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Personality and cognition are found to be two interrelated concepts and to both have a predictive power on educational and life outcomes. With this study we aimed at evaluating the extent to which personality traits interact with cognition in acquiring cognitive competences during higher education. In a sample of university students at different stages of their career and from different fields of study, we collected Big Five traits, as a measure of personality, and Intelligent Quotient (IQ), as a proxy of cognition. A set of multiple regressions served to explore the relative contribution of IQ and personality traits on the performance on two cognitive competences tests: literacy and numeracy. Results showed that IQ highly modulated numeracy but had a moderate or no impact on literacy while, compared with IQ, personality affects literacy more. In a further explorative analysis, we observed that both the effects of personality and IQ on cognitive competences were modulated by the level of the students' career (freshmen, undergraduates, and bachelor graduates). Different traits, and particularly conscientiousness, increased or decreased their impact on achieved scores depending on the educational level, while IQ lost its effect in undergraduates suggesting that personal dispositions become more influential in advancing the academic carrier. Finally, the field of study resulted to be a predictor of numeracy, but also an important covariate altering the pattern of personality impact.
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INTRODUCTION

The concept of competences is becoming central in disciplinary fields related to human and educational development, such as in psychology, pedagogy, sociology, and economics (see Benadusi and Molina, 2018 for a review). This growing attention is driven by the need for appropriate educational and economic policies devoted to potentiating the education system in facing the modern working world. To reach this aim, individual countries, but also wider areas such as the European Union and the Organization for Economic Co-operation and Development (OECD), have been working in developing a complete framework of the fundamental competences as well as assessment programs to evaluate their actual level1. Within this framework, competences are conceived in a broad perspective as the ability “to meet complex demands, by drawing on and mobilizing psychosocial resources (including skills and attitudes) in a particular context” (Rychen and Salganik, 2003). Besides domain-specific competences (i.e., linked to a disciplinary path or professional profile), particularly relevant are generic or cross-curricular competences (also referred in the literature as transversal competences), which are common to all disciplinary paths or professional profiles. They include instrumental, interpersonal, and systemic skills and abilities (e.g., González and Wagenaar, 2003; Rychen and Salganik, 2003; Kallioinen, 2010; Rico et al., 2013; Kautz et al., 2014; Hernandez-Linares et al., 2015).

In this work we focused on cognitive competences, which represent a subcomponent of those instrumental skills and abilities that—together with the interpersonal and systemic aspects—constitute the overall generic competence (González and Wagenaar, 2003; Rychen and Salganik, 2003; Kallioinen, 2010). With respect to the OECD framework, this set of competences corresponds to the “basic” skills such as literacy and numeracy, critical for the development of other competences (OECD, 2012, 2016, but see also chapters 13 and 15 in UNESCO, 2016). Indeed, they are generally described as the ability to understand, evaluate, use and elaborate written text and numerical information in order to face new problems, to achieve personal goals and to develop knowledge. The epithet “cognitive” is tied to the underpinned cognitive constructs that these competences put in place such as problem solving, analytic reasoning, critical thinking (OECD, 2012, 2016). Within the same framework, cognitive competences are usually assessed through specifically designed competence assessment tests, which have been developed with the aim to measure learning outcomes and improve teaching programs. For example, the OECD developed the Program for International Student Assessment2 (PISA), one of the most famous tests for high schools, and the Program for the International Assessment of Adult Competences3 (PIAAC), dedicated to adults. These tests are generally designed for target ages, independently of educational curricula, and widely used to compare performance of pupils from different institutions or different countries, meeting the demand for accountability (Rumiati et al., 2018).

