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ABSTRACT

This article presents a new paradigm for the study of Math and
Sciences curriculum during primary and secondary education. A
workshop for Education undergraduates at four different
campuses (n=242) was designed to introduce participants to the
new paradigm. In order to make a qualitative analysis of the
current school methodologies in mathematics, participants were
introduced to a taxonomic tool for the description of K-12 Math
problems. The tool allows the identification, decomposition and
description of Type-A problems, the characteristic ones in the
traditional curriculum, and of Type-B problems in the new
paradigm. The workshops culminated with a set of surveys where
participants were asked to assess both the current and the new
proposed paradigms. The surveys in this study revealed that
according to the majority of participants: (i) The K-12 Mathematics
curricula are designed to teach students exclusively the resolution
of Type-A problems; (i) real life Math problems respond to a
paradigm of Type-B problems; and (iii) the current Math
curriculum should be modified to include this new paradigm.
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1 INTRODUCTION

The way of thinking generally associated by psychologists with
the areas of sciences and mathematics is referred to as
‘analytical thinking’ (Carpenter, Just & Shell, 1990). Analytical
thinking provides resources both to deal with novelty and to
adapt to new cognitive problems. It includes the ability to reason
and solve new problems, without depending exclusively on
information learned at school (Cattell, 1963).
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The Raven Progressive Matrices Test (Raven, 1962) provides
an appropriate environment to study and assess the
characteristics of analytical intelligence, as well as the
underlying general processes involved (Jensen, 1987; Snow,
Kyllonen & Marshalek, 1984). This test is considered to be at
the core of the complexity in the large cluster of cognitive tests
(Marshalek, Lohman & Snow, 1983). The 36 problems in the
test require a three-step sequential process to be solved. The
difficulty of each problem is determined by the type and number
of rules incorporated into it.

The current system for mathematics and science education
used throughout the developed world (Pisa, 2009) is designed to
foster the set of skills required to solve this type of three-step
sequential problems.

Significant developments have occurred in the area of
Cognitive Sciences during the last four decades (Ariely, 2009;
Fiske, Gilbert & Lindzey, 2010; Kahneman, 2003; Schwartz,
2005) which are providing a clearer picture of the capacities,
limitations, biases and tendencies of the human mind. The area
of Computer Engineering has simultaneously developed tools, in
particular languages and paradigms based on languages and
objects that have revolutionized the way in which the mind
addresses the tasks of thinking, creating and solving problems
(DiSessa, 2000; National Research Council, 2010, 2011; Papert,
1981, 1990; Royal Society, 2012; Wing, 2006)

On the whole, the Educational Systems applied in developed
countries are large complex systems, slow to evolve, and have
not yet incorporated the fundamental discoveries in the fields of
cognitive sciences and computer engineering into their curricular
or pedagogical paradigms (Collins & Halverson, 2009).

This paper presents a research approach where undergraduate
students of Education are introduced to some of these ideas, and
then are asked to perform tasks of evaluation, curriculum
assessment, and curriculum design.

One of the aims of this work is to design a set of experiences
that will promote and build a solid dialog infrastructure between

© NAER New Approaches in Educational Research 2014 | http://naerjournal.ua.es 75



Olabe, J.C.; Basogain, X.; Olabe, M.A.; Maiz, |.; Castafio, C. / New Approaches in Educational Research 3(2) 2014, 75-82

the worlds of Cognitive and Computational sciences and the
world of Education so as to facilitate communication of ideas,
curricular and pedagogical collaboration.

Ilustrative examples of how such dialog infrastructure could
be built are the workshops described in this article, along with
the initiatives proposed in their aftermath. A total of 242
Education undergraduates had the chance to analyze and adopt
new and fundamental ideas on education developed in the areas
of Cognitive and Computational sciences in recent decades. In
the short period of time during which the workshop took place,
participants were able to personally explore these ideas by
constructing computer-based projects, and also to experience the
cognitive processes presented by the new paradigm. As a result
of these workshops, some initiatives have been undertaken by
Schools of Education to: 1) continue the development of similar
workshops and the exchange of ideas; 2) the formal integration
of topics related to these new paradigms into the curriculum of
Schools of Education; and 3) the creation of new content and
curriculum in K-12 Mathematics.

