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ABSTRACT

The added value in education refers to the
contribution that the educational institution
effectively makes to student learning, expressed
as the growth in knowledge, skills and abilities,
in a period of time, as a result of their educational
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experience. The objective of the research is
to determine the added value of the academic
work of the Universidad Francisco de Paula
Santander in the development of physical-
mathematical thinking in engineering students
and the estimation of a mathematical model that
allows its valuation. In model allows analyzing
the trajectory of the group of engineering
students who entered in the first semester of
2018 and involves endogenous and exogenous
variables associated with the process. The
research is framed in the quantitative paradigm,
descriptive, multivariate and correlational. We
work with two types of data, the secondary data
are constituted by the students’ grades in 2018
and 2019, this information may present biases
because they are different courses with different
teachers, however, it allows to see the evolution
of students in calculus, statistics and physics
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courses. Primary data were obtained from a
test applied in 2018 and a similar test applied
in 2019, graded using item response theory.
Results were compared and differences were
evaluated to estimate the contribution effectively
made by the university.

RESUMEN

El valor agregado en la educacién se refiere
a la contribucion que la institucion educativa
hace efectivamente al aprendizaje de los
estudiantes, expresado como el crecimiento
en conocimientos, habilidades y destrezas,
en un periodo de tiempo, como resultado de
su experiencia educativa. El objetivo de la
investigacion es determinar el valor agregado
del trabajo académico de la Universidad
Francisco de Paula Santander en el desarrollo
del pensamiento fisico-matematico en los
estudiantes de ingenieria y la estimacion de un
modelo matematico que permita su valoracion. En
. modelo permite analizar la trayectoria del grupo
de estudiantes de ingenieria que ingresaron
en el primer semestre de 2018 e involucra
variables enddégenas y exdgenas asociadas
al proceso. La investigacion se enmarca en el
paradigma cuantitativo, descriptivo, multivariado
y correlacional. Se trabaja con dos tipos de
datos, los datos secundarios estan constituidos
por las calificaciones de los estudiantes en
2018 y 2019, esta informacién puede presentar
sesgos por ser cursos diferentes con profesores
diferentes, sin embargo, permite ver la evolucion
de los estudiantes en los cursos de calculo,
estadistica y fisica. Se obtuvieron datos
primarios de una prueba aplicada en 2018 y otra
similar aplicada en 2019, calificada mediante la
teoria de respuesta al item. Se compararon los
resultados y se evaluaron las diferencias para
estimar la contribucion efectivamente realizada
por la universidad.
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1. INTRODUCTION

Physical-mathematical thinking is based on
the development and existence of the five
types of mathematical thinking and refers to
the development of skills that allow comparing,
describing, analyzing, synthesizing, abstracting
and modeling physical phenomena; is itself
the representation of the relationship between
physics and mathematics, which places
mathematics as the language or tool that
allows the characterization of different physical
phenomena through the use of algorithms that
characterize the language of mathematics
as a strategy that allows the construction,
interpretation, abstraction and consolidation of
meanings for the teacher and the student [1].
Thus, the development of physical-mathematical
thinking involves the student being able to
mathematize the different physical phenomena
and implies that both the different types of
mathematical thinking and physical thinking are
being developed simultaneously [2,3].

Now, value added refers to the contribution
that educational institutions effectively make
to student learning [4], both at the construct
and methodological level [5] and to student
achievement, expressed as the growth
knowledge, skills, abilities and other attributes
that students have gained, over a period of
time, as a result of their experiences within
the institution [6]. Thus, it can be defined as
the magnitude of the effect of the educational
institution on the educational outcomes of its
students, which go beyond their grades and
affect their future opportunities [7].

in

The research aims to determine the added
value of the academic work of the Universidad
Franciscode Paula Santanderinthe development
of physical-mathematical thinking in engineering
students and the estimation of a mathematical
model that allows its assessment in order to find
the effect of the basic cycle of mathematics and
physics in students of engineering programs at
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the university, understood as those activities,
processes and teaching and learning strategies
[8-10] provided by the institution to contribute
to the development of physical-mathematical
thinking of students.