Recently, research focusing on the predictive power of cognitive assessments on education and life outcomes (Cappellari et al., 2017), is taking an interest on the skills that are at the core of the measured competences and, in turn, predicted the outcomes on cognitive assessments (e.g., Heckman and Kautz, 2014; Borghans et al., 2016; Jokela et al., 2017). Given the cognitive nature of literacy and numeracy skills, intelligence, as a proxy of cognition, was probably the most investigated at the point that often achievement scores was considered a measure of intelligence (e.g., Murnane et al., 1995; Hanushek and Woessmann, 2008). Among cognitive measures, a high Intelligence Quotient (IQ)—a widely accepted measure of fluid intelligence—was found to contribute to solving newly encountered literacy and numeracy problems independently of formal education (Duckworth et al., 2012; Borghans et al., 2016). However, despite the determinant role of intelligence on cognitive competences, it showed to not exhaustively explain the scores on cognitive assessments. Recent findings showed an important contribution of non-cognitive skills, such as character skills (Heckman and Kautz, 2014). Indeed, not only cognition, but also personal dispositions contribute to cognitive competences. In this context, personality has increasingly become a subject of a stimulating debate. Indeed, advancing that personality plays a key role in determining individual differences in behavior, emotion, motivation but also in cognition (Ackerman, 1996; Allen and DeYoung, 2017), recent research effort has been devoted to evaluating its predictive power on cognitive competence test in order to unveil the contribution of personality traits toward cognitive scores and consequently to educational and life outcomes that these scores predict (Borghans et al., 2011; Salkever, 2015; Lechner et al., 2017). To this end, Borghans et al. (2016) analyzed IQ, school grades, and competence test scores as measures of cognition, and personality as measures of character, all taken from four different datasets. The authors observed that, across datasets, personality better predicts grades and competence test scores, while IQ is better at predicting only the latter, even though most of the variance of both measures is not explained. Moreover, personality predicts grades and scores of competence tests above and beyond IQ on a variety of important life outcomes. Similar results were obtained in a large study with 9-grade students (Lechner et al., 2017). Previous studies reported correlations between IQ and personality (e.g., Duckworth et al., 2011; Rammstedt et al., 2018), grades and IQ (e.g., Ackerman and Heggestad, 1997), personality and grades (Poropat, 2009, 2014), as well as between competence test scores and both personality and IQ (e.g., Duckworth and Seligman, 2005; Duckworth et al., 2012). Overall, these studies suggest that scores on cognitive competence tests are influenced by intelligence as well as personality having proved to be a combined measure of cognitive and non-cognitive skills. In other words, not only cognitive skills are essential in shaping cognitive competences, but also character dispositions drive the acquisition of such competences. According to this view, cognitive assessment tests might tap not only cognitive skills, but also personal, social, and learning skills (European commission, 2006, 2018).



THE PRESENT STUDY

Despite this interdependence between personality and cognition (Ackerman and Heggestad, 1997; Chamorro-Premuzic and Furnham, 2006), the two constructs were not always considered together as predictors of cognitive assessment scores, but often as predictors of one another (e.g., Duckworth et al., 2011; Soubelet and Salthouse, 2011). Nevertheless, recent findings suggest that these scores are “not pure indicators of cognitive ability or intelligence” (Lechner et al., 2017). As to the role of competence assessment in education, the influence of personality and IQ on cognitive scores has already been investigated in children (e.g., Duckworth et al., 2012) and in adolescents (e.g., Duckworth and Seligman, 2005; Lechner et al., 2017). Given that cognitive assessment tests have become increasingly more common in evaluating students and academic institutions (see Heckman et al., 2014), it is of great interest to know whether and to what extent personality and IQ interact in predicting cognitive competences in higher education. Concerning higher education, the influence of personality on competence assessment scores in the transition between high school to college (Parker et al., 2004), as well as on the academic performance in general (e.g., Chamorro-Premuzic and Furnham, 2003a,b) has received some attention. However, research on the influence of both personality and intelligence on competence test scores during higher education is still lacking. Importantly, while intelligence can be trained with interventions although it showed to be less malleable with age (e.g., Kautz et al., 2014; Protzko, 2017), non-cognitive skills—and generic competences—proved to be malleable in university majors (e.g., Becket and Brookes, 2008; Gallifa and Garriga, 2010; Kouwenhoven, 2010; Pérez Martínez et al., 2010; Hernandez-Linares et al., 2015, 2017; Knipprath, 2017; López et al., 2019). Showing the predictive power of personality traits on cognitive assessment scores during university and in different fields of study might reveal that targeting individual differences, beyond intelligence, in such interventions could indirectly improve cognitive competences.

With the aim to contribute to this issue, with the present study we explored how both personality and intelligence interact in explaining cognitive competences in higher education. As this relationship was previously found at lower educational levels (Duckworth and Seligman, 2005; Duckworth et al., 2012), we hypothesized that both personality and intelligence have a key role in predicting cognitive scores during the academic path and among different fields of study.

In order to pursue our aim, we capitalized on a widely accepted conceptualization of personality traits: the Big Five personality traits or Five-Factor Model: Extraversion, Neuroticism, Agreeableness, Conscientiousness, and Openness/Intellect, commonly measured with self-evaluation questionnaires (Chmielewski and Morgan, 2013; for original conceptualization see e.g., Goldberg, 1990; Costa and McCrae, 1992; John et al., 2008).

