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Abstract  
This research inquires some dimensions implied in the “graphical facilitation effect” on probabilistic 
reasoning, considering the associations of performance with contextual and individual features. 
Indeed, many authors highlighted that graphical representations might enhance problem solving in 
probabilistic reasoning; however, the cognitive processes underpinning these aspects have to be 
further deepened. Specifically, the role and the interaction between contextual and individual 
dimensions are not yet clearly defined.  

We aim to enlighten the influence of these kinds of dimensions, comparing the probabilistic reasoning 
applied by the same undergraduate in similar problems presented in verbal-numerical and graphical-
pictorial formats. These assessments were conducted by controlling the effects on performance of 
numerical and visuo spatial abilities, attitudes towards statistics, statistical anxiety, and metacognitive 
awareness of the correctness of response (confidence); furthermore, we considered the influence of 
time pressure (presence versus absence) and of the type of university course enrolled (Psychology 
versus Business and Economics). 

Three hundred and forty-five Italian first year undergraduates, lacking statistical expertise, fulfilled a 
protocol composed by standardized instruments of assessment. The evaluation of accuracy on the 
solution in both formats have been related to the aforementioned contextual variables (time pressure, 
university course enrolled) and individual variables (abilities, anxiety, attitudes and confidence).  

At first, Hierarchical Linear Regressions were carried out separately to identify the individual variables 
affecting performance. Two formats of problem presentation were used. Then, the Analysis of 
Covariance with Mixed Design was applied, in order to highlight the effects of covariates (identified as 
the significant predictors distinguished in the previous regressions), the effects of the between factors 
(time pressure and university course) on the performance in two formats (considered as repeated 
measures). 

It was observed that confidence is the finest predictor of performance accuracy in both formats; it 
means that the metacognitive dimension strongly affects accuracy. Furthermore, the effect of format 
was underlined (“graphical facilitation” was highlighted) and the effect of time pressure was 
emphasised (the presence of time limits significantly enhances performance). No differences were 
found between the undergraduates enrolled in two university courses (Psychology and Business and 
Economics). 

In summary, “graphical facilitation” might be the after effect of multifactorial relations between different 
variables. Furthermore, these findings might be considered as an evidence of the key role of individual 
differences in probabilistic reasoning, which, by interacting with contextual dimensions, might influence 
the application of strategies useful to solve probabilistic problems, specifically in undergraduates 
without any statistical knowledge. 

Keywords: Probabilistic reasoning; Verbal-numerical and graphical-pictorial format; Contextual and 
individual variables. 

1 INTRODUCION 
In the last decades several authors have attempted to study the dimensions affecting the application 
of probabilistic reasoning in everyday and academic circumstances [1], [2]. Many researches have 
shown that the use of data expressed in frequency formats and the presence of graphical illustrations 
might be related to an improvement of accuracy in the probabilistic reasoning [3]–[5]. An interesting 
challenge might be related to deepening the aspects implied in the so-called “graphical facilitation 
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effect” on probabilistic reasoning [3], [5]–[8]. Indeed, by paying attention to people’s performances in 
these tasks, it is possible to identify different individual and contextual dimensions potentially related to 
accuracy [9]–[13].  

Among individual dimensions, several authors deepen the effect exerted by abilities on the solution of 
probabilistic problems. The presence of numerical abilities showed a strong relation with the 
application of statistical and probabilistic reasoning, both in subjects with and without specific 
statistical knowledge [11], [14]–[16]. Furthermore, other researches highlighted the contribute of visuo 
spatial abilities to performance in these kind of problems [9], [17], [18]. These abilities are strongly 
connected with the spatial working memory, in turn affecting the construction of spatial-number 
representations. These latter, in particular, concern the storage and retrieval of probability calculation 
(constituting the basis for multifaceted numerical problem solving tasks) [19]. 

Besides, a strong relationship has been found between the application of statistical and probabilistic 
reasoning and the attitudes towards statistics [20], [21]. 

The current literature also evidenced that the confidence in the correctness of response has shown a 
robust relationship with achievement, likewise with the accuracy of performance in probabilistic 
reasoning [22], [23]. It is observed that, in all life contexts, probabilistic reasoning is characterized by 
specific degrees of confidence on specific conclusions, which intensely affect data evaluation in 
uncertainty [24]–[26]. 

