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Abstract

Higher education institutions play an important role as leaders in knowledge creation
and dissemination by setting the grounds for society to advance and to improve
welfare. Despite the long-standing tradition of some higher education systems, Higher
Education continuously evolves to adapt to the challenges that current societies open
up to.

The objective of this book is to capture some recent advances made in Higher
Education by addressing these challenges. To do so, some specific topics related to the
inputs, outputs and process of education in Higher Education were selected to be
analysed by a scientific research approach.

The book is arranged in five parts in accordance with these topics. Part I is related to
the most important input of higher education institutions, that is, students, and
particularly to address students’ preparation when they access higher education
studies. The next three parts of the book analyse different aspects of the learning
process that take place in Higher Education. Part II assesses student learning from
different points of view. Part III contains two chapters on the creation and availability
of resources in higher education institutions. Part IV describes and analyses some
innovative teaching and learning methods. Finally, Part V consists of three chapters
that deal with the relation of Higher Education with industry, which is the main
destination of graduates.
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Chapter 1

Introduction

J. Domenech, J. Lloret, M. C. Vincent Vela, E. de la Poza, E. Zuriaga

Universitat Politecnica de Valencia

Higher education institutions play an important role as leaders in knowledge creation
and dissemination by setting the grounds for society to advance and to improve
welfare. Despite the long-standing tradition of some higher education systems,
Higher Education continuously evolves to adapt to the challenges that current
societies open up to.

One of these challenges is related to the increasing use of ICTs in everyday life,
which obviously includes classrooms. Technologies enable new interaction modes in
the educational process, and also reduce the cost of disseminating information. All
this, in turn, allows knowledge to reach more and more people, which thus
democratises knowledge. However, this adoption of technology needs to be properly
managed in order to improve the learning experience.

Nevertheless, technology is not the only factor that opens up challenges in Higher
Education. Today’s social and economic trends also force institutions to adapt to the
new reality. In particular, the globalisation and internationalisation of economies
also affect how higher education institutions should design their programmes. It is
now when instructors should focus on skills more than on contents. Students should
be prepared for learning not only during their training period, but also after they
have left university.

The objective of this book is to capture some recent advances made in Higher
Education by addressing these challenges. To do so, some specific topics related to
the inputs, outputs and process of education in Higher Education were selected to be
analysed by a scientific research approach.

The book is arranged in five parts in accordance with these topics. Part I is related to
the most important input of higher education institutions, that is, students, and
particularly to address students’ preparation when they access higher education
studies. Chapter 2 analyses whether the use of ICTs can improve student
performance in maths and financial education before they access university studies.
Chapter 3 reviews how a cultural background can affect most of students’ skills,
such as autonomous learning. The last chapter in this part, Chapter 4, is about the
motivation of students for them to engage in science and research.

The next three parts of the book analyse different aspects of the learning process that
take place in Higher Education. Part II assesses student learning from different
points of view. Chapter 5 deals with problem-solving skills and competence
assessments in engineering studies. Chapter 6 focuses on how to reflect on how the
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received assessment can improve the learning process. Chapter 7 centres on the
consistency of exams that combine different question types. Chapter 8 introduces a
classification scheme of errors in student activities as a way to find and solve their
difficulties. The last chapter in this part, Chapter 9, continues with the
systematisation of the assessment and discusses rubrics as a tool to guide students
and markers.

Part III contains two chapters on the creation and availability of resources in higher
education institutions. Chapter 10 focuses on how to design incentives to promote
the creation of open educational resources which, eventually, are economically
efficient. Chapter 11 focuses on the educational resources that can be created when
the academia approaches professional and scientific associations.

Part IV describes and analyses some innovative teaching and learning methods.
Across emerging learning methods, project-based learning is attracting more
attention. In this vein, Chapters 12 and 13 describe and analyse two different
experiments with this methodology for preparing future engineers. Chapter 14 also
deals with teaching methods for engineers, but focuses on using simulations to help
students understand complex models. The last chapter of this part, Chapter 15,
describes an experiment as to how to motivate engineering students when covering
topics that differ from core technical contents, such as legal issues, which are
essential in their professional life.

Finally, Part V consists of three chapters that deal with the relation of Higher
Education with industry, which is the main destination of graduates. Chapter 16
explores the potential of MOOCs to connect Higher Education and professional
practice. Chapter 17 focuses on checking whether curricular designs follow industry
trends. Finally, Chapter 18 re-analyses the links between industry and universities in
the engineering professional practice context.



PART I

Access to Higher Education







Chapter 2

How financial education affects
Mathematics performance?
Evidence from Spain in the

context of the Program
School 2.0

C. Vilaplana-Prieto
University of Murcia

Abstract: In this paper we evaluate the effect of participation in the Program School 2.0 on both Financial
Education and Mathematics performance using data from PISA 2012. The School 2.0 Program was
implemented in 2009 in some Spanish Autonomous Communities. This program promoted the use of
computers, both in school and at home, among elementary and high school students. We detect that a greater
benefit is obtained when the contents of Financial Education are taught in conjunction with the contents of the
subject of Mathematics. Moreover, the inclusion of financial contents in Mathematics subject could help to
alleviate the gender gap (school-boys vs. school-girls) and the nationality gap (native vs. immigrant students)
observed in Mathematics performance. Regarding the influence of ICT on the skills for both subjects, the
benefit of having a computer for personal use by students is observed, both for school and home use. However,
it only has a positive effect on performance when it is used occasionally. However, we must interpret the results
with certain caution, as not much time has passed since the implementation of these new teaching
methodologies, so we should expect to see a "learning effect" over time.

Keywords: Program evaluation; PISA; Financial Education; Mathematics

Introduction

Adopting information conscious habits for savings and investment are the basis for
enjoying economic prosperity. In contrast, fallout after borrowing money and the
accumulation of debt not only poses a threat to family's economic stability, but it can
also endanger economic progress at national level (Mandell, 2008). The recent
economic and financial crisis has demonstrated that economic recovery requires the
participation of all economic stakeholders (Lester and Williams, 2010). In this sense,
during the Third National Meeting on Economic and Financial Education, Frederic
Mishkin (2008), member of the Board of Governors of the Federal Reserve of the
United States, declared that it would be difficult to find itself in a more propitious
moment than the present, in order to demonstrate that a better understanding by
citizens of the economy and finance could have reverted the situation through more
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wise decision-making. But, how is it possible that citizens become aware of the
consequences of their financial decisions, if they lack financial education?

Financial Education enables the individual to acquire a series of very useful skills for
adulthood and this should be a component of student learning. Studies have indicated
that people who have received Financial Education show a greater tendency to manage
their savings before retirement (Cole et al, 2010), participate more in the stock
markets, depict better optimizing behaviors for their stock portfolios (Van Rooij et al.,
2011), and take greater care when choosing mortgages or loans with lower interests
and fees (Lusardi and Tufano, 2009).

Nowadays, students face a greater number of financial decisions than we could have
ever imaged. For example: (i) the use of mobile phones means having to decide
between either pre-paid plan or a contract and the responsibility to monitor their own
consumption, (ii) the preference of receiving money instead of a gift on their birthday
or some other important date, (iii) the management of money periodically, whether or
not it is given to them by their parents, for expenses such as going out with friends,
clothes, trinkets, etc. Moreover, ICTs (Information and Communication Technologies)
play an important role in the lives of students and it is also required that they are
prepared to make financial decisions involving the use of new technologies: (i) decide
whether to buy a CD or purchase some of their favorite songs on-line, (ii) buy concert
tickets online etc.

The OECD (2005) report had already indicated that the skills and abilities developed
from Financial Education are so important that should be included within the
curriculum of all schools. PISA (2012) provides the opportunity to analyze the
importance of Financial Education as a tool to solve real life problems.

We have empirical evidence, as indicated by Varcoe et al. (2005), Hinojosa et al.
(2009) and Lusardi and Mitchell (2009), which demonstrates that the incorporation of
Financial Education into the academic curriculum has a positive impact on young
people and facilitates the development of skills in the areas of savings, loans,
investments, critical thinking and problem solving. In fact, New Zealand has not only
introduced Financial Education into the school curriculum of Secondary Education,
but there exist also elective subjects for learning Accounting (Samkin et al., 2012).
Moreover, Pinto et al. (2005) analyzed four elements (family, friends, schools and
communication media) in order to determine which of these exerted the greatest
influence on the adoption of financial culture by students. They found that parents and
schools were the two most important forces, since students spend much of their day at
school and it is there where the core of financial learning should be found.

This article jointly analyzes the relationship between performances in Mathematics
and Financial Education, subject to their participation in School Program 2.0.
Nowadays, computers are an essential instrument in the workplace and a certain
mathematical literacies are required for effective practice in modern life (Hoyles et al.,
2002). Given that mathematical literacy is so completely intertwined with computer
literacy, we will try to asses if the implementation of the Program School 2.0 in Spain
has improved Mathematics achievement.

We analyze the interplay of the performance in both subjects using a bivariate probit
model. The decision to consider simultaneous performances between the two subjects
has a dual motive. First, PISA (2012) evaluates performance in Mathematics and some
studies, such as Suiter and McCorkle (2008), have found that the melding of
Mathematics and Financial Education favors the development of responsible financial
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behaviors. Second, the majority of problems that students need to solve on the PISA-
Financial questionnaire (responding to real-life situations) require the completion of
numerical calculations. Table 1 shows three examples of PISA-Financial problems.

Table 1. PISA-Financial Sample Questions (2012)

Exercise 1. The Market

John can buy individual or boxes of tomatoes. A kilogram of tomatoes costs 2.75 zeds and a 10
kilogram box of tomatoes costs 22 zeds. John says: "It is better to buy a box of tomatoes than to buy
handpicked tomatoes." Provide an argument to support this claim.

Possible answers that could obtain a maximum score:

e It costs 2.75 zeds per kilogram for handpicked tomatoes, but only 2.2 zeds per kilogram for
tomatoes in cases.

e It costs only 2.20 per kilogram for a case.

e Because 10 kilograms of handpicked tomatoes would cost 27.50 zeds.

*  You get more kilos for each zed that you spend.

e Handpicked tomatoes cost 2.75 per kilo, but the tomatoes in cases cost 2.2 per kilo.

e It's cheaper per kilo. [This generalization is acceptable.]

e It’s cheaper per tomato. [The assumption that tomatoes are of the same size is acceptable.]

*  You get more tomatoes per zed. [This generalization is acceptable. ]

Exercise 2. Travel Money

Natalie works in a restaurant 3 afternoons a week. Every afternoon, she works 4 hours and earns 10
zeds per hour. Every week, Natalie also gains 80 zeds in tips. Natalie saves exactly half the total amount
of money that she makes every week. Natalie wants to save 600 zeds to go on vacation.

How many weeks it will take Natalie to save 600 zeds?
Answer with maximum score: 6 (written answer)

Exercise 3. New Offer
Ms. Janeiro has a loan for 8,000 zeds from Primazed Bank. The annual interest rate for the loan is 15%.
Monthly payments are 150 zeds. After a year, Ms. Janeiro still owes 7,400 zeds. Another financial
company called Zedsuper, offers Ms. Janeiro a loan for 10,000 zeds with an annual interest of 13%.
Monthly payments would also be 150 zeds.
What possible financial disadvantage may Ms. Janeiro have if she accepts a loan from Zedsuper?
Possible answers that could obtain a maximum score:

e  She would owe more money.

e  You will not be able to manage her expenses.

e She is getting into even more debt.

e 13% on 10,000 is more than 15% on 8,000.

e It may take longer to pay it off, because the loan is larger and monthly payments are the same.

e She may have to pay Primazed a penalty for paying back the loan sooner.

Source: The questions refer to a fictitious country Zedland, where the zed is the currency. Students
receive this information at the beginning of the test.
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Material and Methods

Program School 2.0

In July 2009, the Spanish Education Sector Conference approved a budget of
€98,182,419 for the implementation of the Program School 2.0 (Resolution of 3rd
August, 2009, of the Technical Secretariat General, with respect to the Agreement of
the Council of Ministers of 31st July, 2009).

The allocation of these funds was to co-finance 50% of the following activities, within
the Autonomous Communities: (1) The transformation of all 5th and 6th Primary
Education and all 1st and 2nd Compulsory Secondary Education classrooms into
digital classrooms at public schools; (2) The provision of computers for personal use,
(3) The development of digital contents that may could be used by teachers. However,
the Autonomous Communities' participation in School Program 2.0 was not
homogeneous and three levels of participation were discernible:

(1) Total Participant Communities (TP): Andalusia, Aragon, Cantabria, Castile-
Leon, Castile-La Mancha, Catalonia, Extremadura, Galicia, Navarra, Basque
Country, La Rioja, Ceuta and Melilla

(i1) Partial Participant Communities (PP): Asturias, Balearic and Canary Islands.
These one will not be considered in the following analysis.

(iii) Non-participat Communities (NP): Madrid, Murcia and the Valencian
Community.

With the data of total expenditure by Autonomous Region and the number of students
who have received a computer, the ratio of "investment per student" can be calculated
(Table 2). This ratio must be understood in a broader sense, since it not only reflects
the value of computer equipment received by the student has received, but also the
appropriate allocation of expenditure on the digitization of classrooms and teacher
training. On average, School Program 2.0 represents an investment of €476.1 per
student (not only including the student's computer, but also the digitization of
classrooms and teacher training), with a maximum of €1,840.8 for Navarre and
€1,201.7 for Galicia, and a minimum of €142.3 for the Basque Country.

To appreciate the magnitude of this data, it has been compared with expenditure per
ESO student in public schools in 2010. On average, students of School Program 2.0
have received an investment of 5,3% with respect that of an ESO student at a public
school, with a maximum of 20% in Navarra and a minimum of 1.6%in the Basque
Country.
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Table 2. Estimated expenditure per Student within School Program 2.0 Compared to the Average
Expenditure per Student in Compulsory Secondary Education and Public Schools

Total Expenditure Computers Investment Investment per Student within
School Program 2.0. for Students per student School Program 2.0 with
(09} ?2) 3)=(1)/(2) respect to Public Expenditure
per Public Student

Andalusia 70,081,420 282,082 248.4 0.027
Aragon 9,832,459 17,006 578.2 0.064
Asturias 6,383,629 14,568 438.2 0.048
Balearic Islands 7,718,435 27,050 285.3 0.032
Canary Islands 16,983,532 26,139 649.7 0.072
Cantabria 3,987,342 4,390 908.3 0.100
Castile and Leon 18148363 19,275 941.5 0.104
Castilla-La Mancha 18,928,362 43,250 437.6 0.048
Catalonia 53,191,112 100,209 530.8 0.059
Valencian Community 22,919,873 - - -

Extremadura 10,202,075 22,047 462.7 0.051
Galicia 18,026,168 15,000 1201.7 0.133
Madrid 23,022,965 - - -

Murcia 8,273,915 12,307 672.3 0.074
Navarra 5,065,906 2,752 1840.8 0.203
The Basque Country 5,665,355 (*) 39,826 142.3 0.016
La Rioja 2,315,613 4,103 564.4 0.062
Ceuta and Melilla 1,383,066 (**) 4,545 304.3 0.034
Total 302,129,589 634,549 476.1 0.053

The number of computers per student is considered as a representation of the number of students who
have benefited from School Program 2.0. The ratio between column (1) and (2) represents the
average investment per student, including not only a computer but also the digitization of classrooms
and teacher training.

Annual public expenditure per student in public secondary education (2010). (Facts and Figures.
School Year 2013/2014. Ministry of Education, Culture and Sports; pg. 11).

Econometric model

We consider two latent variables FE{ and MAT;" that denote "knowledge in Financial
Education" and "knowledge in Mathematics”, respectively. Both variables are
influenced by observable characteristics (family group, resources available at home
and at the school) and unobservable characteristics (innate aptitudes of students or
their level of motivation). Additionally, the relationship between them can flow in
both directions. On the one hand, Financial Education can provide a more applied
perspective for certain mathematical concepts, so it can be useful to reduce the degree
of abstraction that is so often argued as a difficulty by students when dealing with
exact sciences. Moreover, students with a greater ability for numerical reasoning may
find it easy and attractive to choose the field of Financial Education. In general, the
score obtained in both areas may be expressed using the following system:

FE{ = Xy;p1 + €1; €Y

MAT; = aEF} + X,;8, + &5 (2)

where X;; and X;; are vectors of observable characteristics, B, and B, are vectors of
parameters, €;; and €,; are both error terms, which we assume follow a bivariate
normal distribution with zero mean, unit variance and correlation coefficient p:

AR (HA) ®
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and such that E[X;;, &;] = 0 and E[X};, &5;] = 0. Thus, if p is equal to zero, FE; is not
endogenously determined and both equations may be solved separately.

The following explanatory variables were introduced in both equations: characteristics
of the students and the family (gender, nationality, repetition of grade level,
availability of a computer at home, educational level of parents), and characteristics of
the school (average class size, ratio of schoolgirls at the school, size of municipality).
In the equation for MAT, we considered the following explanatory variables: if there
is a school-policy on the use of computers in the classroom and on the quality
assessment of Mathematics, the percentage of teachers with ISCEDSA qualifications,
if the student has a computer in the classroom and the frequency of ICT use to do
homework.

In the equation for FE, the following explanatory variables have been considered: if
the contents of Financial Education are compulsory, if it is delivered within a specific
subject (Mathematics, Economics, Social Sciences and Humanities), the length
Finance Education has been delivered, if teaching staff of Financial Education belong
to the school’s faculty and if teachers have received specific training.

Regarding student environment, two instrumental variables were introduced taking as
reference evidence from the literature on Financial Education (Pinto et al., 2005;
Williams, 2010): (i) a binary variable that takes value 1 if the student indicates talking
to his/her parents almost every day or 1-2 times a week about financial issues (savings,
household spending, banks, etc.) and (ii) a binary variable that takes value 1 if the
student indicates earning money from working (tutoring, babysitting) or helping out in
a family business.

However, we did not observe the level of knowledge in Mathematics and in Financial
Education (FE{ or MAT;"), but rather the results of PISA (FE; and MAT; ). PISA (2012)
scores are based on calculations on a metric scale, with a 500 point average for all
OECD countries and a standard deviation of 100 points. For a better understanding,
they are usually divided into proficiency levels. This classification, recommended by
PISA Technical Report is useful because it allows us to communicate about the
proficiency of students in terms other than numbers.

The variable FE; is an ordered variable that classifies the PISA-Financial results into 5
levels: (1) “lowest performers™: less than 400.33 points, (2) “low performers”:
between 400.33 and 475.10 points, (3) “moderate performers”: between 475.10 and
549.86 points, (4) “strong performers”: between 549.86 and 624.63 points, and (5)
“top performers”: over 624.63 points.

The variable MAT; is another ordered variable that classifies PISA-Mathematics
results into 6 Levels: (1) “lowest performers”: less than 357.7 points, (2) “low
performers”: between 357.5 and 420.1 points, (3) “low moderate performers’:
between 420.1 and 482.4 points, (4) “high moderate performers”: between 482.4 and
544.7 points, (5) “strong performers” between 544.7 and 607 points and (6) “top
performers”: over 607 points. Observed variables are linked to the latent variables
according to the following expressions:

10
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(1if FE{ < wq
2if wg < FE] < w, (4)
FE; =< 3if w, < FE < w3
4if w3 < FE < w,
5if w, < FE;
1if MAT; <1,
2if 11 < MAT <1, (5)
3if 1, < MAT] < 15
4if 13 < MAT] < 14
5if 1, < MAT] < 75
\6if 15 < MAT;

Where w; < w,; <w; <w, and 71 < 7, < 13 < 74 < Ts are the cut-off points.

We proceeded to calculate two bivariate probit models. In the first one, the effect of
EF on MAT is considered as a constant, and therefore, a standard ordered bivariate
probit model was calculated. The second alternative is a bivariate probit with mixed
effects assuming that the parameter a follows a normal distribution with mean p and

standard deviationc,. The denomination “mixed effects” makes reference to the
existence of heterogeneity regarding the impact of FE over MAT across students.
Considering that o follows a statistical distribution allow us to distinguish between
those who are able to transform the skills gained in FE into better results in MAT, and
also, those students with higher difficulty in cross-curriculum learning in MAT from
skills learned in FE. With regard to computational aspects, the calculation for the
standard model was done using the command proposed by Sajaia (2008), while for the
model with mixed effects we have adapted the routine proposed by Buscha and Conte
(2010).

Data

PISA is a cross-sectional study, conducted every three years that started in 2000 for 15
year old students, with the purpose of evaluating their performance in the areas of
mathematics, reading and science, as well as cross-curriculum problem solving skills.
PISA does not consider students' knowledge in these areas in isolation, rather in
relation to their ability to apply them to real world situations. In addition to the general
module and the CBA module (computer based assessment), a third type of test was
conducted to measure Financial Education performance.

PISA(2012) defines Financial Education as "the knowledge and understanding of
financial concepts and risks, and the skills, motivation and confidence to apply such
knowledge and understanding in order to make effective decisions across a range of
financial contexts, to improve the financial well-being of individuals and society, and
to enable participation in economic life.” (OECD, 2014).

The sample for Spain contains 1,108 observations, but if we restrict the sample to
public schools it becomes reduced to 765 observations. Regarding participation in
School Program 2.0, there are 167 observations for non-participating communities
(NP), 532 for totally participating Communities (TP) and 66 for partially participating
Communities (PP). Due to the small number of observations for PP, the subsequent
analysis shall focus only on NP and TP.
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Descriptive statistics

Table 3 shows the descriptive statistics of the variables that are subsequently used in
the econometric analysis, differentiating by type of participation in the School
Program 2.0.

In relation to students’ characteristics, the percentage of non-repeating students is
greater in TP Communities (66.23%) compared to 54% for NP Communities. The
percentage of immigrant students in NP Communities is substantially higher as
compared to the TP Communities (12.08%). Around 90% of students of both types of
Communities have a computer at home. However, the percentage indicating the use of
a computer for doing homework "every day" or "almost every day" is higher in TP
Communities (12.76%) as compared to NP Communities (8.5%).

