success: first-year GPA (FGPA) retrieved from the official register.




2.3. Methods


We used tenfold cross-validated logistic regression models to measure the predictive and incremental predictive validity of the factors [63]. Logistic regression makes it possible to investigate the combined incremental power of psychological factors and obtain an efficient predictive model to identify students at risk of dropout.



The target (outcome) variable was chosen to be the FGPA as a good proxy of academic success. We aim to predict the FGPA based on the psychological factors collected at the beginning of the first semester and pre-enrollment achievement measures. The continuous target variable (1 to 5) was converted to a binary variable by trimming at 3.0 to obtain binary labels. A student with an FGPA below 3.0 is considered a student at risk of academic failure, while a student with an FGPA above 3.0 is considered a fairly performing student. While the threshold of 3.0 FGPA might seem arbitrary, our choice is also supported by the fact that this is the cut-off value where a student loses his/her state-funded scholarship and is re-classified to a fee-paying status. Using the threshold of a FGPA of 3.0, we had 80 at-risk students and 222 fairly performing students.



The logistic regression models were run with tenfold cross-validation, i.e., in each case, data were divided into 10 parts (9 parts for training and 1 for testing in each possible combination). Area under the curve (AUC) scores were used to evaluate the predictive performance of the models. AUC stands for the area under the receiver operating characteristic (ROC) curve that is the plot of the true positive rate against the false positive rate at various threshold settings. AUC value is a widespread performance indicator, especially for imbalanced class distribution. The higher the AUC score, the better the predictive power the model has [63,64]. In a probabilistic interpretation, the AUC shows the probability that our logistic regression model outputs a higher dropout probability for a randomly chosen at-risk student than for a randomly chosen fairly performing one.



To compare the incremental predictive power of various psychological factors over pre-enrollment achievement measures, we investigated whether the increase in the AUC score was significant. More precisely, we tested the null hypothesis that the two AUC scores were equal [1,2]. The test statistic relied on the correlation coefficient of the two AUC scores and on the independent standard errors. The exact calculation of the test statistic is presented in [62,65].





3. Results


In this section, we present the incremental predictive powers the psychological factors have over pre-enrollment achievement measures. University entrance score, as a composite score of various pre-enrollment achievement measures, has a strong predictive power on university success measured by the binary outcome variable, derived from the cumulative FGPA. Solely relying on the UES, the binary outcome can be predicted with an AUC of 0.737 using a logistic regression model with tenfold cross-validation. In the following, we study how the predictive power increases if we supplement the UES with psychological factors. Moreover, we also investigate what factors and what groups of factors have significant incremental predictive power.



3.1. Positive Psychological Factors


We observed that, among positive psychological factors, the coping factor and the psychological immunity (PI) self-control subsystem had the strongest incremental predictive power over pre-enrollment achievement measures on university performance. The results are shown in Table 2. The coping factor had the only significant improvement at the 0.1 level (p = 0.0986). It increased the AUC from 0.737 to 0.778.



The emotional intelligence factor can also be interpreted in its subsystems due to the multifaceted personality traits covered; the results can also be found in Table 2. Regarding the independent incremental predictive power of the parts of the EQ, it can be concluded that they did not have significant incremental predictive power.



Positive source competencies included the factors of grit and PERMA. PERMA factors are worth considering separately, according to their attributes, such as EQ and PI. Grit, PERMA negativity, and health factors had some incremental predictive power, but the increase was much weaker than in the case of the coping factor (see Table 2).




3.2. Stable Personality Factors


Outcomes of EPI were stable factors of personality. It is apparent that EPI factor had some incremental predictive power over the university entrance score since the AUC increased to 0.764 (see Table 2), but it cannot be considered as significant at the 0.1 level (p = 0.1452).



Overall, 6 of the 20 examined factors (30%) showed incremental predictive power over pre-enrollment achievement measures (marked by bold in Table 2), and only the coping factor had a significant improvement over the UES.



After measuring the incremental predictive power of the individual factors, we investigated the incremental predictive power of the combinations of the factors. The improvement in AUC values was examined considering groups of two, three, four, five, and six factors, in addition to the pre-enrollment achievement measures.