2 BACKGROUND

Several standardized tests (Becker, 2003; Binet & Simon, 1916;
Wechsler, 1939, 2005) have been used to determine a score,
intelligence quotient or 1Q, as a measure or assessment of
intelligence, for over a century. The Raven Progressive Matrices
Test includes a set of 36 problems with a similar format and an
increasing level of difficulty. In one study (Forbes, 1964), a total
of 2,256 British adults were tested, the results showing an almost
perfect linear relationship between the number of each question
and the percentage of adults who answered that question
correctly: questions 1, 2, for example, were correctly answered
by most participants, while questions 34, 35, and 36 were
correctly answered by only a very small proportion of
participants. This test was consequently designed to discriminate
the location of any participant on the 1Q scale with high
accuracy.

Although the format is the same in all 36 questions, their
difficulty is determined by the number and type of rules
incorporated into the problem. Questions 1 and 2 include only
two simple rules, while questions 34, 35, and 36 include four or
five difficult rules.

Given the taxonomy of rules and their number in the set of 36
questions, it is possible to describe the scope of human
intelligence in these terms (number and type of rules); from the
IQ required to solve a simple problem that all humans are able to
solve to the 1Q required to solve a difficult problem that only
few humans can solve.

Each problem consists of images grouped in a matrix with
three rows and three columns, where the cell of the right column
and bottom row is empty. The participant has to select the
missing image from a selection of six choices. The images on
each row are related to each other through some type of rule.
The same applies to the relationship between the images in each
column.

The problem-solving process includes three steps:
Correspondence; Rule identification; and Rule application.
Correspondence involves finding which elements of the images
are relevant and which ones are superfluous. Rule identification
has as its aim to discover the different rules which relate these
elements. And, finally, Rule application seeks to apply these
rules to the images present in the matrix as a way to deduce the
characteristics of the missing image.

A detailed analysis of the types of math problems studied and
practiced throughout the school years by students around the
world would reveal that they share the same structure, which in
turn has the same characteristics as the Raven problems.
Standardized tests, such as those of the Programme for
International Student Assessment (PISA), or university entry
tests such as the American College Testing (ACT) Test or the
Scholastic Assessment Test (SAT) (ACT, 2013; SAT, 2013) are
good resources to investigate this structure. These problems will
be referred to as Type-A problems here.

2.1  Type-A Problems

The three phases to solve these problems are also:
Correspondence; Rule identification; and Rule application.

An example from the PISA exam: “An attic floor has a square
shape with 12-meter sides. What is the area of the attic floor?”

The correspondence phase consists in finding the relevant data
in the problem, which data is important and what is being asked.
In this case, it is important to know that the floor has a square
shape and its sides are 12 meters long. It is also important to
notice that they ask us to calculate the floor area. These three
pieces of information (square, 12, area) are the result of the
correspondence phase.

Rule identification is the stage used to determine what rules
relate those things that we know and those that we do not know.
The area must be found in this case, and it is known to us that
the shape is a square; therefore only one rule is needed, namely
the relationship between area and side for a square. The rule is
Area = side * side.

As for rule application, it consists in substituting the known
data into the rule or rules and determining the solution for the
problem. Area = side * side; Area= 12 * 12; Area = 144,
Comparing this example with the Raven problems would lead us
to rank its complexity as low: it requires only one rule, and the
rule is simple.

In another example, this time from the ACT (American
College Testing) math test, the problem is: “A car averages 27
miles per gallon. If gas costs $4.04 per gallon, calculate the cost
for this car to travel 2,727 typical miles.” With the same
taxonomic analysis, this problem is more difficult because there
are more correspondence elements (27 miles/gallon, 4.04
dollars/gallon, 2,727 miles, total cost) and more rules (cost=
gallons *dollars/gallon; gallons = miles / {miles/gallon}).

Type-A problems such as these present a number of essential
properties: they are deterministic in their solution (the solution is
known and unique); and they are deterministic in process (the
path to the solution is known and unique too). They are ideal for
standardized tests, given their deterministic solutions.

They are equally ideal for standardized teaching. Phase three
of the process, rule application, requires using arithmetic and
often simple algebra. Phase two, rule identification, extends the
area of knowledge and scope of problems taught in the
classroom by taking advantage of the underlying three-phase
process of Type-A problems: adding new rules extends the
curriculum.

Most students understand why the area of a square is the
product of the side by itself; not everyone can articulate why the
area of any triangle is half the product of the base and the height;
and almost no one knows why the area of a circle is « times the
radius *radius, or why the kinetic energy of a body is one half
the product of the mass and the square of the velocity.

