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ABSTRACT

A cross-national comparison between Italy and Spain was conducted on probabilistic
reasoning performance presented in verbal-numerical and graphical-pictorial formats.
This study investigated the similarities and differences in Psychology undergraduates
in these two countries (Italy n=290; Spain n=130) and attempted to identify aspects
that might enhance the probability of a student belonging to one country. The findings
underscored that Spanish students had higher levels of visuospatial abilities, more
positive attitudes toward statistics, lower statistical anxiety, and higher confidence in
the correctness of their responses. Additionally, they gave a higher number of correct
responses to problems presented in a verbal-numerical format. These data suggest
interesting insights and highlight the interactions among multiple layers of variables at
the collective, contextual, and individual levels.
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INTRODUCTION

Many authors have attempted to examine the characteristics, similarities and dissimilarities in educational
achievement in European countries (Causa & Chapuis, 2010; Fuchs & Wéfsmann, 2007; Hamilton, 2009; Oppedisano
& Turati, 2015). In particular, many research studies have analyzed European countries in relation to PISA (Program
for International Student Assessment) and OECD (Organization for Economic Cooperation and Development) data,
in order to identify factors that might affect economic and educational development and achievements (Demir,
Kilic, & Unal, 2010; Ferrera Cordero, Cebada Crespo, Chaparro Pedraja, & Gonzalez, 2011).

In this work, we aimed to analyze the peculiarities of Italian and Spanish Psychology undergraduates in relation
to a specific field of students” ability, probabilistic reasoning applied in uncertain conditions, in order to highlight
cross-national evidences useful to distinguish and predict the student’s membership to Italy or Spain.

In relation to the features of statistical and probabilistic reasoning, it was observed that this type of reasoning
denotes the ability to infer and use notions of casualness, chance and probability (Garfield & Ben-Zvi, 2008). In the
literature many authors have observed that the successful application of probabilistic reasoning requires
connections between experimental and theoretical notions (Jones, 2005); this reasoning is involved in many
activities in daily and academic contexts (Gal, 2005). Scholars have investigated methods to promote the
understanding of probabilistic data presented in our society (Gal, 2002). Indeed, the comprehension of probability
and statistics data is defined as a priority in lifelong learning for adults without any statistical knowledge (Gal &
Ograjensek, 2017).
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Contribution of this paper to the literature

e Cross-national comparison between Italy and Spain, seeking similarities and differences in Psychology
undergraduates. These students belong to countries in the European Higher Education Area (EHEA) and
are characterized by both common and different aspects.

e Identifying aspects that might enhance the probability of a student belonging to Italy and Spain. We focused
on the educational experiences in these two European countries, linking the results with data highlighted
by the PISA surveys.

e  Applying probabilistic reasoning in verbal-numerical and graphical-pictorial formats. An innovative aspect
of this work was the evaluation of these relationships in undergraduates in social sciences who had not
previously studied statistics, in which the effect of graphical facilitation versus graphical impediment could
assume specific features. Furthermore, in previous studies these dimensions were evaluated in different
ways, separating Italian and Spanish students.

A Cross-national Approach in the Study of Probabilistic Reasoning

Regarding these aspects, the assessment of probabilistic reasoning is a relevant matter of interest for cognitive
scientists, but, to the best of our knowledge, it is usually not investigated in a cross-national approach. Actually the
assessment of countries’ peculiarities has been focused in many fields, more generally than probabilistic reasoning.
In the case of Italy and Spain specifically, some authors have compared students” competences in these countries,
using the PISA assessments, with regard to dimensions such as Science and Mathematics achievement results
(Agasisti & Cordero-Ferrera, 2013; Causa & Chapuis, 2010). They highlighted that the scores obtained by Italian
students in these topics were lower than those of Spanish students, in both the 2012 and the 2015 PISA assessments
(Agasisti & Cordero-Ferrera, 2013; Kastberg, Ying Chan, & Murray, 2016).

This cross-national comparison is interesting because Italy and Spain are two countries with similarities in terms
of customs, health, and levels of educational attainment (Agasisti & Cordero-Ferrera, 2013). Both countries are
placed at the bottom of the EU rankings in relation to educational achievement. However, Italy and Spain show
similar values in relation to the influence of parental background on students’ secondary achievement (Causa &
Chapuis, 2010), which is below the average of OECD countries. Furthermore, these countries have multiple layers
of government, which are characterized by strong local and regional authorities, with wide-ranging functions and
powers (Giordano & Roller, 2003). In both countries, a regional and sub-national devolution has created some
unbalanced structures of local government.

Despite decentralization tendencies in both countries being very strong, school autonomy differs in Italy and
Spain. In Spain, schools have greater autonomy in the management of educational institutions, and in the selection
of teaching and in management than do schools in Italy, where the educational system is typically “centralized”
(Agasisti & Cordero-Ferrera, 2013; Oppedisano & Turati, 2015).