As instrumental variables in the equation for Financial Education, we will use the
habit of talking to parents about financial issues (on a frequent basis) and if the student
is working (tutoring, babysitting, helping out with the family business). 26.80% of
students in NP Communities indicated talking to their parents about financial issues
(family situation, news, etc.) compared to 20% in TP Communities. Moreover, 18%-
19% of students in TP and NP Communities do some kind of work.

The vast majority of schools of schools stated that they have a program that specifies
Mathematics contents on a monthly basis. By contrast the existence of a policy for
quality control of Mathematics was much less widespread (37% of NP and 45% of
TP), as well as the use of computers in Mathematics classes (35% of NP and 37% of
TP). Most schools do not deliver Financial Education contents in 4thESO (80.17% of
NP, 65.38% of TP). Furthermore, only 12.13% of schools in NP Communities and
16.87% of TP Communities have a separate subject for Financial Education, while
22%-26% of schools teach the contents of Financial Education in a cross-curricular
manner (i.e., within the curriculum of another subject or subjects).

Focusing on schools in which Financial Education is included within other subjects, a
higher concentration was observed in Mathematics or Social Sciences/Humanities
(40% of NP, 50% of TP), but the inclusion of Financial Education within Economics
subject shows more disparity (18.22% in NP, 43.71% in TP).

The level of teacher qualification in Mathematics show significant differences between
the Communities. 100% of Mathematics teaching staff has ISCEDSA qualifications in
NP Communities compared to 72.56% in TP Communities. Differences in classrooms’
technical equipment are smaller: 70.30% of students in TP Communities have a
computer in the classroom compared to 65.95% for NP.

Teaching staff who deliver the contents of Financial Education in TP Communities
tends to belong to school’s own faculty. Around 12% of teachers come from the
private or public institutions or from NGOs. The percentage of teachers that have
received specific training to deliver Financial Education during the last year is quite
reduced (30% for TP and NP), and the same happens for the average number of
training hours (38 hours/year in TP, 30 hours/year in NP).
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Table 3. Descriptive Statistics

Autonomous Total Participation
Communities by Autonomous
Not Participating Communities
Student Characteristics
School Boys 50.19 52.97
School Girls 49.81 47.03
Repeated grade level
Has not repeated grade level 54.56 66.23
Has repeated a grade level 44.07 32.80
Has repeated two grade levels 1.37 0.97
Lives with only one parent 10.87 10.36
Lives with both parents 82.51 82.15
Immigrant 21.17 12.08
Foreign father 23.23 13.73
Foreign mother 26.39 15.66
Speak another language at home 21.42 19.30
Age upon arrival to Spain 14.49 8.07
Father’s education
Has not completed ISCED1 2.55 4.13
ISCED1 14.65 12.08
ISCED2 21.61 24.27
ISCED3 437 0.81
ISCED4 18.38 23.05
ISCEDS 15.05 11.02
ISCED6 16.68 18.97
Mother’s Education
Has not completed ISCED1 3.00 3.27
ISCEDI1 14.82 13.83
ISCED2 26.57 19.97
ISCED3 3.24 1.81
ISCED4 23.24 24.40
ISCED5 9.81 11.81
ISCED6 16.33 21.71
Relationship between parental economic activity
Father, employed 83.33 76.84
Father, unemployed 9.90 9.42
Father, other circumstance 3.67 7.11
Mother, employed 62.83 60.33
Mother, unemployed 8.37 10.94
Mother, other circumstance 25.28 25.50
During the past two weeks
Missed a day of school 52.49 40.79
Late to school 38.93 3331
Uses ICT to complete homework
Never 36.76 36.24
1-2 times/month 30.41 20.52
1-2 times/week 17.79 22.38
Almost every day 5.52 8.92
Everyday 2.98 3.84
Availability of computer/tablet 90.00 92.40
More than 100 books at home 35.30 41.99
Talk to parents about financial issues 26.80 20.75
Student works or helps with family business 18.76 19.00
School Characteristics
Educational policy for school
Quality control for Mathematics 37.89 45.52
Use of computers 35.12 37.10
Same textbook for all students 81.55 62.24
Specification of monthly content 93.53 91.10
Class Size 25.20 26.66
Availability of computer/tablet 65.95 70.30
Proportion of schoolgirls in class 42.84 48.21
Teachers with ISCEDSA qualifications 100.00 72.56
Location of school
City (over 1,000,000 pop.) 12.54 12.92
City (100,000-1,000,000 pop.) 21.20 30.26
City (15,000-100,000 pop.) 44.99 31.90
Town (3,000-15,000 pop.) 21.27 21.26
Rural areas (less than 3,000 pop.) 0.00 3.67
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Financial Education
Auvailability of Financial Education
Not available 80.17 63.58
Available less than 2 years ago 8.28 9.47
Available 2 or more years ago 11.55 25.83
Compulsory subject 0.00 17.17
Teaching Financial Education
(Multiple answers possible)
Independent subject 12.13 16.87
Cross-curricular subject 22.02 26.70
Within Economics subject 18.22 36.98
Within Mathematics subject 41.55 49.75
Within other subjects (Humanities or Social
Sciences) 42.87 52.09
Extra-curricular activity 3.10 2.07
Within personal tutor classes 15.44 8.62
Who delivers Financial Education
School teaching staff 68.98 78.68
Professionals in the public and private sectors
or NGO 12.98 12.43
Teaching staff have participated in professional
development activities (Finance area) 30.46 32.10
Average number of hours 30.81 38.02
N 167 532

Tables 4 to 7 show the cross tabulation of the scores in Mathematics and Financial
Education in Communities with total participation in School Program 2.0 and non-
participating Communities, and for repeating and non-repeating students. Scores in
Mathematics and Financial Education have been tabulated according to the levels
proposed by the OECD (2014).

For non-repeating students, we appreciate that the percentage of students with Levels
4 or 5 in both subjects is lower in TP Communities (26.54%) compared to 31.95% in
NP. We also find a similar concentration of students with low scores in both
Communities, since the percentage of students who have Level 1 or 2 in Financial
Education, and at the same time, lower than 1, Level 1 or Level 2 in Mathematics is
9.23% for TP Communities compared to 10.30% for NP.

Finally, there are some atypical cases in TP Communities: high performance in
Financial Education but, very low in Mathematics (0.56% of Students with Level 3 in
Financial Education, but only Level 1 in Mathematics; 0.56% of students with Level 4
in Financial Education and only Level 2 in Mathematics), or vice versa, a high
performance in Mathematics, but very low in Financial Education (0.28% with Level 1
in Financial Education and Level 4 in Mathematics).
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Table 4. Ranking of Mathematics and Financial' Education Levels. Communities with Total

Participation in School Program 2.0. Non-repeating students (%)

Mathematics
Below Level 1 Level 2 Level 3 Level 4 Level 5
Level 1 Between Between Between Between Over 607 Total
Financial Less than 357.7 and 420.1 and 482.4 and 544.7 and
3577 420.1 482.4 544.7 607
Level 1
Less than 400.33 1.12 4.47 1.12 0.00 0.28 0.00 6.98
Level 2
Between 400.33 and 475.10 1.68 1.96 6.15 2.79 1.40 0.00 13.97
Level 3
Between 475.10 and 549.86
0.56 2.51 12.29 13.69 447 0.00 33.52
Level 4
Between 549.86 and 624.63 0.00 0.56 391 10.61 9.50 0.84 25.42
Level 5
Over 624.63 0.00 0.00 0.00 3.91 7.82 8.38 20.11
Total 3.35 9.50 23.46 31.01 23.46 9.22 100.00

Table 5. Ranking of Mathematics and Financial Education Levels. Non-participating Communities
in School Program 2.0. Non-repeating students (%)

Mathematics
Below Level 1 Level 2 Level 3 Level 4 Level 5
Level 1 Between Between Between Between Over 607 Total
Financial Less than 357.7 and 420.1 and 482.4 and 544.7 and
357.7 420.1 482.4 544.7 607
Level 1
Less than 400.33 3.09 1.03 2.06 1.03 0.00 0.00 7.22

Level 2

Between 400.33 and 475.10 1.03 5.15 9.28 2.06 1.03 0.00 18.56
Level 3

Between 475.10 and 549.86 0.00 2.06 8.25 12.37 4.12 1.03 27.84
Level 4

Between 549.86 and 624.63 0.00 0.00 3.09 8.25 16.49 1.03 28.87
Level 5

Over 624.63 0.00 0.00 0.00 3.09 10.31 4.12 17.53

Total 4.12 8.25 22.68 26.80 31.96 6.19 100.00

A combined tabulation was conducted for students repeating 1 or 2 academic years in
Tables 6 and 7. The percentage of students found within Levels 3, 4 or 5 in
Mathematics and Levels 4 or 5 in Financial Education is similar for both communities:
14.37% in TP and 14.49% in NP.

There is a higher concentration of students with poor results in both subjects for TP
Communities: 68.40% of TP Communities compared to 50.87% of NP Communities
are found within Levels 1 or 2 of Financial Education and lower than Level 1, Level 1
or Level 2 in Mathematics.

! The classification conducted by OECD (2014) defines "Level 5" as scores ranging between 606.9
and 669.3 and "Level 6" for scores above 669.3, but given the small number of observations
reaching Level 6, they have been included within Level 5.
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Table 6. Ranking of Mathematics and Financial Education Levels. Communities with Total
Participation in School Program 2.0. Repeating Students (%)

Mathematics
Below Level 1 Level 2 Level 3 Level 4 Level 5
Level 1 Between Between Between Between Over 607 Total
Financial Less than 357.7 and 420.1 and 482.4 and 544.7 and
357.7 420.1 482.4 544.7 607
Level 1
Less than 400.33 17.82 14.37 8.05 0.00 0.00 0.00 40.23
Level 2
Between 400.33 and 475.10 345 10.34 14.37 2.30 0.00 0.00 30.46
Level 3
Between 475.10 and 549.86 0.00 3.45 8.05 8.05 1.15 0.00 20.69
Level 4
Between 549.86 and 624.63 0.00 0.00 2.30 4.60 0.00 0.00 6.90
Level 5
Over 624.63 0.00 0.00 1.15 0.00 0.00 0.57 1.72
Total 21.26 28.16 3391 14.94 1.15 0.57 100.00

Table 7. Ranking of Mathematics and Financial Education Levels. Non-participating Communities
in School Program 2.0. Repeating students (%)

Mathematics
Below Level 1 Level 2 Level 3 Level 4 Level 5
Financial Level 1 Between Between Between Between Over 607 Total
Less than 357.7 and 420.1 and 482.4 and 544.7 and
357.7 420.1 482.4 544.7 607
Level 1
Less than 369.9 21.74 11.59 2.90 0.00 0.00 0.00 36.23
Level 2
Between 369.9 and 457.5 1.45 14.49 8.70 7.25 0.00 0.00 31.88
Level 3
Between 457.7 and 518.6 0.00 1.45 11.59 11.59 1.45 0.00 26.09
Level 4
Between 518.6 and 579.4 0.00 0.00 435 0.00 1.45 0.00 5.80
Level 5
Over 579.4 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 23.19 27.54 27.54 18.84 2.90 0.00 100.00

Results and Discussion

The results obtained from the analysis (with and without mixed effects) are shown in
Table 8 for TP Communities and in Table 9 for NP Communities. In all models (with
and without mixed effects), the correlation coefficient is significant and positive.
Regarding the validation of the model with mixed effects, it is observed that the
likelihood function is higher compared to the value of the function in the standard
bivariate probit model. Furthermore, when calculating the impact of Financial
Education on Mathematics as a function with mean (1) and standard deviation (G),
both parameters are significantly different from zero for TP Communities and NP
Communities. This result confirms the existence of substantial heterogeneity in the
effect of Financial Education on the results of Mathematics among the students.

In both types of Communities, it is observed that non-repeating students (boys) and
those who have a computer at home tend to obtain higher scores in Mathematics.
However, having a computer/tablet for personal use in the classroom has a negative
effect on Mathematics scores. In relation to this intriguing evidence, the analysis of the
implementation of ICT in schools and high schools has sparked debate during the last
decade. Some studies have appreciated a substantial improvement of students’
achievement as a result of the introduction of ICT (Barro ef al, (2009) in United
States and Carrillo et al. (2010) in Canada). However, other analyses have found an
insignificant or even negative relationship between both variables. Golsbee and
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Guryan (2002) concluded that a program implemented in United States aimed at
increasing the computer-to-student ratio, had not had any significant effect over
students’ achievement. For Israel, Angrist and Lavy (2002) observed a negative effect
of ICT over Mathematics scores for 4th grade students. Similarly, Leuven et al. (2004)
concluded that the increase of computer-to-student ratio in Dutch schools had led to
worse Language and Mathematics results.

When comparing mixed effect models, it is observed that the increase in Mathematics
scores for non-repeating students and the reduction for immigrant students are
considerably higher in NP Communities. Although female students and immigrants
show poorer performance in Mathematics and Financial Education, the difference with
respect to male students or non-immigrant students is lower in the area of Financial
Education (as others authors have also noted, Martin et al., 2007).

For the model with mixed effects in TP Communities, schools that have a policy
concerning the use of computers in the classroom and quality assessment in
Mathematics tend to score higher in this subject.

In relation to Financial Education score, the positive effect for male students is lower
than the Mathematics one, while the negative effect experienced by immigrant
students is lower for Mathematics. With regards to the placement of Financial
Education in the teaching project, a positive effect is observed when there is an
obligation to teach this subject and when it has been delivered for more than two years
at the school. This last result may be related to the existence of learning outcomes
within the teaching plans, since with an increased number of years of “running”,
teachers know better how to teach students.

Talking with parents about issues related to Financial Education or having a job are
significant and positive variables, with the first one having great influence on the score
of Financial Education. These results confirm the evidence obtained by previous
literature.

The fact that teaching faculty corresponds to school teachers instead of professionals
from public and private institutions or NGOs is not significant for TP Communities,
but it has a positive influence for NP Communities. The percentage of teachers who
have received specific training in Financial Education during the past year is not
significant for TP Communities, however, it is for NP Communities.
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Table 8. Estimation of Bivariate Ordered Probit Model for Mathematics and Financial Education
Scores. Communities with Total Participation

Without Mixed Effects With Mixed Effects
Mathematics Coef Std.D Coef Std.D
Financial Education Score 1.215 0.069 HxE
Student (boy) 0.457 0.103 HHE 0.433 0.193 HEE
Immigrant -0.149 0.077 *K -0.339 0.090 K
Non-repeating 0.175 0.041 ** 0.334 0.045 HoHk
Use of Computers Policy 0.224 0.100 *E 0.180 0.032 HAk
Mathematics Quality Policy 0.011 0.163 0.050 0.028 *
Average Class Size 0.005 0.007 -0.006 0.008
Ratio of Schoolgirls -0.928 0.360 wx -0.599 0.413
Ratio of ISCED5A Teachers 0.142 0.110 0.181 0.143 *x
Computer/tablet at home 0.349 0.117 HxE 0.431 0.218 **
Computer/tablet at school -0.136 0.010 oAk -0.146 0.035 HAk
ICT for homework ok
1-2 times/week 0.230 0.113 ** 0.141 0.148
Almost every day -0.068 0.011 ok -0.245 0.105 *E
Everyday -0.440 0.241 *x -0.695 0.288 ol
Financial Education
Non-repeating 1.198 0.121 ok 1.250 0.236 HAE
Student (boy) 0.363 0.091 HxE 0.315 0.102 HxE
Immigrant -0.305 0.162 * -0.238 0.108 *
Student talks to parents 0.092 0.011 HAE 0.172 0.011 HAE
Student works 0.041 0.071 ** 0.102 0.026 HxE
Computer/tablet at home 0.454 0.205 HAk 0.239 0.146 HAE
Subject, less than 2 years ago 0.304 0.154 *x 0.572 0.192 *x
Subject, more that 2 years ago 0.407 0.202 Hk 0.635 0.188 Hk
Compulsory subject 0.276 0.155 * 0.664 0.207 *
Explanation
Cross-curricular subject -0.342 0.126 Hokk -0.403 0.177 Hkk
Within Economics Subject -0.331 0.013 ** -0.420 0.137 **
Within Mathematics Subject 0.270 0.065 HxE 0.221 0.103 HxE
Within Science or Humanities Subjects -0.128 0.050 *K -0.093 0.177 K
Teacher Training Courses 0.042 0.139 0.086 0.135
Teacher: Teacher from School 0.175 0.147 0.260 0.156
Average Class Size -0.016 0.006 *x -0.023 0.175 K
Ratio of Schoolgirls -0.066 0.281 -0.017 0.007
Interaction: Computer/tablet at school and
Financial Education within Mathematics -0.485 0.056 ok -0.602 0.289 HoxE
Interaction: ICT for homework and Financial
Education within Mathematics
1-2 times/week 0.207 0.062 wox 0.326 0.173 ok
Almost every day -0.192 0.082 ** -0.047 0.200 **
Everyday -0.804 0.323 ok -0.147 0.278 **
Constant -0.736 0.245 HEE -0.935 0.445 HEE
Wmixed effect) 1.222 0.254 Hokk
o(mixed effect) 0.653 0.287 ok
p 0.627 0.149 ok 0.351 0.178 HEE
Log likelihood -1,174.959 -1,147.912
N 532 532

All cut-off points are significant at 5%. In both equations, the size of the municipality and the
highest educational level of the father/mother have been included as an explanatory variable.
Omitted variables: schoolgirls, repeating students, national, use computer for homework 1-2
times/month or less frequently, non-compulsory Financial Education, Financial Education subject
not available. (***: Significant at 1%; **: significant at 5%; *: significant at 10%).
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Table 9. Estimation of Bivariate Ordered Probit Model for Mathematics and Financial Education
Scores. Non-participating Communities

Without Mixed Effects With Mixed Effects
Mathematics Coef Std.D Coef Std.D
Financial Education Score 1.291 0.142 kK
Student (boy) 0.688 0.199 HEE 0.624 0.201 ok
Immigrant -0.616 0.278 *E -1.844 0.419 HAk
Non-repeating 0.826 0.338 *x 2.051 0.548 Hrk
Use of Computers Policy 0.332 0.203 0.490 0.858
Mathematics Quality Policy 0.547 0.371 1.670 2.336
Average Class Size -0.040 0.025 -0.142 0.199
Ratio of Schoolgirls at class -1.257 0.568 1.060 2.313
Ratio of ISCED5A Teachers
Computer/tablet at home 0.592 0.256 ** 0.845 0.316 *x
Computer/tablet at school -0.064 0.021 HkE -0.226 0.112 *E
ICT for homework
1-2 times/week 0.029 0.009 HEE 0.021 0.006 Hokk
Almost every day -0.049 0.024 *x -0.216 1.482 ok
Everyday -0.102 0.050 *x -0.614 0.201 HAE
Financial Education
Non-repeating 1.180 0.210 HokE 1.240 0.189 ok
Student (boy) 0.350 0.128 *k 0.310 0.098 *kE
Immigrant -0.503 0.272 * -0.391 0.115 *
Student talks to parents 0.228 0.100 wE 0.344 0.165 *ok
Student works 0.257 0.130 *k 0.195 0.068 *kK
Computer/tablet at home 0.631 0.349 ok 0.241 0.108 woE
Subject, less than 2 years ago 0.121 0.016 oAk 0.798 0.378 *E
Subject, more than 2 years ago 0.728 0.321 *ok 0.941 0.450 *k
Compulsory subject - - - -
Explanation
Cross-curricular subject -0.607 0.134 Hokk -0.214 0.064 oAk
Within Economics Subject -0.670 0.216 HEK -0.771 0.349 HxK
Within Mathematics Subject 0.105 0.038 HEE 0.297 0.084 HEE
Within Science or Humanities Subjects -0.249 0.036 ok -0.242 0.015 HAE
Teacher Training Courses 0.786 0.279 HAK 0.952 0.445 HAE
Teacher: Teacher from School 0.789 0.382 Hk 0.808 0.323 ok
Average Class Size 0.038 0.026 0.863 0.515
Ratio of Schoolgirls at class 0.573 0.874 0.039 0.030
Interaction: Computer/tablet at school and
Financial Education within Mathematics -0.434 0.132 ok -0.830 0.211 HAE
Interaction: ICT for homework and Financial
Education within Mathematics
1-2 times/week 0.184 0.067 HAE 0.180 0.063 R
Almost every day -0.263 0.025 *xx -0.350 0.075 *EE
Everyday -0.337 0.067 ** -0.413 0.065 ok
Constant 0.468 0.421 -0.998 0.572 ok
y(mixed effect) 1.410 0.308 ok
o(mixed effect) 0.257 0.081 ok
p 0.751 0.178 HxE 0.271 0.101 HEE
Log likelihood -360.159 -347.454
N 166 166

Same footnote than previous table.

When comparing the effect of Financial Education on Mathematics between the two
types of Communities and models, we observe that Financial Education always has a
significant and positive effect on the subject of Mathematics. The advantage of
calculating a mixed effects model is that it is possible to differentiate the effect of
Financial Education on Mathematics within the same group.

Figure 1 shows the density functions corresponding to the effect of Financial Education
on Mathematics in TP and NP Communities. The mean effect of the Financial
Education variable on Mathematics is more intense in NP Communities than for TP
Communities (1.410 compared to 1.222) and it is also more concentrated. This implies
that in TP Communities there are students who receive greater benefit from learning
Financial Education in regards to Mathematics scores (30% of the distribution is above
2), but there are also students who are found in the opposite situation (10.62% are below
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zero), i.e., that obtain good results in Financial Education, but poor results in
Mathematics.