The three-phase paradigm, Type-A problems, allows an
Education System to teach a wide variety of subjects, and when
it is successful, it produces educated citizens that will calculate
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areas of squares and circles correctly, regardless of whether they
understand or not why their calculations are correct (Bélter,
Enstréom & Klingenberg, 2013; Taylor & Rohrer, 2010).

2.2 Type-B Problems

The three-phase paradigm fails to address another more
important and prevalent type of problem which is referred to as
Type-B problems in our study. This is the type of problem which
is normally found in everyday life and responds to a very
different paradigm. Type-B problems have very different
characteristics: they are non-deterministic in their solution (there
is no single and a priori known solution); and they are non-
deterministic in process (there is no single and a priori known
path to these multiple solutions). The paths towards solutions are
iterative in nature, and they require interaction with their
environment. More importantly, based only on the number and
type of rules, Type-B problems surpass the complexity of the
most difficult Raven problems.

Type-B problems require higher level mental processes (as
opposed to arithmetic or algebraic processes which can be
implemented by a mechanical machine such as a cash register
using gears).

An example of a Type-B problem that illustrates its
differences with Type-A problems is the following problem
taken from the area of cybernetics or self-regulated systems.
This problem is introduced to sixth grade students (12 years of
age). “Create and animate a butterfly that has only the ability to
fly and to detect collision with walls. The butterfly lives inside a
greenhouse divided into 16 rooms. All rooms are connected to
the adjacent rooms via open doors”. The butterfly must be able
to traverse all 16 rooms in the greenhouse. This problem has
multiple solutions, many of which are suboptimal, and many as
well, quasi-optimal. Calculating the area of a circle —a Type-A
problem- has only one solution, and the solution is known
before the student faces the problem. In the case of the butterfly
problem —a Type-B problem- there are infinite solutions, most
of which are still unknown. In the problem of calculating the
area of a circle, its resolution process is deterministic; it is
specific and well known, even before the student attempts its
resolution. Instead, the butterfly problem has multiple strategies
for its resolution, and all require and iterative process, where the
next step can only be decided after examining the outcomes of
the current step. There is no predefined and known path for its
complete resolution. A Type-A problem such as the calculation
of the area of a circle is deterministic in its solution and in the
process that leads to finding it. A Type-B problem is non-
deterministic in its solution and in the process which leads to
find that solution. In addition, Type-B problems are iterative in
their nature, and they require experimentation for their
resolution.

The developments during the last four decades in the areas of
cognitive sciences and computer engineering are providing
paradigms, particularly those based on languages and objects
that have revolutionized the way in which the mind addresses
the tasks of thinking, creating and solving problems.

Graphic programming environments such as Alice, Greenfoot
and Scratch (Utting, Cooper, Kolling, Maloney & Resnick,
2010) are designed to introduce and develop programming and
computational concepts using the fundamental ideas of object-
based languages. These programming environments are
primarily intended for children and pre-college students. They
are interactive applications where students have the chance to

experiment and explore via program implementation. Such
graphic programs provide visual environments where students
can manipulate and see the effect of their actions and
instructions on the screen in a direct and straightforward manner.
The actions created in these environments occur between entities
called objects that are characterized by their states, their
behaviors, and their interactions with other objects. The
conceptual integration of objects and their graphic representation
provide these graphic environments with optimal pedagogical
value.

Scratch and Snap (Maloney, Resnick, Rusk, Silverman &
Eastmond, 2010; Scratch, 2013; Snap, 2013) are two
programming environments that allow for an easy prototyping of
environments where one can experiment with the processes of
solving Type-B problems. They could be simple problems, such
as storytelling, or others of great mathematical sophistication, in
areas such as dynamics, differential vector geometry,
cybernetics, probabilistic analysis, or differential and integral
calculus.

3 METHOD

The purpose of this research was to create a set of experiences,
in the format of workshops, where students of education were
introduced to the concepts of these two types of problems, and
had the opportunity to experiment with them in order to reflect
on the state of the current curriculum in mathematics. These
experiences provided the foundation from which an assessment
was made on topics such as: when do Type-A and Type-B
problems appear in daily life?; when do they appear in the
current educational systems?; how appropriate is it to prepare
our young students to deal with them?; is it possible and
recommended that the curriculum be updated to incorporate
these paradigms?; and if that is the case, in what courses?.