2. MATERIALS AND METHODS

The research is framed in the quantitative
paradigm, cross-sectional, explanatory and
correlational. The population under study is
constituted by the engineering students of the
Universidad Francisco de Paula Santander who
entered in the first academic semester of 2018,
with the following inclusion criteria who took the
mathematics and physics courses always in their
academic program, that is, those students who
took equivalencies or who homologated subjects
are excluded

We work with two types of data to evaluate the
contribution that UFPS effectively provides to the
~ selected students. The primary data correspond
to test applied in 2018 and similar test applied in
2019; each test was designed and scored using
item response theory [11-14]; the results allow
comparisons to be made and differences to be
assessed. Secondary data are constituted by the
grades obtained by students in their mathematics
and physics subjects of the basic cycle during
2018 and 2019, this information may be biased
because they are different courses with different
teachers, however, it allows establishing the
evolution of students in calculus, statistics and
physics. An additional criterion is adopted for
students who have lost a subject, in this case
only the grade obtained in the course they pass
is included.

The faculty of engineering of the Universidad
Francisco de Paula Santander offers seven
undergraduate programs: civil engineering (P1),
systems engineering (P2), electronic engineering
(P3), electromechanical engineering (P4),
industrial engineering (P5), mining engineering
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(P6) and mechanical engineering (P7). Each
program has a different curricular design in which
each subject is assigned a name and is located
in a specific semester; however, for the present
work, similar subjects have been grouped
together regardless of the semester in which
they are taken, as long as they are in the first four
semesters of the basic training cycle: differential
calculus (CO01), integral calculus (C02), vector
calculus (CO03), differential equations (C04),
linear algebra (C05), numerical analysis (C06),
statistics and probability (C07), mechanical
physics (C08), electromagnetic physics (C09)
and waves and particles (C10).

Multivariate data analysis [15-17]is applied to the
information collected, disaggregating information
by academic program and taking the results
to estimate a multivariate regression model to
establish the added value of the university in
the academic training of its students, expressed
as the difference between the student’'s actual
and expected performance. This type of value-
added models allow measuring the educational
progress of students over time, since there are
several measurements of the same individual
over time.

3. RESULTS

Two tests were developed to evaluate the
development of thinking and competencies in
mathematics and physics of students entering
the seven academic engineering programs.
The tests are performed with the item response
theory methodology, which allows evaluating, for
each item, the possibility of guessing, difficulty
and discrimination capacity. The value of the test
is the accumulated value of all items. Figure 1
shows the characteristic curves corresponding
to the Rash model [18] for the two tests. It can be
seen that both have a similar degree of difficulty
and discrimination ability, with a slight difference
in the probability of guessing.
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Figure 1. Characteristic curve for pretest and posttest

Figure 2 compares the results of the two
tests. In general, it can be seen that the curve
corresponding to the post-test is shifted to the
right, indicating slightly better results than those
obtained in the pre-test; it can also be seen that
- the standard deviation is slightly lower in the
post-test than in the pre-test results.

initial test
fimal test

Now, adjusting the scores on a scale of zero
to five, in the pretest an average score of 3.64
with a standard deviation of 0.429 was obtained,
while in the posttest the average was 3.81 with
a standard deviation of 0.343. The results were
compared by means of a paired differences test,
which yielded a t=-6.414 value with a unilateral
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Figure 2. Distribution of pretest and posttest results.

significance close to zero, from which it can
be concluded that the difference between the
results of the posttest with reference to those of
the pretest is significant.
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Figure 3 shows the results obtained considering
only the mathematics courses; in this case,
the difference between the results of the two
tests is smaller than when they are considered
in general. In mathematics, the average in the
pretest was 3.71 with a standard deviation of

initial test
final test

0.45 while in the posttest the average was 3.82
with a standard deviation of 0.40. The paired
differences test yielded a t-value of 3.784 with
one-sided significance close to zero, so it can be
concluded that there is a significant difference
between the two results.

ba
Lih

Figure 3. Distribution of pretest and posttest mathematics results.

Figure 4 compares the results obtained
considering only the physics courses; in this
case, the difference between the results of the
- two tests is greater than for the two previous
cases. In physics, the average in the pretest was
3.38 with a standard deviation of 0.55 while in the

posttest the average was 3.92 with a standard

il test

final test _ _ _ . /

-
o
;

deviation of 0.44. The paired differences
test yielded a t-value=-9.036 with one-sided
significance close to zero, so it can be concluded
that there is a significant difference between the
two results, but there is a greater difference in
the physics results than in mathematics or in the
overall consolidation.