3.3. Incremental Predictive Power of Factor Groups


Providing that the higher education institution has the resources to measure more than one psychological factor, the question arises as to what factors should be collected jointly to increase the predictive power the most. We answer this by investigating factor groups (of up to six factors).



3.3.1. Incremental Predictive Power of Factor Groups: Pairs


We investigated what pairs of psychological factors had incremental predictive power over individual factors and the UES. Thus, we selected those pairs of psychological factors that had higher incremental predictive power over pre-enrollment achievement measures than any of the factors of the given pair had. We also investigated whether the improvement in the AUC score was significant in comparison with the best result achieved in the previous section, namely the predictive power of the UES and the coping factor. We observed incremental power in the case of 18 pairs out of the 190 possible pairs (9.5%). The combination of coping and EPI gave the most outstanding result, with 0.806 AUC value; this improvement in the AUC score was significant at the 0.1 level (p = 0.0545) compared to the improvement achieved by only using the coping factor. The pair of coping and EPI was the only pair that had significant improvement to the predictive power of the combination of coping and UES. On the other hand, there were six other pairs with significant improvements compared to the UES solely, these were the pairs that coping factor was a member of (see Figure 1). In Table 3 the “Number of pairs” column shows the number of pairs with (significant) incremental predictive power that the given factor contributed to. In this regard, coping, EPI, PI self-control, and PERMA accomplishment stood out, accounting for at least 22% of all pairs of factors with incremental predictive power. Figure 1 shows a heatmap of the AUC values of the pairs. It suggests that coping not only had a very strong incremental predictive power over pre-enrollment achievement measures but also over the majority of other psychological factors.




3.3.2. Incremental Predictive Power of Factor Groups: Triplets


Next, we investigated whether using three psychological factors could increase the predictive power in comparison with the predictive power of their subsets. Out of the 1140 triplets, an improvement was measured in only 21 cases (1.8%). On the other hand, we observed no significant improvement to the best performing pair from the previous section, namely the combination of the UES, coping, and EPI at the 0.1 level, while 11 triplets showed significant improvement to the UES solely. The best performing one was the triplet of coping, EPI, and PERMA health, which gained an AUC of 0.810. In Table 3 the “Number of triplets” column indicates the number of triplets with (significant) incremental predictive power that the given factor contributes to. In this case, the coping and PERMA negativity factors were prominently included in triplets with incremental predictive power, in more than 52% of all. In addition, EPI and PI self-control were also present in many triplets, namely 8 and 6 (38% and 29%, respectively, of all 21 groups). Some of the PERMA factors (positivity, meaning, happiness, relationship), EQ factors (stress-management, interpersonal part), and PI subsystems (monitoring and mobilizing) were included in a few groups (less than 3%). Table 4 shows the predictive power of the five best triplets according to the AUC scores.




3.3.3. Incremental Power of Factor Groups: Quadruplets


We studied whether it was worth measuring four psychological factors, i.e., whether it had any incremental predictive power over using only triplets. There was an improvement in predictive power in a total of 18 quadruplets out of the 4845 candidate groups (0.4%). On the other hand, no significant improvement was observed at the 0.1 level in comparison with the combination of the UES, coping, and EPI, while eight quadruplets showed further significant improvement to the UES. The most outstanding improvement was achieved by coping, EPI, PERMA positivity, and PERMA negativity with a p value of 0.0075 compared to the AUC of the UES. Using these sets of factors together with pre-enrollment achievement measures resulted in a 7 percentage point gain in AUC results, compared to the predictive power of UES. In Table 3 the “Number of quadruplets” column indicates the number of quadruplets with (significant) incremental predictive power that the given factor contributes to. In this case, the PERMA negativity factor is present in 67% of all quadruplets with incremental predictive power. Moreover, coping, PI, self-control, EQ intrapersonal part, and PERMA health factors are important in 39% of the quadruplets. From the best eight factor groups (more than 0.781 AUC scores), seven had coping and seven had PERMA negativity in them.