The following sections describe the method for the creation of
these experiences. The first section, Participants, describes the
number, type and origin of the participants involved in the
workshop. The following section, Structure, describes the
structure and different types of activities implemented during the
workshop. And the last section, Procedure, shows the
characteristics and details of the procedure used for the
implementation of the workshop at the four different university
campuses.

3.1 Participants

A group of activities was designed from those developed during
the 2012-13 academic year in the classrooms of several Schools
of Education. The three participating Universities in these
activities are: University of the Basque Country, University of
Alicante, and University of Extremadura.

A total of four student groups took part in the workshop; they
were identified as follows: EHU-1, UA, UEX and EHU-2. These
groups have the characteristics listed below:

— EHU-1: Students of the University of the Basque
Country, Leioa campus. Course Name: Information
and Communication Technologies in Primary
Education. Students in 2nd year of Primary Education
Studies. Total: 21 students.

— EHU-2: Students of the University of the Basque
Country, Gazteiz campus. Course Name: Didactics in
Mathematics I.  Students in 1st year of Primary
Education Studies. Total: 9 students.
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— UA: Students of the University of Alicante. Course
Name:  Curricular  Development and Digital
Classrooms in Child Education. Students in 2nd year
of Primary Education Studies. Total: 73 students
divided into three working subgroups.

— UEX: Students of the University of Extremadura.
Course Name: Didactic and Technologic Resources.
Students in 1st year of Primary Education Studies.
Total: 139 students divided into three working
subgroups.

The participating students were freshmen and sophomores in
Schools of Education, and ranged between 19 to 21 years of age.
Female students represented a majority in all four groups.

Before embarking upon the experiences with these four
groups, a pilot project was implemented with a group of 26
students of the University of the Basque Country during the
2011-12 academic year (Basogain, Olabe, Olabe, Maiz and
Castafio, 2012). The experience and evaluation of the results
obtained in this pilot project served to improve some design
parameters for the present research.

3.2  Structure

The implemented experience was meant to introduce the
students to a space of analysis and reflection on the topic of
mathematics’ education as it is presently implemented in today’s
school curriculum. In particular, the taxonomy of Type-A and
Type-B problems was introduced, to which was added the
incorporation of the graphic programming environments
Scratch/Snap.

The experience is structured into four parts: introduction to
Type-A problems; introduction to Type-B problems;
introduction to Scratch/Snap; and a final survey. Each of the first
three parts was implemented with the same format: description
of the fundamental concepts; study of examples; and
implementation of a group activity.

There were three group activities: resolution of a Type-A
problem; definition of a Type-B problem; and implementation of
a Scratch project. The first group activity consisted in the
resolution of a problem from a choice of five different Type-A
problems (one 4™ grade problem, one 5™ grade problem, one 6™
grade problem, and two problems from the PISA-2009 test in
mathematics). The second group activity consisted in the
creation and definition of a domestic event or situation of a
student that included the characteristics of a Type-B problem.
Finally, the third group activity consisted in the descriptive
analysis of a Scratch project selected from a set of six basic
projects using computational terminology.

The fourth activity included the completion of a final survey.
Students answered a set of questions designed to evaluate
fundamental aspects of mathematical education in the school
system as well as the nature of school-type and real-life type
problems. There were 9 multiple choice questions, organized
according to the subject research areas. The survey also included
a field to add optional comments if the student so desired.

These activities were performed in classrooms equipped with
computer resources. Students implemented both group activities
and individual surveys using these infrastructures: they
experienced hands-on and participatory activities.

Additionally, a set of short personal interviews with the
professors of the courses were carried out to collect qualitative
data regarding the experience and those aspects that had not
been covered in the survey’s multiple choice questions.

3.3 Procedure

The experiences were implemented within the framework of a
workshop entitled “Mathematical Experiences.” The workshop
developed at the four campuses of the three aforementioned
Universities, with the groups labeled EHU-1, UA, UEX and
EHU-2.

The workshops were conducted by a research team member in
collaboration with the instructors of the corresponding courses at
each campus. Sessions took place in multimedia classrooms
equipped with audiovisual systems and internet access.