0 1 2 3
Effect of Financial Education over Mathematics

Autonomous Communities with total participation
————— Autonomous Communities with no participation

Figure 1. Density Functions of the Effect of Financial Education on Mathematics Scores
According to Participation in School Program 2.0 (repeating and non-repeating students are
included)

The sample size of the TP Communities allows the calculation of the bivariate probit
model with mixed effects distinguishing between repeating and non-repeating
students. We consider that this analysis is interesting given the relevant proportion of
repeating students. The results of the estimation are not shown due to their size, but
are available on request from the authors. Figure 2 shows the density functions for
repeating and non-repeating students in TP Communities.

0 1 2 3
Effect of Financial Education over Mathematics

No repeater students
————— Repeater students

Figure 2. Density Functions of the Effect of Financial Education on Mathematics Scores
According to Grade Repetition. Only Communities with Total Participation in School Program 2.0

The effect of Financial Education on Mathematics is, on average, 1.4491 for non-
repeating students compared to 0.8234 for repeating ones. Consequently, in TP
Communities, there is a multiplicative effect (which also might be described as a
positive externality) of Financial Education over Mathematics for non-repeating
students. However, for students who have repeated a school year, the transmission of
knowledge or skills from Financial Education to Mathematics occurs at a lower rate (the
sample size does not allow us to differentiate between students who have repeated one
or two school years).
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These results suggest that for some students the learning process operates like an
osmosis system, in a manner that knowledge/skills from Financial Education are
transferred to the field of Mathematics with a clearly positive effect. However, there
are other students that seem to operate within a separate system: they “do" well in
Financial Education but have less satisfactory results in Mathematics.

Predicted Probabilities for Financial Education

Table 10 shows the probability that Financial Education scores lies within Levels 1-5
depending on the teaching methodology, participation in the School Program 2.0 and
repeating and non-repeating students.

Placement of Financial Education in relation to other subjects

For non-repeating students, the probability that Financial Education score lies within
Levels 4 or 5 is higher when it is included within the subject of Mathematics (0.439
for TP and 0.566 for NP). In second place, when it is included within another subject
of Social Sciences or Humanities (0.408 for TP and 0.493 for NP). It must be noted
that if Financial Education is included within the subject of Mathematics, the
probability of obtaining a score within Levels 4 or 5 is increased by 36.33% (TP) and
52.97% (NP) compared to its placement within the subject of Economics.

For non-repeating students, the probability that the Financial Education score lies
within Level 1 is 0.519 (TP) and 0.426 (NP) if it is delivered within the subject of
Economics, compared to 0.394 (PF) and 0.314 (NP) if it is included within the subject
of Mathematics. Therefore, the probability of obtaining the lowest results is reduced
by 24.08% (TP) and 26.29% (NP) when it is taught within the subject of Mathematics.

Utilization of Computers in the Classroom for Mathematics Classes

The interaction between the use of a computer in the subject of Mathematics and the
placement of Financial Education within this subject reveals that the probability of
obtaining Financial Education score within Level 4 or 5 decreases when the student
has a computer/tablet for personal use (0.393 compared to 0.452 for TP and 0.398
compared to 0.518 for NP). In percentage terms, the use of computers in the subject of
Mathematics implies a lower score in Financial Education by 15.26% for TP and
30.15% for NP. The fact that the reduction (in percentage terms) is greater in NP
Communities may indicate different styles of teaching methodology applied to ICTs
between Communities that have participated or not in School Program 2.0.

For repeating students of TP Communities, there are no significant differences in the
distribution by Financial Education levels based on the use of computers in the
classroom. In contrast, for NP Communities, the probability that the score for
Financial Education lies in the lowest Levels (1 or 2) is 0.289 when using a computer
compared to 0.204 when not used, which represents a reduction of 29.41%. As already
mentioned, these differences according to Communities hint the existence of
differences in the use that is given to ICT as a learning tool.
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Utilization of a Computer to do Mathematics Homework

The relationship between the use of a computer for Mathematics homework and the
inclusion of Financial Education within this subject reveals different patterns of
behaviour in terms of the participation in School Program 2.0 and grade repetition.

For non-repeating students, the highest probability of obtaining a score within Level 4
or 5 for Financial Education corresponds to the use of a computer 1-2 times/week for
TP Communities compared to 1-2 times/month or less for NP Communities. For TP
Communities, the probability drops to a minimum (0.130) for the use of a computer
every day, increases to 0.374 when it is used almost every day, peaks (0.497) at 1-2
times/week and decreases again to 0.430 when rarely used. For NP Communities, the
probability of obtaining better results in Financial Education shows an inverse
relationship with respect to its the frequency of use: 0.222 for daily use, 0.451 for
almost everyday, 0.600 for 1-2 times/week and 0.677 for 1-2 times/month or less.

For repeating students, the greatest probability to achieve a score within Level 1 in
Financial Education corresponds to computer daily use in TP Communities or almost
everyday in NP. The lowest probability of obtaining a score within Level 1 is for using
a computer for homework 1-2 times/week (0.251 for TP and 0.242 for NP).
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Table 10. Predicted Probability for Financial Education Levels

Total participation

No participation

No rep. | Repeating No rep. | Repeating
Financial Education: Within Economics Subject
Financial Compt. Score: Level 1 0.117 0.519 0.110 0.426
Financial Compt. Score: Level 2 0.209 0.260 0.223 0.306
Financial Compt. Score: Level 3 0.351 0.173 0.297 0.186
Financial Compt. Score: Level 4 0.201 0.039 0.233 0.066
Financial Compt. Score: Level 5 0.121 0.009 0.137 0.015
Financial Education: Within Mathematics Subject
Financial Compt. Score: Level 1 0.068 0.394 0.040 0.314
Financial Compt. Score: Level 2 0.158 0.280 0.133 0.323
Financial Compt. Score: Level 3 0.334 0.236 0.261 0.238
Financial Compt. Score: Level 4 0.241 0.069 0.301 0.100
Financial Compt. Score: Level 5 0.198 0.021 0.265 0.026
Financial Education: Within Humanities or Social Sciences Subject
Financial Compt. Score: Level 1 0.080 0.421 0.056 0.361
Financial Compt. Score: Level 2 0.171 0.278 0.166 0.314
Financial Compt. Score: Level 3 0.341 0.221 0.285 0.217
Financial Compt. Score: Level 4 0.232 0.061 0.283 0.086
Financial Compt. Score: Level 5 0.176 0.018 0.210 0.021
Financial Education: Extra-Curricular Activity
Financial Compt. Score: Level 1 0.083 0.442 0.070 0.426
Financial Compt. Score: Level 2 0.177 0.282 0.190 0.317
Financial Compt. Score: Level 3 0.348 0.210 0.300 0.185
Financial Compt. Score: Level 4 0.229 0.053 0.271 0.061
Financial Compt. Score: Level 5 0.163 0.014 0.168 0.012

Availability of a computer/tablet in the classroom for the subject of M

subject of Mathematics

athematics and Financial Education within the

Financial Compt. Score: Level 1 0.083 0.413 0.084 0.392
Financial Compt. Score: Level 2 0.178 0.282 0.205 0.314
Financial Compt. Score: Level 3 0.346 0.226 0.313 0.203
Financial Compt. Score: Level 4 0.228 0.062 0.262 0.075
Financial Compt. Score: Level 5 0.165 0.018 0.136 0.016

Do not have a computer/tablet in the classroom for the subject of Mathematics and Financial Education is taught within
the subject of Mathematics

Financial Compt. Score: Level 1 0.064 0.405 0.049 0.279
Financial Compt. Score: Level 2 0.151 0.282 0.155 0.327
Financial Compt. Score: Level 3 0.332 0.230 0.278 0.255
Financial Compt. Score: Level 4 0.248 0.064 0.288 0.110
Financial Compt. Score: Level 5 0.205 0.018 0.230 0.029

Use of ICT for homework in Mathematics (1-2 times/week) and Financial Education within the subject of Mathematics
Financial Compt. Score: Level 1 0.046 0.251 0.032 0.242
Financial Compt. Score: Level 2 0.132 0.283 0.121 0.290
Financial Compt. Score: Level 3 0.325 0.310 0.247 0.265
Financial Compt. Score: Level 4 0.262 0.114 0.297 0.148
Financial Compt. Score: Level 5 0.235 0.042 0.303 0.054

Use of ICT for homework in Mathematics (almost every day) and Financial Education within the subject of Mathematics
Financial Compt. Score: Level 1 0.077 0.483 0.069 0.448
Financial Compt. Score: Level 2 0.186 0.280 0.186 0.280
Financial Compt. Score: Level 3 0.363 0.187 0.294 0.177
Financial Compt. Score: Level 4 0.228 0.040 0.274 0.074
Financial Compt. Score: Level 5 0.146 0.009 0.177 0.020

Use of ICT for homework in Mathematics (every day) and Financial Education within the subject of Mathematics
Financial Compt. Score: Level 1 0.260 0.714 0.201 0.366
Financial Compt. Score: Level 2 0.302 0.194 0.312 0.321
Financial Compt. Score: Level 3 0.308 0.080 0.265 0.215
Financial Compt. Score: Level 4 0.099 0.010 0.142 0.081
Financial Compt. Score: Level 5 0.031 0.001 0.080 0.017

Use of ICT for homework in Mathematics (1-2 times a month or less)

Mathematics

Financial Compt. Score: Level 1
Financial Compt. Score: Level 2
Financial Compt. Score: Level 3
Financial Compt. Score: Level 4
Financial Compt. Score: Level 5

0.070
0.161
0.339
0.241
0.189

0.402
0.286
0.231
0.063
0.018

and Financial Education within

0.011
0.076
0.236
0.346
0.331

the subject of

0.383
0.295
0.215
0.088
0.019
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Simulation of the Effects of an Increased Score in Financial Education

Tables 11 and 12 show the effects on Mathematics scores resulting from improved
scores by 5, 10, 15 and 20 points in Financial Education. For non-repeating students,
an increase in Financial Education scores by 5 points increases the probability that
Mathematics scores would lie in the highest level (level 5) by 5.74% for TP
Communities and 8.17% for NP Communities. If Financial Education scores increase
by 10 points, the probability that Mathematics scores lies within Level 5 is increased
by 11.82% and 15.22%, respectively.

For repeating students, the effects of an increase in Financial Education scores on
Mathematics are higher for NP Communities. For example, an increase by 10 points
raises the probability that Mathematics scores are found within Level 5 by 12.99%
compared to 19.76 in NP Communities.

The differences between repeating and non-repeating students are particularly evident
to encourage an increase by 20 points in Financial Education. The probability that
Mathematics score lies within Level 5 increases by 21% for non-repeating students
(for both types of Communities). However, for repeating students, the probability
increases by 28.65% for TP Communities and by 65.49% for NP Communities.

Table 11. Simulation of the Effect on Mathematics Score as a result of an increase in the
performance of Financial Education. Communities with Total Participation in School Program 2.0

No rep. Rep Variation from Base Case (%)
Base Case
Mathematics Score: Level 1 0.087 0.305 - -
Mathematics Score: Level 2 0.106 0.212 - -
Mathematics Score: Level 3 0.206 0.233 - -
Mathematics Score: Level 4 0.208 0.136 - -
Mathematics Score: Level 5 0.393 0.114 - -
Financial Education: +5
Mathematics Score: Level 1 0.081 0.295 -6.96 -3.43
Mathematics Score: Level 2 0.101 0.208 -4.52 -2.01
Mathematics Score: Level 3 0.198 0.234 -3.68 0.60
Mathematics Score: Level 4 0.204 0.142 -1.95 4.38
Mathematics Score: Level 5 0.415 0.122 5.74 6.48
Financial Education: +10
Mathematics Score: Level 1 0.075 0.277 -14.62 -9.19
Mathematics Score: Level 2 0.092 0.204 -13.05 -3.81
Mathematics Score: Level 3 0.188 0.239 -9.00 2.64
Mathematics Score: Level 4 0.207 0.151 -0.60 11.17
Mathematics Score: Level 5 0.439 0.129 11.82 12.99
Financial Education: +15
Mathematics Score: Level 1 0.070 0.258 -20.07 -15.45
Mathematics Score: Level 2 0.085 0.203 -20.07 -4.29
Mathematics Score: Level 3 0.179 0.249 -13.27 6.66
Mathematics Score: Level 4 0.208 0.158 -0.07 16.41
Mathematics Score: Level 5 0.459 0.133 16.89 16.19
Financial Education: +20
Mathematics Score: Level 1 0.065 0.247 -25.80 -19.06
Mathematics Score: Level 2 0.080 0.195 -24.30 -8.03
Mathematics Score: Level 3 0.173 0.247 -15.90 6.03
Mathematics Score: Level 4 0.207 0.164 -0.54 20.95
Mathematics Score: Level 5 0.475 0.147 20.94 28.65
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Table 12. Simulation of the Effect on Mathematics Score as a result of an increase in the
performance of Financial Education. Communities Not Participating in School Program 2.0

Non-repeating Rep Change from base case (%)
Base Case
Mathematics Score: Level 1 0.070 0.247 - -
Mathematics Score: Level 2 0.110 0.239 - -
Mathematics Score: Level 3 0.192 0.271 - -
Mathematics Score: Level 4 0.220 0.161 - -
Mathematics Score: Level 5 0.407 0.083 - -
Financial Education: +5
Mathematics Score: Level 1 0.067 0.244 -4.54 -1.29
Mathematics Score: Level 2 0.102 0.229 -7.25 -4.00
Mathematics Score: Level 3 0.176 0.262 -8.26 -3.24
Mathematics Score: Level 4 0214 0.170 -2.82 5.70
Mathematics Score: Level 5 0.441 0.095 8.17 14.90
Financial Education: +10
Mathematics Score: Level 1 0.058 0.239 -16.82 -3.10
Mathematics Score: Level 2 0.091 0.221 -17.14 -7.53
Mathematics Score: Level 3 0.172 0.262 -10.53 -3.27
Mathematics Score: Level 4 0.210 0.179 -4.65 11.26
Mathematics Score: Level 5 0.469 0.099 15.02 19.76
Financial Education: +15
Mathematics Score: Level 1 0.057 0.222 -18.55 -10.15
Mathematics Score: Level 2 0.089 0.206 -19.66 -13.68
Mathematics Score: Level 3 0.170 0.264 -11.42 -2.58
Mathematics Score: Level 4 0.208 0.191 -5.47 18.62
Mathematics Score: Level 5 0.476 0.117 16.86 42.00
Financial Education: +20
Mathematics Score: Level 1 0.053 0.201 -24.53 -18.51
Mathematics Score: Level 2 0.085 0.193 -23.02 -19.20
Mathematics Score: Level 3 0.165 0.264 -14.41 -2.55
Mathematics Score: Level 4 0.202 0.205 -8.04 27.53
Mathematics Score: Level 5 0.495 0.137 21.60 65.49
Conclusions

This work has confirmed the importance that young people understand Financial
Education concepts, not only because it involves a significant improvement for scores
in this area, but also because it holds, to a great extent, a beneficial effect on the skills
acquired within the subject of Mathematics. It has been shown that a greater benefit is
obtained when the contents of Financial Education are taught in conjunction with the
contents of the subject of Mathematics. Moreover, the inclusion of financial contents
in Mathematics subject could help to alleviate the gender gap (school-boys vs. school-
girls) and the nationality gap (native vs. immigrant students) observed in Mathematics
performance. From the point of view of Higher Education, the main recommendation
of this paper is that faculties preparing teachers for primary and secondary schools
should include the standards of financial literacy and the relationship with
mathematical concepts in their academic programs.

Regarding the influence of ICT on the skills for both subjects, the benefit of having a
computer for personal use by students is observed, both for school and home use. This
positive effect is associated with a moderate use of computers (1-2 times/week), but is
not observed for the case of daily use. However, we must interpret the results with
certain caution, as not much time has passed since the implementation of these new
teaching methodologies, so we should expect to see a "learning effect" over time. In
this case, future waves of PISA could be used to test this hypothesis.

Three relevant aspects are highlighted as areas for short-term improvements. First, the
importance of school policy regarding the use of computers in the classroom, given
that as PISA (2012) data reveal that less than half of schools have one. Second, the
encouragement of teacher training, as only a small percentage of teachers have

25



Advances in Higher Education

received specific instruction for teaching Financial Education. Thirdly, it has been
verified that 100% of students in Communities that have not participated in School
Program 2.0 have experienced a positive effect of Financial Education over
Mathematics; meanwhile Communities with total participation had approximately
10% of students with mixed results in both areas.

Given that the analysis included variables related to the student, his/her family, the use
of ICT as a teaching methodology, and the inclusion of Financial Education contents
within subjects, we must consider which other variables (motivational, linguistic,
procedural) are hindering student learning, since these deficiencies in their education
could imply a major detriment to his/her subsequent development as an adult.
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Independent Learners?

F.Rashid-Doubell, T.P. Doubell, R.O’Sullivan, K.Elmusharaf
Royal College Surgeons in Ireland-Medical University of Bahrain

Abstract: Several factors influence the quality of higher education, inputs such as quality of
students and teachers, the curriculum and the pedagogy. The purpose of our research was to
examine whether there were any differences in learner autonomy as measured by self-directed
learning readiness (SDLR) between secondary school students who entered medicine with a local
Bahraini school certificate and those students who entered with an international school certificate.
Using a modified questionnaire we identified how elements such as self-management, desire for
learning, self-control and total SDLR scores varied in relation to the student’s previous exit award:
‘A’ levels (or equivalent) or Bahrain Secondary School (BSS) certificate. BSS certificate students
had a significantly lower mean standardised desire for learning score (63.5) compared to those
entering with ‘A’ levels or equivalent (73.6; p=0.003). BSS certificate students also had a
significantly lower mean total self-directed learning readiness score (192.3) compared to those
students with the ‘A’ levels and equivalent (214.5; p=0.015). When we controlled for all the other
factors, secondary school award certificate was the only independent predictor of self-control
(standardised beta 0.4; p=0.02) and SDLR (standardised beta 0.36; p=0.043). Social shifts and
changing economic workforce requirements both regionally and globally are driving an increased
interest in higher education in the Middle East. Students who exit with a local secondary school
certificate are finding it difficult to prepare themselves for independent learning in medical school.
This poses a challenge for higher education institutions bringing a more learner autonomous type
of curriculum to the Middle East.

Keywords: Self-directed learning; tertiary education; secondary school; medical student; culture;
Middle East

Introduction

Higher education in the Middle East

The Middle East is a loose term, not always used to describe the same territory. It
usually includes the Arab countries from Egypt east to the Persian Gulf, plus Israel
and Iran. Middle East for the purposes of our study contains a number of Arab
countries including Bahrain each with their own economic, political and social
systems. Throughout history and societies of the Arab countries, higher learning has
been deeply rooted and its people have placed a high value on education at all levels.
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An essential goal of most Middle Eastern families being to achieve the best possible
education for their children.

Public or state universities were established in the 1960s after the Gulf Cooperation
Council countries had secured their own independence. These institutions were prone
to producing poor results and suffered a lack of resources and training opportunities
for staff (Wilkens & Masri, 2011). This lack of innovation in teaching and learning
provided the impetus during the 1990s to shift favour from public institutions to
private universities, but these latter institutions progress in improving performance of
students was also negligible (Romani, 2009).

In 2003, the United Nations Development Programme published its second report on
Arab Human Development, criticising the poor state of higher education throughout
the region and urged Arab states to invest heavily in this sector (Fergany, El Hamed,
& Hunaidi, 2002). A second report almost ten years later in 2011, describing higher
education reform in the Arab world by the U.S. — Islamic World Forum reported that
more than 80% of all universities in Bahrain, Lebanon, Palestine, Qatar and UAE were
from the private sector (Klugman, 2011). Nonetheless, public sector institutions
continue to serve the majority of the population throughout the region, but with
overcrowding and shortage of resources it makes it more difficult to place the
emphasis on the key ingredients of quality teaching, pedagogy, faculty and curriculum.

Social shifts and changing economic workforce requirements both regionally and
globally are driving an increased interest in higher education in the Middle East. There
are currently 1,239 Universities listed with over 50 of them being branch campuses.
Bringing a more Western type of higher education to this region is the main aim of
many international institutions with plans for global expansion. A good example of
this are the countries of United Arab Emirates and Qatar who have established forty
foreign branch campuses of Western universities over the last 10 years. But there are
obviously challenges to bringing Western way of teaching and learning into the Arab
Gulf region.

Secondary to tertiary learning in Middle East

Several factors influence the quality of higher education, inputs such as quality of
student, teachers, curriculum and pedagogy. The academic preparedness of the
graduates of secondary school represents an important factor for higher education
success. The continuing emphasis at the secondary level of rote memorisation rather
than focussing on techniques such as critical thinking has contributed to a pool of
applicants that are underprepared for higher level tertiary learning (Wilkens & Masri,
2011). Students lack the requisite abilities of being analytical and autonomous
learners, skills needed to study effectively at the tertiary level, this being an issue in
many countries in the Middle East. Higher education does not take place in vacuum.
Linkages between secondary and tertiary institutions are of paramount importance to
improve the quality of the university entrant.

Self-directed learning

Promoting life-long learning amongst health professionals has been the main aim of a
radical shake-up of medical education (Jackson & Calman, 2006). Students have to
move from the memorisation of facts to problem-solving and self-directed study, these
two skills have found to be necessary for the practice of medicine (Barrows, 1983).
Modern medical curricula have also been transformed in moving from a passive,
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didactic teacher-dominated approach to a more student-centred, active, self-directed
learning one (Shin, Haynes, & Johnston, 1993). The focus has been to develop future
doctors who are less responding to instruction and taking more responsibility of their
own learning. The importance of self-directed learning cannot be overstated; some
authors have gone as far as suggesting that neglecting the development of self-directed
learning is considered a serious disadvantage for the student learner (Kek & Huijser,
2009). Part of their life-long learning process involves the need for students to adopt
self-directed learning readiness often described as the process of deciding what to
learn, and to what depth and breadth (Candy, 1991). Others have defined the concept
of learning readiness as the degree to which the individual possesses the attitudes,
abilities and traits necessary for self-directed learning (Wiley, 1983). The study of
self-direction has been explored primarily from two perspectives: either by the process
(Brockett & Hiemstra, 1991) exemplified by the Personal Responsibility Orientation
Model (Brockett & Hiemstra, 1991) or from personal attributes as described in
Garrison’s Three-Dimensional Model, (Garrison, 1997). Personal attributes such as
desire for learning, self-control and self-management. Several models have been put
forward to understand self-directed learning and focus on either process or attributes
(Song & Hill, 2007).

