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Abstract

Nowadays, being able to understand and infer reasonable conclusions based on great amounts of
numerical information represents a key competence to succeed both in education and work. Numeracy is
defined as the ability to understand, think, and reason using numbers and math concepts. Such a
competence is key in the field of behavioral-finance where individuals manage numerical information to
face important choices. Indeed, numeracy is fundamental to analyze data and to make predictions on the
likelihood of future events. Moreover, research shows that individuals who score high on numeracy report
higher ability in creating alternative options when it turns to make decisions. Building on the
computer-supported collaborative learning and on the technology acceptance model, this study aimed to
evaluate the efficacy of different interventions to reduce psychological biases related to numerical
information processes in a group of university students (N = 800). Specifically, we devised two training
interventions based on the two educational approaches, i.e., the computer-supported collaborative
learning and on the technology acceptance model. Participants were randomly assigned to one of the two
conditions, and -post measures were collected after the interventions to assess their numerical information
processing ability. Moreover, post-training results were compared with the results of a control group.
Results of a one-way ANOVA showed that in the control group reported the highest incidence of
numeracy biases. Our preliminary findings support the main literature on the use of technological
instruments and distant training as keys to develop cognitive and operational competences. Such results
are limited since we were unable to collect -pre-measures of participants’ numeracy biases. Overall, the
present contribution provides initial insights into how different kind of technology-based trainings can be
effective to reduce biases referred to numerical information processing.
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1. Introduction

By the recent labor economic transformation, being able to understand and infer reasonable
conclusions based on great amounts of numerical information represents a key competence to succeed
both in education (Lusardi & Mitchell, 2014) and work (Tommasi, Franceschinis, Perini and Sartori,
2020). Nowadays, the increase in numerical data charges led to consider how individuals process
information and make informed decisions (Waeneryd, 2001; Lusardi, 2015; Lusardi and Mitchell 2014).
Evidence attesting the inadequacy of rational models to explain individual decision-making made the
basis for insights into the area of Behavioral-Finance Biases (DeLong and Magin, 2009; Thaler, 1985).
For example, literature shows the incidence of numeracy as a core aspect to be considered when making
decisions in this domain. Such mental errors occur when individuals do not consider numerical
information or are not able to understand numerical data, preferring different evaluation objects (Rieger,
2012; Fox and Tversky, 1995). Personal interests and preferences, mental representations, or anchoring
on specific information are cases of cognitive biases which compromise the effect of individuals’
decision-making process. Indeed, individuals show inadequate models in making reasonable decisions
during economical financial deals (Rieger, 2012; Shefrin and Thaler, 1992; Thaler, 1985, Waeneryd,
2001). For instance, a low level of low level of numeracy is seen in the application of wrong mental
calculations which violate economical and mathematical calculations. Alternatively, else, individuals
avoid risks when information is ambiguous or prefer mental and personal representations of the
information rather than the numerical and economical values. Cognitive errors are caused by fewer levels
of numeracy, which cover both the knowledge and the abilities needed to understand, think, and reason
using numbers and math concepts (Lusardi and Mitchell, 2014; MacGregor, Slovic, Dreman and Berry,
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2000; Olsen and Cox, 2001; Shapira, 1995). The growing financialization and the rise of financial
complexity, training interventions for helping individuals to reduce the cognitive biases’ incidence are
largely recommended. Hence, in the area of possible interventions for improving and developing
individuals’ skills, remedial training methods for reducing behavioral-finance biases are offered by the
technological progress. Over the years, authors proposed technological methods suggesting that didactic
instruments for distance training and real-life simulations are effective tools for helping individuals
learning (Dal Santo and Martelli, 2015; Krol and Krdl, 2019; Willis, 2011) which are rooted into different
educational approaches, i.e., the computer supported collaborative learning and the technology acceptance
model (Krél and Krdl, 2019). While e-learning platforms are used to refer to the Computer Supported
Collaborative Learning (CSCL), simulations refer to the Technology Acceptance Model (TAM). The
CSCL is a pedagogical approach where learning happens through social interaction using computer
systems and users develop knowledge through communications and access to online resources. As a
method for numeracy, by enhancing the numerical and logical abilities, e-learning platforms have been
proven as useful systems (Amagir, Groot, Maassen van den Brink and Wilschut, 2018). On the other
hand, TAM is an information system model based on the users’ abilities to embrace and utilize
tech-systems. Here, the learning process is facilitated via learning by doing in real-life simulated contexts
(Ceschi, Dorofeeva, and Sartori, 2014). Evidence from research shows that the use of simulations is
effective to improve financial decision-making (Harter and Harter, 2010; Jones and Chang, 2014).