Additionally, most schools in Italy are public (in general, few students, approximately 4%, attend private
schools). If private schools are present, they mostly have religious features (Agasisti & Pérez-Esparrells, 2010).
Conversely, in Spain, the regional government provides more support for private schools (Agasisti & Cordero-
Ferrera, 2013).

Another relevant feature of these countries is the organization of the system of secondary schools. In Spain,
there is only one school where students study (unified) for up to 16 years (“Spain: Overview - Eurydice,” 2017). In
Italy, the school differs from the age of 14 years, on depending on the chosen institute (comprehensive, vocational
or technical). For each institute, the subjects taught might be quite different, emphasizing specific areas
(Humanistic, Mathematic, Economic, Arts). A further peculiarity of Italy and Spain is that Spanish students might
also be admitted to a university if they participate in a higher-level training cycle. In this case, they arrive at the
university at a higher age.

Concerning the entrance selection tests at universities, it is notable that in Italy and Spain they are regulated by
specific national guidelines. Precisely, in Spain the entry tests are unified at the regional level; the questions are
related to the topics studied in the previous last two years and there are different questions related to each common
matter coursed during the bachelor’s degree.

In Italy, the entrance tests are devised independently by each university; the questions are based on the national
ministerial school program carried out by all the students in the three last years in all higher schools. On account
of this, the entrance tests are related to topics of “general culture”, which are similar for the admission to different
degrees.
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Referring to these multiple aspects, it might be interesting to deepen the peculiarities of these countries,
considering that the potential differences between the students belonging to Italy and Spain could reasonably be
inherent in a multiplicity of individual and socio-cultural dimensions.

Why Study Probabilistic Reasoning in Psychology Undergraduates?

The investigation of probabilistic reasoning in Italian and Spanish Psychology undergraduates have a specific
relevance. Indeed, Lalonde and Gardner (1993) observed that the understanding of statistics and probability should
be considered as the learning of a second language, specifically for undergraduates in Social Sciences and
Psychology. In particular, in this last degree course, teachers have strong difficulties with sustaining statistical and
probabilistic learning and in order to enable future psychologists to acknowledge the helpfulness of this subject in
their curricula. In point of fact, the cognitive representation of their future career in these undergraduates is often
naive and so distant from the discerning the value of the application of probability and statistics (Chiesi & Primi,
2009b; Guardia-Olmos et al., 2006). This aspect strongly contributes to the displeasure that Psychology
undergraduates often have toward statistics and probabilistic issues. Guardia-Olmos et al. (2006) specifically
observed that these troubles might be related, on the one hand, to the differences in the academic backgrounds of
the undergraduates; and on the other hand, to the fact that the first-year undergraduates do not aim to find a subject
based on statistics and probability in their degree course. Furthermore, Psychology undergraduates do not often
feel appropriately prepared to cope with probabilistic matter, or do not meet effectively the requirements necessary
to approach this subject. They are frequently afraid of having to do calculations; students commonly undertake
these matters with anxiety (Guardia-Olmos et al., 2006; Primi & Chiesi, 2016). These students frequently hold
attitudes toward statistics that are not positive (Morsanyi, Primi, Chiesi, & Handley, 2009; Primi & Chiesi, 2016).

For the above-mentioned reasons, the assessment of peculiarities of Psychology undergraduates in Italy and
Spain in relation to probabilistic reasoning might be an interesting perspective to find elements that could join or
distinguish these countries.

Which Variables Related to Probabilistic Reasoning Might Contribute to Distinguish / to
Predict the Belonging of Psychology Undergraduate to Italy or Spain?

In the literature, it has been highlighted that probabilistic reasoning performance can be related to the
interaction among multiple individuals and contextual dimensions (Agus, Penna, Per6-Cebollero, Guardia-Olmos,
& Pessa, 2016; Agus, Per6-Cebollero, Penna, & Guardia-Olmos, 2015a). Furthermore, many scholars observe that
probabilistic reasoning can be applied in relation to different formats of problem presentation, for example in
reference to verbal-numerical (N) or graphical-pictorial (G) formats. In particular, many authors have considered
appropriate strategies to overcome difficulties in the application of probabilistic reasoning and have highlighted
that it might be useful to use different formats for problem presentation (Yamagishi, 2003). For instance, it might
be advantageous to arrange data in a graphical pictorial format, to use a frequency format for numerical
information, to construct real situations for the problem solving setting, and to use appropriate phrasing (Binder,
Krauss, & Bruckmaier, 2015; Boonen, Van Wesel, Jolles, & Van der Schoot, 2014; Brase, 2009; Brase & Hill, 2015;
Moro, Bodanza, & Freidin, 2011; Wu, Meder, Filimon, & Nelson, 2016).

