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ABSTRACT

The ITESM’s teaching model has evolved in the last few years. Nowadays, severa abilities, attitudes and
values (AAV’s) are taken into account without forgetting the development of knowledge in students. These
AAV'’s include tesmwork, the use of technology as a tool for learning, self-learning, problem solving, among
others.

Within this evolution process, several problems were identified in the former model used at ITESM to teach
mathematics and engineering. These problems involved both teachers and students. For instance, there was poor
knowledge retention in students, courses were too centered on algebra instead of developing mathematical
reasoning and rules and algorithms were preferred to practical applications in the areas students are usually
interested.

“Principid’ is an engineering academic program which comes out from the idea of overcoming those
difficulties. The main purpose of Principia is to develop a mathematical, physical and technological culture in
students that will make them able to analyze and solve complex problems. This is achieved with the integration
of different subjectsin one unique program where the classroom and learning environment are considered.

“Principid’ has been planned and implemented for the four first semesters of engineering. Some of the basic
tools used in this program are problem based learning (PBL) and heavy use of computer technology. There are
five fundamental principlesin“Principia’:

a) Integration of the curriculum for mathematics, physcs, and computer sciences.

b) Collaborative learning.

¢) Teamwork.

d) Emphasis on mathematical modeling.

e) Use of technology in the learning process.

With al these elements, “Principia’ has evolved as an integrated program that considers objectives,
knowledge, methodology and an evaluation system. In this paper, we share our experiences in “Principia’ over
three generations of students and some statistical and comparative results.
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1. Background

In the last years, a change in the ITESM’s teaching modd has been observed. Under these new
ITESM teaching modd, in addition to knowledge, development of some &hilities, attitudes and vaues
(AAV’s) is being taken into account. In the past five years, the Math Department has developed
different pojects in which the following AAV’s are being emphasized: use of technology in every
meath class and going in pursuit of students learning. Some problems in math teaching and learning in
teachers and students have been identified thanks to these projects. “Principid’ program comes out
from the idea of overcoming these problems, looking forward to improve the teaching and to enlarge
the learning spectrum of students from different areas of engineering. Besides, it consders the
classoom and the environment where this learning process takes place and it introduces an
educationd drategy in mathematics, physics and computer science that leads to the development of
the AAV’s dated in the ITESM’s misson. Some of the most important characterigtics and
methodol ogy of “Principid’ are included in this document.

2.“Principia” program

“Principia’ program is a teaching-learning modd of basic sciences aided by technology, which
fosters the use of abilities for teamwork, sdf-learning, credtivity, anadysis and synthesis of information
in engineering students, in agreement with the objectives of the ITESM misson. “Principid’ is based
on the following fundamentd principles:

a) Integration of mathematics, physics, and computer science courses curricula.
b) Collaborative learning.

c) Teamwork.

d) Mathematical modeling as a fundamentd tool for sciences and engineering.

€) Use of technology in the learning process.

The objectives and principles of “Principia’ were stated as a result of research on the deficiencies
of the teaching modd in the area of mathematics and basic sciences in engineering. Having identified
these deficiencies in teaching and evauation of concepts learned, new aternatives experimented in the
teaching environment are being researched. As a consequence, those elements and methodol ogies that
have been successful in the development of AAV’ s were then selected. Design of physical spaces and
technology that affect this process were dso considered. Severa activities which congtitute operative
and methodologica design are used to follow these principles:

Feld of study - Project oriented learning
Lectures (POL)

Exercises solving - Learning based on technology
Laboratory (LBT)

Presentations - Examswith integrated
Subject Evauation curriculum (EIC)

Problem based learning (PBL)



The first six correspond to the classicd activities in the classsoom. The last four have been
introduced in “Principid’ taking up to 50% of the effective time of the program as basic dementsin its
structure.

3. Curricular integration

Curricular integration is not an isolated issue, different experiences have been carried out [1, 2, 3].
In “Principia’, curricular integration is, of the five principles, the moving axis of activities, while the
following four are the means to reach the objective. To achieve curricular integration in “Principia’
entailed introducing additiona activities that required more time. This had to be reduced as much as
possible to achieve a balance with its former antecessor scheme. Therefore, PBL, POL, LBT and EIC
alowed usto:
a) Congder the content of al integrated areas and long term objectives.
b) Take advantage of recurrent contents to achieve meaningful learning.
Table 1 shows the basic topics for each semester of “Principid’, under the scheme of integrated
curricula’.