One more relevant individual dimension affecting probabilistic reasoning is statistical anxiety. The 
latter might derive from a form of mathematical anxiety, strongly interfering with the ability to solve 
these type of  problems [27], [28]. Statistical anxiety might disturb the attention of students, hampering 
the application of correct solution strategies and impeding worthy performance [16], [29]. The study of 
anxiety is a relevant aspect in the assessment of the general effect of emotions on students 
achievement [30].  

Subsequently, among contextual dimensions, strictly related to statistical anxiety, there is time 
pressure management. By the way, some authors assert that the presence of time limits produces an 
improvement in performance [31]–[33]. Alternatively, other scholars have stated that the presence of 
time limits might weaken the subject performance, making it difficult to find relationships among data 
[34]–[36].  

Also the type of university course enrolled has been related to performance in statistical and 
probabilistic reasoning. Indeed the students attending non-math-oriented university courses (e.g., 
Psychology) seem to show strong difficulties in the application of this type of reasoning and in 
statistical achievement [37]–[40]. 

Coherently with this literature, it might be interesting to further investigate the complex interaction 
between contextual and individual dimensions. In some of our previous research, the relationships 
among the aforementioned variables were studied in psychology undergraduates lacking any 
statistical knowledge. Instead the present research, in order to enlighten other aspects of probabilistic 
problem solving, reports about a study where undergraduates were also attending different degree 
courses (Psychology versus Business and Economics). Specifically, the same students were 
evaluated in homologous probabilistic problems, presented in verbal-numerical and graphical-pictorial 
formats. The assessments were applied in undergraduates in their first year, without specific statistical 
knowledge, considering the effect of presence versus absence of time pressure. Performances were 
compared controlling the effects of numerical and visuo spatial abilities, attitudes towards statistics, 
statistical anxiety, and metacognitive awareness of the correctness of response.  

On the base of the researches performed on this topic, it was hypothesized that the presence of time 
pressure might enhance the application of probabilistic reasoning in undergraduates without any 
statistical knowledge [32], [33], [41], [42]. Finally, it was hypothesized that students enrolled in non-
math-oriented university courses (e.g., Psychology) might show stronger difficulties in the application 
of probabilistic reasoning than the undergraduates attending a math-oriented degree (e.g., Business 
and Economics) [14], [38], [40].  
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2 METHOD  

2.1 Participants 
The participants were 345 undergraduates (119 males, 226 females) from the University of Cagliari 
(Italy), attending the first year of the university course in Psychology (n=188) and in Business and 
Economics (n= 157). The average age of participants was 21 years (m=21.07; sd= 4.40), similar for 
the two degree courses (Psychology undergraduates m=20.89, sd= 5.51; Business and Economics 
m=23.30, sd= 2.37). All students were recruited via no probabilistic sampling.  

2.2 Materials 
We administered an instrument aiming at inquiring probabilistic reasoning applied in relation to 
problems in two formats (verbal numerical and graphical pictorial - N and G, - both offered in 
frequency format). This instrument was developed in the former stages of the current project of 
investigation [43], [44]. Regarding each probabilistic problem, the undergraduates were required to 
define (by a Likert Scale) their level of confidence in the accuracy of the just-given answer [33]. In 
order to assess the student’s numerical and visuo-spatial abilities, the corresponding two scales of the 
Primary Mental Abilities Questionnaire (PMA) were administered [45]. Further sections of the research 
protocol managed the Survey of Attitudes Towards Statistics (SATS-28) [46] and the Statistical 
Anxiety Scale (SAS) [47]. These scales were presented in order to assess the undergraduate attitudes 
and anxiety related to statistics. 

2.3 Procedure and Data Analysis 
All participants completed the study as a voluntary activity at university. The basic condition to 
participate was that the recruited students should not have any statistical expertise. They were 
assessed in one session in large groups in a quiet room. The questionnaires were presented in pencil-
and-paper format. The probabilistic problems were administered randomly in changed orders (first N 
then G format – NG - versus first N then G format - GN) and inverted sequences (A and B, the second 
reversed with respect to the previous one, in order to avoid that that each problem was always in the 
same position of the protocol). In this way, four different modalities of problem presentation were 
achieved (25.5% of the sample fulfilled the protocol in the NGA format and 23.5% in the NGB format , 
29.0% in the GNA format, and 22.0% in the GNB format). 