15
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Figure 4. Distribution of results in pretest and posttest physics.
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Figure 5 shows the error bar chart, which shows
the average value obtained together with the 95%
confidence interval for its estimation, allowing
comparison of pretest and posttest results by
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academic program. A significant increase in the
average can be seen in all programs, with more
accentuated differences in civil engineering and
electronic engineering.
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Figure 5. Pretest and posttest results by academic program

' Figure 6 shows the students’ results in the
ten courses that make up their basic cycle in
mathematics and physics. The grade is assigned
on a scale of zero to five with a passing grade
of three. For each course, the average grade
is presented with an interval of two standard
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deviations. The greatest dispersion is found in
the first semester courses differential calculus
and mechanical physics; however, there is no
growth in the average grades as the student
advances in his studies. Improvement is only
seen in physics courses.
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Figure 6. Grades in basic mathematics and physics courses
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The added value of the basic cycle training of the
engineering student by the university is defined
as the difference between the values obtained
in the posttest and pretest; for the model, this
difference will be estimated according to the

academic results of the students in the ten
courses that comprise it. A linear regression
model (equation 1) is adjusted, which fits
with a Fisher’s test value of 4.73 and bilateral
significance of 0.030.

VA= - 0,754+0,022C01+0,027C02+0,036C03+0,175C04+0,147C05+0,191C06+0,079CO07+

0,160C08+0,007C09+0,009C10

The average value of the value added is
estimated at 0.16 with a standard deviation of
0.35. The paired difference comparison test
yields a t-value=6.4 with p-value<0.001. On
the other hand, when performing a one-factor

(1)

analysis of variance to compare the value added
by academic program, F=1.84 with p-value=0.89
was found. Table 1 shows the average value
added and its standard deviation by academic
program.

Table 1. Value added by academic program

PI P2 P3 P4 P5 P6 P7
Arithmetic Mean 029 015 030 008 013 0,113 0,09
Standard deviation 030 043 036 035 036 036 038

DISCUSSION

" The value-added model estimated for the basic
training of students in the university’s engineering
courses identifies a greater contribution in its
estimation by the academic results of students
the courses of differential equations,
linear algebra and mechanical physics. The
results obtained here allow differentiating the
contribution by academic program,

in

finding
greater differences in civil engineering and
electronic engineering, followed by mining
engineering, industrial engineering and systems
engineering.

It is to be expected that there is variability in the
academic results of the students in the different
training courses. In this case, greater variability
was found in the courses of the first semesters;
however, a higher arithmetic average was also
found in these courses, which would provide
a basis for the inclusion of new explanatory
variables in the process.
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A statistically significant difference is found,
using paired difference test, between the score
obtained in the posttest with respect to the
pretest, which indicates a significant increase
in the development of mathematical physical
thinking in engineering students at the university;
that is, it reflects that the academic training
provided by the institution in the basic cycle
of mathematics and physics for engineering
students contributes significantly both in the
development of competencies and the
development of mathematical physical thinking
of the students.

in

When establishing comparisons between the
results of the initial and final tests, disaggregating
by competencies in mathematics and physics,
it is found that students have a lower average
in the test for assessment of physical thinking
than mathematical: the final test
allows to establish that the average score for
physics increased significantly with respect to
mathematics, thus, it can be inferred that the
added value of basic training in engineering

however,
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students at the Francisco de Paula Santander
University is significantly higher and develops
more physical thinking
thinking.

than mathematical

4. CONCLUSIONS

The tests designed to assess the development
of competencies
engineering students met the statistical and
conceptual requirements defined by the
methodology used in the item response theory,
which is significant when assessing the added
value of academic training.

in basic fundamentals of

A model for estimating the added value of basic
training in mathematics and physics for university
engineering students is adjusted according
to the academic results in the courses of this
cycle, which is basic for the construction of new
models including other explanatory variables
and, if possible, the inclusion of non-numerical
' qualitative variables, which will be the subject of
another research.

The benefits of the model are that it allows us
to explore the pedagogical practices of teachers
in those programs with the greatest impact on
the added value of academic training and to
establish strategies to increase student learning.

Engineering students develop mathematical
physical thinking in the basic cycle of their
training, then it is established that there is
significant added value in basic training for
university engineering students
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