4. Collaborative environment and use of technology

1) The use of collaborative techniques and technology in learning and the
classroom.

Table 2 shows some aspects and desired objectives. We must point out the fact that the design of
space (classooms equipped with complementary facilities) comes out in a naturd way when
congdering the processes that occur in our activities. Each classoom is a room with movable
divigons. It has 10 tables for teamwork that alow connection to Internet. Additionaly there are
working zones and library space.

The curriculum integration is based on PBL and POL methodologies. The first one alows progress
in al areas, working on their specific gods. In the second we integrate al aress.

2) Problem Based Learning (PBL)
Collaborative learning among students is developed in the program in severd activities:

a) Exercises solving, where students leave their basic team to form new heterogeneous
teams to solve excercises of academic nature. The objective is to develop eementd level
and to return to the origind teams to share and to enrich the knowledge of their team
members.

b) PBL that in its design integrate some of the organization of the exercises solving, to
identify and to solve a more real and complex dStuation, normdly with integrated
curriculum. In “Principia’, commonly this activity requires the use of technology for its
development.

¢) Devdopment of projects is the open solution of a complex Stuation which involves
the acquisition of additiond forma knowledge. In these projects, future knowledge of the
field of studentsis concerned.

! This curriculacomes as aresult of the integrated program. The traditional curriculais not aslong.



Of these, PBL is the most recurrent and the most useful activity in “Principid to develop its
principles. Since beginning of PBL as a formd paradigm in medica education & Mc Master
Univerdty [4, 5], severd other universities have adopted this educationd practice in various countries
[6] and inclusively in some aress of Engineering [7, 8], as dso in leves of basc education [9, 10], and
high school [11, 12, 13, 14].

In the PBL approach, students are confronted with complex, usudly multidisciplinary problems,
which must be solved in teams. Problems should be sufficiently complex that students prior
knowledge and conceptud frameworks become insufficient to solve them. So, during the initid
discussions the problems should trigger the questions that guide student’s search for information and
sdf-directed learning. Under these conditions, learning is guided by the students questions.

Generdly, the PBL curriculum is organized around generd themes, insteed of the discipline-based
organization that characterizes the more traditiona curricula. This kind of organization requires teams
of teachers with different disciplinary backgrounds to prepare activities. Here, some genera principles
that guide most PBL educationd practices may be summarized in didactic principles and professiond
orientation principles [15].

The didactic principles may be summed up as follows Fird, the ingtructor may facilitate the
process, but students must become responsble for their own learning. Secondly, knowledge and skills
acquisition is a process that require students' active participation. Lecturing and other “transmission of
knowledge’ approaches are of little value under PBL. Third, students are oriented to cooperative work
rather than to competition.

With regard to professond orientation: professona practice is seen from a holistic point of view.
As was mentioned before, instead of the specidized disciplinary organization that characterizes
traditional education, PBL arranges contents around multidisciplinary issues. Therefore, PBL aims to
generate an integrated learning process. This integration is twofold. On the one hand, students should
integrate knowledge from different domains. On the other hand, PBL should help students to integrate
knowledge with skills and abilities

As Douady[16] dtates, “For a teacher, ‘teaching’ refers to the creation of the conditions that will
produce the acquirement of knowledge by students. For a sudent, ‘learning’ means to get involved on
an intellectud activity where the final consequence is the availability of a knowledge in its double
datus of tool and object”. This idea alows us to understand the complexity of an ided teaching-
learning process. Additiona to knowledge, there are other elements that participate in the process. In
this sense we can say that this process is multidimensond, knowledge being just one of the
dimensons.

Beyond Polya' s ideas [17], PBL takes us to the consideration of elementsthat are present either as
the natural part of a mathematics problem or related to the solving processes involved. The common
problem solving design dements normdly include [18, 19, 20, 21].

Objectives - Maerid - Discussion outline
Requirements - Ingtrumentation - BEvdudion

Furthermore, some authors consider these aspects in the itself problem level. They mention that
there is a second level that corresponds to the environment of the problem [22] and summarize the
condderation of thisleve in four principles



a) God of the activity can or cannot be accomplished by the students.

b) Problems can modify the mathematics comprehension of the student.