The study served several concomitant purposes. First, we aimed at evaluating the relative contribution of IQ, as a proxy of cognition, and Big Five traits, as a measure of personality, on scores collected in a recently designed Italian test devoted to measure literacy and numeracy cognitive competences, the TECO-T. This test belongs to the TECO (TEst of COmpetences) project initiated by the National Agency for the Evaluation of Universities and Research Institutes (ANVUR4) in 2013. The aim of the ANVUR was to generate direct indicators reflecting the students' learning outcomes, within the ongoing quality assurance system that includes self-assessment, periodic evaluation, and accreditation of study programs and universities. After several evaluations (see Ciolfi et al., 2016; Damiani et al., 2016, 2017), ANVUR developed and tested the TECO-T—where T stands for trasversale, the Italian word for “generic” —, which aim at evaluating generic competences (separated from the TECO-D, with D standing for disciplinare, as directly measuring disciplinary competences; Rumiati et al., 2018; Asquini et al., 2019)5. We chose the literacy and numeracy TECO-T as it was built to assess exactly what we intended to test: cognitive competences, intended as a subset of generic competences (Rychen and Salganik, 2003). Regarding to our prediction, consistently with the previous research, we expected that competence test scores would be strongly predicted by IQ (Duckworth et al., 2012; Borghans et al., 2016; Lechner et al., 2017). Additionally, given that personality accounts overall for about 5–10% of the variance on cognitive abilities using IQ as a proxy (see Furnham et al., 2007; Rammstedt et al., 2016), we hypothesized to find a similar contribution of the Big Five, in general. In particular, we attempt to confirm the weight of different personality traits on cognitive competences, posing that cognitive measure usually positively correlates with Openness and negatively with Neuroticism and Conscientiousness (see e.g., Ackerman and Heggestad, 1997; Moutafi et al., 2003; Furnham et al., 2007; DeYoung, 2011; Graham and Lachman, 2012;Von Stumm and Ackerman, 2013; Rammstedt et al., 2016; but see also Lounsbury et al., 2005; Baker and Bichsel, 2006; Luciano et al., 2006 for positive correlation with Conscientiousness).

Another explanatory purpose of the study was to test whether the influence of personality and IQ on cognitive scores was modeled by the field of study and the year of education attended. Our sample was composed by different university students belonging to different fields of study and educational level, that we modeled as two relevant covariates. Precisely, we hypothesized an effect of the field of study on the achieved scores in mediating the role of personality traits, possibly depending on the type of majors. Indeed, students enrolled in different majors showed to be characterized by different level of personality traits (see Vedel, 2016, for a review). We also considered the role of educational levels (years of education), postulating that personality and IQ may change their weight on cognitive competences during the students' university career, evidencing how personality and cognition interact along the academic path. Previous works showed the influence of personality on competence assessment scores by comparing groups of participants highly differing in age (Graham and Lachman, 2014; Wettstein et al., 2017), but they did not explore the differences based on the progression along the education. Nevertheless, students' personality traits are likely to change under the influence of the many different emotional and social experiences occurring during their academic career (students make new relationships, strengthen their independency from their family, and acquire new knowledge and habits, see Parker et al., 2004). It is, therefore, plausible that years of education, but also that environment of a specific major, could impact on competences.

Braun and Mishra (2016) highlighted that in higher education the existing approaches for assessing competences are suitable for measuring only one type of skills, that are either cognitive or non-cognitive, and the need to use these approaches in combination. With this study we look forward to underlining the importance of an integrated evaluation of cognitive and non-cognitive skills by testing how a fine-graded cognitive competence assessment test, as the TECO-T, can account for both intelligence and personality. Showing that higher level of cognitive competences would be related not only to higher level of IQ, but also to different level of personal disposition, would be an additional proof of the relevance of using cognitive tests for students' assessments of competences that do not depend only on cognitive skills. It would be also an additional motivation for implementing fine-graded competence assessment tests able to measure a richer set of generic competences, but also to adapt educational policies and strategies in order to plan interventions dedicated to cognitive and non-cognitive skills during university.



MATERIALS AND METHODS


Participants

In the current study we recruited 186 adult participants. Recruitment was pursued through online channels and fliers placed at university sites. It was voluntary-based, and no strict criteria were imposed on their inclusion, except the university enrolment. Before the experimental session, we collected personal information as summarized in Table 1. Years of education correspond to the number of years that each participant spent within the educational system. The sample included students from freshmen and undergraduate to graduate students, with the period of total education ranging between 13 and 21. As to the field of study, the major or degree courses attended by participants were categorized into four main categories: health sciences, scientific sciences, social sciences, and arts and humanities6. Overall, there were more females than males in the sample, most of whom attended social sciences and art and humanities. This is in line with the fact that females are usually overrepresented in such fields of study (WEF, 2020).


Table 1. Demographic characteristics of the sample.
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All participants signed in an informed consent prior to the experimental session and received a monetary reimbursement of 10 Euros for their participation. The study was approved by the SISSA7's Ethics Committee.



Tasks and Procedure

Data collection occurred between 2018 and 2019. Participants individually attended the experimental session in a quiet laboratory, with the supervision of an experimenter. After filling in the questions about personal information (reported in Table 1), they completed the questionnaires and tests described below. The order of the tasks was the same for all participants, except for 43 participants who completed the Big Five Inventory online, 1–4 weeks prior to the experimental session. The tasks, as well as personal questions, were computerized and administered through Google Forms.

The entire experimental session lasted approximately 1 h.


Raven's Progressive Matrices

A nine-items scale of the Raven's standard progressive matrices test was used (Bilker et al., 2012). Each participant's scores were calculated according to Bilker et al. (2012), obtaining a prediction of the total score on the 60-items scales that was then converted in a total IQ score according to the age-appropriate standardization procedure (Raven, 1938).