The workshops followed a four-part structure once again:
introduction to Type-A problems; introduction to Type-B
problems; introduction to Scratch/Snap; and a final survey.
During the first three parts, the instructor combined the
description of fundamental concepts with group and individual
activities carried out by students.

Group activities were organized with participants
collaborating in groups of 2 or 3 students. The first group
activity was the resolution of a Type-A problem. The groups
received the description of the problem and a form with the
fields: Correspondence, Rule Identification and Rule
Application. At the end of the activity, a spokesperson for each
group described both the problem and its corresponding
resolution process to the rest of the class.

The second group activity included the definition and
description of a Type-B problem, and its resolution according to
the proposed iterative methodology. Each group received a form
with the fields that they had to complete: problem statement, and
corresponding iterative steps. At the end of the activity, the same
as in the previous activity, a representative of the group
described both the problem statement and its resolution to the
rest of the class.

The third group activity consisted in the description of a
Scratch project through an interpretation of the meaning and
interrelation of its programming blocks. Each group received a
form with the graphic representation of the programming blocks
in a project and also with fields to be completed by students with
the analytical description of the project. At the end of the
activity, a spokesperson for each group described both the block
diagrams and their interpretation of the project to the rest of the
class.

The group activities took 5 minutes for their resolution and 5
more minutes for sharing the result with the class.

The last part of the workshop was the implementation of the
final survey. Students answered a total of 9 multiple choice
questions; they summarized their experience during the
workshop in these answers. The survey was implemented with a
Google Drive questionnaire. The results of the survey will be
described in the next section.

The duration of the workshop was adjusted to the available
class time at each University and campus. Groups EHU-1 and
EHU-2 participated in three 75-minute sessions during a period
of three weeks (one session per week). The UA subgroups
participated in a single 2-hour session. And the UEX subgroups
only took part in one 90-minute-long session conducted via
video-conference.

4 RESULTS

This section presents the results obtained in the proposed
experience. The first section, Study, presents the responses of
the participants to the questions included in the workshop’s
survey. The results indicate that a majority of participants have
analyzed and understood the fundamental ideas of the paradigm
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introduced in the workshop. The last section, Comments and
Interviews, presents personal experiences of students and
professors involved in the workshop.

41  Survey

The purpose of the study implemented in this experience is to
create an active environment for the analysis of new educational
paradigms in the area of mathematics. The survey at the end of
the workshop was designed to evaluate the degree to which this
active environment is effective in the tasks of analyzing new
paradigms, the evaluation of their characteristics, and the
generation of required actions when these were identified. The
absolute values as well as percentiles with the corresponding
error margins will be used to validate the present study.

The descriptive statistics of this study presents the results for
each of the four participant groups (EHU-1, UA, UEX, EHU-2)
in numeric form collected in tables. These tables include the
absolute values and their corresponding percentiles for each of
the nine questions of the survey. The study has a sample size of
242 participants. The maximum margin of error is 6.3% for a
level of confidence of 95%. In those cases where 90% or more
participants agreed (most tables), the margin of error is 4% or
lower.

4.1.1. Two types of Problems

Table 1 shows the summary of views on the existence of two
fundamental and different types of problems in everyday life:
Type-A and Type-B problems. A total of 231 participants (95%)
thought that both types were present in daily life, while 7
participants (3%) did not think so.

Table 1. Two types of Problems

4.1.3. Life and Type-B problems

Table 3 shows the opinion of participants on the type of
problems that are prevalent in everyday life. A total of 152
participants (63%) expressed the view that Type-B problems are
predominant in daily life, while a total of 18 participants (7%)
were of the opinion that the prevalent problems were those
categorizes as Type-A. A total of 72 participants (30%) gave
equal value to the role played by Type-A and Type-B problems
in life.

Table 3. Life and Type-B problems

Option EHU1  UA  UEX EHU2 Total

Type-A 5 24% 1 1% 11 8% 1 11% 18 7%
Type-B 11 52% 64 88% 69 50% 8 89% 152 63%
%S::gand 5 24% 8 11% 59 42% 0 0% 72 30%

Question: In your opinion, the more prevailing problems in real life are:
4.1.4. Experimenting with Type-B problems

Table 4 shows the views of participants regarding
experimentation with problems Type-B, and how it may
improve the abilities to solve everyday problems. A total of 228
participants (94%) believed that practicing with Type-B
problems helped develop the skills needed to solve daily
problems. A total of 5 participants (2%) believed that this was
not the case.