Regarding these aspects, in this study we considered the relevance of the format of probabilistic problem
presentation. Specifically, we assessed the so-called effect of “graphical facilitation”, attempting to define the
usefulness of probabilistic data presentation with images, graphs and tables (format G) (Moro et al., 2011; Penna,
Agus, Per6-Cebollero, Guardia-Olmos, & Pessa, 2014). The presentation of probabilistic problems in graphical-
pictorial format might enable individuals to identify the relationships among the data, enhance problem solving,
and overcome potential difficulties encountered in the evaluation of probabilities (Agus, Penna, Per6-Cebollero,
Guardia-Olmos, et al., 2016; Brase & Hill, 2015; Penna et al., 2014).

Our goal is to investigate whether these dimensions can differentiate individuals, predicting a student’s
membership in one of two countries.

The accuracy in solving probabilistic problems in the N and G formats could potentially be identified as one of
the variables distinguishing the student’s affiliation to either Italy or Spain. Furthermore, in line with the
evaluations carried out on the PISA studies, we could also identify the numerical skills, among the variables that
could potentially differentiate between the students of the two countries. Indeed, hardy mathematical abilities are
strongly related to probabilistic reasoning (Fonteyne et al., 2015).

Nevertheless, from the theoretical point of view, many studies have highlighted that the performance in

probabilistic reasoning can be related to a multiplicity of other individual dimensions. Among these, visuospatial
abilities (Fonteyne et al., 2015), confidence in the correctness of the response (Stankov, Morony, & Lee, 2014),
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statistical anxiety (Macher et al., 2013) and attitudes toward statistics (Bond, Perkins, & Ramirez, 2012) are very
relevant.

Visuospatial abilities in the literature were strongly related with math abilities and with performance in
probabilistic problems (de Hevia, Vallar, & Girelli, 2008; Feeney, Adams, Webber, & Ewbank, 2004). Their
implication in this type of performance is founded on the skill in representing and transfiguring symbolic and non-
linguistic data (Gardner, 1993).

Classically, among variables in the literature related to the performance in probabilistic reasoning, there is also
the metacognitive dimension of confidence in the correctness of response, which showed high positive correlations
with cognitive abilities (Stankov, 2013).

In addition, the application of probabilistic reasoning is often related to statistical anxiety, which denotes the
tendency to experience emotional states of worry and nervousness in the application in statistical and probabilistic
problems (Onwuegbuzie, 1995, Williams, 2014). Statistical anxiety may develop from mathematical anxiety
(Baloglu, 2003); it might divert the student’s attention from the task, thereby impeding the performance
(Heckhausen & Leppmann, 1991). It has been found to be negatively and significantly related to performance in
statistics and to the achievement in probabilistic matters (Onwuegbuzie & Seaman, 1995).

The performance in probabilistic reasoning appears to also be related to the attitudes toward statistics; this
dimension denotes a composite representation related to the positive versus negative moods and evaluations about
statistical subjects (Gal, Ginsburg, & Schau, 1997). In these attitudes, it is possible to distinguish affective features,
as well as cognitive and behavioral aspects. Many scholars have highlighted a significant positive correlation
between the attitude toward statistics and performance in probabilistic and statistical tasks (Finney & Schraw,
2003).

AIMS

Focusing on the application of probabilistic reasoning in verbal-numerical and graphical-pictorial formats, this
work assessed numerical and visuospatial abilities, confidence in the correctness of the response, statistical anxiety
and attitudes toward statistics in order to compare outcomes in Italy and Spain. In our previous research,
Psychology undergraduates in the two countries were analyzed separately. In this study, we assess whether some
distinctive features might predict which students belong to one of these two countries. We consider whether there
is more heterogeneity or similarity between the students of these two countries in relation to the aforementioned
dimensions.

On the basis of previous studies (Agasisti & Cordero-Ferrera, 2013; Agasisti & Pérez-Esparrells, 2010; Giordano
& Roller, 2003; Oppedisano & Turati, 2015), we formulated two questions of investigation:

1) Are there some aspects that characterize probabilistic reasoning in verbal-numerical and graphical-pictorial formats and
their related dimensions (abilities, confidence, anxiety and attitudes) in Psychology undergraduates in Italy and Spain?