According to the need for numerical literacy, we devised two training procedures based on the
CSCL and TAM paradigms, i.e. using an e-learning platform and a simulation to evaluate their
effectiveness. We focused on the incidence of behavioral-finance biases as the core evaluation for
assessing numeracy among participants after the trainings. The present paper reports the preliminary
results of our experimental exploration of the effectiveness of such methods. After briefly presenting the
theoretical background of the technological methods, the method used, and the results of the examinations
are present. In the last section, we discuss the results and the limitations of the study by providing
indications for further examinations.

2. The present contribution

Considering the call for numerical abilities, we wanted to explore the effectiveness of
technological methods for reducing behavioral-finance bias incidence based on the two main theoretical
frameworks aforementioned. Referring to the CSCL paradigm, we proposed an e-learning system,
Moodle (Moodle.org, 2018), in which participants were instructed to math and numerical principles as
core abilities for financial decision-making (Wolla, 2017). Additionally, we devised a simulation training
— TAM-based, the game-based training, Bérse (Planspiel-Boerse, 2018). Through the learning-by-doing
paradigm, participants were expected to show an increase their numerical abilities (Dal Santo and
Martelli, 2015; Harter and Harter, 2010). After a brief presentation on financial decision-making,
participants in the game-based training condition had to invest a virtual capital to be increased in the
following ten weeks. To assess their performance, we selected five cognitive errors measures for
evaluating the incidence of behavioral-finance biases (DeLong, & Magin, 2009). We examined the
effectiveness of both training methods comparing the two intervention groups and a control group. Our
objective was to explore the effectiveness of the two technological tools for reducing behavioral-finance
biases.

2.1. Method

Participants were recruited at the Department of Human Sciences, Verona University and they
were randomly assigned to one of the three groups, two experimental groups and one control group. Each
of them took part in the survey where we measured their level of behavioral-financial biases incidence.
Eight hundred students were involved, with 22 years of median age (SD = 7.96; range 19-59; 69%
female). 19.9% (N = 159) of the participants attended the game-based training, 21.3% (N = 170) the
Moodle course while the rest of them 58.8% (N = 471) composed the control group. Participation was
anonymous. Self-report measures of financial-biases were used in a randomized system. During the
e-learning intervention, participants were left to access to materials for studying, and search, and retrieve
information from online databases. We presented them course materials in different forms and we mainly
focused on mathematical and numerical concepts for enhancing numerical deals comprehension. The
other group was involved in the simulation training, a Stock Market Game, i.e., a competition where
participants had to invest a virtual capital trying to increase their amount of money or at least reduce the
decrease. A brief presentation about stock market deals was given to leave students to only refer to their
learning by gaming. To assess the decision-making process, five cognitive biases were selected as
behavioral-Finance Biases for their occurrence during financial deals (DeLong and Magin, 2009; Thaler,
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1985). After all the trainings, participants completed the same questionnaire. Data have been analyzed
with IBM SPSS statistics, version 21.1. After analyzing the reliability of the measures and the normal
distributions within the samples, we used the one-way analysis of variance (one-way ANOVA) to explore
whether there were significance differences between participants assigned to different groups in the level
of the five cognitive biases selected.