One hundred fifty four undergraduates (44.6%) filled the protocol with no time limit, while 55.4% 
(n=191) had time limits. Specifically, these aforementioned students were asked to complete the 
sections inquiring probabilistic problems, statistical anxiety and attitudes within 30 minutes. For the 
sections assessing the numerical and visuo spatial abilities – PMA Questionnaire - the timing was 
defined on the base of the manual [45].  

Data analysis was carried out by using R (version 3.3.2) and SPSS (release 22) software. 

At first, Hierarchical Linear Regressions were applied separately for two formats, in order to identify 
the individual and contextual variables affecting performance; specifically the accuracy (number of 
correct answers, concerning each format of problem presentation) was used as criterion variable.  

Then, the Analysis of Covariance with Mixed Design was applied, with the intention of highpointing the 
effects of covariates (identified as significant predictors distinguished in the previous regressions), the 
effects of the between factors (time pressure and university degree) on accuracy in the problem 
solving in N and G formats (defined as repeated measures in this phase). 

3 RESULTS 
The descriptive statistics are presented in Table 1. Firstly, we assessed the linear relationships 
between variables by the application of the Pearson’s r coefficient. All data analyses were conducted 
according to the type of variable and only if assumptions were met. 
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Table 1.  Descriptive statistics for studied variables  

 PSYCHOLOGY 
SAMPLE 

 BUSINESS AND ECONOMICS 
SAMPLE N 190  155 

PERCENTAGE OF MEN 40.1  59.9 
AGE MEAN 20.89  21.30 
AGE STANDARD DEVIATION 5.51  2.37 
UNIVERSITY ACCESS MARK MEAN  77.42  78.39 
UNIVERSITY ACCESS MARK STANDARD 
DEVIATION  

10.67  10.37 
    
 M SD  M SD 
PMA VISUO-SPATIAL SCALE 19.96 10.26  16.56 10.06 
PMA NUMERICAL SCALE 16.64 6.54  17.96 7.89 
SAS EXAMINATION 30.52 9.45  29.46 9.06 
SAS INTERPRETATION 17.01 7.55  16.92 6.32 
SAS HELP 16.50 8.29  18.07 7.15 
SATS AFFECT 19.92 6.07  21.37 4.92 
SATS COMPETENCE 25.25 6.44  27.23 5.67 
SATS VALUE 46.61 9.96  43.96 10.13 
SATS DIFFICULTY 24.99 6.57  25.13 5.84 
FN CORRECT RESPONSES 1.49 1.37  1.66 1.38 
FG CORRECT RESPONSES 2.23 1.43  2.15 1.32 
FN CONFIDENCE 2.83 1.03  3.24 .96 
FG CONFIDENCE 2.97 1.00  3.21 .90 
      
Legend: PMA: Primary Mental Abilities Questionnaire; SAS: Statistical Anxiety Scale; SATS: Survey of Attitudes 
Towards Statistics; FN: Verbal Numerical Format of problems presentation; FG: graphical pictorial format of problems 
presentation; M: Mean; SD: standard deviation 

Consequently, in order to explore the effect of the studied dimensions on probabilistic reasoning, two 
Hierarchical Linear Regressions (Forward method) were used. The former applied as a criterion 
variable the number of correct responses in the N format. The latter used as dependent variable the 
number of correct responses in the G format. In both regressions the predictors were related to 
individual dimensions (students’ numerical and visuo spatial abilities, attitudes towards statistics, 
statistical anxiety, confidence in the correctness of the just-given answer) and to contextual features 
(type of degree and time pressure) (Table 2). These regressions let us control many of the dimensions 
that potentially influenced the probabilistic reasoning applied in relation to different formats of problem 
presentation. Indeed, these techniques are definitely advantageous in the choice of a subset of 
variables affecting the criterion variable, in order to improve the model prediction by dropping the 
variance affected by estimating unnecessary variables. 

The most significant predictor of performance in relation to the number of correct responses was the 
confidence about the correctness of one’s own responses in both formats (N format: Beta = .364, p= 
.0001; G format: Beta = .495, p= .0001). Specifically, in relation to the verbal numerical format of 
problem presentation (N), there are also a significant contribution of time pressure (Beta = .130, p= 
.031), the PMA Visuo Spatial scale (Beta = .181, p= .003), and the attitude towards statistics Affect 
Scale (Beta = .167, p= .010). In relation to both criterion variables, no significant difference is 
observed according to the university course enrolled.  