The impact of culture on higher education

The globalisation of medical education has been rapid and intensive with very few
medical schools escaping the effect (Jippes & Majoor, 2011). This ability of self-
directed learning readiness may become one of the most important traits learners must
have to survive, succeed and improve on their own (Guglielmino & Roberts, 1992).
When it comes to self-directed learning readiness, one thing that is widely agreed upon
is the need for more research to explore how culture impacts on self-directed learning
readiness in students outside of North America and Europe in this world of globalised
medical education (Gukas, 2007).

Frambach and colleagues explored the effect of culture on self-directed learning by
examining three medical schools situated in Europe, the Middle East and East Asia.
They concluded that uncertainty, tradition and hierarchy impacted on self-directed
learning, thus impeding the uptake of the new learning approach by non-Western
students but over time these two groups adapted to their learning environments
(Frambach et al., 2012). Only a handful of studies have gone on to explore the cultural
impact on the preparedness of students for self-directed learning, Ahmad and Majid’s
appraisal was one such study. They examined the influence of Malay culture on self-
directed learning among adult learners. Their study showed that culture can strongly
influence the development of self-directed learning readiness (Ahmad & Majid, 2010).
A second study done with South Korean and American college students examined the
relationship between self-directed learning readiness and cultural values between the
two groups of students. Their findings coincided with those of Braman (Braman,
1998) showing that self-directed learning readiness had a strong relationship with
individualism (Lee & Lindner, 2005). Most cultural studies describe the notion of
moving students from being spoon-fed to becoming a more autonomous andragogical
learner, someone who takes responsibility for meeting their own learning needs
(Fisher, King & Tague, 2001).

Defining culture is difficult with many explanations being put forward. Triandis
attempted to define culture as, “functions to improve the adaptation of members of the
same culture to a particular ecology, and includes the knowledge that people need to
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have in order to function effectively in their social environment (Triandis, 2000).
Others have used societal terms to define culture such as ‘the glue that hold its
members together through a common language, food, religion, beliefs, aspirations and
challenges” (Abdullah, 1996). Whatever the definitive explanation, we can categorise
cultural identity broadly as either collectivist or individualist. In a collectivist society
members do not speak up, or even express a contradictory point (Beamer & Varner,
2008). In an individualistic culture, individuals organise themselves into loosely
affiliated societies, primarily taking care of themselves and their immediate family
(Hofstede, 2001). An important difference between collectivist and individualist
cultures is the relative importance each places on the goals of the individual compared
to the goals of the group (Braman, 1998). Children from collectivist cultures such as
those living in the Middle East are situated in an environment which revolves around
obedience, reliability, duty, cleanliness and order (Triandis, 2004). Taking charge of
their own learning poses a major challenge to the majority of students entering tertiary
education in the Arabian Gulf region (Al-Saadi, 2011a). Grow, 1991 explains that
educational practices in public school and universities in the region, do more to
perpetuate dependency than to create self-direction (Grow, 1991). This practice is
further emphasised by a recent report describing the “spoon-feeding learning model”
practiced by students and teachers in Oman (Al-Saadi, 2011b). Al-Saadi argues that
learning becomes more effective when learners are in control of their learning and
aware of the learning process and of themselves as learners.

The major goal of any tertiary institution should be to provide students with the
necessary competencies to become lifelong learners, to bridge the gap between
secondary and tertiary education. This is the emphasis of work done by Patterson and
his colleagues in Canada with nursing students (Patterson, Crooks, & Lunyk-Child,
2002). They proposed six competencies required for students to become self-directed
learners.

Research question and objectives

The objective of this study was to identify any differences in self-directed readiness
between students who entered our medicine programme with a local Bahraini school
certificate and those students who entered with an international school certificate. This
study forms part of a larger study which introduced an intervention to enhance self-
directed learning readiness (SDLR) in students regardless of their educational
backgrounds.

Methods

Setting

Our study was conducted on the branch campus of the Royal College of Surgeons in
Ireland (RCSI-Bahrain) situated in Bahrain; an international university which delivers
an Irish five-year undergraduate medical curriculum to students from all over the
world with local Bahraini students making 40% of the overall cohort. The students
varied in their ethnic background and their approaches to learning, amongst other
things.

In the first year the cohort was composed of three distinct categories of students. The
first category consisted of those who have directly entered the programme by either
having appropriate ‘A’ level qualifications or equivalent (International Baccalaureate
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or High School Diploma). The second category was composed of students entering
through the Foundation Year (Foundation Year is our premedicine programme, which
students have to successfully pass before they can move into the five-year programme)
with a Bahrain Secondary School (BSS) certificate. The third category consisted of
those students who already had a university degree.

Study design

In a cross-sectional study, we explored self-directed readiness amongst our first year
medical students before they had undertaken any scheduled classes at the institution.
Ethical permission was sought and obtained from the RCSI-Bahrain Research Ethics
Committee. In the first week, of the first semester, students were given a brief
overview of the study and invited to participate and if they agreed, written consent was
obtained. Paper copies of the self-evaluation tool were then distributed to student who
had consented, and they were asked to complete the questionnaire.

Participants

All 150 students’ first year medical students in semester one were invited to
participate in the study. From the first year cohort 65 students responded and
completed the questionnaire (response rate 43%). The inclusion criterion was set to
include those students with a BSSC or ‘A’ levels or equivalent who directly entered
the programme or who came through the Foundation Year (50 students were
included). Students who were excluded from the study were those entering the
programme who possessed a Higher Education exit award or repeating students (15
students were excluded).

Tool

The learning readiness of undergraduate medical students was determined using a
scale originally devised by Fisher and his colleagues (Fisher et al., 2001) and later
used to assess learning readiness amongst physiology students (Abraham et al., 2011).
The SDLR questionnaire is a self-evaluation tool determining the SDLR of an
individual student. Our questionnaire was a modification of one previously used by
Fisher with nursing students (Fisher et al., 2001). The questionnaire was divided into
three subcategories namely: self-management (9 items); desire for learning (13 items);
self-control (11 items), giving a total of 33 items. Students were requested to respond
to each item on a Likert scale (where 5=always, 4=often, 3=sometimes, 2=seldom,
I=never). The scale gave us the opportunity to calculate their subcategory scores as
well as their total self-directed learning readiness score. All items were scored in a
forward manner and no reverse manner questions were posed.

The wvalidity of the modified questionnaire was determined by content validity
(exploring pertinent literature) and face validity (experts’ opinion on the modified
questionnaire). The reliability of the internal consistency was determined by calculating
Cronbach’s alpha for self-management (0.7), desire for learning (0.8) and self-control
(0.76) as well as the overall value for self-directed learning readiness (0.9).

Data management

We calculated the total for each subcategory (self-management, desire for learning and
self-control) by adding the scores of each item in that subcategory. The total scores
were then standardized out of 100 by dividing the total score by the maximum score
possible in that subcategory and multiplying by one hundred. For example, in the self-
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management scale there are 9 items with each item having a maximum score of 5 and
so actual student score was divided by 45 and multiplied by 100 to provide a
standardized subcategory score out of a 100. The three subcategory scores were then
added together to produce the standardized self-directed learning readiness total out of
three hundred.

Statistical analysis

The data obtained from the questionnaire were entered, cleaned and prepared for
analysis using IBM SPSS Statistics for Windows (IBM Corp., Armonk, NY, USA);
data were summarised and presented using appropriate statistics: mean (standard
deviation) and frequency (percentage) for numerical and categorical variables
respectively. Differences of SDLR and its three subcategories (self-management,
desire for learning and self-control) in relation to students’ characteristics were
compared using independent student’s t-test and 95% confidence intervals (95% CI)
for the means. All statistical tests were two-sided. A Type I error rate of p < 0.05 was
used for statistical significance. Furthermore, to address our primary research
question, a multivariate regression analysis was performed to see the net effects of
each of the students’ characteristics (independent variables) in explaining variation in
SDLR and its three subcategories.

Results and Discussion

Participants’ characteristics

The majority of the participants were female (66%). The predominant age group of
students was less than 20 years (56%). The students that left school with a Bahrain
Secondary School Certificate made up of 28% of the respondents. Those entering from
the RCSI-Bahrain Foundation Year course made up the largest proportion of students
entering the Junior Cycle (58%). The majority of the students were residents of the
Middle East (86%) and the remainders were residents in Asia. Table 1 summarises the
general characteristics of the participants.

Table 1. General characteristics of the participants

Main group Sub-group Frequency | Percent
Age groups <20 years 28 56
20 years or more 22 44
Gender Male 17 34
Female 33 66
Secondary school award | Bahrain Secondary School 14 28
Certificate
IB and A levels 36 72
Country of residence of | Middle Eastern 43 86
student Asian 7 14
Type of entry into Junior | Foundation Year 29 58
Cycle Direct Entry 21 42
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Descriptive statistics

Analysis of data revealed large differences between the maximum and minimum
values for each subcategory, self-management (35.5, 88.9), desire for learning (40,
90.77), self-control (43.6, 90.9) and the overall SDLR score (126.9, 260.8). However,
the mean scores (SD) for self-management was 68.6 (11.4), for desire for learning was
70.8 (11.2), for self-control was 68.9 (10.7), and for self-directed learning readiness
was 208.3 (29.4). The descriptive statistics of the subcategories and the total SDLR are
shown in Table 2.

Table 2. Descriptive statistics of the three subcategories and combined SDLR
score of the participants

Statistics Self-management | Desire for learning | Self-control | SDLR
Mean 68.6 70.8 68.9 208.3
Std. Error of Mean | 1.6 1.6 1.5 4.2
Median 71.1 72.3 70 207.7
Std. Deviation 11.4 11.2 10.7 29.4
Minimum 35.6 40 43.6 126.9
Maximum 88.9 90.77 90.9 260.8
Determinants of SDLR

The univariate results are shown in Table 3, indicating the mean difference between
the two groups with 95% confidence interval as well as the p value.

When the total SDLR scores and the three subcategories were compared among
different age groups there was little difference between those students who were less
than 20-years-old and those who were older. Country of residence also had no impact
on any of the three subcategories and neither did type of entry into the Junior Cycle.

Where there was a statistically significant difference it was between male and females
students desire for learning, with male students having a higher desire for learning
score (75.6) than females (68.3; 95% CI of the Difference: 0.8 to 13.7, p value: 0.029).
The largest difference was found between students who had entered with a local
Bahrain Secondary School Certificate and those students who were admitted with ‘A’
levels or an equivalent such as an IB or High School Diploma.

Students with IB and ‘A’ levels tended to a higher more desire for learning score
(73.6) compared to students with BSSC (63.5) (95% CI of the Difference -16.6 to -3.6,
p value 0.003). They also tended to have greater self-control (71.2) compared to
students with BSSC (63.1) (95% CI of the Difference -15.8 to -0.4, p value 0.04).

The differences between the total SDLR scores amongst these two groups were also
significantly higher among students with IB and ‘A’ levels (214.5) than students with
BSSC (192.3) (95% CI of the Difference -39.8 to -4.5, p value=0.015).
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Table 3. Mean differences between the two groups of participants

SM DFL SC SDL
Age groups | <20 years 68.4 73.1 68.3 209.8
20 years or more | 68.8 67.9 69.8 206.4
Mean Difference -04 52 -14 34
95% CI of the -71t06.2 -1.1to 11.5 -7.6t04.8 -13.6 to
Difference 20.3
P value 0.91 0.1 0.64 0.69
Gender Male 69.5 75.6 70.5 215.6
Female 68.1 68.3 68.2 204.6
Mean Difference 1.5 7.2 2.3 11.0
95% CI of the -5.5t084 0.8to0 13.7 -4.2 10 8.8 -6.51t0 28.5
Difference
P value 0.673 0.029 0.474 0.213
Secondary BSSC 65.7 63.5 63.1 192.3
school award e A Jevels | 69.7 73.6 712 214.5
Mean Difference -4.0 -10.1 -8.1 -22.2
95% CI of the -11.2t03.2 | -16.6t0-3.6 | -15.8 to -39.8 to -4.5
Difference -04
P value 0.27 0.003 0.04 0.015
Country of Middle Eastern 68.6 71.0 69.0 208.7
residence of e 68.3 69.5 68.6 206.3
student
Mean Difference 0.4 1.6 0.4 2.4
95% CI of the -9.1t09.8 -7.7t0 10.8 -8.5109.3 -22 10 26.7
Difference
P value 0.94 0.73 0.92 0.85
Type of | Foundation Year | 69.5 68.4 67.8 205.7
entry in to [~
Junior Cycle Direct Entry 67.3 74.1 70.6 212.0
Mean Difference 2.2 -5.8 2.8 -6.3
95% CI of the -4.4t0 8.8 -12t0 0.5 -9t03.4 -23.3 to
Difference 10.7
P value 0.51 0.071 0.37 0.46
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Predicting factors which affect SDLR

Table 4 shows the multivariate regression analysis which allowed us to explore the net
effects of each of the students’ characteristics (independent variables) in explaining
variation in SDLR and the three subcategories. When we controlled for all other
factors, secondary school certificate was the only independent predictor of the self-
control (Standardized beta 0.4, p=0.02) along with SDLR (Standardized beta 0.36, p
value=0.043).

Table 4. Results of Multivariate Regression Analysis

SM DFL SC SDL

Beta P value | Beta P value | Beta P value | Beta P value
Age groups -0.06 0.77 -0.06 0.737 0.33 0.087 0.07 0.707
Gender 0.00 0.987 -0.15 0.331 0.05 0.732 -0.04 0.820
Secondary 0.25 0.171 0.30 0.07 0.40 0.02 0.36 0.043
school award
Country of -0.02 0.873 -0.02 0.874 -0.07 0.629 -0.04 0.769
residence
Type of entry | -0.25 0.24 0.04 0.828 0.18 0.353 -0.01 0.946
into Junior Cycle
Constant 69.45 0 65.89 | 0.000 39.43 | 0.017 174.77 | 0.000
R Square 0.062 0.198 0.178 0.125

Self-direction has been described as an outcome of cumulative effects on learning
resulting from progressive development of student responsibility for learning (Miflin,
Campbell, & Price, 2000). This study set out to examine whether there were any
differences in SDLR amongst students who entered the medicine programme from the
local Bahraini secondary schools and those students who exited secondary schools
with ‘A’ levels or equivalent awards. We found that there were indeed statistically
significant differences between these students especially in the desire for learning and
self-control subcategories. Our results plainly indicate that students who have exited
from a local school with a secondary school certificate were not prepared in any of the
subdomains of self-learning readiness: self-management, desire for learning and self-
control, with the last two subcategories being statistically significant. These domains
were described in full in William’s study conducted in 2012 (Williams et al., 2012).
But in brief, the self-control subcategory determines the student’s ability to self-
evaluate. The self-management subcategory determines the student’s ability to
implement their own learning goals and manage the resources available to them.

There were no significant differences between SDLR scores when comparing age of
the students this result correlates with the other studies done, one in Saudi Arabia with
nursing students (El-Gilany & Abusaad, 2013) and a second done in Taiwan (Chen,
Wang & Lin, 2006). We did however find a significant difference when comparing
scores between males and females, with the former having higher scores in the desire
for learning subcategory. This category focussed on the student’s motivation for
learning and their ability to reflect on their motivation. Gender has been found to play
an important role in the same subcategory in a self-directed learning study conducted
on paramedic undergraduate students (Williams et al., 2012). However, the biggest
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difference and the single predictive factor in our study was found to be secondary
school exit award, those students who left with a local Bahraini secondary school
certificate had lower scores for all three subcategories of self-directed learning
readiness.

Culture has been shown to play an important role in adult learning (Brookfield, 1980).
Our local students are nurtured in a collectivist culture where the emphasis is on social
harmony. This cultural influence does not encourage the development of traits such as
motivation and readiness to accept responsibility essential for the successful self-
directed learner (Garrison, 1992). A study done with Malaysian students, another good
example of a collectivist culture, identified that these students struggled with the
development of learner autonomy (Ahmad & Majid, 2010). Such a conflict often
arises in the minds of such students when adhering to their cultural values while
attempting to promote their learning by developing their individualism, which is
described much more explicitly by Knowles as ‘a process in which the individual
takes the initiative, with or without the help of others’ (Knowles, 1975). This lack of
learner autonomy is not new, studies have described the challenges in adopting such a
model for University students in other countries in the Middle East such as Oman.
These include teacher’s lack of understanding about learner autonomy, lack of
resources to adopt learner autonomy and community expectations of both the
educational institution and the teacher (Al-Saadi, 2011b). Other studies have shown
this obvious tension in moving from collectivist beliefs which are rooted in the norms,
obligations and duty to more autonomous individuals (Hwang, Francesco, & Kessler,
2003).

Learner autonomy is a central dimension of independent learning (Moore, 1972) and
programmes in which autonomy is fostered should be encouraged (Thanasoulas,
2000). Students from the local schools are struggling to develop this autonomy due to
the passive learning process adopted in most regional secondary schools. A similar
type of passive learning which exists in Middle Eastern schools was described in a
study conducted at a Nepalese medical school where rote learning and reproduction of
factual information dominated in their local schools (Shankar et al., 2011). The
importance of supporting autonomy in medical education is clearly laid out by
Williams and his colleague in an article published in the late 90s. In which they argue
that students who learn autonomously, freely choose to read and study because they
find material interesting or important to their identity as a physician (Williams & Deci,
1998). However, in Middle Eastern countries such as Oman, learner independence is
not held in high-regard in secondary education and spoon-feeding of information to
students is prevalent in local schools. Pupils have no say on what to study and how to
study, and skills such as metacognition and reflection are being largely excluded from
the curriculum (Al-Saadi, 2011a). For students to take charge of their own learning
poses a major challenge for the majority of students entering tertiary education in the
Arabian Gulf region (Al-Saadi, 2011b). This is reflected in our own findings where we
show a statistically significant difference in the SDLR self-control subgroup between
local school students scoring 63.1 out 100 and those taught based on the British school
system attaining ‘A’ levels who scored 71.2 out of 100, p value 0.04.

While the pool of university students eager to enter the tertiary education system is
ever increasing, many of these students do not meet admission entry criteria or are
underprepared for independent learning. This disconnect between the secondary and
tertiary education in the Middle East has been reported elsewhere (Rupp, 2009) and
has led us and other Western-style higher education institutions to develop a number
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of pedagogical approaches to build and improve learner autonomy amongst our local
entrants (Mills, 2008). Such supportive programmes help students prepare for the
rigour of a Western curriculum by introducing a year-long remedial programme. In
order to correct this disconnect at our own institution, our medical school has
developed a premedicine programme termed Foundation Year which allows students
to improve and build their knowledge of English and Science in order to help them
make a smoother transition into the five year medicine programme. This programme
introduces a number of pedagogical methods which allows students, especially local
students to build their learner independence. Our results show that the Foundation
Year students who participated in this study did not appear to have developed
sufficient learner autonomy. This gives us the impetus to adjust the Foundation Year
curriculum in such a manner as to try and incorporate more explicit methods to help
students develop their learner independence.

Grow suggests that teachers can actively equip students to become more self-directed
in their learning and even suggesting a model to assist teachers (Grow, 1991). Projects
at our institution where learner independence has been explicit have been much more
successful and were based around a series of practicals to learn human anatomy.We
have developed in-house programmes where the emphasis has been on learning
information in a self-directed manner. These projects have been quite successful and
are based around a series of practicals designed to teach human anatomy. For each
practical class the activities were divided into three sets of tasks which were described
in detail in a dedicated guide available as part of our online teaching resources. The
first set of tasks was to be completed before coming to class. For this part of the
exercise, students in their own time attended a delicated study room which was
equipped with a series of anatomical teaching models (Somso®, Germany) which
provided them with the necessary background information appropriate to the
scheduled practical (Moravec, Williams, Aguilar-Roca, & O'Dowd, 2010). They were
free to undertake this work on their own, or collaboratively in small groups. The
material had to be covered in advance of the scheduled practical which constituted the
second set of tasks. These involved a further series of anatomical teaching models
(Somso®, Germany) which were studied during the class and these tasks involved the
active participation of teachers who acted as facilitators during the session. The third
and final set of tasks was to be completed after the scheduled practical sessions. They
required the students either to work on their own or form small discussion groups
(Jones, 2007) (Chiriac, 2014) in their own time and work through a number of
exercises which included the analysis of carefully-selected case histories and specific
questions designed to maximise the benefit they obtained from this activity. The whole
process allowed the students take charge and develop their own learning in a self-
directed manner. The benefit was evident from the improvement in their self-directed
learning readiness scores.

The limitations of the study were that the data were collected on a self-reporting basis
which could be subject to recall bias. Additionally, the small unequal sample size
among the two groups could have contributed to some of the observed differences. A
further limitation was that the results were from a cross-sectional study and not a
longitudinal one. This was something we were aware of and we conducted a follow-up
with the same questionnaire at the end of the first semester, thirteen weeks after we
had introduced the self-directed learning classes in human anatomy. These results
showed no significant differences between local school students and those exiting with
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‘A’ levels or equivalents in any of the three subcategories or in the total self-directed
learning score.

Integrating unprepared secondary school students into modern Western medical
curricula remains an interesting challenge for those of us engaged in in higher
education teachingn. Whilst students struggle to adopt individualistic traits in order
cope with learner independence, teachers working in international higher education
institutions should devise strategies to expedite the introduction of approaches that
will help local students cope with a more Western curricula. The pressure on students
is great and to ease their transition from secondary to tertiary education we as teachers
should squarely place an emphasis on self-directed learning as a learning strategy for
formal undergraduate studies and beyond into for life-long learning.