) There are different ways to understand a problem.

d) There are different levels of comprehension in every theme and they are never
reached the first time.

The congderation of using technology within a problem solving activity must at leaest take into
account:

a) Technology used must not be near or superior in complexity to the problem.

b) Use of technology must be significant. It must be justified that the problem can't be
solved without the use of this technology or at least, it must conform as a tool that enables
the student to focus on concepts and mathematical comprehension.

These elements arenormally consdered as a basis for the cregtion of a common problem. Besides,
we must consider some particular ements in any problem solving activity.

Based on the accomplishment of the above consderations and the basic principles of the program,
added to the ITESM misson’s objectives, the following dimensions for the design of a PBL activity
are proposed:

Environment: it refers to the real Stuations that may occur when the activity is
taking place. These dtuations focus on the level of comprehension achieved or used by the
student just asin the traditional scheme.

- Curriculum: the content on which the activity is based. The curriculum is the
traditiond basis of teaching, but a problem solving activity underlies other eements.

Frame of analysis: It refers to the curricula of the integrated areas. Previous goas
and future goals are taken into account to make the problem easier and to detect future
necessities.

Use of Technology: The technologica elements (software, laboratory, etc.) that
conform the activity. This dimenson must establish an andysis of its sgnificance and the
roleit hasin such activity.

Development of formative objectives. within the ITESM context, this dimenson
naturdly caters to those AAV’s dated in its mission.

Once the problem is determined, it may be endowed of these dimensons. Ther lack may
sometimes result in modification or disposal of the problem. The importance of cresting a consistent
network of problems with the above dimensons alows student to enforce the faith of the student
regarding the god of each activity.

The projects involve severa of the dements and dimensions. They belong to a different level of
knowledge and occasondly they have more smilarity with open-ended problems. For this reason, we
want to focus on PBL and EIC activities. All of them use technology (reason for considering it as a
design dimension).

In atypical session of “Principia’ three stages are observed. They are summarized in Table 3. The
idea of these stages is to introduce students step by step until able to manage the solution by
themsalves. So, in some activities steps | & |1 may be omitted. These steps are dways omitted in any
EIC activity.

The creation of anetwork of problems under these considerations that establish a frame of andysis,
alows evauating the recurrence to previous and future subjects. In this way, the whole network is



more important than the problem itsdf because it dlows to give continuous sense to PBL activities
within the course.

The use of PBL in mathematics and physics courses has not congtituted a distortion to education
for students currently in the program. The evauation of the students in this program has been insde
their comprehensive evauation (including al courses). The consistency of results in proficiency of
problem solving is strongly correlated with the globa results obtained for each student. Effectiveness
of these kind of activities is more influenced by teacher’s preparation for leading an activity than by
student preparation [23].

5. Studies about the effectiveness of the program

The department of indtitutional effectiveness of ITESM (DEI-RZS), has been the area which has
evauated the project since its beginning, with the help of the teachers who work on it. Since 1998,
more than 14 studies about the effects in the learning of students who participate in Principia have
been done. Studies have been both: quditative and quantitative. They are very locd but then they are
expanded to avery globa one. We show only some aspects of evaluation of effectiveness scheme.

a) Collaborative activities index

Severa studies on the effectiveness of the program network problems have been performed. Figure
1 shows an index of consistency of each problem in an intermediate course of “Principid’; together
with the result that is obtained by dividing the student evauation in the activity by the globa
evauation in the period, the standard deviation is obtained. So an index above 1.0 means tha activity
is easy, an index under 1.0 means the activity is complex, for the group. These charts dlow us to
determine corrections on the activities and adapt them each semester. This test is administered to a
group of 60 students.

b) Students opinion about the program in the development of AAV’s

About the evaluation that students made of the program, the following test was administered and
had following objectives:

- Analyzing the effects of “Principia’ on the development of AAV'’s.
Comparing the effects of “Principia’ with equivalent courses.

The characteristic e ements of the test were:

Leadership : Search for and : Use of technology
Anayss, synthesis management of information : Work capacity
Criticd thinking : Entrepreneur spirit : SHf-Learning
Communicaion . Qudity and . Problem solving
Teamwork excellence . Learning
Crestivity : Moativation

The student was asked to compare the leve in which the course contributed to develop each ahility,
attitude or value of the above statements with the average of the other courses. A scale 0-10 was used,
where 0 is less, 5 equd and 10 more. In previous research [24] one of the authors reported some
preliminary data on students self-perception of skill development. Students were formally assessed on
oral and written communication. The test was administered to three groups of students as described
below.