Big Five Inventory

The Big Five Inventory (BFI) is a questionnaire consisting in 44 items, eight for Extroversion and nine for each of the remaining traits (Openness, Conscientiousness, Extroversion, Agreeableness, Neuroticism). Participants responded on a 5-point Likert scale from “Strongly disagree” to “Strongly agree” (John et al., 1991; Italian version: Ubbiali et al., 2013, with a Cronbach' Alpha between 0.69 and 0.83). The mean of the scores for each trait was calculated.



TEst of COmpetences

Cognitive competences were assessed using the Literacy and Numeracy tests (TEst of COmpetences, TECO-T) developed by ANVUR for the TECO project (Rumiati et al., 2018). The Literacy test is meant to evaluate the undergraduates' levels of understanding and reflect competencies on a text with a generic content. The test contains two types of items: the former requires participants to complete 10 multiple-choice questions after reading a text (text comprehension) and the latter requires them to complete a short text with 20 words that are missing (Cloze test), for a total of 30 items. The Numeracy test assesses undergraduates' levels in logical thinking and solving quantitative problems. This test requires to solve multiple-choice questions: five questions about a short text that includes graphs and tables, five questions about an infographic, and 15 short logical reasoning questions, for a total of 25 items. Reliability (i.e. internal consistency) was derived from the 2016 ANVUR trial8 More specifically, the Cronbach's Alphas were, respectively, 0.77 for Literacy and 0.83 for Numeracy. To compute TECO-T's scores two parameter IRT (Item Response Theory) models were used, one for Literacy test one for Numeracy test, in order to test the difficulty and discrimination level for each item of the tests (Rumiati et al., 2018; for a technical description of IRT models see De Boeck and Wilson, 2004). The TECO-T scores are presented as standardized values on a scale with mean 200 and standard deviation 40.




Data Analysis

To test the relationship between personality and IQ with competences, after testing the non-normal distribution of the continuous variables, we performed Spearman correlation analyses between the mean scores of the Big Five traits, the IQ scores and literacy and numeracy scores. Consistently with our aim to test the relative contribution of intelligence and personality on the acquisition of cognitive competence considering several possible predictors, we conducted a set of regression analyses on the whole sample. Firstly, we separately ran regression models on literacy and numeracy as dependent variables in separate blocks, incrementally adding our predictors of interest. In the first block, we considered the role of the control variables: gender, age, year of education (step A), and field of study (step B). Then, in two further blocks, we explored the predictive power of IQ (steps C and D) and Big Fives (steps E and F) considering them concurrently with the previously included control variables. Lastly, in order to estimate the cumulative power of IQ and Big Fives, we added these dimensions in a unique block, excluding (step G) or including (step H) the field of study.

All analyses and graphic representations were performed using STATA 14 (StataCorp., 2015). In our models we excluded all the cases with missing values on the variables at study. Specifically, we excluded the IQ score of one participant and the attended major of seven participants. In all the tables in the Result session, we reported the sample size that effectively entered each model.




RESULTS

Table 2 illustrates the descriptive statistics of the dependent and independent continuous variables considered in our analysis, along with the results of the skewness/kurtosis normality test (adjusted chi-squared χ2- and p-value). Variables were normally distributed with exception of IQ and Openness.


Table 2. Descriptive statistics and Skewness/Kurtosis normality test (adjusted chi-squared χ2 and p-value) of IQ, Big Fives, Literacy, and Numeracy.
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The correlation matrix (Spearman's rho) showed that literacy and numeracy correlated with each other, and they also both correlated with the IQ, while numeracy negatively correlated with Extraversion (see Table 3).


Table 3. Correlations (Spearman's rho) between: IQ, Big Fives, Literacy, and Numeracy scores—correlation coefficients, sig. (*p < 0.1, **p < 0.05, ***p < 0.01, ****p < 0.001).
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The regression on the overall sample with the background variables of gender and age did not show a significant effect on literacy and neither did the education expressed in years, which led only to a marginal effect (see also the R-squared in Table 4). In contrast, gender and age differences showed a significant positive effect on numeracy, with males obtaining higher scores, while age showed a significantly negative effect. The effect of years of education turned also out to be significantly positive. The addition of the field of study (Table 4, B) seemed to partially absorb the variance explained in the previous model by the years of education for both literacy and numeracy; in contrast, the negative effect of age on numeracy increased while the effect of the field of study showed that participants who attended a major in health or scientific sciences outperformed those in social sciences and art and humanities in the Numeracy test.


Table 4. Regression models for Literacy and Numeracy scores by: gender, age, years of education (A), and field of study (B)—coefficients, sig. (*p < 0.1, **p < 0.05, ***p < 0.01, ****p < 0.001), N, and R-squared.
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Models presented in Table 5 included, in addition to the background characteristics, the IQ which had a positive marginal effect on literacy but a highly significant one on numeracy. IQ together with the field of study (Table 5, D) seemed to account for the variance that in the previous models was explained by the years of education. Interestingly, the strong effect of IQ on numeracy adsorbed that of age which was maintained after introducing the field of study. Furthermore, the field of study confirmed a significant disadvantage in numeracy for those who attended social science and art and humanities studies.