Conclusions

Self-directed learning is a key skill in the modern medical curriculum. Students who
exit with a local secondary school certificate seem unprepared for this type of new
learning strategy. This creates an educational challenge for institutions bringing a
more modern curriculum with a focus on learner autonomy to the Middle East.
Consideration must therefore be given to the development of more appropriate
methods to assist such students in adopting this approach to learning in tertiary
education.

Some recommendations include:

1. To realign the secondary school curriculum in order to adjust for the mismatch
between secondary and tertiary education

2. Make an adaptation to introduce skills in the preparatory year of the tertiary
degree level to improve the transition

3. An opportunity is created for private sector to produce short courses to help
bridge the gap for autonomous students

Any future research should focus on the two key areas to enhance the transition for
students from secondary to tertiary education.

1. Identifying implementation challenges

2. Designing innovative methods to introduce more autonomous learner
opportunities

References

Abdullah, A. (1996). Going glocal: Cultural dimensions in Malaysian management:
Malaysian Institute of Management.

Abraham, R. R., Fisher, M., Kamath, A., Izzati, T. A., Nabila, S., & Atikah, N. N.
(2011). Exploring first-year undergraduate medical students' self-directed learning

readiness to physiology. Advances in Physiology Education, 35(4), 393-395. doi:
DOI 10.1152/advan.00011.2011.

Ahmad, B. E., & Majid, F. A. (2010). Self-directed learning and culture: A study on
Malay adult learners. Procedia-Social and Behavioral Sciences, 7, 254-263.

40



Are Secondary School Students from the Middle East Independent Learners?

Al-Saadi, H. M. (2011a). [From spoon-feeding to self feeding: helping learners take
control of their own learning.]. 3.

Al-Saadi, H. M. (2011b). Towards a pedagogy for autonomy in language education in
Oman. Unpublished paper.

Barrows, H. S. (1983). Problem-based, self-directed learning. JAMA, 250(22), 3077-
3080.

Beamer, L. & Varner, 1. 1. (2008). Intercultural communication in the global
workplace: McGraw-Hill Boston, MA.

Braman, O. R. (1998). The cultural dimension of individualism and collectivism as a
factor in adult self-directed learning readiness. (1998 Dissertation). Retrieved from
http://aquila.usm.edu/theses _dissertations/1806.

Brockett, R. G. & Hiemstra, R. (1991). Self-Direction in Adult Learning: Perspectives
on Theory, Research, and Practice. Routledge Series on Theory and Practice of
Adult Education in North America: ERIC.

Brookfield, S. D. (1980) Independent adult learning. [electronic resource]. University
of Leicester.

Candy, P. C. (1991). Self-direction for lifelong learning: a comprehensive guide to
theory and practice. San Francisco: Jossey-Bass.

Chen, Y.-F., Wang, C.-M., & Lin, H.-J. (2006). Explore the relationships among
demography, personality traits and self-directed learning. The Journal, 141.

Chiriac, E. H. (2014). Group work as an incentive for learning—students’ experiences
of group work. Frontiers in psychology, 5.

El-Gilany, A.-H. & Abusaad, F. E. S. (2013). Self-directed learning readiness and
learning styles among Saudi undergraduate nursing students. Nurse Education
Today, 33(9), 1040-1044.

Fergany, N., El Hamed, A., & Hunaidi, R. (2002). Arab Human Development Report
2002: Creating Opportunities for Future Generations. Cairo: Government of Egypt,
Institute of National Planning.

Fisher, M., King, J., & Tague, G. (2001). Development of a self-directed learning
readiness scale for nursing education. Nurse education today, 21(7), 516-525.

Frambach, J. M., Driessen, E. W., Chan, L. C., & van der Vleuten, C. P. (2012).
Rethinking the globalisation of problem-based learning: how culture challenges
self-directed learning. Medical education, 46(8), 738-747.

Garrison, D. (1997). Self-directed learning: Toward a comprehensive model. Adult
Education Quarterly, 48(1), 18-33.

Garrison, D. R. (1992). Critical Thinking and Self-Directed Learning in Adult
Education: An Analysis of Responsibility and Control Issues. Adult Education
Quarterly, 42(3), 136-148. doi: 10.1177/074171369204200302.

Grow, G. O. (1991). Teaching Learners To Be Self-Directed. Adult Education
Quarterly, 41(3), 125-149. doi: 10.1177/0001848191041003001.

Guglielmino, P. J., & Roberts, D. G. (1992). A comparison of self-directed learning
readiness in US and Hong Kong samples and the implications for job performance.
Human Resource Development Quarterly, 3(3), 261-271.

41



Advances in Higher Education

Gukas, I. D. (2007). Global paradigm shift in medical education: issues of concern for
Africa. Med Teach, 29(9), 887-892. doi: 10.1080/01421590701814286

Hofstede, G. H. (2001). Culture's consequences: Comparing values, behaviors,
institutions and organizations across nations: Sage.

Hwang, A., Francesco, A. M., & Kessler, E. (2003). The relationship between
individualism-collectivism, face, and feedback and learning processes in Hong Kong,
Singapore, and the United States. Journal of Cross-Cultural Psychology, 34(1), 72-
91.

Jackson, M. & Calman, K. (2006). Medical Education past, present and future.
Medical Education, 40(3), 190-192.

Jippes, M. & Majoor, G. D. (2011). Influence of national culture on the adoption of
integrated medical curricula. Adv Health Sci Educ Theory Pract, 16(1), 5-16. doi:
10.1007/s10459-010-9236-5.

Jones, R. (2007). Learning and teaching in small groups: characteristics, benefits,
problems and approaches. Anaesthesia and intensive care, 35(4), 587.

Kek, M. Y. C. A. & Huijser, H. (2009). What makes a deep and self-directed learner:
exploring factors that influence learning approaches and self-directed learning in a

PBL context at a Malaysian private university. Proceedings of the 2nd
International Problem-based Learning Symposium (PBL 2009), 708-718.

Klugman, J. (2011). Human Development Report 2011. Sustainability and Equity: A
Better Future for All. Sustainability and Equity: A Better Future for All (November
2, 2011). UNDP-HDRO Human Development Reports.

Knowles, M. S. (1975). Self-directed Learning: A Guide for Learners and Teachers:
Association Press.

Lee, I. H., & Lindner, J. R. (2005). Readiness ofr self-directed learning and the
cultural values of individualism and collectivism among Americans and South
Korean college students seeking teacher certification in agriculture. . Association
for International Agriculture and Extension Education, 21, 601- 611.

Miflin, B., Campbell, C., & Price, D. (2000). A conceptual framework to guide the
development of self-directed, lifelong learning in problem-based medical curricula.
Medical Education, 34, 299-306.

Mills, A. (2008). US Universities Negotiate Tricky Terrain in the Middle East.
Chronicle of Higher Education, 54(46).

Moore, M. G. (1972). Learner autonomy: The second dimension of independent
learning. Convergence, 5(2), 76-88.

Moravec, M., Williams, A., Aguilar-Roca, N., & O'Dowd, D. K. (2010). Learn before
lecture: a strategy that improves learning outcomes in a large introductory biology
class. CBE-Life Sciences Education, 9(4), 473-481.

Patterson, C., Crooks, D., & Lunyk-Child, O. (2002). A new perspective on
competencies for self-directed learning. Journal of Nursing Education, 41(1), 25.

Romani, V. (2009). The politics of higher education in the Middle East: Problems and
prospects. Middle East Brief, 36, 1-8.

42



Are Secondary School Students from the Middle East Independent Learners?

Rupp, R. (2009). Higher education in the Middle East: Opportunities and challenges
for US universities and Middle East partners. Global Media Journal.

Shankar, R., Bajracharya, O., Jha, N., Gurung, S. B., Ansari, S. R., & Thapa, H. S.
(2011). Change in medical students' readiness for self-directed learning after a
partially problem-based learning first year curriculum at the KIST medical college
in Lalitpur, Nepal. Educ Health (Abingdon), 24(2), 552.

Shin, J. H., Haynes, R. B., & Johnston, M. E. (1993). Effect of problem-based, self-
directed undergraduate education on life-long learning. Cmaj, 148(6), 969-976.

Song, L., & Hill, J. R. (2007). A conceptual model for understanding self-directed
learning in online environments. Journal of Interactive Online Learning, 6(1), 27-
42.

Thanasoulas, D. (2000). What is learner autonomy and how can it be fostered. The
Internet TESL Journal, 6(11), 37-48.

Triandis, H. C. (2000). Culture and conflict. International Journal of Psychology,
35(2), 145-152.

Triandis, H. C. (2004). Culture and Social Behavior: McGraw Hill Custom
Publishing.

Wiley, K. (1983). Effects of a self-directed learning project and preference for
structure on self-directed learning readiness. Nurs Res, 32(3), 181-185.

Wilkens, K. A., & Masri, S. (2011). Higher education reform in the Arab world:
Saban Center at Brookings.

Williams, B., Boyle, M., Winship, C., Brightwell, R., Devenish, S., & Munro, G.
(2012). Examination of self-directed learning readiness of paramedic

undergraduates: A multi-institutional study. Journal of Nursing Education and
Practice, 3(2), p102.

Williams, G. C., & Deci, E. L. (1998). The importance of supporting autonomy in
medical education. Annals of internal medicine, 129(4), 303-308.

43






Chapter 4

Engaging way to help students
develop sKkills, interest and
methodological research
approaches in Marine and
Environmental science

Erika Mioni*, Silvia Merlinot, Alice Giovacchini+
* Istituto Comprensivo Statale n°2- Complesso “2 Giugno”

t Istituto di Scienze Marine del CNR, Forte Santa Teresa

Y Universita degli Studi di Pisa, Dipartimento di Biologia

Abstract: Learning in teamwork appeared to be a winning methodology for science education,
as it enhances student’s autonomy and strengthens their skills. The involvement of students in
research activities is an example of this approach. Moreover, interaction between the scholastic and
the research world can bring benefits for both: educational benefits for students in terms of
"acquisition of competences", and the possibility, for researchers, to have help for data collection
and analysis (citizen-science). Involving students as volunteers not only in data collection, but also
in problem definition and data analysis, can be further engaging for them, stimulating interest for
the treated argument. We describe two projects, carried on in the same geographical area, devoted
to integrate marine science topics in high/middle school education. Students are engaged in real
research activities, (inquiring-based learning ) and this approach leads to a scientific follow-up in
terms of growing knowledge of environmental parameters, as loss of biodiversity and pollution
from marine litter. From the methodological point of view, didactic tools as peer education and
emotion—based learning have been experimented with success, as indicated by an inquiry
about "perception of science" carried on a group of students who participated in one of the two
projects.

Keywords: Environment; marine-litter; biodiversity; citizen-science; peer-learning; education

Project contexts

Marine science and the territorial context

Marine sciences span a wide range of fields, from oceanography to coastal erosion,
from environment to marine life, from studies in extreme places, as Arctic and
Antarctic Sea, to the role of ocean in climatic changes. In this sense they are
interdisciplinary; a study involves a basic understanding of chemistry, physics,
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geology, biology, ecology etc. Nevertheless, rarely in middle and high school curricula
there is a mention of this type of study, and also at the University level only few
courses are devoted to this particular field. During the last decade, The NMEA
(National Marine Educators Association, http://www.marine-ed.org/, USA) Ocean
Literacy Committee made repeated contributions at national level with the aim to
create the Next Generation Science Standards (NGSS) to ensure marine and ocean
subjects were included throughout. Moreover, the NMEA International Committee
supports also global participation in marine education and the promotion of ocean
literacy around the world, thanks to conference organization and publication of the
specialized Journal “Current: The Journal of Marine Education”. In Europe the
correspondent Association (European Marine Science Education Association,
EMSEA) was formed only very recently, during its first meeting in Plymouth,
England, in 2013. Until now, no significant progress has been made towards the
inclusion of the marine science subjects among scholastic topics.

On the other hand, especially in Italy - a country with an extensive coastline, many
large islands and an economy historically and geographically tied to the sea - to teach
marine science in schools could be a valid instrument to involve students for better
knowing and preserving the places where they live.

Moreover, the presence of the sea in the proximity of many Italian towns could act as
a stimulus for the design of experimental activities and practices in situ, i.e. activities
that will surely involve students also from an emotional point of view, favoring
interest and curiosity and increasing their learning ability (Damasio et al., 1994,
Bechara et al., 2000, Guile et al., 2001).

In this sense the Gulf of La Spezia looks like an ideal place, for different reasons. This
gulf is one of the widest and deepest of the whole Tyrrhenian coast, enclosed between
two headlands and bordered by an amphitheater of hills and mountains. To west, the
Cinque Terre National Park (http://www.parconazionaleSterre.it/), a World Heritage
Site, is one of the most important and beautiful natural Mediterranean areas. Human
activity has helped to create a unique landscape in which the total length of the typical
stone walls reaches the length of the famous Great Wall of China. All these aspects,
together with the characteristics of a crystalline sea and a great network of paths, made
the Cinque Terre an increasingly popular destination for Italian and foreign tourists.
Other important marine parks have been established in this area, as the Regional Park
of Portovenere and Palmaria Island (http://www.parconaturaleportovenere.it/), and the
Monte Marcello regional fluvial and marine park, located at the mouth of the Magra
River, which sets up the border between the regions of Liguria and Tuscany.

On the other hand, all these areas are unfortunately located just at the border of highly
industrialized zones, where an LNG (Liquid Natural Gas) terminal, a thermal power
plant, a port that accommodates container ships of great tonnage and many industrial
activities in the navigation field coexist. Moreover, other practiced activities are
fishing, fish and mussel farming, end, in summer, a huge touristic flow. Therefore the
considered areas are subject to intensive boat traffic, and consequently also biological
invasions of new species, a daily and common treat for coastal communities that is
often underestimated (Lodola et al., 2012). Moreover, the presence of an increasing
number of anthropogenic marine debris (AMD), especially plastic and polystyrene, is
a serious problem that may also have implications for biological communities, and
represents one of the negative consequence of our plastic age (Thomson et al., 2009).
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All this inevitably leads to big contrasts and significant environmental impacts. The
presence of Marine Protected Areas (MPAs) and of the very important Pelagos
Sanctuary of marine mammals (http://www.sanctuaire-pelagos.org/en/) should
involve, for the local institutions, special attention to the environment and to the
protection of these delicate ecosystems. Therefore, there should be a greater education
and awareness of citizens and workers about the regulations regarding environmental
protection. In reality this is not always the case, as demonstrated by the results of
monitoring programs (Suaria & Aliani, 2014, Merlino et al., 2015b), which show a
massive presence of polystyrene and nets in areas battered by fishing vessels.

Scientific and didactic context

In these restricted area, 5 research centers dedicated to marine studies® are presents.
This fact should be a further stimulus to create synergy between school and research in
the same territorial context. Instead, as it often happens in the scientific world, the
focus of research carried out in some of these centers is devoted to remote areas, such
as the Arctic sea, the Antarctic sea, the Atlantic ocean or, also remaining in Italy, the
Adriatic sea, and only very few projects regard the areas placed “just downstairs”.
This fact, together with the absence of marine science topics in scholastic programs,
has led people operating in different realities (both research and educational
institutions) to start specific paths of “education in marine science”. The aim of those
paths is to involve, as much as possible, the local student population (but also citizens
and volunteer associations) in monitoring, through environmental surveys, the area
belonging to Pelagos Sanctuary.

In particular two projects started during the scholastic year 2012-2013, one
independently from the other, with this purpose. They present the same methodological
characteristics, but deal with two different fields, inside marine science. The first is
“Percorsi nel Blu/BluePaths”, born inside the Unified School District 2 Giugno of La
Spezia, and deals with the monitoring of biocenosis of beaches and sublittoral zone,
analyzing littoral flora and fauna from upper and middle shore. The second one was
born within a research institute in marine science of the CNR (National Research
Council), and deals with the estimation of quantity, typology, and accumulation rates® of
marine litter, anthropogenic debris present in sea and on the beaches.

Both projects are born with the same purpose to engage students in experimental
activities to be performed in the area where they live. This approach produces an
increase of specific knowledge, fosters the rising of interest in environmental and
scientific problems and, moreover, has a research fall-out, because students really help
scientists in collecting data during the beach surveys [Hidalgo-Ruz & Thiel, 2013;
Eastman et al. 2014].

In the next paragraphs, we should like to focus our attention more on the educational
aspect of the presented projects, than on the scientific one, even if the two aspects are
strongly linked for both projects.

? Institute of Marine Sciences of Italian Research Council (ISMAR-CNR), National Institute of
Geophysics and Volcanology (INGV), Centro di Supporto e Sperimentazione Navale (CSSN) of
Italian Navy, Centre for Maritime Research & experimentation (CMRE) of NATO Organization,
and Marconi University Pole.

3 Number of items (or weight or volume) of beached trash per unit surface of beach per unit of
time.
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Raising interest on Marine Science

As we said before, for both projects the adopted strategy to foster students interest for
marine science is to propose them arguments that are particularly important, not only
for the scientific community but also for the public opinion.
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Figure 1. Results of public perception on relevance of the 11 Descriptors of the Marine Strategy
Framework Directive in Italy. The results of this public consultation - carried out by ISPRA in
2014 - show a high evaluation and interest for Descriptors n.1 “Biodiversity”, n.8 “Concentration
of Contaminants” and n.10 “Marine Litter” (re-elaborated graph from ISPRA, 2014)

The identified topics should represent, for the learners, a challenge which stimulates
them intellectually but also emotionally and socially.

In this sense the topics treated by the two projects BluePaths and SeaCleaner proved to
be an excellent choice: both “biodiversity” and “marine litters” have been selected
among the 11 descriptors that the Marine Strategy Framework Directive (MSFD,
2008/56/EC) define, in order to establishes the necessary measures to achieve or
maintain good environmental status (GES) in the marine environment, by the year
2020 (Galgani et al., 2013). Moreover, the latest public consultation carried out by
ISPRA (Istituto Superiore per la Protezione e la Ricerca Ambientale, 2014) showed
that loss of Biodiversity (Descriptor n.1), and presence of Marine Litter (Descriptor
n.3) - in the seas and in the coastal zones of the whole world - have been considered
important and relevant issues. This consultation involved citizens and experts with
questions concerning their opinion about the implementation of the MSFD and the
best strategies to achieve the GES in the Italian seas (Figure 1).

The fact that the ISPRA consultation involved citizens to express their views
concerning the marine litter problem clearly shows that these issues must be first fully
understood not only by the Scientific Community but also by Citizens. The popular
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campaigns for beach cleanups such as Clean up the Med or Clean up Europe®
(Legambiente, 2015), aren’t enough powerful for raising awareness in this topic. Also
citizens living near to these coastal areas aren’t aware of the great impacts of man-
made debris and trash, present especially during winter season, when coastal areas are
literally covered by huge amounts of AMD coming from rivers, sea-currents and
winds. The general perception of this problem is usually distorted because people
mostly attend the beaches during summer season, when cleaning activities are carried
out by municipalities or beach resorts. During summer only some off-limits areas (i.e.
restricted MPAs) remain not clean (and often unclean!), but, in general, people haven’t
full access to these areas. The best way for raise awareness, instead, is to bring this
problem in front of everybody!

Similarly, the issue of biodiversity has two aspects: one linked to the collection of a
large number of data, and the other connected with the respect we should have for
many marine species - both animal and vegetable - endangered or, otherwise,
becoming increasingly rare in our coasts.

The problem of data collection requires the involvement and the commitment of a
huge number of people since these issues should be understood after a deep analysis of
long-term data series; this problem can be satisfied by citizen-scientists, i.e. volunteers
participating in monitoring activities (Newman et al., 2012; Cerrano et al., 2013;
Hidalgo-Ruz & Thiel, 2013; Thiel ez al. 2014). Often motivating and enabling all these
volunteers in a long-term commitment may represent a problem, and so our choice to
involve students is particularly appropriate. These environmental problems are often
unknown by students, and, as stressed before, not treated in standard scholastic
programs: to raise awareness and to educate the younger generation about this issue,
and to involve them in real monitoring programmes, leads to join the
scientific/environmental value with the educational one.

The similarity in the adopted educational strategy of BluePaths and SeaCleaner, and
the fact that the two important MSFD descriptors (biodiversity and marine litter) they
are monitoring can be related one with the other, represented a strong push to create a
synergy between the two projects. In fact, the presence on our coasts of an increasing
number of anthropogenic marine debris (AMDs), especially plastic and polystyrene, is
a serious problem that may also have implications for the biological communities,
especially on marine mammals that are filter feeders (Fossi et al., 2012; Cole et al.,
2013; 2015). From the scientific point of view, until now information are still very
scarce on the Marine Litter problem in the North Tyrrhenian beaches and coasts as, for
example, in the area of the Pelagos Sanctuary
http://www.strategiamarina.isprambiente.it/sintesi-risultati-consultazione-2014).

Moreover, no sufficient studies have been carried on to establish clear relationships
between Marine Litter density and possible effects on benthic communities. Hence,
the need to conduct a biological monitoring repeated over time in order to register the
presence of particular rare species, in the same area of the marine litter surveys, and
the necessity to investigate the impact of plastics fragmentation on the marine
ecosystem (Cole et al., 2013; 2015).

* Clean Up the Med: http://www.festambiente.it/index.php/newsdett/items/801.html; Clean Up
Europe: http://www.ewwr.eu/it/take part/lets-clean-up-europe.
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Sharing forces and building a network

Starting from these premises, Blue Paths and SeaCleaner started their collaboration in
2013, sharing methodologies, the monitored area and also creating occasions in which
students of the two projects could interact each others, and interact, also, with
volunteers of environmental organizations, researchers of other centers, university
students etc. The purpose is to give to students the opportunities to approach the
proposed arguments by different points of view, as the environmental one, the
scientific one, the civic one etc.

