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Abstract:

The purpose of this research was to design a teaching-learning proposal by creating a didactic sequence that would strengthen the
geometric and mathematical knowledge of the elements of a Simple Circular Curve applied to the design and study of roads, using
an Applet programmed in GeoGebra. This tool enabled the calculation of the elements, coordinates of the PI, PC, PT, abscissas,
and direction of the curves based on their deflection angle, as well as their graphical representation on a coordinate grid.

A mixed research methodology was used and developed in four stages: Applet development, planning, implementation, and
evaluation of the proposal in a course entitled Road Surveying I. The work was carried out with a sample of sixteen students in a
cooperative class. They interacted with the Applets to solve a previously completed exercise. Data collection and analysis included
pre-test responses and answers to open-ended questions in the GeoGebra Classroom. Findings showed that the development of
the proposal had a positive impact, as technology and engineering students used the Applets to model a one-way Simple Circular
Curve graphically and analytically, which contributed to the identification and calculation of the curve’s geometric elements.

K eywor ds: Learning, Engineering Education, Simple Circular Curve, GeoGebra, ICT.
Resumen:

El propésito de esta investigacion fue disefiar una propuesta de ensefianza-aprendizaje mediante el disefio de una secuencia didéctica
que fortaleciera el conocimiento geométrico-matemdtico de los elementos de una curva circular simple aplicados al disefio y estudio
de las carreteras, utilizando un applet programado en GeoGebra. Esta herramienta permitié calcular los elementos, las coordenadas
del PI, del PC y del PT, las abscisas, la direccién de las curvas segin su dngulo de deflexién y su representacién grifica en una
cuadricula con coordenadas.

La metodologfa de investigacién empleada fue mixta y se desarrollé en cuatro fases: elaboracién de los Applets, planificacién,
implementacién y evaluacién de la propuesta en una asignatura de Topograffa de Vias L. Se trabajé con una muestra de dieciséis
estudiantes en una clase cooperativa, quienes interactuaron con los Applets para resolver un ¢jercicio previamente resuelto. La
recoleccion y el anlisis de datos incluyeron las respuestas del pretest y las respuestas a las preguntas abiertas en el Classroom de
GeoGebra.

El desarrollo de la propuesta tuvo un impacto positivo, debido a que los estudiantes de tecnologia e ingenieria utilizaron los Applets
para modelar, de forma grafica y analitica, una curva circular simple de una via, lo que contribuy$ a la identificacién y al cdlculo
de los elementos geométricos de la curva.

Palabras clave: aprendizaje, ensefianza en ingenierfa, curva circular simple, GeoGebra, TIC.
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Introduction

Students face difficulties in developing geometric thinking and its relationship to the analytical approach,
both in elementary (basic) and secondary education ([1]; [2] and [3]), and at the university level. This
aspect is fundamental for the interpretation of graphic models applied to engineering situations, such as the
geometric design of Simple Circular Curves (SCCs). The incorporation of information and communication
technologies (ICTs) in the classroom emerges as an alternative to improve geometric and analytical thinking
([4D).

ICTs are innovative tools that stimulate students” interest, curiosity, creativity, and analytical skills to
solve problems from different perspectives ([5] and [6]). Several authors advocate the incorporation of ICTs
to improve the teaching-learning process ([7], [8], and [9]). For example, the use of GeoGebra favors the
learning process of two- and three-dimensional representations [10]. Therefore, a curricular proposal was
proposed, integrating the use of GeoGebra, a free software, based on Stenhouse’s curricular principles [11],
where the teacher assumes the role of researcher in the classroom.

A teacher-researcher in a class on Road Surveying identified students’ difficulties related to the
mathematical and geometric modeling of planimetric elements in the geometric design of roads. They
showed difficulties in identifying the orientation of a Delta deflection angle (A), calculating the abscissas
and coordinates of the Beginning of the Curve (BC) and Beginning of Tangent (BT points, as well as the
graphical resolution of the SCCs. These difficulties motivated the need to strengthen learning in this area.

To address this problem, the following research question was posed: How can digital technology
contribute to the teaching-learning process of the elements of an SCC for a road? The hypothesis stated
that the development of a GeoGebra Applet for SCCs would contribute to the teaching-learning of the
calculation, interpretation, and representation of the horizontal geometric design of a road. In this context,
the purpose of the research was to develop a teaching-learning proposal that would strengthen the geometric
and mathematical aspects of the planimetric elements of an SCC using an Applet programmed in GeoGebra.
This software allows the output to be graphically visualized and georeferenced in a planar coordinate system,
facilitating the calculation of geometric elements and allowing students to interact with the model in real
time. This demonstrates the implications of the spatial analysis required in the practice of topography (land
surveying).