2) What dimensions differentiate Italian and Spanish Psychology undergraduates?
METHODS

Participants

We compared Psychology undergraduates who were assessed collectively in their first-year university course.
A sample of 290 students from Italy and 130 from Spain agreed to participate in the study. There were 93 females
in the Spanish group and 241 females in the Italian group. The participants had a mean age of 19.680 years (sd =
2.938) in Italy and 20.410 years (sd = 6.168) in Spain. The Italian undergraduates belonged to the Universities of
Genoa (n=118) and Milan (n=172), and the Spanish students attended the University of Barcelona. Regarding
education, 94.4% of the Italian students attended a comprehensive high school (called “Liceo” in Italy) and the
other 5.6 % attended a technical/vocational high school (called “Istituto Tecnico” - “Istituto Professionale” in Italy);
in Spain, 82.0% attended a comprehensive high school (called “Bachillerato” in Spain) and 18% attended a
technical/vocational high school (called “Ciclo Formativo de Grado Superior”- “Higher education training cycle”
in Spain). The sampling was non-probabilistic; all undergraduates participated voluntarily in this study.

Instruments and Procedure

For the present study, we used instruments previously developed and validated in both countries to assess
probabilistic reasoning conducted as homologous problems presented in verbal-numerical (N) and graphical-
pictorial (G) formats (Agus, Penna, Per6-Cebollero, & Guardia-Olmos, 2016; Agus, Peré-Cebollero, Penna, &
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Table 1. Comparisons between the Italian and Spanish Psychology undergraduates in relation to socio-demographic variables

Statistic
Spain Italy Df (p value)
Effect Size
Males r% 28.7% 16.3% X’= 8.465
Gender df=1 (p=.004)**
Females fr% 71.3% 83.7% Cramer's V= .142
High school Comprehensive high school fr% 82.0% 94.4% X?= 15465
df=1 (p=.0001)**
attended  Technical/vocational high school fr% 18.0% 5.6% Cramer's V= .197
t=1.286
Age Mean (sd) 20.410 (sd=6.168) 19.680 (sd=2.938) df=156.03 (p=.200)

Hedges' g=.173

*p<.05 ** p<.007

Guardia-Olmos, 2015b). The probabilistic problems were administered in reversed order and sequence to avoid
always presenting the items in the same position.

The protocol included other sections investigating further relevant dimensions that were identified in the
literature as affecting probabilistic reasoning: statistical anxiety, attitudes toward statistics, numerical and
visuospatial abilities, and confidence in the correctness of the response.

Specifically, statistical anxiety was assessed with the Statistical Anxiety Scale Questionnaire (SAS) (Chiesi,
Primi, & Carmona, 2011; Vigil-Colet, Lorenzo-Seva, & Condon, 2008), which included the dimensions of
Examination, Asking for help, and Interpretation.

The attitudes toward statistics were investigated by the Survey of Attitudes Toward Statistics (SATS-28) (Chiesi
& Primi, 2009a; Chiesi et al., 2011; Schau, Stevens, Dauphinee, & Del Vecchio, 1995), which is composed of four
scales (Affect, Value, Difficulty, and Cognitive competence).

Confidence in the correctness of a given response was assessed by a Likert Scale with five options (“How
confident are you in the correctness of your response?” from 1 - not at all confident to 5 - extremely confident)
(Agus, Penna, Peré-Cebollero, & Guardia-Olmos, 2016; Jackson, Kleitman, Howie, & Stankov, 2016).

Furthermore, to assess individual abilities, the Primary Mental Abilities Questionnaire (PMA) (Thurstone &
Thurstone, 1981, 1987) was administered, specifically the subscales referring to numerical and visuospatial abilities.

All questionnaires were presented to each student in the student’s native language using the validated versions
for the Spanish and Italian groups.

The questionnaires were administered without any time limit (except for PMA, for which the guidelines were
followed in relation to the administration of time limits).

To participate in this study, the undergraduates were requested to have no specific knowledge about statistics.
All participants gave their informed consent to participate in the research.

The data analyses were conducted with IBM SPSS (release 22) software.

RESULTS

To assess and compare the undergraduates in Spain and Italy, we evaluated two groups of students in relation
to the assessed dimensions. On the basis of features of the examined variables, we applied non-parametric (Chi
square or Wilcoxon’s Test) or parametric statistics (Student’s t).

The socio-demographic variables were compared (gender, high school attended, age) (see Table 1).

There was a significant difference between Italian and Spanish undergraduates in terms of gender. Specifically,
in Spain, there was a larger number of males than in Italy. Furthermore, we can observe that in Spain, a larger
number of undergraduates attended technical high schools than in Italy. However, in relation to the variable “age”
there was no significant difference between the two countries (see Table 1).