3.3.4. Incremental Power of Factor Groups: Quintuplets and Sextuplets


We observed an improvement in predictive power in only 25 groups out of 15,504 possible quintuplets (0.16%). From this, 14 showed significant improvement to the UES (with an increase in AUC by 4.3 percentage point), but none of them improved the results of the coping; EPI pair significantly at the 0.1 level. The highest improvement was achieved by coping, EPI, PERMA meaning, PERMA health, and PERMA negativity, with an AUC of 0.812. In Table 3, the “Number of quintuplets” column indicates the number of quintuplets with (significant) incremental predictive power that the given factor contributed to. In this case, the PERMA negativity and PI self-control factors were represented in 21 (84%) and 20 (80%) groups, respectively. Only grit, PI (mobilizing and monitoring subsystems), and EQ (stress-management and mood and motivation parts) factors were contained in less than 3% of the groups with incremental predictive power. PERMA negativity participated in 13, coping in 12, and PI self-control in 11 groups out of the 14 that had significant incremental power compared to the UES.



We also investigated sextuplets, but it turned out that there were no groups out of the 38,760 possible sextuplets that carried any incremental predictive power compared to their subsets. Thus, our results showed that there is absolutely no need in measuring more than five psychological factors from an at-risk student prediction point of view.





3.4. Summary of the Results


We identified what groups of psychological factors had the strongest incremental predictive power over pre-enrollment achievement measures. The one-, two-, three-, four- and five-element factor groups with the highest incremental predictive power over the university entrance score together with the corresponding p values (their AUC scores compared to the AUC of the UES) are shown in Table 5. We can observe that, with an appropriately chosen set of psychological factors, the incremental predictive power over pre-enrollment achievement measures was very significant. Using five factors, the AUC increased by 7.5 percentage points, from 0.737 to 0.812.



Our aim was to identify a small set of psychological factors that had significant incremental predictive power over pre-enrollment achievement measures on academic performance. We showed that by measuring only two additional factors (coping, EPI) we could have a substantial increase in predictive performance. Moreover, in total, PERMA negativity and PI self-control seemed to be important factors to increase the predictive power. Our results suggest that it is worth measuring these factors (especially coping and EPI) at the time of enrollment. By using these attributes together with the pre-enrollment achievement measures, we can build a more complex model to better identify students at risk of academic failure.





4. Discussion


We can conclude that positive psychological factors have incremental predictive validity over pre-enrollment achievement measures on university performance. It means that the right set of psychological attributes can increase the predictive power of pre-enrollment achievement on academic success. Results concerning the roles of positive psychological factors and personality traits clarify this interrelation (on how these factors become important at university).



In accordance with the former psychological literature [10,12,13,14,15,16,17,19,23,48], an important factor with a high incremental predictive power is EPI, a stable personality trait. On the other hand, the factor that proved to be the most important was a positive psychological factor, namely coping. The transition to university is clearly a significant life change [32], the new atmosphere and unfamiliar forms of learning may be very stressful. These stressful situations need to be learned, to be handled as much as possible so that first-year students will find it easier to overcome both general stressful situations caused by the transition to higher education, and special situations that can be caused by accountability. It explains why coping has an outstanding incremental predictive power over high school results on university performance. Students with better coping skills can manage their studies better while students with weaker stress management skills are at-risk of dropping out of university.



This result is strengthened by the psychological immunity self-regulating subsystem, which focuses on practical stress-management and perseverance during long-term coping. This subsystem includes synchronicity, impulse control, emotion control, and irritability control. These skills are learned skills and can be developed with conscious effort. At the beginning of the university years, this kind of self-control helps students to get along alone without parents or high school friends in a new environment. Control is also the basis of coping and the key component of emotional intelligence. This finding is consistent with former literature [35,36,66], but shows a new aspect, i.e., the umbrella term of psychological immunity is a valid concept for the holistic description of university students’ stress-management and coping skills, and it is worth using in studies. Psychological immunity is a complex phenomenon that correlates with many positive psychological source competencies; they have convergent validity when they are analyzed together, but psychological immunity seems to be suitable to be used independently.



Our findings partly clarify the former debate on the relation of EI and success [24,28,29,30,31,32,33,34,35]. One of the emotional intelligence factors stood out in the prediction of performance, namely the adaptation part, which accounted for 12.5% of all improvement factor groups and 26.8% of groups with significant improvement compared to the UES. The adaptation part of EI includes reality-testing, flexibility, and problem-solving; these factors can be the basis of stress management and are key to managing the ever-changing social environment.