Materials and Methods

A mixed methodology was proposed, integrating qualitative and quantitative methods in the study. These
methods complement each other, allowing for both statistical analysis and analysis of the responses to open-
ended questions, which reflect the subjective perspective of each individual [12]. Hypothesis testing was
carried out in four stages (Figure 1).
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proposal
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FIGURE 1.
Methodological Design of the Research

Source: Author.

In the first stage, we identified the characteristics of the ICT resources for the development of geometric
modeling of a CCS. This process included the conceptualization of topics, definitions of the CCS design, and
a review of the regulations in force at the time of the proposal’s implementation [13]. This multidisciplinary
work between surveying technologists, engineering students, and professors successfully established links
between the disciplinary and educational aspects.

Two applets were programmed. The first, called “Principles of Planimetry Applied to Roads,” presents an
interface that displays a three-point diagram (A, B, and C) that generates an alignment. The user must enter
the coordinates of these points in the input fields, and the resulting alignment configuration is displayed in
the graphical view. The applet includes check boxes that allow you to show or hide information about the
northing and easting projections between each pair of points, the azimuth, the delta, and the alignment, as
shown in Figure 2.
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FIGURE 2.
Applet of Planimetry Applied to Roads

Source: Author.
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The second applet, called “Simple Circular Curve,” offers the user the ability to interact with and adjust
the curve’s elements, automatically calculating geometric components such as the tangent (T), the external
curve (E), the curve length using the arc method (L), and the long chord (LC). It also displays the abscissas
of the curve point (CP) and the tangent point (TP) with their respective coordinates, reflecting changes in
real time.

The integration of these Applets into teaching facilitates the graphical representation of the curve and its
spatial location and encourages the analysis of Simple Circular Curves (SCC) exercises, contributing to the
student learning process.

The Applet requires the azimuth, the curve deflection angle, the opening direction, and the curve radius
as input data, as well as the north and east coordinates of the alignment’s Point of Intersection (PI) and
the abscissa assigned by the exercise to the curve’s starting point. Once these data are entered, the Applet
automatically calculates, in meters, several geometric elements of the CCS, including the curve tangent, the
curve length (arc method), the long chord, the external chord, and the middle ordinate.

In addition, it records the coordinates of the PC and PT points and calculates the abscissas of the Pland PT
points. Finally, the Applet displays a graphical representation of the curve in top view, including its geometric
elements and their spatial distribution, as shown in Figure 3. In summary, the Applet consists of three parts:
data entry (P1 in green), the presentation of numerical results (P2 in red), and the curve visualization (P3 in
blue). Its functionality was verified by solving topography and road exercises and problems ([14] and [15]).

The second stage aimed to support teachers and students in promoting their understanding of the elements

of a CCS on the road.
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FIGURE 3:
Parts of the Simple Circular Curve Applet

Source: Author.

The classroom project planning consisted of three parts, as shown in Figure 1: a) administering the pretest,
b) teaching how the Applet works, and ¢) reinforcing student learning.

For this proposal, a teaching sequence was chosen, understood as a set of activities planned in an
organized and coherent manner, developed in a specific order to achieve specific learning outcomes. This
sequence is designed to promote progression in the teaching-learning process, adapt to student needs,
facilitate assessment and feedback, and ensure alignment with established educational objectives. In addition,
GeoGebra Classroom was used to complement the process. The three parts of the second stage are described
below.
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Part a: Conducting a Pretest

In a previous class, students were asked to complete a pretest using a calculator, pencil, and paper. In the
hypothetical exercise, students were asked to calculate three circular curves, using five points with their
respective northing, easting, and radius as input data (Table 1).

TABLE 1:
Input Data for the Hypothetical Exercise

Points | North (m) | East (m) | Radius (m)

] 26010 82078

2 26350 82416 100,000
3 26058 82630 78,427
4

5

26114 82752 105,156
26780 82724

Source: Author.

In the exercise, students were required to calculate and obtain: the elements of the circular curves (T, L,
and LC), as well as determine the abscissas and coordinates of the points PC and PT. The pretest assessment
criteria were established by the instructor teaching the Road Surveying I course; therefore, no assessment
rubrics were used.

Part b: Teaching the Applet’s Function

After the pretest class, the teaching assistants explained how the Principles of Planimetry Applied to Roads and
Simple Circular Curves Applets function.

Part c: Reinforcing Student Learning

The purpose of this part was for students to interact with the Applets, entering input data to obtain the
azimuths and then the two additional CCSs.

The third stage consisted of implementing the proposal in the classroom during the second semester of
2023, as a complement to the study of horizontal geometric road design. The session was held in a computer
lab with sixteen students. After an initial evaluation, the teachingassistants corrected part of the exercise using
the Applets and explained how they worked in class. The students followed the instructions and interacted
with the Applets to obtain the data and a graphical representation of the first curve.
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Given that the initial assessment did not include entry azimuths or deltas, but only a list of planar
coordinates, the “Principles of Planimetry Applied to Roads” applet (https://www.geogebra.org/m/gfpptat
y) was used. Students were instructed to enter the coordinates of the first curve in the corresponding fields:
AN and AE for the first point, BN and BE for the Point of Intersection (POI) coordinates, and CN and
CE for the POI of the next curve. They were then able to view the distances, azimuths, and delta formed by
the points.