Comparisons between Spanish and Italian undergraduates were also performed in relation to the other

dimensions investigated: numerical and visuospatial abilities (PMA), statistical anxiety (SAS), and attitudes toward
statistics (SATS-28) (Table 2).
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Table 2. Comparisons between the Italian and Spanish Psychology undergraduates in abilities (PMA), statistical anxiety (SAS)
and attitudes toward statistics (SATS)

Spain Italy t test Effect Size

M (sd) M (sd) df (p value) Hedges' g
PMA Visuospatial ability 23.938 (11.771) 20.927 (10.574) t = 2.597 df= 418 (p= .010)** 274
Numerical ability 17.030 (6.314) 18.045 (6.660) t = -1.464 df= 414 (p=.144) 154
Examination 31.110 (6.136) 32.940 (6.965) t = -2.461 df= 345 (p=.014)* 272
SAS Interpretation 17.204 (5.150) 18.268 (6.256) t = -1.710 df= 345 (p=.088) 179
Help 16.141 (7.219) 17.889 (6.804) t = -2.250 df= 343 (p=.025)* 252
Affect 22.038 (4.785) 18.054 (5.532) t = 7.056 df= 403 (p= .0001)** 749
SATS Competence 28.430 (4.889) 23.175 (5.720) t = 9.026 df= 402 (p= .0001)** .959
Value 47.123 (9.285) 41.194 (9.682) t = 5.822 df= 401 (p=.0001)** .620
Difficulty 27.200 (5.735) 24.095 (5.959) t = 4.940 df= 400 (p=.0001)** .527

*p<.05 ** p<.001

Table 3. Comparisons between the Italian and Spanish Psychology undergraduates in probabilistic reasoning and confidence in
N and G problem formats

Soain Ital Wilcoxon's W Effect Size
P y (p value) r

PROBABILISTIC REASONING M= 2.007 M=1.737 58821.500

N FORMAT (sd=1.470) (sd= 1.5763) e 048" 096
Mdn= 2.000 Mdn= 1.000 p=

PROBABILISTIC REASONING M=2.615 M= 2417 59831.500

C FORMAT (sd=1.354) (sd= 1.574) o 253) 052
Mdn= 2.000 Mdn= 2.000 p=.

CONFIDENCE M= 3.584 M= 2.962 39512.500

N FORMAT (sd=.901) (sd= 1.015) (0 000 1) 277
Mdn= 3.600 Mdn= 3.000 p=-

CONFIDENCE M= 3.731 M= 2.961 41184.500

 FORMAT (sd=.813) (sd=1.006) (00001 347
Mdn= 3.800 Mdn= 3.000 p=.

*p<.05 ** p<.007

Student’s t tests were used for each comparison to assess homoscedasticity. The results highlighted a significant
difference in visuospatial abilities, in which the Spanish undergraduates obtained scores that were significantly
higher than those of the Italian students. The difference was not found for numerical ability, in which the scores in
the two countries were similar (Table 2).

For statistical anxiety, significant differences in Examination and Help were found; Italian undergraduates had
higher scores. The SAS dimension Interpretation was not significantly different between the two countries.

Regarding Attitudes toward statistics, we observed significant differences in the four SATS scales (Affect,
Competence, Value, Difficulty): the Spanish students showed better aptitude toward statistics and had higher scores
than the Italian students did (Table 2).

The two countries were compared in terms of the number of correct responses given in N and G formats (Table
3). We applied the Wilcoxon’s W test, which highlighted a significant difference in the correct responses given in
the N format in the two countries. The Spanish undergraduates provided a higher number of correct responses in
the verbal-numerical format of problem presentation (N) than the Italian students did.

Furthermore, we observed a significant difference between the two countries in confidence in the correctness of
the response just given for probabilistic reasoning problems. In both formats (N and G), the Spanish students
showed significantly higher levels of confidence than the Italian students did (Table 3).

Subsequently, a Hierarchical Binomial Logistic Regression was applied to identify whether the variables
examined were useful in predicting the dichotomous variable of students’ country (Spain = 0; Italy = 1)
(Christensen, 1997). The variables included in the model as predictors were: demographic data (age, gender, type
of high school attended), accuracy in probabilistic reasoning in verbal-numerical (N) and graphical-pictorial (G)
problems, confidence in the correctness of the response, numerical and visuospatial abilities, statistical anxiety, and
attitudes toward statistics.