Table 4. Experimenting with Type-B problems

Option  EHU-1 UA UEX  EHU2  Total

Yes 21 100% 70 96% 131 94% 9 100% 231 95%
No 0 0% 2 10% 5 4% 0 0% 7 3%
ng\?vt 0 0% 1 5% 3 2% 0 0% 4 2%

Option EHU-L  UA UEX EHU2  Total

Yes 20 95% 73 100% 127 91% 8 89% 228 94%
No 15 0 0% 3 2% 1 11% 5 2%
Lr?g\?vt 0 0% 0 0% 9 6% 0 0% 9 4%

Question: Are you aware of the fact that there are Type-A and Type- B problems in
real life?

4.1.2. Curriculum and Type-A problems

Table 2 shows the summary of responses regarding the
perceived view of what constitutes the current curriculum in
mathematics. A total of 194 participants (80%) expressed the
view that most of the problems studied at school are Type-A
problems. A total of 21 participants (9%) expressed the view
that Type-A problems do not constitute a majority of the
problems studied at school. Twenty six participants (11%)
answered that they did not know.

Table 2. Curriculum and Type-A problems

Opton EHU1 UA  UEX EHU2  Total

Yes 19 90% 67 92% 99 72% 9 100% 194 80%
No 1 5% 0 0% 20 14% 0 0% 21 9%
ng\?vt 1 5% 6 8% 19 14% 0 0% 26 11%

Question: Are you aware of the fact that most problems in the school’s curriculum
are Type-A problems?

Question: Do you believe that experimenting with Type-B problems develops the
ability to solve ‘real life problems and situations’?

4.1.5. Solving New Problems through practice with
Type-B problems

Table 5 shows the views of participants on the implications of
experimenting with Type-B problems to develop skills that can
help solve new types of problems: problems that will appear in
future new areas and that are still unknown. A total of 207
participants (86%) believed that working and experimenting
with Type-B problems developed skills that would allow
students to solve new problems in the future. A total of 3
participants (1%) thought that this was not the case. Thirty one
participants (13%) answered that they did not know.

Table 5. Solving New Problems through practice with Type-B problems

Option EHU-L  UA UEX EHU-2  Total

Yes 17 81% 63 88% 119 86% 8 89% 207 86%
No 00% 1 1% 2 1% 0 0% 3 1%
ng:vt 4 19% 8 11% 18 13% 1 11% 31 13%

Question: Do you believe that experimenting with Type-B problems develops the
ability to solve problems in new areas that will appear in the future, and that are
still unknown?
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4.1.6. To Study Type-B problems or not

Table 6 shows the opinion of the participants on whether school-
age students should be trained in the field of Type-B problems.
A total of 227 participants (95%) expressed the view that
students should be taught to solve Type-B problems. A total of 7
participants (3%) believed that they should not.

Table 6. To Study Type-B problems or not

Option EHU-1  UA UEX EHU-2  Total

Yes 16 84% 72 100% 132 95% 7 78% 227 95%
No 2 11% 0 0% 3 2% 2 22% 7 3%
ng\?vt 1 5% 0 0% 43% 0 0% 5 2%

Question: Do you think that it is advisable to teach students to solve Type-B
problems?

4.1.7. Curriculum and Type-B problems

Table 7 shows the opinion of participants on whether the current
curriculum includes the study of Type-B problems. A total of
131 participants (54%) expressed the opinion that this type of
problems was not part of today’s curriculum. A total of 63
participants (26%) believed that the current curriculum already
includes the study of Type-B problems. Forty seven participants
(20%) answered that they did not know.

Table 7. Curriculum and Type-B problems

Option EHU-1 UA UEX EHU-2 Total
Yes 8 38% 9 12% 45 33% 1 11% 63 26%
No 10 48% 58 79% 56 41% 7 78% 131 54%

I don’t o 0 0
Know 3 14% 6 8% 37 2% 1 11%

47 20%

Question: Do you believe that Type-B problems are included in today's school’s
curriculum?

4.1.8. Scratch/Snap and Type-B problems

Table 8 shows the opinion of participants on whether the study
of Type-B problems could be enhanced by using programming
environments such as Scratch or Snap. A total of 196
participants (82%) believed that programming environments
such as Scratch or Snap could be used to teach students how to
solve Type-B problems. A total of 15 participants (6%) believed
that these programming environments did not provide the means
to do so. Twenty seven participants (11%) answered that they
did not know.