Since the activity required students to interact with the applets, they were asked to enter the entry azimuth,
delta, direction, initial radius, and POI coordinates in the “Simple Circular Curve” applet (https://www.geo
gebra.org/m/skmdwc4;j). In addition, the abscissa of the Curve Point (CP) was manually calculated and then
entered into the corresponding field. This process yielded the design of Curve 1, as illustrated in Figure 4.

Once the instructions on how the Applet works were completed, the third stage began. After calculating
the spatial and geometric elements of the first CCS, the students were asked to repeat the same procedure for
the other two curves from the pretest. They were then asked to capture screenshots of the results obtained
in the Applet for each curve and attach them to a Word file containing all three screenshots. This file was
uploaded to an available space in the GeoGebra Classroom.

@

FIGURE 4:
Solution to Curve 1
Source: Author.

In the fourth stage, the students’ learning was assessed. To understand their perceptions of the use of the
Applet in the learning process, four sections of open-ended questions were posed, focusing on: 1) The effects
of the change in direction in the Delta on the coordinates of PI, PT, and CP. 2) The variation in the geometric
elements of the curve with changing radius. 3) The contribution of the Applet to identifying the geometric
elements of the curve. 4) The impact of interaction with the Applet on learning.

Results

Data analysis was conducted quantitatively, by analyzing the pretest responses, and qualitatively, by analyzing
the answers to the open-ended questions posed in sections C and D of the Simple Circular Curve activity
in the GeoGebra Classroom.
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A. Quantitative Analysis

The answers provided by the students in the pretest were analyzed using a spreadsheet, considering three
criteria: a) the elements of the curve, b) the coordinates of the main points, and ¢) the abscissas of the main
points. The correct answers to the pretest using the “Simple Circular Curve” Applet are presented in Table 2.

TABLE 2:
Correct Pretest Answers Obtained Using the GeoGebra Applet

C Geometric elements of the curve
urve T (m) L (m) LC (m) E (m) M (m)

1 116,945 172,669 152,004 53,870 35,010

2 63,985 107,341 99,157 22,790 17,659

3 70,597 124,345 117,226 21,500 17,850

Cur Coordinates Abscissas
YT PCmN | PCmE | PTmN | PTmE | PC(m)]| PT(m) ]| PI(m)

1| 26267.064| 82333.552| 26255.674| 82 485.129| 362.475| 535.114| 479.420
2| 26 109,609| 82592,177| 26 084,693 | 82 688.152| 716,204| 823,545 780,189
3| 26084,549| 82 687,839| 26 184,535 82 749,035| 823,203| 947,548| 893,800

Source: Author.

In the first criterion, the geometric elements of the CCS were analyzed: the tangent (T), curve length
(L), long chord (LC), external chord (E), and Middle ordinate (M) of the CCS. Students had difficulties in
the pretest when calculating these elements on the three curves, the most common error being the incorrect
determination of the delta, which led to inaccurate element calculations. However, by using the applets,
students were able to successfully interact and determine the elements of the evaluated curves, including the
delta.

Figure 5 shows the number of correct student answers in the pretest and when using the “Simple Circular
Curve” applet to calculate the geometric elements.
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FIGURE 5:
Number of Correct Student Answers in the Pretest and Using

the Simulators for the Geometric Elements of Circular Curves
Source: Author.
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The second criterion evaluated the coordinates of the main points of the circular curve, the Point of
Tangency (PT) and the Curve Point (CP), given that the Point of Intersection (PI) was provided in the
exercise statement. During the pretest, students had difliculty calculating these coordinates due to the lack of
entry and exit azimuths for the circular curves. However, when interacting with the Applets, a greater number
of students were able to determine the coordinates of the main points of the three curves, as seen in Figure 6.

Finally, the third criterion evaluated the calculation of the PC and PT abscissas. In general, students
experienced difhiculties performing these calculations manually, using a pencil, calculator, and paper, both in
the pretest and when using the Applets.

Coordinates of main points

16
14
B OPretest of curve 1
7 12 .
= B Simulators of curve 1
= 10 BPretest of curve 2
5 . .
= 8 A Simulators of curve 2
% ¢ BPretest of curve 3
o 4 B Simulators of curve 3
v %@
PC North PC East PT North PT East
Coordinates of PC and PT
FIGURE 6:

Summary of Correct Answers for the Coordinate Criterion at the Main Points of the CCS
Source: Author.