These outcomes highlight the significant role exerted by the metacognitive dimension of confidence in 
the correctness of response, further emphasizing the contribution of the attitude towards statistics 
(specifically of the Affect scale, which assessed positive and negative feelings about statistics) and of 
the Visuo Spatial Scale. The contributes mentioned here above are significant for problems in N 
format, where accuracy and confidence was lower than in G format. In addition, the role of time 
pressure is significant, showing that the presence of time pressure might enhance the accuracy in 
probabilistic problem solving.  
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Table 2.  Hierarchical Linear Regressions (Forward method). Criterion variable: number of correct 
responses in N format; number of correct responses in G format 

Criterion variable Block 
R2 

(SE) 
Predictor variable Beta t p 

Verbal numerical 
format of problem 
presentation 

1 
.012 

(1.264) 

TIME PRESSURE 

DEGREE COURSE 

,113 

-,016 

1,645 

-,229 

,101 

,819 

 

Last 

4 

 

.298 

(1.073) 

TIME PRESSURE 

DEGREE COURSE 

PMA VISUO SPATIAL 

SATS AFFECT 

MEAN_CONFIDENCE N 

,130 

,006 

.181 

.167 

.364 

2,170 

,097 

3.030 

2.595 

5.695 

,031* 

,923 

.003* 

.010* 

.0001** 

       

Graphical pictorial 
format of problem 
presentation  

1 
.010 

(1.252) 

TIME PRESSURE 

DEGREE COURSE 

,091 

,023 

1,313 

,331 

,191 

,741 

Last 

2 

.253 

(1.089) 

TIME PRESSURE 

DEGREE COURSE 

MEAN_CONFIDENCE G 

,079 

,066 

,495 

1,318 

1,090 

8,436 

,189 

,277 

,0001** 

p*<.05;  **p < .01  

Then, we carried out a Mixed Design Ancova, wherein the repeated measures were the performances 
in two formats (N and G), the covariates were identified among the significant predictors recognized in 
the former regressions, the between factors were the presence vs absence of time pressure and the 
university course enrolled (Psychology versus Business and Economics).  

The Mixed Design Ancova (see Table 3), concerning the within subject effects, underlined a significant 
main effect of the format (F=4.992, df= 1;279, p=.026), by which it is confirmed that the 
undergraduates solve a higher number of probabilistic problems when they are presented in G format. 
The format effect is significant also in interaction with the covariates related to the confidence 
expressed for problems in N format (F= 4.154, df= 1;279, p=.043) and with the confidence stated 
regarding problems in G format (F= 6.049, df= 1;279, p=.015). Paying attention to the between 
subjects effect, it is established the significant effect of the PMA Visuo Spatial Scale (F= 13.787, df= 
1;279, p=.0001), of confidence expressed in both formats (N format F= 3.908, df= 1;279, p=.049; G 
format F= 11.745, df= 1;279, p=.001), of the attitude towards statistic - Affect scale (F= 5.507, df= 
1;279, p=.020). Finally, it is highlighted also the significant effect of time pressure (F= 5.350, df= 
1;279, p=.021).  

Therefore, we might speculate that these Italian undergraduates show significant differences in 
probabilistic problem solving in relation to the N and G formats of problem presentation, highlighting a 
graphical facilitation effect (see Figure 1), significantly affected by the metacognitive dimension of 
confidence. Moreover, considering the between subject effects it is highlighted the effect exerted by 
the visuo spatial ability, by the Affect towards statistics and by time pressure. It is relevant to underline 
that there is not a significant effect of the university course enrolled, neither in relation to the within 
effects nor in relation to the between effects.  

4 DISCUSSION AND CONCLUSIONS 
The general aim of this investigation was to inspect whether time pressure (presence versus absence 
of time constraints) and the type of university course enrolled (non-math-oriented - e.g., Psychology - 
and math-oriented - e.g., Business and Economics) might impact on the performance in probabilistic 
reasoning applied in verbal numerical and graphical pictorial format of problem presentation.  
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Table 3.  Results of Mixed Design Ancova  

Source Wilks’ Lambda df F p 
Within subjects’ effects     

FORMAT  .982 1;279 4.992 .026* 
FORMAT * PMA VISUO SPATIAL 1.000 1;279 .090 .764 
FORMAT * CONFIDENCE N .985 1;279 4.154 .043* 
FORMAT * CONFIDENCE G .979 1;279 6.049 .015* 
FORMAT * SATS AFFECT .997 1;279 .915 .340 
FORMAT * COURSE DEGREE .992 1;279 2.284 .132 
FORMAT * TIME PRESSURE 1.000 1;279 .022 .881 
FORMAT * COURSE DEGREE * TIME PRESSURE .999 1;279 .218 .641 