It is largely recognized that being part of a network generates mutual expectations that
feed back on the institutional arrangements, also by allowing for strategic alliances.
For example, the series of Framework Programs of the European Union have
increasingly focused on so-called Research, Technology, and Development (RTD)
networks (Etzkowitz & Leydesdorff, 1997). Another example of winning network is
the so-called Triple Helix (such as the Italian industrial clusters that have been widely
desired because of their economic potential (Ferraro &Borroi, 1998). They can be
considered as hyper-networks, and because of the multitude of formal and informal
links between institutions involved in these networks, the niches can be maintained
with extremely high problem-solving capacities (Biggiero, 1998).
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Figure 2. BluePaths (“Percorsi nel BLU”) and SeaCleaner projects are presently cooperating
and monitoring 5 areas of the Tuscan and Ligurian coasts plus one in France. The whole East
Ligurian/North Tyrrhenian area - here indicated - is of great importance because it comprises
the Pelagos Sanctuary (for marine mammals protection) and several coastal MPA (1: Cinque
Terre National Park; 2: Portovenere and Palmaria Island Regional Park; 3: Montemarcello-
Magra Regional Park; 4: Migliarino San Rossore Massaciuccoli Natural Park; 5: Tuscan
Archipelago National Park)

50



Engaging way to help students develop skills, interest and methodological
research approaches in Marine and Environmental science

So, in order to carry forward their monitoring programs, people working in BluePaths
and SeaCleaner projects decided, as first step of their collaboration, to set up a
network of partners. Given the environmental issues addressed in both projects, the
created network involves: Research Institutes (the Institute of Marine Sciences of
Italian Research Council, CNR-ISMAR and the National Institute of Geophysics and
Volcanology, INGV); a Regional Cluster (Ligurian Cluster for Marine Technologies,
DLTM) and 5 National and Regional parks surrounding the Pelagos Sanctuary
(Figure 2).

But the real innovation of this network is the inclusion of scholastic institutes, both
comprehensive institutes, i.e. Istituti Comprensivi (Documenti e Studi degli Annali
della Pubblica Istruzione, 1998), as well as secondary (middle and high) schools, in
order to start a concrete link between research and education; a link that, through
instruments such as the peer and intergenerational learning and citizen science
contribution (Newman et al., 2012), brings benefits to both research and education
(Osborne et al., 2003; Catarsi &Ciardi 2010; Corona ef al., 2013).

For SeaCleaner project, collaboration with education institutions led, in the scholastic
year 2013-2014, to the active involvement of 44 students of both middle and high
school. The number of involved students has highly grown during the following
scholastic year, arriving to 80 at the end of 2015 (for both middle and high school),
with a parallel increase of the number of volunteers and environmental associations
involved, in this case, in extracurricular activities (as the already quoted European
campaigns for cleaning the beaches “Clean the Med”, “Clean Up the Europe” etc.)
Consequently, also the number of monitored sites had a significant increase [Merlino
et al. 2015b].

BluePaths, that involves students - and their relatives and friends, together with
volunteers - in biological surveys performed also out of the school hours, has also
reported a growth in the participants’ number, since 2012 until 2015.
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Figure 3. BluePaths and SeaCleaner have experimented a continues increase in the number
of the involved participants (students, volunteers, etc.), from the year 2012 till 2015
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Methods

The choice of the methodology to be used is one of the most important factors to
consider when we want carry out a scientific investigation or design an educational
path.

In our case, we deal with two kinds of methodology: a “scientific one”, for monitoring
programs, and an “educational one”, for involving students in our projects with the
aim to enhance their skill, interest and knowledge in marine scientific topics.

Here we describe only briefly the scientific methodology used for data collection and
we address the reader, for a more detailed explanation, to dedicated publications
(Merlino et al. 2015b).

Scientific methodology for surveys

Both projects provide data collected during repeated monitoring campaigns in the
same place -Ligurian and North Tyrrhenian Sea (Figure 2) - and at a distance of
months, to allow to deduce information on the type and rate of accumulation of
materials (the biological one and the anthropogenic one), to estimate the possible
origin and even make assumptions about the prevalence of marine currents and wave
motion in the area under study.

SeaCleaner surveys are performed following MSF Directive (Directive 2008/56/EC,
2008; Galgani et al., 2014) and an adapted version (see Merlino et al. 2015b) of the
UNEP/IOC protocol (UNEP, 2012; Cheshire et al., 2012); BluePaths is using the
Reef-Check Protocol (C.E.M. Coastal Environment Monitoring Protocol, in
http://www.progettomac.it/default e.asp) integrating it with the experimentation of a
new protocol recently defined (Mioni, 2015) of “snorkeling visual survey”,
particularly adapt for young people and students without diving license.

Boths protocols provide instructions for surveyors about data collection in the field.
Sampling of beached objects (the biological or anthropogenic ones) must be done
walking across the beach methodically and carefully in a preselected and permanent
transect line, parallel to the coastline. The BluePaths/Reef Check protocol is
performed using a quadrat’ and a “random sampling method” (Cerrano et al., 2013,
Mioni 2015); the SeaCleaner/MSFD establishes to take notes on the table/checklist of
all the found objects, and removing them from the ground (Galgani ef al. 2013). In our
specific case, students have also developed a special tool (the App named SeaCleaner)
in order to help surveyors in classification of the removed material in the different
categories and dimensions (Merlino et al. 2015b).

Educational methodology

In our case, as we have a student population instead of skilled researchers or experts,
we have to “educate” the surveyors before carrying on the monitoring programme.
However, our final hope is to realize a comprehensive educational path that involves
students not only in data collection, but also in problem definition before the surveys
and in data analysis after them (Mioni &Merlino 2015b).

® The quadrat is a tool that marks off an exact area so that the objects in that area can be
identified and counted. Sampling with quadrats is used for the study of ecology, especially
biodiversity.
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High school students participate mostly in SeaCleaner project and, in minor amount, in
BluePaths project. They have been involved trough the educational instrument “work-
related learning internships™. They come from very different school typology, and
have very different interest, skills and preparation. This fact, which initially appeared
as a problem, has instead allowed to test a very interesting technique of teaching. In
fact, we decided to assign them, inside the monitoring programme, a specific task,
related to their scholastic background knowledge. Students belonging to schools with
information technology (I.T.) curricula have dedicated more time to the SeaCleaner
App elaboration (the “IT group”), while students coming from high schools with
standard scientific curricula dedicated their time to data collection and their successive
elaboration; in this case, we further divided the group in two parts: schools near the
sea and schools far from the sea. The first ones follow researchers for sampling on the
beach (“in situ” group), while the latter do, mostly, the job of data analysis (the "on
office" group). Students belonging to a third category of school - a high school on
graphics design - were involved in the design of the logo and of the web page
dedicated to the project SeaCleaner (the “graphic” group).

The best way to obtain good results from all the “working groups” is to present to
students the paths as a “problem-solving” programme, stimulating them to solve
concrete problems (Inquiry-based learning, Krathwohl, 2002). In other word, in our
two projects students become part of a research team; they receive new stimuli and
take part in an investigation problem concerning the environment. Not only they learn
directly from real data analysis, with important pedagogical advances (McDonnel et
al., 2015), but they contribute to collect their own data (“in situ” group) or to process
them, following their specific skills (“on office” group, I.T. group and “graphic”
group). This educational experience is highly motivating for students, and the
scientific and technological output they contribute to produce represents a further
positive stimulus, because they develop consciousness of having well done their job,
and this increases their self-esteem (Morri & White, 2001).

We can divide the whole process in 5 steps, as reported in Table 1, following the SE
instructional model for teaching in science education (Merlino et al, 2015a). As
example, we describe briefly the SE Model applied to BluePaths programme (last
column) and to SeaCleaner programme (here only for the “in situ” group of students).

The application of the SE model led inevitably to the use of the intrinsically related
methodologies, as problem-solving and inquiring-based learning. But in the case of
our two projects, we introduce also some original contributions, as the intensive use of
“peer-education learning”’ and of the “emotion-based learning” methodologies
(Damasio et al., 1994, Bechara et al. 2000).

% Work-related learning internship are, in Italy, compulsory for technical and professional schools
since 2013 (Italian Legislative Decree n.77 of 15 April 2005) and, for all high school, from June
2015 (Italian Law no. 107 of 13 July 2015). Students’ ongoing work and /or support activities (for a
total period of 400 hours in 3 years) are supervised by research centre/enterprise staff.

" Peer education is a term widely used to describe a range of initiatives where young people from a
similar age group, background, culture and/or social status educate and inform each other about a
wide variety of issues.
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Peer education: an effective methodology to transfer and share knowledge and skills

3

According with the “work-related learning” directive, the students are requested to
alternate periods in class with periods in working environment. SeaCleaner researchers
have hosted different groups of students in different periods of the year. Involved
students were not always the same people, from the beginning of the project (2013) to
date (2015), but they change. In order to spend less time in preparing these students
for the assigned work, we decided to give to the “outgoing students” the task to
instruct the “ingoing students”. So, during this “peer-educational” session, students
who have already spent a period of several weeks working for SeaCleaner project, and
are considered "experts", transfer the acquired knowledge to new students (their
classmates or belonging to other schools).

The new students should continue the task assigned, inside the respective working
group, during the following weeks or months, until, in turn, they become "tutors and
teachers" for a new group of learners. During this process, the function of researchers
was to check that the submitted information were actually the correct ones, without
intervention except in cases of real need.

Emotion-based learning: not uniquely an involving instrument, but also a way to
consolidate skills

Inside BluePaths teaching programme - a path initially mainly targeted for middle
school but lately also addressed to high school — a very innovative educational
instrument, i.e the “emotion-based” learning, has been introduced. In fact, this
programme, like SeaCleaner, is based on the active participation of students in
exploration and research projects on marine topics. In particular, beach
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Table 1. These table describe the 5 steps of the educational process defined by the SE
instructional model for teaching in science education. For BluePaths, the detailed steps are
reported in the last column. As in SeaCleaner project we divided the students in 4 sub groups,
depending on their scholastic provenance, we describe in details the adopted strategy only for

one of these sub groups (the “in situ” group)

SeaCleaner (“in situ”

5E Model | General purpose BluePaths
group)
Engage Problem approach and Ask questions as “Marine Ask questions as “how many
presentation litters: where they come kind of finding there are in
from?”; “How did they arrive | the monitored beaches?”;
in the beach?” and “what can | “where did they come and
happen if they stay a long what we can say about the
time on the beach?” environment surrounding the
place where they have been
discovered?”
Explore Stimulate observation Encouraging the Encouraging the
skills and intellectual development of rational development of rational
curiosity, starting from assumptions; disseminating assumptions; disseminating
the environmental the principles of the principles of
potential offered by the | experimental scientific experimental scientific
natural area surrounding | method by teaching students | method by teaching students
La Spezia itself offers the recollection, catalogation | the recollection, catalogation
and classification and classification
methodologies for “field methodologies for “field
surveys” on marine litter. surveys” on biodiversity
Moreover, give students indicators. Moreover, give
basic notions of statistics and | students basic notions of
error analysis. “random survey”, statistics
and error analysis.
Explane Hypothesis formulation | It is hard for students, in It is hard for students, in
absence of previous absence of previous
knowledge, to understand the | knowledge; understand the
real causes of sea litter real causes for the death or
pollution. Therefore in class | damage suffered by some
we help them by discussing species. Therefore in class
the problem, proposing we help them by discussing
different possible explanation | the problem, proposing
(proximity to river mouths, different possible explanation
illegal dumping, etc). (different organisms have
different necessities, and
respond differently to
external stimuli, etc.)
Elaborate | Elaboration in class of From recollected material Starting from recollected

the collected material;
preparation of tables and
graphs. Discussion of
the results and
comparison with other
ones, found in literature,
elaborated by other
students, etc..

students produce their own
graphs. They compare what
was found on the different
monitored beaches. For
example: marine litter found
near a river mouth it is more
abundant than in other places
far from rivers. We stimulate
them to try consequences and
possible explanation from
their analysis.

material, students compare
what found on the different
monitored beaches. For
example: the differences
between rocky and sandy
environment influence the
distribution and abundances
of beached material. We
stimulate them to try
consequences and possible
explanation from their
analysis about biodiversity of
the studied areal.
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Evaluate

Elaboration of possible
explications about faced
problems. Often, more
than one explication is
possible! Students
realize, in this way, that
this is typical in
scientific research, and
“absolute truth” does not

Students compare their
previous hypothesis with data
results. They now are able to
give their own interpretation
of them, and to support it
with proofs. The success in
this phase it shows that they
have acquired the requested
skills.

Students compare their
previous hypothesis with
data results. They now are
able to give their own
interpretation of them, and to
support it with proofs. The
success in this phase it shows
that they have acquired the
requested skills.

exist. This is the most
important lesson we
want they learn from
this experience.

surveys on biological material take place in the area surrounding the place where
students live, giving them, often for the first time in their life, the occasion to look in a
new way to the environment around them, and discover things they never imagined.

This process has proved to be doubly useful, raising us from the time-consuming task
of preparing students during each change of group, and giving us an extremely
effective method of assessment of skills acquired by "outgoing students". Our
experience of three years within the project SeaCleaner and, in part, in synergy with
BluePaths, leads us to state that peer education is a teaching tool extremely useful and
effective.

Always, after the monitoring phase it follows, in class, a second phase dedicated to the
analysis, classification and catalogation of the objects found on the beach; finally, the
third phase involves a discussion about the possible origin of the found biological
objects, the importance of the presence of some specific “indicators” and the
information that it is possible to draw from them about the state of the environment.
The whole process is based on the SE model for teaching in science education (see
table 1), and bases its effectiveness in the emotional value that has, in this age group
(11 to 14 years), the "personal involvement” in such activities. The validity of the
"emotion-based learning" has been supported by several studies, thus confirming, with
scientific data and brain studies, what, since a long time, many educators argued: the
personal emotional involvement has an effect that goes beyond of a momentary raise
of interest, but is able to trigger more deep processes, that lead to the retention of
acquired concepts / skills acquired and avoid a mere superficial understanding
(Damasio et al., 1994; Bechara et al., 2000). In our case, trough the participation in
actions promoted by BluePaths, the students are not only attracted towards these
scientific topics, but, above all, they manage to retain and consolidate the acquired
knowledge thus learned in a more durable way, if compared with scholastic learning
based on textbooks. This is confirmed by the results reported by these students in
scientific matters: their academic performance improved significantly in the three
years during which they were involved in BluePaths (science teachers of middle
school “2 Giugno” of La Spezia, personal communication).

This fact is of considerable importance considering their future entry into the high
school. The choices that the kids do in this age are often decided by parents, partly
because the kids themselves have not developed personal opinions about what choices
to make. Instead, the fact of having had the opportunity to assess, through direct
experience, what it means to "act like a scientist", puts these young people capable of
operating autonomously a conscious choice of their scholastic future.
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Another very innovative tool developed by BluePaths tutors is the “snorkeling MAC
protocol”. The Reef Check protocol, i.e. the international protocol used by
environmental associations in their “citizen-science” surveys, often it turns to diving
clubs, for underwater monitoring programs. Nevertheless, it is possible to sample the
first sub-littoral zone, in rocky or sandy environment, without need of diving-tanks,
but simply using snorkeling equipment. Moreover, in this case it is not necessary to
have got the diving license, and so also very young people can participate. BluePaths
established, so, a special protocol for sub-littoral surveys “MAC underwater” that can
be following by middle or high school students. In this case, some selected student
participate in intensive stages, learning the underwater technique for monitoring, using
quadrat and special tools (underwater pens and panels), and work in little groups
under the supervision of tutors (teachers or researchers). During those stages, middle
and high school students work and collaborate, sharing experiences and leaning from
each other, in a climate of cooperation and trust.

Figure 4. Snorkeling MAC protocol and citizen-science

In both projects the relationships between middle and high school students have been
highly favored. Often high-school students act as tutors for the younger learners, but in
some case it happens the contrary: middle school students, that follow BluePaths
strategies during the three years of Italian middle school, are able to teach how to
perform a biological survey, or an underwater monitoring program, (topics that are not
included in the school programs!) to students of high school. In any case, peer
education has represented a very important tool in our educational paths.
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Figure 5. Peer learning education

Moreover, students of high and middle school interact also with University students, and
also with citizens - not only parents and relatives- during volunteer campaigns for both
kind of monitoring programs (citizen science and intergenerational education). These
kinds of experiences are giving essential clues — to researchers and teachers — for
improving and evaluating, in the future, this kind of informal teaching methods (Catarsi
&Ciardi, 2010).

Last but not least, great importance, in both projects, is given also to the education of
younger children. In accordance with the indication given in Recommendation number 4
of the European Commission (Osborne &Dillon 2008), we devote particular attention to
scientific education also in primary school. We try to involve children, since the first
scholastic years, in field activities, in similarity to what is done for middle school and
high school, trying to devise, in this case, specific teaching strategies due to the age of
the learners.

Results and discussion

Starting as two educational and scientific projects, independent from each other,
BluePaths and SeaCleaner not only are now sharing the monitored area, but they also
share students and methodologies, with a mutual exchange of experiences in peer and
intergenerational education. Both projects have led to discover little-known aspects of
disciplines that, usually, are just mentioned in class, and students have the opportunity
to deepen their knowledge of some aspects of the world of environmental research,
and to broaden their skillfulness and interests, according with the Recommendation 1
of the European Commission (Osborne &Dillon 2008).

The first visible result of the “sharing of forces” between the two project is the increase,
from 2012 to 2015, not only of the number of students, schools and volunteers (Figure
3) , but also of MPA involved in the network (Figure 2). Moreover, also many local
authorities, environmental laboratories etc. have been involved in activities devoted to
disseminate the results of the two projects. As an example, we can quote the “Festa

58



Engaging way to help students develop skills, interest and methodological
research approaches in Marine and Environmental science

Della Marineria” of La Spezia (Festa Della Marineria, 2015), the Clean up Europe day
(Legambiente, 2015), the LABTER (the laboratory for environmental and territorial
education) education day etc. In all these events many students of high and middle
school were involved, as tutors, in hands-on laboratories, exhibitions and activities
addressed to schools and to the general public (Figure 6).

Figure 6. Intergenerational education and awareness activities

An important evaluation instrument, for establishing the degree of efficacy of these
kinds of approaches that we used, has been the questionnaire on science perception.
Thanks to the collaboration of the WGSE (Working Group on Science Education) of
La Spezia® (Locritani et al., 2013), the questionnaire has been administered to high
school students involved in SeaCleaner activities (Working Group “in situ” and “on
office + IT”), during the scholastic years 2013/2014 and 2014/2015. The questionnaire
aims to detect the degree of interest of students in scientific topics, and also the
perception they have about the "scientist" work, distinguishing between female (F) and
male (M) students. It is based on the model with response option in a 5-point Likert
scale (Kind et al., 2007). Comparison has been made with the results obtained by the
administration of the questionnaire in a large sample of student population in La
Spezia (pilot study) (Locritani et al., 2015).

The post-activities results for the high school students questioned (Table 2) are
positive, in the sense that the mean (considering both females and males) value for the
5 scientific aspects (indicators) considered (first column of table 2) is higher with
respect to the pilot study, and especially this value grows after the activities (second
administration). One of the reasons, however, of the generally higher value obtained
also during the first administration, may be that in this case (SeaCleaner) students
themselves decided to be involved in the project, indicating an initial major personal
interest in the treated argument. Another aspect to be noted is the difference between
females and males responses, with a major interest for science in males (about 5%).

8 This Group born in 2013 after an intense period of science educational activities, carried on in
collaboration by different research and educational centers of La Spezia.
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Table 2: Results (extracted from Merlino ef al. 2015c) concerning the degree of interest in science

issues for 41 High School students involved in SeaCleaner. Two sub-sample of students have been

investigated, considering first and second administration and finally compared with the pilot study
results. F is for Females, M is for Males and A is for Average

Percentage of satisfaction (%)

Work-ing In situ On office + L.T. Pilot
Group study
Adm. First Second First Second First
Gend. F M A F M A F M A F M A A

Int. in science 333 | 57.1 | 452 | 63.5 | 583 | 60.9 | 50.0 | 56.4 | 532 | 33.3 | 57.1 | 452 | 44.7

Prop. for a pers.

NI 69.1 | 789 | 74 | 732|696 | 714|786 | 694 | 740 | 69.1 | 789 | 74.0 | 62.1
Scientific future

Percept.of social
impor- tance of | 62.1 | 745 | 683 | 773 | 67.1 | 72.2 | 72.7 | 719 | 72.2 | 62.1 | 745 | 683 | 57.3
science

Scientificpercep-

tion 539 | 585 | 56.2 | 52.8 | 583 | 55.5 | 75.0 | 79.8 | 77.4 | 62.5 | 76.2 | 69.3 | 64.7

Int. in extra-
curricular

activities 625|762 | 692 | 813 | 76.6 | 78.9 | 43.3 | 41.0 | 42.1 | 36.7 | 44.8 | 40.7 | 41.2

Also interesting is the comparison between the group of students working on beach
monitoring (in situ group), with the group working only in data analysis and L.T.
activities (on office + L. T. group). If we look the medium value, the interest in science
is increasing (about 5%) for students who participate in the in sifu activities and a
decreasing (about 4%) for the students engaged only in the on office + I.T. work. But if
we distinguish by gender, we note that there is an opposite trend for females and
males: the first ones prefer the in situ activities, while the second ones prefer to work
on office (note the decrease, in the last row, for the interest in extracurricular activities
experimented by females of the “on office + I.C.” group). It would be interesting to
investigate the reasons of these differences and especially the reason of the great
increase in female interest for science during in situ SeaCleaner internship (starting
from 33.3 up till 63.5). A possible explanation could be finding in the family and
environment influence. Female students are generally less stimulated and involved
about scientific issues (by parents and by external inputs, as mass media, TV, science-
movies etc). Possibly, class lectures, theoretical exercises etc. are not sufficiently
stimulating to increase, in these girls, the low interest they have for science. So, female
high school students participating to the “in situ” internship, probably begin the stage
with very few “expectations”. During the activities, instead, they realize that the
proposed scientific activities are interesting and they change their science perception.