“Principia” group
Studentsin
“Principia” courses

Witness 1 group
Studentsin equivalent non
“Principia” courseswith
“Principia” teachers

Witness 2 group
Studentsin matching
courses with non “Principia”
teachers

126 students 154 students 111 students
Figure 2 shows comparative results for each group and the dimension of the research in which the
smallest and the highest difference with respect to the evaluation given to “Principia’ was obtained
(full description of test in [22]).

c¢) Evaluation based upon measurable observation through evaluations

The following test (Figure 3) compares three different groups in the same course (final course of
the program). One of them corresponds to “Principia’ program, another (traditional) to the way it was
taught in 1995 and at last, to the way it is currently being taught under circumstances of the new
educationd moded of ITESM (reengineered). Some aspects derived from the evauations of the
proposed activities in the course are compared. They show on an indirect way the evidence of the
dimension compared (the evaluations are based on a 0-100 scale).

Actudly, a new test was given and results are being processed, based on the criteria that compare,
with a witness group, the developmert of two groups (“Principia’ and reengineered) the capability to
solve integrated problems. This study will finished in July 2002. The research is intended to messure
the recurrent effect of the execution of collaborative activities, use of technology and those of
“Principid’.
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Semester | Mathematics

Physics

Computer Science

First Single variable differential caculus. Vector| Mechanics.

functions and differential equations.

Microsoft office and
Mathematica.

Second | Single and multiple integral calculus. Vectorial
fields.

thermodynamics.

Mechanics, €agticity,| Matlab and C++.

Third Multiple integrals and ordinary differential
equations. Probability and statistics.

modern physics.

Electromagnetism and| Numerical methods.

Fourth | Differential equations systems and modeling.

electric systems.

Study of mechanic and| Simulation.

Table 1. Thegeneral curriculaof Principia

Technology Activities Objectives

Matlab and Projects, practice and homework | To permit student applies physics, mathematics and

Mathematica assignments. computer knowledge to problems of higher
complexity than ones studied in traditional courses.

Use of the L ectures and assignments. To ease the process of collecting information. Apply

internet and the technology in the process of |earning-teaching.

L earning Space

Link the student with the technology.

Laptop

assignments.

Projects, homework and practice

elements.

To link student with the cutting edge technological

Microsoft Office

Projects, presentations,

homework and assignments.

To develop numerical and graphical strategies for
problem solving and written and oral skills.

Equipped
classroom.

The entire project.

Ease some learning process (work, visualization).

Table2. Technology, AAV and objectives.

STAGESOF A PROBLEM RESOLUTION ACTIVITY

STAGET: acquisition of
knowledge

STAGE IT: Collabor ative
Learning.

STAGE TIT: Problem

Instr uctionsand
rules

Teacher: does not give the
information, but gives orientation
and feedback to each team.
Student: each team may access
the necessary sources of
information. .

Teacher: keepsthemnformationand
gives feedback on the performance
and amount of participation of each
expert.

Student: can’t interact with other
teams. Allows each expert to talk in
each section of the activity.

Teacher: Keeps the rnformaion.
Watches the time and gives advice on
the objective to the team.

Student: can't interact with other
teams and alows to each member
participates the same.

Action elements

- They define specialty fields.

- They conform expert teams
based on the ability of each
student.

An application activity is
defined. It must alow the
interaction and interchange of
experiences from each student
with higher team members.

- A problem that involves the use of

previous stages is proposed.

- And of other contents within the

analysis frame proposed.

Way to work

Each team 1s divided to form
expert teams integrated by
elements from different teams.

The base team gets together 10 solve
an intermediate problem where each
expert contributes to the team with
individua knowledge.

The base team 1S orlented as a team t0
solve the problem.

Evaluation

Each expert team makes a
presentation and is evauated
according to the activities
specified in the outline.

TheTigld evaluation (in what refers
to efficiency and teamwork).

The evaluation centers in the report on
site that the team prepares.

Table 3. Complete stages of a Problem solving activity
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“Principia” program, based on student’s evaluation. These students are taking one of the final

cour ses of the program.