Table 8. Curriculum and Type-B problems

Option EHU-1 UA UEX EHU-2 Total

Yes 19 90% 61 85% 107 79% 9 100% 196 82%
No 2 10% 3 4% 10 7% 0 0% 15 6%
1 don’t

Know 0 0% 8 11% 19 14% 0 0% 27 11%

Question: Do you believe that programing environments such as Scratch/Snap are
helpful in students' preparation to solve Type-B problems?

4.1.9. Scratch/Snap in the Curriculum

Table 9 shows the preferred courses in the curriculum where
programming environments such as Scratch or Snap should be
integrated. A total of 126 participants (52%) selected a
Technology class. Fifty-one participants (21%) chose to include

these programming environments in the context of a
mathematics class, while 49 (20%) participants opted for the
creation of a new course especially designed to study these
topics. Twelve participants (5%) preferred these activities to
take place outside the regular class day, as an extracurricular
activity, and 4 participants (2%) thought that these studies
should not be included at all.

Table 9. Scratch/Snap in the Curriculum

Option EHU-1  UA  UEX EHU2 Total
Technology o 430, 28 38% 88 63% 1 11% 126 52%
Course

Math Course 8 38% 22 30% 14 10% 7 78% 51 21%
New Course 3 14% 19 26% 26 19% 1 11% 49 20%
AfterSchool o 000 3 406 9 6% 0 0% 12 5%
Activities

Do Not 5% 1 1% 2 1% 0 0% 4 2%
Introduce 1

Question: Where do you think programming environments such as Scratch/Snap
should be integrated into the curriculum?

42 Comments & Interviews

4.2.1. Students’ comments

The final survey included an optional field where the participat-
ing students could include their comments and opinions regard-
ing the workshop. Most comments were of the type “a very
interesting workshop” with added descriptions such as “innova-
tor, useful, effective, enriching, and motivating.”

Many of the comments synthesized and summarized the
proposed goal of the workshop in short phrases: “We liked this
workshop very much because we learned that there are different
types of problems, and also how to analyze them. We believe
that Scratch is a very interesting program.” “The Scratch
software is very interesting. It made us reflect on the different
types of problems. Thank you very much.” “I think that it was a
very interesting and dynamic class, where we learned that not
only Type-A problems but also Type-B problems exist in real
life, and that their study in this class will prove very helpful in
the future. I also think that Scratch is very interesting.” “I think
this workshop was very interesting because we learned how to
solve different types of problems.”

Other comments reveal a globalizing vision on problem
resolution: “We liked this workshop because we used to
consider as problems only those with a mathematical perspective
and now we have discovered the existence of other types as well
as their characteristics and difficulties.” “I found this workshop
very interesting since it allowed us to find out that there are
different types of problems, not only math problems.”

4.2.2. Interviews with teachers

The different course instructors were additionally interviewed at
the end of each experience so as to find out their opinion on the
effect of the workshop in the overall course as well as among
students. The teachers of all four campuses pointed out that the
experience had been very interesting and they expressed their
intention of repeating the experience during the subsequent
academic year.

The EHU-2 instructor summarized her experience as follows:
“The general evaluation of this experience is highly positive.
Students have valued the pedagogical approach and the didactic
resources used, which will allow them to use those resources in a
wide variety of teaching and learning situations. They have
acquired information, guidelines for later learning, development
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of skills, motivation, interest, and also the creation of a favorable
environment for communication in numerous areas, and
particularly in mathematics, of all the processes related to
Problem Solving. This is extremely important for later courses in
our opinion. The length of the workshop perhaps should be
increased in future editions.”

In turn, the UEX instructor described her experience like this:
“The experience was very satisfying and highly valued by
students. It allowed them to learn about the use of Scratch as a
creative tool for the generation of activities and didactic
materials clearly useful for learning-teaching situations inside
their Primary Education classroom. Likewise, this experience
allowed them to reflect about the types of mathematical and real
problems that they will encounter in everyday life, and analyze
possible solutions when facing these situations in the classroom,
creating an environment that is both stimulating and socializing
(when implementing these tasks in small groups), and learn from
the exchange and debate with other colleagues. Finally, | have
had the chance to know about MIT’s Scratch project and the
development of the team AprendiendoScratch, which is
successfully bringing this tool and their vision on how to work
with daily life problems using a tool that is accessible, friendly
and fun to use.”