In any case, the questionnaire has been submitted, until now, to a restricted number of
students, and the results are only qualitative. We need a higher number of students to
statistically support these results, and we have chance for that, because the number of
students involved in next SeaCleaner activities is highly grown (about 85 high school
students scheduled for scholastic year 2015/2016).
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We also would like to point out that the BluePaths ‘“snorkeling MAC protocol”
represent a real innovation, allowing, for the first time, very young students to
participate in a scientific monitoring programme, and to collect real scientific data.

Also the SeaCleaner protocol represents an innovation for marine litter monitoring, as
it is extremely friendly and easy to use; it is suitable for a wider circle of people (as
volunteers) and - at the same time - methodologically sound and comprehensive, with
respect to the MSFD protocol. The task of the students involved in SeaCleaner project
was also to adapt the original protocol (more complete but too complex) in a kind of
simplified inquiry, making it accessible to all.

This has led to increase the chances of involving volunteers and citizens in this type of
monitoring, with obvious consequences both on problem knowledge and on problem
awareness. Especially, the added value to this protocol has been the preparation of the
associated App, elaborated by students involved in the first stage of work related
learning, in 2013 (Merlino et al. 2015b).

The last choice is the dimension
of the litter. In our protocol we
follow the suggested
classification of 10C UNEP
(2008) and we proposed 3
dimension classes: Little
(between 2,5 and 15 cm),
Medium (between 15 and 50
cm) and Big (more than 50 cm).

Once the first field
(material) has been
selected (in our case
PLASTIC), SeaCleaner
shows the following field,
i.e. the type: scroll
different types of plastic
objects (bottles, toys, bags,
tubes etc.) and choose the
one you see on the beach
(we choose bottle).

Using App SeaCleaner is
easy and intuitive. The
first screenshot shows
some of the most
common litter visible on
beachs during our
surveys (plastic,
polystyrene, rubber,
aluminium etc. )

It is easy to scrolland
choose between the
different material (here
we select PLASTIC).

Figure 7. Application SeaCleaner, developed with the aim to be extremely "user-friendly
following Guidelines of UNEP/IOC-“Quick poll” case (Cheshire et al. 2009). It has been
conceived and elaborated by a group of students during an internship of work-related learning in
2013/2014

In 2016, thanks to the agreement for work-related learning internship with Secondary
School “Fossati-da Passano” of La Spezia, the draft version of the GIS-based database
will be finalized for the storage for data, maps and other information, and will be
created the website for both SeaCleaner and BluePaths projects, in collaboration with
ISMAR-CNR and INGYV research centers.
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Figure 8. First scientific results about marine litter surveys, performed with the help of citizens,
but particularly with high school students, have been presented through a poster during the IORC
(International Ocean Research Conference) of Barcelona in 2014. The graphical layout and part of

the content, for both the biological and the marine litter (table, graphs etc.) have been elaborated by

students involved in the SeaCleaner project and in the Blue Paths project in the year 2013/2014

Apart from the scientific fallout (Merlino et al., 2014a; Merlino et al., 2014b; Merlino
et al., 2015a; Merlino et al., 2015b; Mioni et al., 2015a; Mioni & Merlino 2015b,
Mioni 2015) useful for the researchers, the publication of the scientific results of the
two projects (see Figure 8 as an example) represents an important push for involved
scholastic institutes and students: they feel themselves proud to have contributed in
scientific advances, to have their name between the acknowledged people or , in same
case, among the authors (Merlino ef al. 2014a), and to appear in documentaries and
photos. Scholastic Institutes took part (and were awarded) in competitions for
institutional prizes, proposing the two projects as examples of didactic paths addressed
to create connections between education and real world. Some examples are the
Special International Award Ramoge “Alain Vatricain” 2012-2013 for awareness
towards protection of marine environments, and the “Acknowledgement as best-
practice of work-related learning internships” during the 1st National Convention on
work-related learning, ‘Salone dell’Orientamento’ ABCD of Genoa, in November
2013.

Last, but not least, the projects have been the subject of a documentary’, realized in the
context of the European Researchers' Night (MSCA - Marie Sklodowska-Curie
Actions). The short movie tells, in an accessible and friendly way, the research carried
out by the involved institutions in the area of Pelagos Sanctuary. Particular attention is

° Available in http://www.ismar.cnr.it/divulgazione/Video/video or in https:/youtu.be/yMym-
Rh6dgM in Italian language, and in https:/www.youtube.com/watch?v=zwYZ1aCTIEw in
French language.
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given, in the movie, to the initiatives of citizen science, through which the educational
experience often goes alongside with important scientific results. The movies have
been translated in French language, and soon it will be translated also in Spanish and
English languages.

Conclusions

Science has to become more and more challenging in the future, and a key role is
played by education; an education aimed to avoid a mere accumulation of not
controlled information, and of short-living concepts. It is, indeed, necessary to identify
and develop, in students, the necessary skills and competences that will help them to
“participate in an effective and constructive way in social and working life in an
increasingly diverse society” (Recommendation of the European Parliament and of the
Council, 2006/0962/EC).

To reach these objectives, an innovative pedagogical approach is necessary, to
overcome traditional science teaching made of huge amount of concepts, often not
related with the real world. Young people have to build a critical but conscious
attitude towards technological innovation, scientific research and environmental
issues, an attitude that will encourage the development of personalities able to make
personal choices. To fulfill this aim requires a constant exercise on situations drawn
from reality, and BluePaths and SeaCleaner projects are basing their educational and
scientific approach on this methodology. Their interdisciplinary cooperation is an
example of how education and research can pursue similar goals.

Next scientific goal will be the statistical analysis of correlations between parameters
emerged from SeaCleaner survey (accumulation rates, fragmentation index,
distribution - in different beaches - of different typology of material etc.) and
biological data on biocenosis and benthic communities provided by BluePaths survey.
We would like to remark that all these results would be impossible without the
synergy of the two project and the help of volunteers and, especially, of the involved
students.
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Chapter 5

Assessment of problem-solving
skills and capacity for applying
knowledge in practice in subjects
related to mechanical and
materials engineering
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Abstract: The international accreditation for the Master and Bachelor degrees offered at our university, together
with the demands of the employers, have made it clear that students’ curricula should specify not only what they
have studied, but also what they are actually able to do. Although the competence based curricula approach has
been used in the development of the new programmes for Master and Bachelor degrees within the European
Higher Education Area in recent years, the assessment of generic competences is still a pending task. This work
presents an ‘outcomes’ approach for the assessment of the problem-solving skills and the capacity for applying
knowledge in practice in subjects related to mechanical and materials engineering. In particular, this paper
proposes an scale in order to quantify the level of achievement and shows some tools developed for this
purpose. These tools are based on the evaluation of some learning outcomes that can be observed by using
different strategies during the course. Conclusions about preliminary results and the difficulties found in order to
create these tools and the scales are also described here.

Keywords: competence assessment; learning outcomes; problem-solving skills; capacity for
applying knowledge in practice.

Introduction

In Sorbonne Declaration of 25th May, 1998 (Sorbonne, 1998), the four Ministers in
charge for France, Germany, Italy and the United Kingdom signed a joint document on
harmonisation of the architecture of the European higher education system. A common
framework of reference was encouraged, aimed at improving external recognition and
facilitating student mobility as well as employability. One year later, the Bologna
Declaration of 29 European Ministers of Education was presented (Bologne, 1999). The
process originates from the recognition that Europe is facing several challenges, such as
the employability of graduates and the lack of skills in key areas. The European Higher
Education Area (EHEA) is identified as an indispensable component to provide its
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students the necessary competences to confront the challenges of the new millennium.
To consolidate this area and to promote the European system of higher education
worldwide, compatibility of the systems has to be achieved, by developing comparable
criteria and methodologies. This comparability should be guaranteed by the
development of a common framework of qualifications, as well as by coherent quality
assurance and accreditation/certification mechanisms.

As indicated in Reference (Agten, 2007), competences and learning outcomes are the
basic parameters for the comparison between higher education from different
universities and different countries. Therefore, Bachelor and Master Degree
programmes developed at our university within the scope of the EHEA follow a
competence based approach (Sursock et al., 2010; Murias et al., 2007; Rieckmann,
2012). These programmes clearly define the specific and generic competences to
develop in each degree, in addition to the particular subjects along the degree.

The assessment of the specific competences is reflected on the students’ curricula by
using numerical qualifications, but the assessment of the generic competences is more
difficult, in fact, it is a topic under research worldwide (Zlatkin-Troitschanskaia et al.,
2015), and it has been passed over somehow. It is understood that the students would
have acquired these capacities and skills at the end of the studies, but the level of
achievement is not assessed. The international accreditation of these programmes
(Shuman, 2005), together with the requirements of the employers to have better
information on the students’ competences, have put the university to work on this
issue (Andrews et al., 2008; Entwistle et al., 2004; Freire et al., 2010). Also, recent
regulations in Spain compel universities to guarantee the assessment of the
competences developed on their degrees (MEC, 2007).

Our university, the Technical University of Valencia in Spain (Universitat Politécnica
de Valencia, UPV), has started an institutional program to support research and
experiences related to this topic (UPV, 2014). This work presents some results
obtained in the frame of an innovative project (PIME program) on the evaluation of
generic competences that have been traditionally worked in subjects of mechanical
and materials engineering. In particular, the methodology and the tools developed for
the assessment of the capacity for problem-solving and the capacity for applying
knowledge in practice, using the name convention from Tuning project (2014).

The authors have focused on these generic competences because they are mentioned as
key skills to prepare students for increasing social prosperity and their individual
wealth in most frameworks all around the world (Kelly ef al., 2001, Young et al.,
2010); and they are also pointed as two of the most important skills required by the
employers in Europe (Tuning brochure, 2014). Moreover, they believe that the
mechanical and materials engineering subjects offer great opportunities to work on
them. Therefore, they have already been doing it for a long time.

The authors belong to the Mechanical and Materials Engineering Department and they
teach different subjects in different Degrees within the UPV: e.g., Machine and
Mechanism Theory, Structural Integrity, Mechanical Vibrations and Materials
Science. They found interesting to be able to test the tools developed in different
academic levels in order to validate them.

The assessment of generic competences requires a change in the current pedagogical
practices, as the lecture continues to be the dominant teaching method. The use of
learning-oriented active methodologies is essential for the competences development
(Salas, 2014), and it can be very helpful for their assessment as well. In fact, in the
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authors’ opinion, one of the main challenges when dealing with the assessment of
generic competences is creating evaluation activities that truly force the students to put
their skills into play.

The authors have followed an Assessment for Learning approach (Bloom, 1981), as it
seems very interesting to develop evaluation tasks that would not only allow to grade
the students’ performance, but also to be useful for the students to improve their
capacities and their learning experience (McDowell, 2011).

Before explaining the methodology proposed for the assessment of these competences,
the definitions used in this work will be stated in order to know what learning
outcomes they are referring to. Then, the methodology based on the observation of
these learning outcomes will be detailed, and the checklists developed will be shown.
Next, some results regarding a first attempt to use these checklists in different subjects
of Bachelor and Master Degrees are also described here. Finally, some conclusions are
derived from this experience in order to improve the methodology in the future.

Definition of problem-solving skills

The definition used in this work for the competence on problem-solving refers to the
ability to analyse and solve a problem in an effective way, identifying and determining
the most relevant parts of it. The main aim when developing this competence is that the
students increase their self-confidence and promote their own capabilities and skills to
learn, understand and apply their knowledge. It is an important competence that
contributes to the lifelong self-learning of the student, and helps in the developing of
some other competences as team working, creativity, critical analysis and leadership.

It should be also noticed that problems are not exercises, i.e., problems refer to new
open situations that encourage individuals to use new approaches (Pozo Municio et al.,
2009, Mourtos et al., 2004). These situations can be solved by using different
strategies, and they do not usually have only one solution. Solving a problem implies
using thinking skills, and not only repeating a known procedure to obtain the solution.

From the previous work developed by the Institute of Education Sciences (UPV, 2014),
a research centre belonging to our university that gives support to teaching, this
competence can be decomposed in different learning outcomes that can be summarised
as follows:

1. To identify a real problem and define precisely the most relevant facts.

2. To apply the methods learned to analyze a problem, gather relevant information
and propose different alternative solutions.

3. Using the experience and judgment to generate an efficient and effective solution.

Definition of capacity for applying knowledge in practice

The definition used in this work for the capacity for applying knowledge in practice
refers to capacity to identify the goals to solve one real situation and to establish a
proper plan to do it, considering the uncertainties, constraints, resources and
information available, and by using the knowledge and techniques learnt. It is a
complex competence that integrates time and information management, and practical
thinking, i.e. the action-oriented way of thinking that we use in daily life to adapt to
new situations that arise, to take decisions and consequently to act (Villa et al., 2008).
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The students will also develop skills to justify their decisions in case of team working,
and to think about how to verify that the plan is working as expected.

This competence can be decomposed in different learning outcomes that can be
summarised as follows (UPV, 2014):

1. Using the own capacities and the suitable resources to identify the goals and to
verify the quality of the information available.

2. To design a consistent plan with specific tasks to solve new and/or complex
situations by its own, or in collaboration with others.

3. To define indicators to evaluate the plan progress and correcting measures to
improve it in the future.

Methods

The use of rubrics for grading and feedback in higher education has become very usual
to meet the requirements for consistency and transparency in generic competences
assessment (Hack, 2015). They present some advantages for formative assessment with
respect to other techniques, as can be found in Reference (Panadero, 2013). One
example regarding the assessment of problem-solving skills can be found in Reference
(Mendez et al., 2011).

But, it is not easy to create a good general purpose rubric as the goals of the assessment
have to be clearly defined (Lui et al., 2014). In Reference (AACU, 2010) one example
can be found, but there were still too many uncertainties and misunderstandings when
trying to apply it. The authors of this work found it very difficult to create a suitable
rubric for the assessment of both the problem-solving skills and the capacity for
applying knowledge in practice. There were some discussions regarding the definitions,
so it was not clear what the learning outcomes meant in some particular cases in
different subjects, and it was very difficult to establish a grading that would be
consistent among different markers.

Fortunately, rubrics are not the only way to carry this assessment out (Greiff ef al.,
2013). In Reference (Hong et al., 2015), a self-reporting questionnaire is used to
assess different aspects of designer’s reflection occurring during a design process, that
is very similar to problem solving process: Identify goals; Gather information; Define
the problem; Evaluate solutions; Making decisions. Also, an open-ended problem
solved in teams is proposed in Reference (Mourtos et al., 2014). In Reference
(McMullan et al., 2003) the use of portfolios is analysed.

Most of the aforementioned techniques would require a deep change into the learning-
teaching method used to this time. So, finally, they decided to create checklists that
would include some evidences related to the learning outcomes, and that could be
easily adapted to different evaluation activities and subjects. These evaluation tools are
not as accurate as rubrics can be, but they can be useful as a guideline for the students,
and they are more easy to use for the markers. Moreover, a checklist meets most of the
seven principles for good feedback practice (Nicol et al., 2006):

1. It can help to clarify what a good performance is (goals, criteria, etc).
2. It facilitates the development of self-assessment (reflection).

3. It delivers some information to students about their learning.

4. Tt encourages teachers and peer dialogue around learning.
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5. It encourages positive motivational beliefs and self-esteem.

6. It provides the opportunity to close the gap between current and desired
performance.

7. It provides information to teachers that can be used to shape teaching.

To create these checklists some recommendations have been followed (Khus, 2001):

e Make sure your expectations match curriculum standards.
e Imagine what a good student response would look like.

e Think about parts of the task students would find difficult.
e Make sure that criteria are consistent with task directions.
e Decide which task features will not be assessed.

¢ Limit the number of criteria.

e Decide whether the evaluation tool will be specific or generic.

The checklists created in this work are detailed in Tables 1 and 2. They are structured
in nine items in order to evaluate the different key aspects of the competences. For the
problem-solving skills, the first learning outcome is divided into the first two items:
the problem identification, and whether it is split up into smaller and easier units to
solve, respectively. The second learning outcome is evaluated in items 3 to 6: the
information gathering is reflected in item 3; regarding the proposed methodology,
items 4-6 involve its description taking into account if several proposals are used to
validate the resolution and if the choice of the followed method is justified,
respectively. Finally, the last learning outcome is captured in items 7 to 9: item 7
refers to the estimation of the data for problem resolution and its justification, while
item 8 comprises the analysis done of the problem solution guarantying the expected
order of magnitude; and the efficacy in problem resolution is identified in item 9.

For the capacity for applying knowledge in practice, items 1 to 4 refer to the first
learning outcome, i.e. defining the goals, taken into account the constraints and the
information available. Items 5 to 7 capture the second learning outcome regarding the
planning to solve the situation; and, finally, items 8 and 9 deal with the last learning
outcome as they measure the plan execution.

Each of these items is assigned with a score from 0 to 3 when the level of achievement
is “inappropriate”, “sufficient” and “appropriate”, respectively. In both cases, the score
obtained when correcting the evaluation activity using the checklist is translated into
increasing levels of achievement: “low”, “low-medium”, “medium”, “medium-high”,
“high” and “master”. The “medium-high” level is the level expected when finishing

the Bachelor Degree.

Study goal

As it has been stated in the Introduction section, the main goal of this work was to
develop some evaluation tools to grade the level of achievement in two generic
competences. To verify the usefulness of these tools, their consistency should be
proved in two directions: the grade obtained from different markers (teachers, self-
assessment or peer-assessment) for the same evaluation activities should be similar;
but also, the grade should be higher for Master’s students than for the Bachelor ones,
in general, as they are supposed to improve their capacities during the degree.
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Table 1. Checklist for the assessment of problem-solving skills

Checkpoint Yes or To what extent?
no?

Yes [ 1. Inappropiate [ ]
1 | The student clearly identifies the object of the problem No [ 2. Sufficient ]
3. Appropiate [ |
|:| Inappropiate |:|

5 The student splits the problem into simpler, more Yes N
manageable parts No [] 2. Sufficient L]
3. Appropiate [ ]
) ) Yes |:| 1. Inappropiate |:|

3 The student collects relevant information for the »
resolution of the problem No [] 2. Sufficient L]
3. Appropiate |:|
) ) ' Yes |:| 1. Inappropiate |:|

4 The student describes schematically the resolution o
procedure followed to obtain the solution No [ 2. sufficient L]
3. Appropiate |:|
Yes I:l 1. Inappropiate |:|
5 | The student proposes several methods of resolution No [ 2. Sufficient O
3. Appropiate [ ]
o ) Yes |:| 1. Inappropiate |:|

6 The student states the methods used and justifies their »
utilization No |:| 2. Sufficient D
3. Appropiate |:|
o . ves [ 1. Inappropiate [ ]

7 The student justifies, if necessary, estimated values o
using its own knowledge and background No [ 2. sufficient L]
3. Appropiate |:|
) o ) ) y I:l 1. Inappropiate |:|

8 The student discusses or criticizes the solution obtained €s -
and compares it with the expected order of magnitude No [ 2. Sufficient L]
3. Appropiate |:|
. o ) ) Yes |:| 1. Inappropiate |:|

9 The student is efficient to achieve the solution and does »
not need many detours No [] 2. Sufficient L]
3. Appropiate [ ]

** The answer “No” gives a score of 0 points. It is not necessary to complete the field “To what extent?”

From 0 to <5 From 5 to <10 From 10 to <14 From 14 to <18

Item1l | Item2 | Item3 | Item4 | Item5 | Item6 | Item7 | Item8 | Item9 TOTAL
Score
PROBLEM SOLVING SCALE
LOW LOW-MEDIUM MEDIUM MEDIUM-HIGH HIGH MASTER

From 18 to <23 From 23 to 27
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Table 2. Checklist for the assessment of capacity for applying knowledge in practice

Checkpoint Yes or To what extent?
no?
1. Inappropiate |:|
1 The student clearly defines the goals to achieve by using Yes []

its own words No [] 2. Sufficient O
3. Appropiate [ |
I:l 1. Inappropiate |:|

5 The student identifies the constraints and the relevant Yes .
facts to be taken into account No [ 2. Sufficient L]
3. Appropiate |:|
I:l 1. Inappropiate |:|

3 The student evaluates the quality of the information Yes o
available No [] 2. Sufficient ]
3. Appropiate [ ]
I:l 1. Inappropiate |:|

4 The student proposes reasonable estimations to Yes o
overcome the uncertainties No [ 2. Sufficient ]
3. Appropiate |:|
O 1. Inappropiate [ ]

s The student works out a plan with suitable tasks Yes .
depending on the information and resources available No [ 2. Sufficient L]
3. Appropiate |:|
I:l 1. Inappropiate |:|

6 The student proposes an effective solution taken into Yes o
account the constraints and resources available No [ 2. Sufficient L]
3. Appropiate |:|
v I:l 1. Inappropiate |:|

; The student justifies the feasibility of the solution in es .
front of other alternatives No [ 2. Sufficient ]
3. Appropiate |:|
O 1. Inappropiate [ ]

8 The student establishes a method to control the plan Yes N
progress No [] 2. Sufficient ]
3. Appropiate |:|
Yes I:l 1. Inappropiate |:|
9 | The student foresees feasible improvements of the plan No [ 2. Sufficient O
3. Appropiate |:|

** The answer “No” gives a score of 0 points. It is not necessary to complete the field “To what extent?”

Iltem1l | Item2 | Item3 | Item4 | Item5 | Item6 | Iltem7 | Item8 | Iltem 9 TOTAL

Score

CAPACITIY FOR APPLYING KNOWLEDGE IN PRACTICE SCALE

LOwW LOW-MEDIUM MEDIUM MEDIUM-HIGH HIGH MASTER

From 0 to <5 From 5 to <10 From 10 to <14 From 14 to <18 From 18 to <23 From 23 to 27
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In order to check these consistencies, some preliminary tests have been conducted for
both generic competences. A detailed description of these tests is given next.