2.2. Results

One-way ANOVA was conducted to compare the effect of technological methods on
behavioral-finance biases incidence (E-learning platform vs Game-Based Training vs Control group). We
found significant differences between groups. Participants in the Game-Based training group showed the
lowest incidence of behavioral-financial biases, suggesting that such approach was more effective than
the e-learning platform. In particular, the significant difference for cognitive task named money illusion,
(F(2,552)=2.61, p=.001, n?=0.01) reveled a lower level for participants of the simulation (M=47.73,
SD=33.40) than other groups, as for the Zero Risk Bias, F(2,670)=28.79, p=.001, #°=0.08, with a small
average of incidence (M=47.00, SD=30.85). On the other hand, the E-learning group reported a
significantly lower incidence (M=36.77, SD=16.67) of the Representation Bias F(2,670)=4.88, p=.001,
n*=0.14. There were no statistically significant differences between groups concerning other measures,
rather than for Anchoring Bias (F(2,615)=19.36, p=.001) with a lower level for the game based group
(M=15.80, SD=10.46) than the other two groups. Regarding the last measures, mental account error, such
behavioral finance bias resulted to be significantly higher in the control group and lower in the
game-based group (F(2,744)=19.61, p=.05, #°=0.01). Although only four statistical differences are
reported by the ANOVA, by the descriptive statistics, Game-Based training group revealed a lower
incidence of behavioral-financial biases among the three groups. Participants of the real-life simulation
showed better ability in solving economical and financial deals in comparison with the other two groups.
On the other hand, the two groups didn’t show significant differences reporting similar results in the
incidence of cognitive errors.

3. Discussion and limitations

This study was motivated by the call for financial literacy and linked methods for improving
individuals’ performance in the increase of charges of numerical information (Lusardi, 2015).
Accordingly, thanks to the current development of technological offers for training methods, coupled with
the two major educational approaches (Dal Santo and Martelli, 2015; Krol and Krol, 2019; Willis, 2011),
we devised two tech-interventions for reducing behavioral-finance biases. The assessment of financial
literacy has been made by the evaluation of cognitive errors incidence. In fact, behavioral-finance biases
occur when individuals have low level of numerical and financial literacy. Such complex measures have
been considered and analyzed to verify the effectiveness of the tech-methods stressing the role of
tech-training and formation as important for human beings. Our findings support that the existing
evidence for game-based simulations training for financial biases. Although we did not find large
significance among the tasks used, by the descriptive statistics, we can stress the effectiveness of the
training. In fact, participants reported lower incidences among all the behavioral-finance biases except for
the Anchoring Bias. On the other hand, the E-learning training did not reveal significant improvement.
We believe that this training was not sufficiently rooted for helping participants to apply numerical and
mathematical knowledge in financial tasks. Future studies may improve this training adding practical
contents at the end of sessions.

Due to the fact that training, innovation, and new competences are highly recommended for
facing with societal and organizational changes (Sartori, Costantini, Ceschi and Tommasi, 2018), as well
as the recent the labor transformation with the massive presence of numerical information in digital
shapes as a result of the so-called industry 4.0 (Tommasi, Franceschinis, Perini and Sartori, 2020), the
present paper was additionally motivated to propose possible applied applications for training and
education. Technological interventions can be used to enhance students’ knowledge in school and
academic context. Moreover, in organizational context, technological interventions can be used for
life-long training to address not mastering individuals. Having noted the important implications of
numerical literacy in today life, and the relevance of decision-making as key-competence to succeed in
education and at work, this study hopes to add possible insights on how different kind of
technology-based trainings can be effective to reduce cognitive biases. In particular, the present study
aims to offer a possible exploration of such method in order to advance further examinations.
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4. Conclusions

The present study is not without limits. The sample composition and distribution limit our results
to specific kind of populations giving few extended evidences. Forward empirical explorations and
examinations may distribute participants equal groups. Additionally, although these findings support the
notion that game-based learning is key to develop cognitive and operational competences, it should be
noted, however, that we were unable to collect -pre-measures of participants’ cognitive biases. Then,
future studies may address our gaps devising more complex experimental design. Moreover, further
examinations might address such examinations by involving examinations of individual math skills
(Weller, Dieckmann, Tusler, Mertz, Burns & Peters, 2013; Dal Santo and Martelli, 2015), as well as soft
skills that might help in the development of specific knowledge (Tommasi, Franceschinis, Perini
& Tacconi, 2020). Technological methods for training are important offers of the increasing world of
technologies. Coupled with learning theories (CSCL and TAM), we are able to make important insights
into the learning process, and to build even more effective procedures for training. Our findings support
the use of simulation for training intervention fostering numerical abilities for financial tasks. On the
other hand, the results show our limits in E-learning training intervention devised. We suggest for future
studies to add practical contents to improve, simultaneously, knowledge and financial abilities Overall,
we hope these data and theoretical contributions will provide ideas for developing future evidence-based
methods addressing the challenge of distant training and development.
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