Table 5. Regression models for Literacy and Numeracy scores by: gender, age, years of education, IQ (C) and field of study (D)—coefficients, sig. (*p < 0.1, **p < 0.05, ***p < 0.01, ****p < 0.001), N, and R-squared.
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When the predictive effect of the Big Five traits was tested (Table 6), we observed that extraversion had a negative marginal effect on numeracy (0.1 < ps > 0.05), that disappeared when the field of study was entered in the model. Gender, age, and years of education remained significant as well as the positive effect of the numeracy scores of those attending scientific and health science majors. Regarding literacy, the addition of the Big Fives turned out to increase the role of years of education which resulted to be significant; when the field of study was included (Table 6, F), conscientiousness marginally increased its negative effect.


Table 6. Regression models for Literacy and Numeracy scores by: gender, age, years of education, Big Fives (E), and field of study (F)—coefficients, sig. (*p < 0.1, **p < 0.05, ***p < 0.01, ****p < 0.001), N, and R-squared.
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When the Big Five traits and the IQ were included in the same models (Table 7), results previously obtained were confirmed. As to numeracy, gender maintained its effect while years of education was absorbed by the IQ as well as age which recovered its negative effect after considering the field of study. As to literacy, considering IQ, Big Fives and field of study together increased the positive effect of years of education, while the slightly negative effect of conscientiousness was maintained.


Table 7. Regression models for Literacy and Numeracy scores by: gender, age, years of education, IQ, Big Fives (G), and field of study (H)—coefficients, sig. (*p < 0.1, **p < 0.05, ***p < 0.01, ****p < 0.001), N, and R-squared.
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Further Analyses on Participants' Education Level

In this section, we carried out an explanatory post-hoc investigation on the effect of the education level. We observed an interesting fluctuation of the effect of years of education which appeared to play a role only when personality was included in the model, but lost its significant impact when IQ was considered. Even if our sample was not a-priori balanced according to years of education, we proposed that further analyses on different subsamples could disentangle the role of personality and IQ along the academic path. Indeed, we further investigated our results by testing whether the effects of the predictors of interest (personality traits and IQ) might depend on when, in the academic career, the students were tested. This was investigated by comparing the same models on three subsamples of participants: freshman (participants with <15 years of education), undergraduates (participants with 15–16 years of education), and bachelor graduates (participants with more than 17 years of education). Given the stability of IQ during adulthood (see e.g., Kautz et al., 2014) and the malleability of personality traits during higher education (Parker et al., 2004), we predicted that students' personality traits, unlike IQ, would change depending on the stage of their academic career.

Despite the limited number of participants in each sub-group, we certified the normal distribution of the parameters (with the exception of IQ and Openness, see Table 8) and proceeded to the following analysis.


Table 8. Descriptive statistics and Skewness/Kurtosis normality test (adjusted chi-squared χ2 and p-value) of IQ, Big Fives and Literacy and Numeracy by higher educational level.
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After testing the Spearman's correlation between Big Five traits, IQ and the achieved tests scores, separate regression models were performed for each sub-groups of participants exploring the power of the predictors of interests (step I) by adding the field of study (step J) on literacy and numeracy scores. Considering the background variables in relation to the different levels in higher education, differences in age were observed, but also differences in the feminization of the participants and their fields of study (Figure 1).


[image: Figure 1]
FIGURE 1. Distribution of gender, age, years of education and field of study according to different educational levels (freshmen, undergraduates, and bachelor graduates).


Differences depending on the educational level were observed in the correlations between Big Five and cognitive skills (Table 9). As observed for the whole sample, literacy and numeracy variously correlated with each other and with the IQ. Considering the correlation between competence scores and personality, while only numeracy and extraversion significantly correlated in the whole sample, numeracy maintained a mildly negative correlation with extraversion only for freshmen, with an addition of a mildly negative correlation with consciousness and openness for the undergraduates. Additionally, a significant and negative correlation was revealed between literacy and conscientiousness only for undergraduates.


Table 9. Spearman's rho by higher education level between: IQ, Big Fives, Literacy, and Numeracy scores—correlation coefficients, sig. (*p < 0.1, **p < 0.05, ***p < 0.01, ****p < 0.001).
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Table 10 summarizes the results of the regression models performed for each subsample in which background characteristics, IQ, and personality traits were included as predictors. Age turned out to be a relevant factor within the freshman group, mildly positive for literacy and significantly negative for numeracy. Gender showed a strong effect on numeracy for freshmen and bachelor graduates. The IQ confirmed a significant positive relation with numeracy across the education levels, with also male freshmen and bachelor graduates presenting significant better scores on numeracy. The IQ effect on literacy appeared only marginal for freshmen and bachelor graduates. Regarding undergraduates' personality traits, conscientiousness showed a marginal negative relation with literacy (observed also in the whole sample), while it strongly correlated with numeracy, but with an opposite sign, in bachelor graduate sample.