The PERMA health factor is related to physical health and that is an important part of general well-being [42]. Health is the basis of accomplishment; a subjective feeling of being healthy can be a buffer for academic stress, and help (by being perseverant) in stressful situations. Other important PERMA factors include positive and negative emotions, which show the tendency to feel positive or negative emotions [42]. This result shows that emotions are part of the daily lives of students, and can facilitate or inhibit performance. Both tendencies have incremental predictive power, and that is why we can conclude that affectivity is also a key point by assessing student vulnerability to drop-out.



Overall, the factors mentioned so far are important because good self-positioning, recognizing, and dealing with problems on time, as well as a positive attitude toward challenges, will help students to succeed during university studies. We can conclude that the measurement of positive psychological factors increases the predictive power of pre-enrollment achievement measures for university academic performance. Thus, coping, psychological immunity, emotional intelligence, and positive source competencies collected in the PERMA-model are appropriate factors that carry incremental predictive power, and an appropriate set of psychological factors can significantly increase the predictive power of the university entrance score. The combination of coping, EPI, PERMA health, together with pre-enrollment achievement measures, can predict student performance (measured by a binary variable) with an AUC of 0.81.



Our result suggests that if we aim to build a model to identify students at risk of academic failure with high predictive power, we should use complex and holistic models, including pre-enrollment achievement, stable personality factors, and positive psychological competencies. Our results show that combining hard data, such as pre-enrollment achievement and human attributes, such as personality traits and positive psychological competencies, can increase the predictive power of the model. It seems to be possible to build holistic predictive models already at the time of enrolment if we measure the afore-mentioned psychological factors using suitable questionnaires. In Table 6, we show how many items the predictive questionnaire should contain and how long it takes to complete the survey.



With the help of such models, at-risk students can be identified should and more efficiently. Moreover, our research showed that stress management skills, PERMA factors, and emotional intelligence have high predictive power. An additional advantage is that these competencies and skills can be effectively developed with targeted programs [67,68,69,70,71]; thus, appropriate psychological training can prevent students from dropping out. Moreover, providing information on efficient tools of stress management and offering student success courses dedicated to the acquisition of coping skills, addressing the management of emotions, and well-being, can also help at-risk students succeed [72,73].



Based on our research, a more efficient prediction model can be built to identify students at risk of academic failure at the time of enrollment. Besides pre-enrollment achievement measures, we recommend measuring some psychological factors of the students. Collecting psychological data requires filling out questionnaires that can be time-consuming and difficult to organize. Therefore, we identified what psychological factors are the most rewarding to measure in 20–45 min. We also highlighted that measuring only one or two psychological factors has significant incremental predictive power. Moreover, using smartphone applications for measuring the psychological factors may make it easier for the students and higher education institutes. Using a more efficient tool for identifying at-risk students, educational decision-makers can also design more effective intervention programs and help students succeed in their university studies. This approach also improves the service quality of higher education, which is important for the digital generations.



Limitations, Future Research Directions, and Implications


These findings highlight the need for further research to explore the relationship between emotion-related positive psychological soft skills and academic performance. Given that the present study was limited to a homogenous sample of business and economics students, one cannot generalize the findings to other contexts, but it is worth extending the sample to other fields of higher education.
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Figure 1. The AUC values of pairs with incremental predictive power (higher AUC values than any of the factors of the given pair has). The dark purple background indicates significant increase to the improvement achievement by the coping factor. Medium purple background indicates significant increase to the prediction power of the UES (university entrance score is always incorporated in the models.). 
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Table 1. Descriptive statistics and psychometric attributes of the set of measured variables.
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Factor Group