5 DISCUSSION AND CONCLUSIONS

We have presented a study implemented in collaboration with
Schools of Education based in three universities (4 campuses in
total) where a workshop was offered to students enrolled in the
first or second year of these Schools, in order to introduce a
space for reflection on the topic of mathematics education. The
main objective of the workshop was to offer a working tool to
help achieve a deeper understanding of problem-solving
processes, and in particular in the area of mathematics within the
framework of today’s educational systems.

The surveys in this study revealed that according to most
participants: (i) the K-12 Mathematics curricula are designed to
teach students exclusively the resolution of Type-A problems,
(ii) real life Math problems respond to a paradigm of Type-B
problems, and (iii) the current Math curriculum should be
modified to include this new paradigm.

Question one in the survey shows that an overwhelming
majority (95%) of participants believes that both Type-A and
Type-B problems are confronted in real life experiences. These
problems are very different in nature, in complexity, and in
terms of the mental processes required to solve them. This
finding indicates that participants clearly identify the problems
encountered during our daily activities, and that these problems
can be immediately categorized into two different groups.

Question two in the survey shows that an overwhelming
majority (80%) of participants believe that the current
curriculum in the area of mathematics focuses its attention
almost exclusively on Type-A problems. Even though there are
theories which try to justify why this is the case, this is a
fundamental conclusion that should inform the dialog when
analyzing the state of the current curriculum, the needs of
society, and the new proposed changes to the curriculum.

The third survey question explores the finding of the first
question in greater depth. Both Type-A and Type-B problems
exist in real life, but two thirds of participants (63%) believe that
Type-B problems are predominant in real life, while only one
third (30%) believe that both types are equally prevalent. This

finding indicates that Type-B problems not only exist but also
represent the majority of challenges that citizens have to face
day in day out.

As for the fourth question in the survey, it shows that
experimenting with Type-B problems develops the abilities to
solve real life problems in the opinion of a vast majority of
participants (94%). This finding suggests exploring new
pedagogical approaches to learning that can prepare our students
for their lives after school. Experimenting with Type-B
problems in appropriate environments, such as Scratch or Snap,
develops skills suited to the tasks developed in these cases:
iteration, interfacing with the world, progressive optimization,
object-oriented thinking, etc.

The responses to the fifth survey question indicate that a vast
majority of participants (86%) think that experimenting with
Type-B problems develops abilities to solve new problems. This
is an intrinsic property of this method of experimentation and
may have implications in the adoption of new pedagogical
paradigms where solving new problems stands out as a high
priority.

Question six of the survey shows that a vast majority of
participants (95%) believe that it is important to teach our
students the capacities to solve Type-B problems. In conjunction
with the finding from survey question number seven, where a
small majority (54%) think that Type-B problems are not
included in the current curriculum (and only 26% think they
are), this finding suggests a fundamental area of dialog regarding
the nature and content of the curriculum, as well as the need and
direction of change.

The results of survey question number eight indicate that a
large proportion of participants (82%) view programming
environments such as Scratch or Snap as appropriate tools to
help integrate Type-B problems into the classroom.

The results derived from survey question number nine show
that, according to participants, the integration of environments
such as Scratch or Snap should occur within current Technology
courses (52%), current Math courses (21%) or in a new course
specifically created for that purpose (20%).

The results obtained in this study reveal that most participants
were able to reach clear conclusions on the content of the Math
curriculum. This fact has two essential implications: the first one
is that Type-A and Type-B problems respond to different and
easily recognizable paradigms, and that participants had no
difficulty identifying them; the second implication is that the
experiences and exercises implemented during the workshop
provided the cognitive resources that allowed participants to
answer these questions clearly and knowledgeably.

Those research groups interested in replicating the
experiences can obtain the didactic materials used in the
workshops by contacting the authors.

The next phases of this project include a set of new workshops
where specific areas of Type-B problems are presented and a set
of strategies are described to develop new curricula. The goal of
these workshops is to familiarize participants with the curricular
relevance of these areas and their mathematical content, and to
train them in the development of new curricular activities, and
their integration into the classroom. These specific areas include:
Differential vector geometry; Object-oriented three-dimensional
geometry; Cybernetics —self regulated systems; Probability
thinking; Dynamic of bodies with discrete calculus.
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