Table 10. Regression models by higher education level (I1, I2, I3) for Literacy and Numeracy scores by: gender, age, IQ, Big Fives—coefficients, sig. (*p < 0.1, **p < 0.05, ***p < 0.01, ****p < 0.001), N, and R-squared.
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As apparent in the models reported in Table 11, the field of study confirmed its influence only for freshmen, with an advantage on numeracy scores for those who within health and scientific sciences. Furthermore, the field of study did not alter the IQ influence on numeracy, except for an attenuated effect in undergraduates. Interestingly, the IQ showed a significant correlation on literacy in freshmen. When the Big Fives were introduced, literacy showed a marginal positive relation with openness among the freshmen, and a marginal negative relation with neuroticism in bachelor graduates, while conscienceless turned to be significantly negatively related with numeracy among undergraduates.


Table 11. Regression models by higher education level (J1, J2, J3) for Literacy and Numeracy scores by: gender, age, IQ, Big Fives, and field of study—coefficients, sig. (*p < 0.1, **p < 0.05, ***p < 0.01, ****p < 0.001), N, and R-squared.
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DISCUSSION

As to the main aim of the study, we generally confirmed our predictions that both IQ and personality affect cognitive competences, also when years of education and fields of study are controlled. More specifically, when both IQ and personality traits were included as predictors, the model fit increased, indicating an overall weight of both personality and cognition on the cognitive assessment scores. Interestingly, our results provide an important insight into their differential effects on literacy and numeracy scores. Regarding the IQ, we confirmed previous findings on its effect on cognitive abilities (e.g., Borghans et al., 2016). However, we found it highly significant in predicting numeracy scores but marginally significant in predicting literacy scores. This pattern was observed when entering only the IQ in the models (C and D) where it explained around 12–16% of the variance on numeracy scores, and 1–2% on literacy scores. When only personality was considered (models E and F), the five personality traits accounted for around 4% of the variance on literacy scores and around 1–2% on numeracy scores (whether the field of study was or was not considered). In sum, compared to IQ, personality seems to have a more prominent effect on literacy while IQ maintained a highly significant relation with numeracy. This appears partially at variance with previous findings. In detail, in the extant literature, the impact of both IQ and personality on cognitive abilities has been analyzed using a wide variety of constructs and tests for the latter, and generally considering overall competence scores rather than specific competence (such as literacy or numeracy) scores (e.g., Duckworth et al., 2012; Borghans et al., 2016). This is in line with the enhanced variances we observed in both cognitive tests. However, when the effect of personality was analyzed separately for literacy and numeracy (based on PIAAC exercise of 2012), Rammstedt et al. (2016, 2017) found the same significant associations and almost the same pattern of results in the interaction between personality traits and educational level, as well as between personality and labor force participation. Even though the authors did not consider the concomitant effect of IQ, their findings are discordant with what we found here as personality exerts a moderate effect on either competence, slightly stronger for literacy.

Differences in specific personality traits did not turn out significant in either literacy or numeracy, even if we expected to observe positive correlations with openness and negative correlations with neuroticism and conscientiousness. The unpredicted significant negative correlation between extraversion and numeracy scores was reflected in a mild tendency in the regression model E, which considers the Big Fives without the field of study as control predictors. This relation has been reported before in the literature even though not consistently. Indeed, a negative relation between extraversion and both crystalized and fluid intelligence was previously reported and explained as a greater prominence of less extraverted people in intellectual efforts than in social relations (e.g., Soubelet and Salthouse, 2011; Malykh, 2017). Another mild although not significant negative relation was observed between conscientiousness and literacy, which resisted across models, also when IQ was considered. This negative relation is consistent with previous research findings (e.g., Moutafi et al., 2003, 2004, 2006; Furnham et al., 2005, 2007; Wood and Englert, 2009; Soubelet and Salthouse, 2011; Furnham and Moutafi, 2012; Rammstedt et al., 2016, 2017). It is usually interpreted within the intelligence compensation hypothesis (ICH) according to which people with lower level of intelligence compensate their difficulties by becoming more conscientious in order to emulate their peers; in contrast, those with higher level of intelligence do not need to compensate (Moutafi et al., 2004). However, Murray et al. (2014) suggested that this negative relation might be due to compensatory selection of the samples, that usually included individuals in competitive professional or educational settings that require a certain level of achievement. Our sample was composed of college students at different stages of the university career. Since admission to an Italian public university does not generally require an high score on specific competence tests, the negative effect observed for conscientiousness could be due to undergraduates' and bachelor graduates' self-selection. The analysis of the different subsamples' results discussed below provides some support to this latter view.