	
Factor

	
Min

	
Max

	
Mean

	
Std

	
Skewness

	
Kurtosis

	
Cronbach’s

Alpha






	
Eysenck Personality Inventory

	
extraversion and introversion

	
0.0

	
32.0

	
19.2

	
8.1

	
−0.3

	
−0.8

	
0.581




	
emotional stability

	
4.0

	
38.0

	
24.2

	
8.1

	
−0.2

	
−0.8




	
rigidity

	
2.0

	
30.0

	
19.0

	
5.4

	
−0.4

	
−0.1




	
honesty

	
0.0

	
14.0

	
5.1

	
2.9

	
0.4

	
−0.3




	
Grit

	
Grit point

	
1.9

	
4.8

	
3.3

	
0.5

	
0.0

	
−0.2

	
0.734




	
Coping

	
problem focus

	
25.0

	
100.0

	
72.3

	
12.4

	
−0.4

	
0.7

	
0.907




	
support-seeking

	
25.0

	
100.0

	
71.1

	
17.4

	
−0.6

	
0.0




	
impulse control

	
25.0

	
100.0

	
66.7

	
9.2

	
−0.7

	
3.2




	
attention diversion

	
25.0

	
100.0

	
64.7

	
10.8

	
−0.4

	
1.2




	
emotion focus

	
25.0

	
100.0

	
61.8

	
11.1

	
−0.2

	
0.8




	
acting out

	
25.0

	
125.0

	
74.6

	
22.0

	
0.0

	
−0.9




	
self-punishment

	
25.0

	
100.0

	
63.1

	
16.8

	
0.1

	
−0.4




	
acquiescence

	
25.0

	
100.0

	
59.9

	
15.4

	
0.1

	
−0.1




	
Psychological Immune System (PI) monitoring

	
positive thinking

	
5.0

	
20.0

	
15.0

	
3.3

	
−0.6

	
0.1

	
0.904




	
sense of control

	
6.0

	
20.0

	
14.1

	
2.4

	
−0.3

	
0.0




	
feeling of growth

	
5.0

	
20.0

	
15.0

	
3.5

	
−0.6

	
−0.1




	
challenge seeking

	
5.0

	
20.0

	
14.3

	
3.3

	
−0.3

	
−0.2




	
goal orientation

	
7.0

	
20.0

	
14.6

	
2.9

	
−0.1

	
−0.4




	
coherence

	
7.0

	
20.0

	
15.0

	
3.2

	
−0.1

	
−0.8




	
social source monitoring

	
5.0

	
20.0

	
15.1

	
3.2

	
−0.3

	
−0.5




	
PI mobilizing

	
self-efficiency

	
8.0

	
20.0

	
14.8

	
2.9

	
−0.1

	
−0.6

	
0.907




	
creativity

	
6.0

	
20.0

	
14.5

	
3.2

	
−0.3

	
−0.4




	
social source founding skills

	
5.0

	
20.0

	
13.7

	
3.1

	
−0.2

	
−0.1




	
mobilizing skills

	
5.0

	
20.0

	
15.0

	
3.2

	
−0.3

	
−0.5




	
learned optimism

	
6.0

	
20.0

	
15.1

	
3.4

	
−0.4

	
−0.6




	
PI self-control

	
impulse control

	
5.0

	
20.0

	
13.3

	
2.9

	
0.0

	
−0.1

	
0.882




	
irritability-control

	
5.0

	
20.0

	
12.2

	
3.5

	
0.2

	
−0.5




	
emotion control

	
5.0

	
19.0

	
11.9

	
3.5

	
0.0

	
−0.8




	
mindfulness-synchronization skill

	
5.0

	
20.0

	
12.2

	
3.4

	
−0.1

	
−0.7




	
Emotional intelligence Quotient (EQ) intrapersonal

	
assertiveness

	
33.3

	
96.7

	
67.5

	
12.8

	
−0.2

	
−0.3

	
0.939




	
self-awareness

	
19.0

	
100.0

	
67.2

	
17.0

	
−0.3

	
−0.3




	
self-regard

	
18.5

	
100.0

	
65.5

	
19.3

	
−0.3

	
−0.6




	
independence

	
18.8

	
87.5

	
56.7

	
12.8

	
−0.4

	
−0.1




	
self-actualization

	
38.1

	
100.0

	
78.3

	
14.9

	
−0.4

	
−0.7




	
EQ interpersonal

	
empathy

	
33.3

	
100.0

	
73.9

	
14.3

	
−0.5

	
−0.1

	
0.906




	
social responsibility

	
37.0

	
100.0

	
76.7

	
12.2

	
−0.5

	
−0.2




	
interpersonal relationship

	
36.7

	
100.0

	
75.0

	
13.1

	
−0.3

	
−0.5




	
EQ adaptation

	
reality testing

	
20.0

	
90.0

	
63.2

	
11.4

	
−0.3

	
0.2

	
0.858




	
flexibility

	
22.9

	
92.5

	
62.8

	
13.4

	
−0.3

	
−0.3




	
problem-solving

	
37.5

	
100.0

	
73.2

	
13.0

	
−0.3

	
0.0




	