The goodness-of-fit for our model was assessed by the Hosmer-Lemeshow test (good fit is defined as p>.05).
The comprehensive predictive capacity was evaluated through the Nagelkerke’s Pseudo R? coefficient, and the
global accuracy of the classification was related to the percentage of undergraduates correctly predicted by the
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Table 4. Hierarchical Binomial Logistic Regression — Dependent Variable: Country (Spain=0; Italy=1)

Step Nagelkerke's R?  Predictors B OR SE Wald (p value)
Age .086 1.089 .038 5.134 (p= .023)*
Type of high school -1.648 192 .502 10.796 (p=.001)**
Last 6 453 SATS Affect -.077 .926 .037 4.377 (p=.036)*
SATS Competence -.129 .879 .035 13.753 (p=.0001)**
G correct responses .684 1.981 133 26.396 (p=.0001)**
G Confidence -1.146 318 .200 32.949 (p=.0001)**

*p<.05 ** p<.001

regression model in their country. The coefficients related to each independent explanatory variable were expressed
as an odds ratio (OR) that defines the association between the probability of an event happening in one country
and the probability of it happening in the other country. The OR has a value above 1 when the explanatory variable
increases the probability of belonging to the group defined as 1 in the criterion variable (in our case, Italy). The OR
has a value between 0 and 1 when the explanatory variable reduces the probability of such an event (Christensen,
1997). The OR can be interpreted as the effect of one unit of change in the explanatory variable in the predicted
dependent variable when other variables in the model are held constant.

The significant explanatory variables were identified in the sixth and final step of this Hierarchical Binomial
Logistic Regression. The Hosmer-Lemeshow Index supported the goodness-of-fit our model (Chi Square= 4.036;
df= 8; p=.854). In the last step, the global percentage of students correctly predicted as belonging to their country
was 78.1% (Spain 69.5%; Italy 83.6%).

In relation to the socio-demographic explanatory variables, we observed that higher age was related to the
probability of belonging to the Italian undergraduates (OR= 1.089). An increase of one unit of age increased the
probability to belonging to the Italian group by 8%. The undergraduates who had attended technical high schools
had lower probabilities of belonging to the Italian subgroup (OR= .192). Indeed, it was observed that many of the
Italian undergraduates attended a comprehensive high school. In relation to the attitudes toward statistics, the
students with lower levels of SATS Affect had higher probabilities of belonging to the Italian group (OR= .926).
Furthermore, the undergraduates with lower scores on the SATS Competence had higher probabilities of belonging
to the Italian subgroup (OR=.879). These aspects are consistent with previous results that highlighted the higher
scores on attitudes toward statistics in Spanish students. Concerning probabilistic reasoning, students who solved
a larger number of problems in the G format had a greater probability of belonging to the Italian subgroup
(OR=1.981). In this regard, it might be relevant to note that the OR refers to the effect of explanatory variable on the
dummy variable when other variables in the model are held constant. Thus, this finding suggests a stronger effect
of graphical facilitation in Italian undergraduates than in Spanish undergraduates. Furthermore, subjects who had
low levels of confidence in problems in the G format had a higher probability of belonging to the Italian subgroup
(OR=.318). Italian students showed lower levels of confidence than Spanish students did.

DISCUSSION

In this work, we evaluated probabilistic reasoning performance by Psychology undergraduates in Italy and
Spain and aimed to identify cross-national differences and similarities between these countries. In the previous
phase of research, we paid attention to aspects that affected probabilistic reasoning and compared achievement on
problems presented in verbal-numerical and graphical-pictorial formats (Agus, Penna, Per6-Cebollero, Guardia-
Olmos, et al., 2016). Formerly, these assessments were applied separately for Italian and Spanish Psychology
undergraduates, and an explicit comparison between the dimensions investigated in these two European countries
was lacking (Agus, Per6-Cebollero, et al., 2015a). Here, we analyzed potential determinants and characterized
features of belonging to these two European countries in terms of probabilistic reasoning in verbal-numerical and
graphical-pictorial formats.

First, a comparison between the values obtained in two countries was conducted. Then, with regard to
explanatory variables, we applied a Hierarchical Binomial Logistic Regression that included some of the variables
that have been most frequently identified as influential in probabilistic reasoning in subjects without statistical
knowledge. Among these dimensions from the literature, we selected abilities (numerical and visuospatial),
statistical anxiety, attitudes toward statistics, and confidence in the correctness of responses (Agus, Penna, Pero-
Cebollero, Guardia-Olmos, et al., 2016).

The findings highlighted several common features and several distinctive aspects characterizing Italian and
Spanish undergraduates in Psychology. We observed that the two countries did not diverge in relation to the mean
age of undergraduates, which, conversely, differed by gender and high school attended (e.g., Italians were mostly
females and had generally attended comprehensive high schools, called “Liceo” in Italy). These results are
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consistent with the typical socio-demographic characteristics of Italian undergraduates, who, specifically in the
Psychology field, are mostly females and attended a comprehensive high school, as confirmed by the data of
Ministry of Education and by some research (e.g., Ballarino & Panichella, 2016; Triventi & Trivellato, 2009).

Regarding numerical and visuospatial abilities, Spanish students had better visuospatial abilities than Italians
did. Nevertheless, there were no dissimilarities in numerical abilities. Furthermore, we observed a significant
difference in the Examination and Help dimensions of SAS, in which Italians had higher scores than Spanish students
did. Other significant differences were found the dimensions of the SATS-28 (Affect, Competence, Value and
Difficulty), through which we found that Spanish students had more positive attitudes toward statistics than Italians
did.