As to the covariates, as we have hypothesized, in the overall sample, significant and different roles on cognitive competences were reached by years of education and field of studies, but also by age and gender. In particular, age decreased with numeracy ability while years of education increased, and males outperformed female participants. The males' advantage in numeracy has recently been reported to be smallest at the age of 10 and largest at 27, picking from 15 (Borgonovi et al., 2018). Selective numeracy effects were observed also when considering the field of study, with participants attending scientific and health sciences outperforming those in social sciences and art and humanities. The latter effect could be related to the decrement of numerical skills training in higher education, which seems to depend on whether numeracy is actively practiced in the study program as it happens in the scientific sciences (for similar results, see also Rumiati et al., 2018). Years of education turned out to be unstable, and plaid a role only when personality was included in the models, but lost its significant impact when IQ was considered. We proposed that personality might exert differential effects depending on the progression of university career.

Based on this latter idea, we further analyzed the impact of cognitive and non-cognitive factors on three sub-groups of participants: freshmen, undergraduates, and bachelor graduates. Although individual parameters were equally distributed across groups, we are aware that the size of overall sample was not large, and therefore we interpreted the results as being only exploratory.

The of freshmen, influence of IQ and personality on cognitive competences undergraduates and bachelor graduates led to different results depending on the students' university career level. First, IQ was found to correlate more strongly with numeracy than with literacy. However, after entering the field of study in the model, a significant positive association with freshmen's literacy scores emerged while no significant relation was found for undergraduates. How can we explain these differential effects depending on the students' level of their university career? The positive association between IQ and both literacy and numeracy showed by freshmen suggests that intelligence plays a role in predicting both competence scores; indeed, for these students both the abilities acquired at school, are still active, and in Italian high schools they are taught independently of the school type. For students who are more advanced in their career (as undergraduates)—and depending on the field of study—, the IQ loses therefore its predictive power, and personal dispositions become more influential. We know also that intelligence showed to be rather stable with age (e.g., Kautz et al., 2014), while personality is more malleable (i.e., Poropat, 2009; Graham and Lachman, 2014; Wettstein et al., 2017) and differs depending on the major attended (Vedel, 2016). In line with this reasoning, undergraduates showed a pronounced negative effect of conscientiousness on numeracy and a trend on literacy. Consequently, in the overall sample analysis, this negative association occurs mainly due to undergraduates, in line with the ICH (Moutafi et al., 2004) or with the compensatory selection (Murray et al., 2014). Conscientiousness, on the other hand, did not affect neither freshmen' nor bachelor graduates' scores except for a positive association with numeracy for bachelor graduates when the field of study was not considered. Both non-significant correlations (e.g., Chamorro-Premuzic et al., 2005; Furnham et al., 2005; Bartels et al., 2012) and positive correlation (e.g., Lounsbury et al., 2005; Baker and Bichsel, 2006; Luciano et al., 2006; Malykh, 2017) between contentiousness and cognition were previously found. Interestingly, this latter result is consistent with studies reporting a correlation between conscientiousness and academic success (Busato et al., 2000; Poropat, 2009), suggesting that such trait could be a good predictor of cognitive competences in academically more advanced students besides intelligence. Nevertheless, the field of study absorbed this association, probably due to the differential distribution of the personality traits or other unobserved characteristics which could not be controlled for, due to the limited size of this sub-sample.

In addition, two further results observed in the models are worth to be discussed despite they were not significant, as their trend is in line with previous findings. Openness had a mildly positive association with literacy in freshmen, and neuroticism had a negative association with literacy in bachelor graduates. Although we expected a generally strong relation between intelligence and openness across all subgroups (Soubelet and Salthouse, 2011; Kretzschmar et al., 2018), this mildly positive association was observed only in students at the beginning of their university career. This result is in line with a previously observed positive correlation between openness and academic performance, declining with the secondary and tertiary level of education as well with students' age (Poropat, 2009). Regarding neuroticism, stable findings about the negative correlation with intelligence was found in the literature across different ages (e.g., Ackerman and Heggestad, 1997; Moutafi et al., 2003). Our finding shows a slightly negative impact on literacy in bachelor graduates that is in line with a correlation between emotional stability (the counterpart of neuroticism) and intelligence that decreases as age increases (Poropat, 2009). Indeed, our sample of bachelor graduates presented an average increased age compared with the other sub-samples. Furthermore, consistently with Chamorro-Premuzic et al. (2006), neuroticism impaired verbal skills (literacy) but not numerical ones (numeracy).