EQ stressmanagement

	
stress tolerance

	
29.6

	
91.1

	
63.0

	
9.0

	
−0.2

	
0.2

	
0.817




	
impulse control

	
24.1

	
100.0

	
64.1

	
16.9

	
−0.1

	
−0.5




	
EQ moodand motivation

	
optimism

	
27.1

	
100.0

	
72.1

	
15.0

	
−0.5

	
0.1

	
0.915




	
happiness

	
48.1

	
100.0

	
79.2

	
13.8

	
−0.5

	
−0.7




	
PERMA

	
positivity (P)

	
3.0

	
30.0

	
21.3

	
4.9

	
−0.7

	
0.4

	
0.824




	
engagement (E)

	
11.0

	
30.0

	
22.1

	
3.7

	
−0.5

	
0.1

	
0.385




	
relationship (R)

	
5.0

	
30.0

	
23.2

	
4.9

	
−0.8

	
0.3

	
0.809




	
meaning (M)

	
6.0

	
30.0

	
22.8

	
4.3

	
−0.8

	
0.9

	
0.803




	
accomplishment (A)

	
8.0

	
30.0

	
22.6

	
4.0

	
−0.9

	
1.1

	
0.718




	
health

	
4.0

	
30.0

	
21.1

	
5.6

	
−0.6

	
0.0

	
0.881




	
negativity

	
7.0

	
25.0

	
17.0

	
3.5

	
0.1

	
−0.6

	
0.766




	
happiness

	
1.0

	
10.0

	
7.5

	
1.7

	
−0.7

	
0.4

	
-




	
loneliness

	
1.0

	
10.0

	
4.9

	
2.5

	
0.2

	
−1.1

	
-




	
High school

	
university entrance score

	
331.0

	
491.0

	
402.8

	
34.1

	
−0.2

	
−0.8

	
-
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Table 2. The predictive power (area under the curve (AUC) values) of psychological factors combined with the university entrance score. The AUC of the university entrance score (UES) alone was 0.737; the other AUC values should be interpreted in comparison with this value.). *: p < 0.1.
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Groups

	
Factors

	
AUC (with UES)






	
Coping skills and psychological immunity

	
coping

	
0.778 *




	
PI self-control part

	
0.745




	
PI monitoring part

	
0.704




	
PI mobilizing part

	
0.728




	
Emotional intelligence

	
EQ intrapersonal part

	
0.735




	
EQ interpersonal part

	
0.728




	
EQ stress-management

	
0.722




	
EQ adaptation part

	
0.722




	
EQ mood and motivation

	
0.715




	
Positive psychological factors

	
Grit

	
0.740




	
PERMAnegativity

	
0.738




	
PERMA health

	
0.737




	
PERMA accomplishment

	
0.734




	
PERMA happiness

	
0.733




	
PERMA meaning

	
0.732




	
PERMA positivity

	
0.731




	
PERMA loneliness

	
0.731




	
PERMA engagement

	
0.729




	
PERMA relationship

	
0.729




	
Stable psychological factors

	
EPI

	
0.764
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Table 3. The number of groups (pairs, triplets, quadruplets, quintuplets, sextuplets) and the ratio of all groups with additional incremental predictive power where the given factor contributes to. The second number in each column reflects to the number and ratio of groups out of the groups with incremental predictive power that have significant prediction gain (at the 0.1 level) compared to the prediction power of the UES. * The ratio in all column shows what percentage of all factor groups with (significant) incremental power the given factor was included in. This is a good metric for finding what factors increase the predictive power typically.
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	Factor
	Number of Pairs
	Number of Triplets
	Number of Quadruplets
	Number of Quintuplets
	Number of Sextuplets
	Ratio in All *