Concerning probabilistic reasoning performance, Spanish students provided a higher number of correct
responses to problems in the N format than Italians did. These results are consistent with the levels of confidence
encountered, which were significantly higher in the Spanish students.

To better understand these differences, we used a Hierarchical Binary Logistic Regression to determine whether
the factors behind the students” probabilistic reasoning performance were analogous in these two countries and we
focused on the dimensions that might correctly predict the students’ country.

Higher age was related to the probability of belonging to the Italian undergraduates. Furthermore, the
undergraduates who attended technical high schools had greater probabilities of belonging to the Spanish
subgroup. In relation to the attitudes toward statistics, the students with lower scores for SATS Affect had higher
probabilities of belonging to the Italian group. Similarly, the undergraduates with lower scores for SATS Competence
had higher probabilities of being Italians. For probabilistic reasoning, students who answered more problems
correctly in the G format had higher probabilities of fitting into the Italian group. However, the undergraduates
with low levels of confidence in the G format had a higher probability of belonging to the Italian group.

These outcomes are consistent with the literature, which showed that Italians were more reactive to anxiety-
provoking conditions and that they had lower visuospatial abilities and lower confidence than the Spanish did in
probabilistic reasoning performance (Agus, Per6-Cebollero, et al., 2015a).

To understand these results, we might refer to the specific features of the scholastic systems in these countries.
In the last PISA 2015 assessment (http://www.oecd.org/pisa/PISA2015-Students-Well-being-Country-note-
Italy.pdf; http:/ /www.oecd.org/ pisa/ PISA2015-Students-Well-being-Country-note-Spain.pdf), it was established
that Italians had higher levels of anxiety than Spanish students did. In the literature, it has been highlighted that
this non-cognitive dimension is strongly related to reasoning, along with attitudes and confidence. These aspects
might intensely affect the application of correct solution strategies and enhance or hamper performance (Bond et
al., 2012; Gal, Ginsburg, & Schau, 1997; Lai et al., 2016; Richardson, Abraham, & Bond, 2012).

Furthermore, the PISA 2015 assessments allowed us to consider performance in mathematics and science.
Comparing Italy and Spain, we <can observe better results among Spanish students
(http:/ /www.compareyourcountry.org/pisa/country/espl0?lg=en), who have higher scores in science,
mathematics, and reading skills. Additionally, focusing on specific categories of students, such as top performers,
we can find better scores among Spanish students than among Italian  students
(http:/ /www.compareyourcountry.org/ pisa/country/espl0?lg=en).

Consistent with these PISA outcomes, we might assume that the worse results in our Italian undergraduates
may be related to the strong differences in the mathematics and science curricula in different secondary schools
(comprehensive schools, technical and vocational schools). These differentiated curricula begin in Italy at 14 years
of age. The students attending different schools do not study the same programs in terms of mathematics and
probability, which may have led to substantial differences in the students’ performance (Agasisti & Cordero-
Ferrera, 2013) and probabilistic reasoning. These outcomes are consistent with the literature, which found a
considerable difference in PISA achievement scores in relation to the type of secondary school attended (Agasisti
& Cordero-Ferrera, 2013). Conversely, in Spain, the curricula among different high schools is differentiated two
years later (at 16 years), giving all students similar preparation in mathematics, science, reading, and other
disciplines (Calet & Dumitrache, 2016, Lopez-Justicia, Hernandez, Ferndndez Jiménez, Polo Sanchez, & Loépez
Chacén, 2008).

Among the aspects that potentially affect undergraduates” performance, it is important to consider the system
of entrance to university, which is different in Italy and Spain. In Italy, each university manages the entrance
examination to its courses at the local level with different tests and by considering the scores obtained by students
on their final high school exam. In Spain, the entrance tests are unified at the regional level (University Entrance
Examination - P.A.U.), guaranteeing a more impartial evaluation of the students’ skills. This aspect may impact the
students’” performance and subsequent careers (Calet & Dumitrache, 2016).