CONCLUSIONS

The main aim of the study was to quantify the relative influence of intelligence and personality traits on literacy and numeracy scores of students enrolled in higher education, controlling for the effect of field of study and years of education. Furthermore, we explored the contribution of personality and intelligence on competences at different stages of the university career (freshmen, undergraduates, and bachelor graduates). Our predictions were partially confirmed and integrated by the unexpected differences between literacy and numeracy results. IQ generally had a high impact on numeracy skills and a moderate or no impact on literacy skills, while personality seemed to affect literacy more than IQ did. Interestingly, the link between personality, intelligence, and outcomes on competence tests seemed to change depending on the students' university career level, particularly in the case of conscientiousness. Only undergraduates showed a negative correlation between conscientiousness and tests scores, and post-graduates showed a positive correlation: to advance in their academic career students require higher competence levels, and to compensate lower competences levels higher level of conscientiousness kicks in. On the other hand, after graduation, both characteristics have an effect on achieved scores. This is consistent with the lack of an IQ significant effect on both literacy and numeracy in undergraduates, that might have been absorbed by the personality trait. Furthermore, high levels of openness partially predicted literacy achieved scores only in freshmen and low levels of neuroticism in bachelor graduates. This suggests that different personal dispositions increase or decrease their impact on competencies depending on the educational level. Finally, the field of study turned out to be a predictor of numeracy, but also an important covariate in the models altering the pattern of personality impact.

This study has some limitations. The main one is the sample size which makes some results difficult to interpret and prevents us from deriving strong conclusions, especially with respect to the different subsamples. Nevertheless, our results make more plausible future research on the impact of personality on cognitive competences depending on the university career. Furthermore, we used competence tests that have never been tested before in combination with personality and IQ, thus making it difficult to compare our results with other studies.

Even though our sample is not large, our results support the importance of comparing different levels of higher education, in addition to what is already known about comparing individuals with larger age differences. For this reason, we encourage future research to deeply explore the contribution of personality traits and non-cognitive skills on cognition in extended sample size and through stratified sample selection not only depending on the level of education but also on the field of study. Additionally, our research suggests that literacy and numeracy should be studied as two separate competences. Further research should be directed also to evaluate the role of non-cognitive skills on literacy and numeracy separately, beyond composite scores. Indeed, cognitive competences do not develop simultaneously and could be differently affected by personal disposition. Regarding personality, a lot remains to be done in reference to specific traits along education, as to understand whether they have a role in predicting other generic competences (instrumental, interpersonal, and systemic), and how these competences are in turn interrelated.

To conclude, understanding how and when personality interact with cognition and cognitive competences along higher education can help in evaluating existing educational strategies and in planning ad hoc interventions, not only in view of academic success, but also to build up the competences for the future of the labor market (see e.g., Halász and Michel, 2011; Graczyk-Kucharska et al., 2018). Future effort should be directed to understand how personality and cognition prepare students not only to cope with competence assessments but also to transfer their competences beyond the university. We refer to the lifelong learning outcomes such as personal fulfillment, a healthy and sustainable lifestyle, employability, active citizenship, and social inclusion (European commission, 2006, 2018). These interventions should consider not only the original level of cognitive abilities, but also non-cognitive dispositions and the university career (the reached level and the field of study). Given that personality and cognition predict life and career outcomes (Farsides and Woodfield, 2003; Furnham et al., 2005, 2007; Graham and Lachman, 2012) as well as cognitive assessments do (Cappellari et al., 2017), potentiating the first should reinforce the latter, as they beneficially affect personal outcomes.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Ethics Committee, Scuola Internazionale Superiore di Studi Avanzati (SISSA). The participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

TC and RR contributed to the design of the study. TC was responsible for data collection. AD performed statistical analyses. All authors contributed to results interpretation, manuscript preparation, and agree to be accountable for the content of the work.



ACKNOWLEDGMENTS

The authors wish to thank Carolina Tassi and Arianna Masotti for collaborating in collecting the data.



FOOTNOTES

1We refer in particular to the Definition and Selection of Competencies project (DeSeCo) and the following The Future of Education and Skills 2030 developed by the OECD, and the Recommendation on Key Competences for Lifelong Learning, developed by the European Union since 2006 (European commission, 2006, 2018).

2Official website: https://www.oecd.org/pisa/

3Official website: https://www.oecd.org/skills/piaac/

4Agenzia Nazionale per la Valutazione del sistema Universitario e della Ricerca—ANVUR.

5The TECO project has a broader extent: other tests have been developed and administered to evaluate problem solving and civics, and the results are being processed to date (Rumiati et al., 2019). Furthermore, ANVUR has supervised the development of disciplinary tests some of which are already been validated and currently used including the health professions (Ciolfi and Di Benedetto, 2019; Crescenzo et al., 2019; Galeoto et al., 2019), pedagogy, philosophy, and medicine (see Bracci and Romano, 2018) while others are in the process of being validated or constructed.

6The MIUR (Italian Minister of University and Research) acknowledges three main disciplinary areas (health sciences, scientific sciences, social sciences-humanities). However, we further divided the latter into two distinct areas of social sciences and arts and humanities.

7Scuola Internazionale Superiore di Studi Avanzati, the third author's institution. It is a special scientific institute set up with the purpose of preparing graduates for advanced research and focused on three main areas: Physics, Neuroscience, and Mathematics.

8https://www.anvur.it/wp-content/uploads/2020/11/LarilevazioneTECO2016.pdf
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