	PERMA negativity
	3/1
	11/4
	12/7
	21/13
	0
	54.5%/61.0%



	coping
	7/7
	11/11
	7/7
	12/12
	0
	43.2%/92.7%



	PI self-control
	4/1
	6/2
	7/3
	20/11
	0
	43.2%/41.5%



	EPI
	7/1
	8/3
	6/3
	10/4
	0
	36.4%/26.8%



	PERMA health
	2/0
	3/2
	7/2
	10/7
	0
	26.1%/26.8%



	EQ intrapersonal
	1/0
	4/0
	7/1
	8/2
	0
	22.7%/7.3%



	PERMA accomplishment
	4/1
	3/2
	5/1
	7/1
	0
	21.6%/12.2%



	PERMA engagement
	2/0
	2/0
	3/0
	6/0
	0
	14.8%/0.0%



	EQ adaptation
	1/1
	4/4
	2/2
	4/4
	0
	12.5%/26.8%



	PERMA happiness
	1/0
	0/0
	1/1
	7/4
	0
	10.2%/12.2%



	PERMA loneliness
	0/0
	2/0
	1/0
	6/4
	0
	10.2%/9.8%



	PERMA meaning
	1/1
	1/1
	3/1
	4/2
	0
	10.2%/12.2%



	Grit
	1/1
	4/3
	2/2
	1/1
	0
	10.2%/17.1%



	PERMA positivity
	0/0
	1/1
	3/1
	3/2
	0
	8.0%/9.8%



	EQ interpersonal
	0/0
	0/0
	2/1
	3/2
	0
	5.7%/7.3%



	PERMA relationship
	0/0
	0/0
	2/0
	2/1
	0
	4.5%/2.4%



	EQ mood and motivation
	1/0
	2/0
	1/0
	0/0
	0
	4.5%/0.0%



	EQ stress-management
	0/0
	1/0
	1/0
	1/0
	0
	3.4%/0.0%



	PI mobilizing
	1/0
	0/0
	0/0
	0/0
	0
	1.1%/0.0%



	PI monitor
	0/0
	0/0
	0/0
	0/0
	0
	0.0%/0.0%










[image: Table] 





Table 4. The predictive power of the five best triplets.
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	Groups
	AUC (with UES)





	coping, EPI, PERMA health
	0.810



	coping, EPI, PERMA negativity
	0.809



	coping, EPI, PERMA positivity
	0.806



	coping, PERMA meaning, PERMA negativity
	0.790



	coping, grit, PI self-control
	0.789
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Table 5. The best performing singleton, pair, triplet, quadruplet, and quintuplets together with their AUC and the corresponding p values. (University entrance score is always incorporated in the models).
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	Factor Groups
	AUC

(with UES)
	p Value





	only university entrance score (UES)
	0.737
	-



	UES + coping
	0.778
	0.0986



	UES + coping, EPI
	0.806
	0.0104



	UES + coping, EPI, PERMA health
	0.810
	0.0073



	UES + coping, EPI, PERMA positivity, PERMA negativity
	0.810
	0.0075



	UES + coping, EPI, PERMA meaning, PERMA health, PERMA negativity
	0.812
	0.0070
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Table 6. The instruments of the predictive model.
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	Model
	List of Instruments
	Number of Items
	Completion Time (in Minutes, Approximately)





	one-factor model
	coping
	80
	20



	two-factor model
	coping, EPI
	80 + 58
	35



	three-factor model
	coping, EPI, PERMA health
	80 + 58 + 3
	40



	four-factor model
	coping, EPI, PERMA positivity and negativity
	80 + 58 + 3 + 3
	45



	five-factor model
	coping, EPI, PERMA meaning, health and negativity
	80 + 58 + 3 + 3 + 3
	50



	Original positive psychological assessment battery
	emotional intelligence, coping, psychological immunity, grit, PERMA and EPI
	121 + 80 + 80 + 8 + 23 + 58
	100–120
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