From another point of view, the results of our evaluations might be related to the critical situation in the Italian
school system, which has suffered a climate of strong political instability in recent decades. The Italians have
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experienced a contraction in investments through different reforms aimed at promoting a review of spending. All
of these reforms have not been fully implemented. However, there are signs in school organizations, institutional
programs, and ordinances of every scholastic degree. These reforms have been erased by political successors in
recent years, leaving the scholastic institutions with strong uncertainty (Azzolini & Vergolini, 2014). These
unfinished reforms have been conceived as modifying a malfunctioning state, overcoming criticisms, modernizing
an old educational system, and attempting to match the requirements of the working world. Nevertheless, the
actual results of these processes might be considered unsatisfactory (Giordano & Roller, 2003). Our findings are
consistent with the results of Agasisti and colleagues (2013), who observed strong differences among different areas
of Italy. This finding suggests the utility of enhancing the organization and monitoring education, which should be
tailored to the affected students’ needs (Agasisti & Cordero-Ferrera, 2013). In the literature, several scholars have
studied the educational features of European countries, attempting to identify between-country dissimilarities and
factors that affect inequalities in achievement. Martins and colleague (2010) noticed that in Spain, mathematics
students” achievement was strongly related to the student’s family socioeconomic background, whereas in Italy, it
was more closely related to the school system composition (i.e., policies, regulations, funding, resource allocations,
school facilities, human resources, staffing, teaching resources, and learning materials) (Martins & Veiga, 2010).
This fact might be associated with the stronger effect of familial and small-group variables in Spanish students’
achievement than in the achievement of Italian students. We might speculate that in Italy, the “centralized”
approach to education entailed a stronger role of organizational variables and a robust load on the achievement of
the type of school attended that was stronger than in Spain. This aspect might suggest the utility of better
understanding the relevance of the design of educational reforms to enhance efficiency and equity and their impact
in students” achievement.

Finally, we must note that this work had several limitations. The participants were recruited from a small
number of universities. Furthermore, few students voluntarily participated in the research in those universities (in
the absence of specific rewards). Consequently, regarding the participants, there is a notable difference in the size
of the Italian and Spanish samples. Nevertheless, despite the numerical disparity between the groups, we thought
we could carry out the study by virtue of some considerations. Some authors (e.g. Herrera & Gémez, 2008) have
compared the estimations and the indexes deriving from the application of logistic regression in relation to groups
that are very different in their size; specifically, they highlighted the opportunity for obtaining similar estimates
even in the case in which a group is numerically five times greater than another. Coherently, as regards the unequal
number of males and females in the Italian and in the Spanish group, this fact too can be considered in relation to
the same reflection. Furthermore, we considered also that in the Italian and Spanish population of undergraduates
in Psychology, there is higher number of female-gendered students (these data were confirmed by the Ministry of
Education in Italy - http://ustat.miur.it/media/1116/notiziario-statistico-2017-1.pdf - and Spain -
https:/ /www.educacion.gob.es/educabase/tabla.do?path=/Universitaria/ Alumnado/Estadistica/2015-2016/1
GradoCiclo/Capitulol/10/ &file=RD14_mat_11.pxé&type=pcaxis&L=0%3C/font%3E). Moreover, the assessment of
these data was supported by the fact that the variable of gender is not relevant in relation to our assessment, because
there is not a differential behavior between males and females in the degree course and in relation to the dimensions
inquired in this study (Agus, Per6-Cebollero, et al., 2015a).

Among the limitations, we can include the lack of consideration of some relevant dimensions that potentially
affect achievement in probabilistic reasoning. Reading comprehension, also assessed in the PISA surveys, might
have a relevant role in the understanding of probabilistic problems (Wells, Christiansen, Race, Acheson, &
MacDonald, 2009). We might consider including the assessment of this dimension in the following phases of this
investigation. It might be useful to reflect on these aspects to depict a more comprehensive assessment of the many
dimensions that affect the understanding of probabilities and the specific attributes of Spanish and Italian students.

In relation to the limits of this research, we might consider also the fact that only the data relating to two
European countries have been examined and compared. In the future, we hope for the possibility of continuing the
study, extending the evaluations and comparisons to other European countries, in order to better define the
specificities and characteristics of the different courses, as well as their influences on student education.

Nevertheless, these findings suggest the need for reflection on the characteristics of the national school systems
and on the impact of policies and organizations on students” achievements and attitudes (Causa & Chapuis, 2010).
We might speculate that the best-performing countries in achievement are characterized by coherence and unity of
targets at the central and peripheral levels as well as by the presence of funds aimed at improving the quality of
teaching (Causa & Chapuis, 2010).

To sum up, the dimensions investigated seem more positive for the Spanish undergraduates than for Italians.
It may be necessary to revise the approach to the Italian educational system to better support students in the study
of probabilistic reasoning by elaborating new systems to manage the increasing complexity and to support the
educational needs of populations.
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These findings can contribute to improving achievement in scientific fields resulting from the interaction among
multiple layers of variables at the collective, contextual, and individual levels that may affect students’
performance. These results suggest the opportunity to target specific strategies devoted to enhancing individual
performance with reference to an adaptive learning approach by which we can overcome each students’ difficulties
in the approach to these matters (van Ginkel, Oolbekkink, Meijer, & Verloop, 2016).
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