Figure 7 summarizes the students’ correct answers for calculating the abscissas of the three curves.
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FIGURE 7:
Correct Answers for the Calculated Abscissas of the CCS

Source: Author.
B. Analysis of the Responses to the Open-Ended Question Sections

After students interacted with the Applet, their responses were analyzed.
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Section A explored the effect of the change in direction on the Delta, asking them to describe the changes
in the coordinates of PI, PT, and PC, and the reasons for these changes. The following questions were used
to assess student understanding: What happens if the Delta changes direction? Describe what happens to the
coordinates of PI, PT, and PC. Which coordinates change? Why?

The following criteria were used to analyze the responses in this section:

e “Understands the concept”: The student understands that the PT coordinates change due to the
change in direction, while the PC and PI coordinates remain the same.

e “Partially understands”: The student states that the PC or PI coordinates change along with the PT
coordinates or points out a change in the quadrant of the exit azimuth, without elaborating on the
answer

e “Doesnotunderstand the concept”: The student does not recognize that the PT coordinates change
or presents an inadequate focus on the entry and/or exit azimuths.

e “No response”: The student does not offer an answer to the question posed.

Section B inquired about the impact on the geometric elements of the curve when changing the radius,
asking them to describe these changes. To assess students’ understanding of this concept, the following
questions were used: What happens to the value of the geometric elements of the curve if the radius is changed?
How do they change?

The criteria for analyzing the responses to the questions in this section were:

e “Understands the concept”: The student understands that the geometric elements of the curve
change proportionally to the curve’s radius.

e “Partially understands”: The student recognizes that the geometric elements of the curve are affected
by the change in radius but does not provide a detailed explanation.

e “Does not understand the concept”: The student fails to adequately express how the changes occur
or relate them to another element of the curve.

e “No response”: The student does not offer a response to the question posed.

0%

B Understands the concept
Partially understands the concept
B Does not understand the concept

B No response

FIGURE 8: ANALY SIS OF RESPONSES TO OPEN-ENDED QUESTIONSIN SECTIONSA AND B
Half of the students partially understand the change in the curve’s coordinates when

the curve’s direction changes, and a quarter of the students understand the concept.
Source: Author.
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More than a third of the students understand the geometric changes of the curve if the

radius changes; however, a fifth do not understand the changes or did not respond.
Source: Author.
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Table 3 contains the analysis of the responses to the open questions in sections C and D.

TABLE3:

Analysis of Responses to Open-Ended Questions in Sections C and D

Question

Analysis

3 Regarding your
interaction with the Simple
Circular Curve Applet, did
this applet contribute to the
identification of  the
geometric elements of the
curve  (Tangent,
Chord,
External Curve, and middle

ordinate)?

Long

Curve  Length,

100% of the students stated that it contributed to the identification
of the geometric elements.

Student 5: Yes, it contributed to my personal graphic development
by using the graphics provided by the applet.

Student 7: Yes, the graphics especially help with understanding the
elements.

Student 15: Yes, because it identifies the geometric elements we
easily search for, considering the data we have and those we easily
find.

Student 16: Yes, the applet dynamically and graphically displays the
elements of the curve, and in a didactic and easy way. allows for
quick verification of these elements.

4. How did your interaction
with the Simple Circular
Curve Applet contribute to
your learning of the curve?

The analysis indicates that students believe that using and
interacting with the Applet contributes to their learning, for
example:

Student 3: It helped me identify elements of the curve. It also helps

us see how the curves develop and identify various aspects of them.
Student 6: Yes, it facilitated the understanding of the elements of
Simple Circular Curves.

Student 10: Overall, to be able to better locate and identify the
elements of the curve, contributing to observing the graph, the
points, and the coordinates it displays.

Student 15: It contributed because these are applications that we can
use at any time to study and use them to complete further exercises.
Student 16: It allowed me to verify the calculations performed by
hand and compare them with the results entered into the Applet, in
order to identify errors and potential confusion.

Source: Author.

The results also reveal that students were able to interact with the Applets in a way that allowed them to
obtain data that helped them understand the topic of SCC. However, according to the results in Table 3, some
students experienced difficulty understanding concepts related to calculating azimuths and the direction of
the curve, which prevented all of them from obtaining the geometric elements of the third curve.

Conclusions

The main conclusions of this study are as follows: 1) The planning, implementation, and evaluation of the
teaching-learning proposal had a positive impact. The students’ performance improved, as those who initially
had difhiculties in the pretest were able to refine their responses after interacting with the Apps, especially
in determining delta angles and the coordinates of the main points. 2) The development of the teaching
sequence contributed to the teacher’s investigative training by integrating technology into the classroom for
teaching the Simple Circular Curve. 3) The students demonstrated metacognitive processes by reflecting on
and being aware of their own learning processes, which validated the hypothesis proposed in the study.
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