Between subjects’ effects  df F p 
PMA VISUO SPATIAL  1;279 13.787 .0001** 
CONFIDENCE N  1;279 3.908 .049* 
CONFIDENCE G  1;279 11.745 .001* 
SATS AFFECT  1;279 5.507 .020* 
COURSE DEGREE  1;279 .006 .938 
TIME PRESSURE  1;279 5.350 .021* 
COURSE DEGREE*TIME PRESSURE  1;279 .056 .813 

p*<.05;  **p < .01  

 
Legend: NO TP: absence of time pressure; TP: presence of time pressure; N: verbal numerical format of problem 
presentation; G: graphical pictorial format of problem presentation 

Figure 1 – Number of correct responses in N and G formats, in condition of presence versus absence of 
time pressure, in relation to the degree attended (Psychology and Business and Economics) 

The application of Forward Linear Regressions showed that the most significant predictor of 
performance in relation to the accuracy in both formats was confidence about the correctness of one’s 
own responses. These results are consistent with the literature [22] and with the previous phases of 
our research [33], [42], defining and confirming how metacognitive confidence strongly affects 
accuracy [48]. Furthermore, concerning the N format of problem presentation, also the significant 
contributes of visuo spatial ability, of the affect towards statistics, and of time pressure were identified. 
Time constraints seem definitely to enhance the application of solution strategies for unfamiliar 
probabilistic problems in N format (in which students showed a lower number of correct response than 
in G format).  
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Subsequently, the application of Mixed Design Ancova, in relation to the within subjects’ effects points 
out a significant main effect of the format, by which the effect of graphical facilitation is confirmed. The 
format also exerts a significant effect in interaction with the covariates (the confidence expressed for 
problems in N format and G format). Then, the presence of graphical devices is confirmed to act as a 
support for probabilistic reasoning, consistently with the literature [3], [9]. Analyzing the data related to 
the between subjects’ effect, the significant effects of the visuo spatial PMA, of confidence in relation 
to both formats, of the affect towards statistics were recognised. As a final point, it is furthermore 
underlined the significant effect of time constraints, which enhance reasoning. This last effect is 
relevant considering the focus of our investigation; it is possible to speculate that the presence of time 
constraints might increase the focusing on problems perceived as challenging and demanding, while it 
might be irrelevant when the student solves problems considered as simple (for example in G format).  

Largely, our outcomes regarding N and G formats did not show a significant effect of the university 
course enrolled. On the basis of these data we might suppose that differences in statistical 
achievement between students enrolled in math-oriented and non-math oriented degree courses [16], 
[37], [49] might originate from practice and systematic application in math-related disciplines. The 
subject’s choice of a degree characterized by mathematics or not-mathematics disciplines (e.g., 
Business and Economics vs Psychology) does not seem to significantly affect accuracy in our basic 
probabilistic tasks. These outcomes might be related to the implicit students’ theories about their 
numerical intelligence (the point of view that intelligence is stable rather than incremental) [50], that 
might strongly affect the achievement goals, motivation, strategy application in statistical and 
probabilistic tasks. According to these results, we could speculate that all students, if adequately 
supported in the application of probabilistic reasoning, might achieve good results in this domain [51]. 
This fact further highlights the relevance of the presentation format of statistical and probabilistic 
problems, in order to support achievement and accuracy.  

Future investigation has to study more deeply the factors influencing probabilistic problem solving, 
overcoming the limits of the present research. All participants were recruited in the same university, 
only in relation to two degrees. Hence, forthcoming research has to be conducted in additional areas 
and in other faculties, in order to appreciate whether the current outcomes can be generalized. 

In summary, the effect of graphical facilitation in probabilistic reasoning might be the consequence of 
multifactorial relations among different kinds of variables. Likewise, our findings might suggest the 
strong role of individual differences in statistical and probabilistic reasoning. The complex interaction 
of the aforementioned dimensions with contextual aspects (e.g. time pressure administration), might 
influence the identification of useful strategies to solve probabilistic problems, expressly in 
unexperienced students. 
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