Problem-solving skills
Sample

This competence has been evaluated in two subjects: Materials Science in the second
year of the Bachelor’s Degree in Chemical Engineering, and Mechanical Vibrations in
the first year of the Master’s Degree in Aeronautical Engineering. There were more
than 70 students involved in Materials Science, and 20 in Mechanical Vibrations.
There are 3 years of studies between them, at least for most of the students.

Procedure

The students were asked to solve an individual problem, rather more complex than the
exercises done in the classroom. It forced them to follow the problem-solving process
detailed in the checklist: from problem identification to critical analysis of solution,
together with the information gathering, the proposed methodology as well as the
reasoning to choose it. Proceeding in this way, the student is not only encourage to
problem-solving, but also self-learning, based problems learning, critical thinking and
written communication competence are promoted in an indirect manner.

The activity is presented in half an hour during one of the theory sessions. Then, the
students have one month to deliver a written report. They are supposed to complete
this activity in 8-10 hours, and they can attend some office hours in between.

Capacity for applying knowledge in practice

To carry out the evaluation of this competence, an appropriate activity must be
designed. In this case, it is more subject dependent than the problem-solving skills, so
it is very important to state clearly what it means to apply knowledge in practice in
each subject. This evaluation activity should provide the students an opportunity to put
most of the checkpoints of the checklist into play, but it depends on the academic year
or level. As an example, the activities developed for two Bachelor’s Degree subjects,
together with the corresponding checklists are described next.

The first subject title is Machine and Mechanism Theory and it is taught in the second
year of the Bachelor’s Degree in Industrial Technologies Engineering. There were 50
students involved. It is an important subject on the fundamentals of Machine and
Mechanism design and analysis, but students find it too theoretical. They are often not
able to see that there are many real applications in daily life.

So, the following assignment is proposed, and the checklist in Table 3 is used to correct
it:

First part: Look for or take a picture of a real mechanism

You should be able to describe its operation and to draw a kinematic sketch.
Second part: Define a design problem related to the mechanism

* Draw a kinematic sketch of the mechanism.

* Define the goals of the problem.

* Identify the motion range and all the constraints.

* Propose some input data and estimate the mass properties of the links.
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* Detail the solving process, pointing out the variables to find and justifying the
procedure you would follow.

» Explain how you would be able to check the solution obtained.
* Make a comment on how to improve the performance of the mechanism.

The activity is presented in one of the theory sessions. They are asked to group in
teams of 3-4. Then, the students have one month to deliver a written report. They are
supposed to complete this activity in 8-10 hours, and they can attend some office
hours in between.

The title of the second subject is Computer Aided Mechanical Design and it is taught in
the last year of the Bachelor’s Degree in Industrial Technologies Engineering. There
were about 35 students involved. The main topic of the subject is the dynamic simulation
of multibody systems by using the commercial software ADAMS/View (ADAMS,
2014). During the course, the students have to develop a model of a V4-cylinder internal
combustion engine, using parts of a mono-cylinder engine (see Figure 1).

=

Figure 1. V4-cylinder internal combustion engine model in ADAMS/View

The engine is originally built by the students using some parts that have been modelled
in a CAD software. The goal is to simulate the steady-state dynamics of the engine. In
an intermediate step, the students model a 3-cylinder engine during a lab work session
by following some instructions from the teacher. So, the modelling procedure is shown
to the students, and they learn how to build it. The modelling process includes
grouping and copying some parts, e.g. the crankshaft, the connecting rod, the piston,
etc; joining the different parts through kinematic pairs; moving and placing them into
accurate locations and with accurate orientations; applying forces and programming
the engine operation.

This assignment is suitable for the assessment of the capacity for applying knowledge
in practice as there is not one best solution to model the engine, and so, students face a
similar situation to the ones they have solved in lab work sessions, but there are some
uncertainties they have to overcome. There are a lot of different sequences and options
to be used in order to build the model in an efficient way. There are some decisions to
take so that the model works properly, and they have to think about how they can
detect if it is doing so. Moreover, the evaluation task is not only the correct modelling
of the engine, but they also have to write a tutorial including all the figures and
necessary instructions for a beginner in ADAMS/View to build the model.
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Table 3. Checklist for the assessment of capacity for applying knowledge in practice in
Machine and Mechanism Theory subject

Checkpoint Yes or To what extent?
no?
1. Inappropiate |:|
1 Have you understood what you are asked to do? Write Yes []
the table of contents of the assignment No [ 2. Sufficient ]
3. Appropiate M
Are you sure what kind of mechanism can you solve? Yes [] 1. Inappropiate []
2 | Check the mobility of the mechanism and the kinematic 2. Sufficient ]
pairs used No []
3. Appropiate |:|
|:| 1. Inappropiate |:|
3 Can you identify all the parts of the mechanism? Draw a Yes o
kinematic sketch No [] 2. Sufficient ]
3. Appropiate |:|
Do you have all the mass properties and the geometry Yes [] 1. Inappropiate []
4 | you need? Identify any uncertainties and make an 2. Sufficient D
estimation to overcome them No [
3.  Appropiate [ ]
Do you know how to analyze the kinematics and the Yes [] 1. Inappropiate [ ]
5 | dynamics of the mechanism? State the steps to follow 2. Sufficient ]
and the methods you need No [
3. Appropiate |:|
] 1. Inappropiate [ ]
6 Can you propose a design problem? Write the design Yes .
requirements No [] 2. Sufficient ]
3. Appropiate |:|
Yes I:l 1. Inappropiate |:|
7 | Why do you think this is an interesting problem? Argue it 2. Sufficient ]
No []
3. Appropiate |:|
What should it be the order of magnitude of the Yes [] 1. Inappropiate []
8 | solution? Anticipate the range of numerical values for 2. Sufficient ]
the solution No []
3. Appropiate [ ]
] 1. Inappropiate [ ]
9 Do you think it is possible to improve the mechanism’ Yes -
performance? Explain how to do this No [] 2. Sufficient ]
3. Appropiate |:|

** The answer “No” gives a score of 0 points. It is not necessary to complete the field “To what extent?”

Iteml | Item2 | Item3 | Item4 | Item5 | Item6 | Item7 | Item8 | Item9 TOTAL

Score

CAPACITIY FOR APPLYING KNOWLEDGE IN PRACTICE SCALE

Low LOW-MEDIUM MEDIUM MEDIUM-HIGH HIGH MASTER

From 0 to <5 From 5 to <10 From 10 to <14 From 14 to <18 From 18 to <23 From 23 to 27
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Table 4. Checklist for the assessment of capacity for applying knowledge in practice in
Computer Aided Mechanical Design subject

Checkpoint Yes or To what extent?
no?
1. Inappropiate |:|
1 Have you understood what you are asked to do? Explain Yes []
it in your own words No [] 2. Sufficient ]
3. Appropiate M
O 1. Inappropiate [ ]
Are instructions clear? Write the table of contents of the Yes
2 assignment 2. Sufficient ]
No |:|
3. Appropiate |:|
Can you understand the kinematic and the operation Yes [] 1. Inappropiate [ ]
3 | diagrams you have provided with? Draw a graph with 5 Sufficient H
the pistons position as a function of the crankshaft No [ ’ uthcien
rotation 3. Appropiate  []
I:l 1. Inappropiate |:|
4 Do you have all the parts you need? Identify any part you Yes o
miss and explain how you are going to overcome it No [ 2. Sufficient L]
3. Appropiate [ ]
Do you know all the steps you have to follow to ves [ 1. Inappropiate []
5 | complete the assignment? Enumerate the sequence of 2. Sufficient ]
task you need to follow No [
3. Appropiate |:|
v O 1. Inappropiate [ ]
6 Do you accurately describe the tasks to do? Detail the es .
instructions No [] 2. Sufficient 0
3. Appropiate |:|
Would there be any other procedures to build the Yes [ 1. Inappropiate []
7 | model? Argue the advantages and drawbacks of your 2. Sufficient O
proposal No []
3. Appropiate |:|
Could you check if your instructions are correct without | yes [] 1. Inappropiate []
8 | assembling all the model? Note the critical points in the 2. Sufficient ]
assembly No []
3. Appropiate [ ]
O 1. Inappropiate [ ]
9 Do you think you could improve your instructions after a Yes o
few uses? Explain how you could do this No [] 2. Sufficient L]
3. Appropiate |:|

** The answer “No” gives a score of 0 points. It is not necessary to complete the field “To what extent?”

Iteml | Item2 | Item3 | Item4 | Item5 | Item6 | Iltem7 | Item8 | Item9 TOTAL

Score

CAPACITIY FOR APPLYING KNOWLEDGE IN PRACTICE SCALE

Low LOW-MEDIUM MEDIUM MEDIUM-HIGH HIGH MASTER

From 0 to <5 From 5 to <10 From 10 to <14 From 14 to <18 From 18 to <23 From 23 to 27
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The students are provided with the engine operation sequence and a list of
requirements, as well as the original checklist for the assessment of the capacity to
apply knowledge in practice adapted for this particular assignment and subject, as
shown in Table 4.

The activity is presented in one of the lab work sessions. They have to work in pairs,
as they are already grouped in the computer lab. The students have one month to
deliver a written report. They are supposed to complete this activity in 10-12 hours,
and they can attend some office hours in between.

Results and Discussion

Problem-solving skills

For the Master students it was possible to check the consistency among different
markers, as the written reports were under review of two teachers. The grading given
by both of them for every student was very close.

Figure 2 shows the score after the problems correction. This evaluation has been
carried out by using the checklist in Table 1, where each item is scored on a 0-3 range,
and the maximum score for activity is 27 points. In Figure 2a) the final score for each
evaluated problem is detailed, for Bachelor degree and Master students. In all the
evidences collected during the course, a higher final score is observed for Master
students compared to Bachelor degree students. If the analysis is performed for each
item defined in the checklist (except item 5 that has been discarded because it could
not be assessed in the Bachelor degree problems), as shown in Figure 2b), the average
score on each checkpoint for Master students is again higher than the one
corresponding to Bachelor degree students. It is important to note that the evaluations
of items 7 and 8 show the lowest scores, associated with a poor justification of the
used data and insufficient analysis of results, respectively.

Figure 3 is obtained if the items are grouped into learning outcomes, as discussed in
the previous section. The score is reflected in terms of percentage of the total score. It
should be noted that in the first learning outcome there is little discrepancy (3.5%)
between Bachelor degree and Master students, that is, both are able to identify the
objective of the problem and split into simpler parts. Regarding the second learning
outcome, which is based on the collection of information, description and justification
of the methodology followed to solve the problem, a notable discrepancy (19%) is
observed, the Master students showing higher skills. Finally, in the third learning
outcome, there is a large discrepancy between Master and Bachelor degree students,
52% approximately. Therefore, Master students have greater skills to estimate and
justify problem data, critically analyse the solution and do it effectively and
efficiently.
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Figure 2. Marks obtained on the different evidences collected during the course for Bachelor
degree and Master students. a) Final marks from Checklist. b) Average marks for each item of
Checklist
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Figure 3. Percentage marks obtained on three learning outcomes for Bachelor degree
and Master students

Taking into account that the aim of the work is to develop a methodology able to
evaluate the competence on problem solving, Figure 4 details the assessment of such
competence for Bachelor degree and Master students by applying the methodology
described before. Regarding Bachelor degree students, it is observed that 80% of them
reach levels of competence framed in the first 4 levels associated with Bachelor degree
courses. As it can be seen, the approximate distribution yields 10% "low-medium"
level, 20% "medium" level and 50% "medium-high" level, the remaining being 20%
"high" level, reserved for Master skills. On the other hand, it is observed that the level
achieved by Master students is higher than that for Bachelor degree students, as
expected. In this case, 80% of Master students are in areas associated with Master
courses (last two levels), 30% being "high" level and 50% reaching "master" level.
The remaining 20% has a "medium-high" level associated with the last course of
Bachelor degree.
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Figure 4. Comparison of competence achievement levels for Bachelor degree and
Master students

After analysing the different results, that is, the individual items’ assessment, the total
scores of evidences and the achievement levels, it is observed in all of them that
Master students have acquired more skills to solve problems than Bachelor ones, as
expected. Therefore it can be stated that the methodology described for carrying out
the assessment of the problem solving competence is effective and reliable, from
activity and assessment tool to the definition of its learning outcomes and achievement
levels.

Capacity for applying knowledge in practice

The preliminary tests in Machine and Mechanism Theory have not been very fruitful.
As the assignment was not mandatory for the students, only one third of them have
done it. Moreover, it was noticed that the instructions given to the students and their
presentation in the classroom had to be improved next year so that the students
actually understand what they were asked to do. Most of them have slightly modified
some exercises that they have found in the handbooks listed in the references, not the
kind of design problems that were expected to be.

Regarding the experience in the subject of Computer Aided Mechanical Design, it was
much more promising. Most of the students were very motivated, what can be due to
the fact that the mark obtained in this assignment was considered into the final mark in
the subject, but also because they found it very real and useful.

By using the scale proposed, half of the students were in the “medium” level, while
the other half were in the “medium-high” level, as expected. In this case, it has not
been possible to validate the consistency of the evaluation tool through the academic
years. But the consistency of the checklist considering different markers was proved as
there were three different teachers on this task.

Conclusions

A methodology has been defined to carry out the assessment of the problem-solving
skills and the capacity for applying knowledge in practice in Bachelor’s and Master’s
Degrees of the Technical University of Valencia, in Spain. For this purpose, specific
activities have to be proposed to the students and a checklist is used as the evaluation
tool.
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The proposed methodology has been proved in Bachelor’s and Master’s Degrees
courses, and the results have been analyzed. For the problem-solving skills, after
comparing the levels of achievement, the Master students show competence levels
mostly "high" and "master", while Bachelor degree students are located on "medium"
and "medium-high" levels. As expected, Master students have more skills than
Bachelor degree students, so it can be concluded that the proposed methodology is
valid and reliable to perform the assessment of the problem-solving skills.

For the capacity for applying knowledge in practice, it has not been possible to obtain
such quantitative results as for problem-solving skills.

The main conclusions obtained from this experience, which can be useful as
guidelines for any reader interested in using these methodology, are:

e The assessment of the generic competences should be done together with the
assessment of the specific ones. So, evaluation activities that allow the teachers
to assess the scientific-technical competences, but at the same time, force the
students to put the generic ones into play, seem to be the best method to increase
the students’ motivation and to improve their self-regulation. By doing so, the
learning experience is clearly enhanced for both students and teachers.

e For this kind of activities to be actually profitable for the students to improve
their capacities, a notable amount of time will be required. This time should be
considered when planning the schedule of the subject. These activities should be
detailed to the students, some office hours should be dedicated to follow the
process, and some time at the end of the course should be devoted to give a good
feedback to the students.

e The authors have found it very interesting to develop checklists adapted to each
subject and task, so that they are easy to correct and very clear for the students.
But, when creating these checklists, the learning outcomes of the competence
should always be kept in mind, as this is a generic competence and it should be
useful in any other subject.

e Finally, to keep a good consistency when different markers are using these
checklists, it is very important to clearly define what does it mean “To what
extent” for each of the items, adapted to the particular task and subject. This
discussion can be very fruitful for improving the teaching-learning process.

As this experience has been very well valued by the teachers, and also by the students,
further improvements are planned for next years:

e To include the activities dedication hours within the subject schedule, so that
there is plenty of time to complete them properly.

e To keep on checking the tools consistency using all the data from different years
and degrees.

e To continue thinking about these issues and to try to find new methodologies
and activities in order to have more possibilities to achieve the generic
competences’ assessment.
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Chapter 6

The role of metacognitive
monitoring in adult learning in
online context
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Abstract: This paper examines the reflexions made by a set of online students regarding the results obtained in
an assessment task and its consequences for the future. The sample included 43 students in continuous
assessment, from both sexes. After knowing the results they were asked to indicate the implications of this
exercise to their future studies. The content analysis revealed the existence of two categories - Causality
(intrinsic / extrinsic) and Influence (Generics/ Specifics/No consequences) - regardless of the approach to real
evaluation. The reflection that students can make about their learning process and the difficulties in developing
their tasks is of great relevance to achieve success. This was evident in the analysis that our students made on the
completion of the assessment work, as well as the consequences for their future study. This process of reflection
and awareness in the teaching leaming process is particularly relevant in online education where the role of
metacognitive monitoring and control system gains a prominent role. Allowing students to reflect on these
issues permits them to be more effective learners.

Keywords: metacognition; adult learning; online learning

Introduction

Technological advances have been giving a new face to distance learning systems.
ICTs open new perspectives to facilitate learning. They work as tools that complement
the education system, and constitute themselves as a real and basic support for
training.

This new format implies methodological, pedagogical, psychological and even
emotional changes with consequent modifications in roles and functions of the actors
involved in it. These new learning scenarios lead to a change of attitude and posture
relative to this whole process. This change should be taken into account on both sides -
learners and teachers.

Students in eLearning require greater self-direction and self-regulation to achieve their
academic goals (Bol & Garner, 2011). To lead the students to reflect on their learning
strategy and tailor their metacognitive strategies to achieve success in the task is of
great relevance. This means that the incorporation of ICT in the educational context,
using the virtual spaces, allows a more effective response to the educational
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challenges, thanks to the use of strategies and tools that best fit to the real needs of
their learners. The research works of Azevedo and Cromley (2004) points to the
implications that the design of virtual learning environments have on the acquisition of
knowledge.

(...) The most critical problem-solving skills that is so much talked about in
modern training taxonomies is the resolution of their own metacognitive equation.
Thus, the new illiteracy is not so much lack of knowledge; it will reside mainly in
the absence of learning skills (...) (p.33).

Research has shown the implications of self-knowledge of one's mental processes have
for academic success. Conditions must be created to help thought in such processes.
This requirement is extremely relevant when we place it in online education system,
which advocates independence for students. This work will anchor itself, from a
theoretical point of view, with two main topics: the first regards the issues of
metacognition in paragraph “Metacognition: monitoring and control” -, and the second
will focus on the particularities and challenges of online learning contexts.

Metacognition: monitoring and control

We learn ever more outside formal learning contexts and periods formally defined for
it. The rapid and constant changes in our society as well as developments, on a
technological level, require constant updating of knowledge, providing, like this,
constant learning opportunities. It is in this context that the knowledge that each
person has in dealing with learning activities, becomes a powerful tool nowadays
(Bjork, Dunlosky & Kornell, 2013). The awareness of learning activities and
associated processes promotes understanding, retention and transfer of learning.

Leclercq and Denis (1995) defined a good learner as “a person who solves learning
problems” (p.155); that is a good regulator of their own learning. For them learning is
a “regulated process of problem solving” (p.155). This process can be decomposed
into six major phases and a good learner is one who can manage well each one. This
process requires analyzing needs, setting goals, planning of learning strategies,
executing, observing and ultimately deciding. The same can be operationalized as
follows:
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Table 1. Stages of the regulation process

Concerning to ...

The learner ...

... analysis of the needs

... definition of the objectives

... planning strategies

. should realize they need to learn and why
learning is needed.

.. need to learn what is needed; is learning what .

... should know when, how (what methods), at what

pace, with whom.

... execution .. must perform truly what was expected. Many
learners know what they need to do and how to do
it, but they don’t do it.

...observation ... must be able to assess his own learning level, to
know what the goals are and his progress.

... decisions . must be able, if necessary, to modify the

antecedent steps.

Hacker et al (2009) refer that learners can be agents of their own thoughts and
behaviors, can monitor their knowledge or skills, establish their learning objectives,
outline and control strategies / plan to achieve them, monitor progress for their
possible adjustments and, finally, assess whether the objectives were achieved. All this
translates into what Zimmerman (2000%) calls self-regulation of behavior. According
to this author the concept of self-regulation can be defined as self-generated thoughts,
feelings and actions for attaining academics goals (Zimmerman, 1998). The key
element of self-regulation is self-monitoring that involves the observation and
monitoring of the performance itself, as well as its results. This in order to understand
their learning process and apply these strategies in future situations, where they will
prove to be adequate — Figure 1.

Self-
Evaluation
and
~ Monitoring

3 i Goal
Strategic L
Outcome hg‘tmtg and

Monitoring Pl;?u:‘ﬁ:;_

Strategy
Implementation
~and Monitoring

Figure 1. A cyclical model of self-regulated learning (Zimmerman, 1998, pag. 83)
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According to Serra and Metcalfe (2007) the following aspects have been associated to
the concept of metacognition - knowledge about the process, about their monitoring
and their control -. The learning process leads to a continuous self-evaluation and a
consequent decision on what to do with the information collected: What’s next? What
do I need to study more? Have I study this content? What strategies will be used?
(Goulao, 2009).

According to Bjork, Dunlosky and Kornell (2013) for learners to become effective in
the learning process, they should “not only be able to assess accurately the states of
their own learning, but also be able to manage it and the activities in response to such
monitoring” (pag. 422).

We can say that competent learners feel themselves responsible for their own learning
and play an active role in the process. They know how to plan learning by analyzing
the requirements and by managing the process in order to achieve the goals they have
set to themselves. For this, the learner knows how to distinguish what types of
intellectual operations are needed to use, the learner knows to choose the teaching
methods and materials that are needed and that best suit the learner’s learning style,
and finally, he/she knows to make decisions and to ask questions that allow to move
forward and to evaluate trends. This active role allows the learner to be observant and
intervening in context by setting goals and pursuing to achieve them.

By monitoring, the learner can check how his plans become actions and, through the
introspection made about their achievements, learners can perceive discrepancies
between what their goals were and what actually exists. The learner can thereby
exercise metacognitive control, reviewing goals, plans to adapt or operations of
change (Winne & Nesbit, 2009).

According to Blakey and Spence (2000) the basic metacognitive strategies are a) to
know how to relate new information with existing one, b) to know how to select the
appropriate thinking strategies and c) to learn