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Abstract: The facts show that the mathematics achievement of Indonesian students is still very low.
One of the causes of this problem is that the learning model used by the teacher is still
conventional. This study aims to describe the activities of Mathematics Prospective Teachers
(MPT) in completing assignments/projects using the Outdoor Learning Mathematics Project
(OLMP). The research subjects were 29 MPT at the Faculty of Teacher Training and Education
University of Jember, Indonesia, in August 2022. The type of research was quasi-experimental
using one group pretest-posttest design and a one-shot case study. Data were collected using
observation sheets, worksheets, learning outcome tests, and questionnaires. Data analysis used
descriptive qualitative statistics. From the results of the data analysis, it can be concluded that
the OLMP model is effective in increasing the activities of MPT. This can be seen that all groups
are very active in carrying out very varied activities during learning activities in the Campus
Garden. They can find many mathematical concepts and apply them to complete projects. In
addition, with an N-gain score of 0.79, the OLMP model is effective in improving the learning
outcomes of MPT. The majority of the subjects (97.59%) have a very positive response concerning
the application of the OLMP teaching model. In the future, further research needs to be carried
out using more subjects from various fields of science, and in many places. It is hoped that MPT
can be skilled in guiding students using the OLMP model when they are already teachers at school.

Keywords: Learning Activities, Learning outcomes, Mathematics Project, Outdoor Learning,
Students’ Response.

INTRODUCTION

The Mathematics Prospective Teachers (MPT) need to be guided in mastering skills using various
innovative learning models. This is necessary so that when they become mathematics teachers in
schools, they can use this innovative model in the mathematics learning process to improve
students' mathematics achievement. Because the facts show that until now the mathematics
learning achievement of Indonesian students is still very low. For example, the results of the PISA
tests of fifth-grade elementary and 8 junior high school students in Indonesia for mathematics are
still very low. The ranking of Indonesian students in 2012 was 64 out of 65 participating countries
(OECD, 2014), in 2015, ranking 62 out of 70 countries (OECD, 2016), and in 2018 ranking 73 out
of 79 countries (OECD, 2019).
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The low mathematics achievement of students is caused by many teachers still using conventional
learning models. The characteristic of conventional learning is that it is mechanistic which is
oriented to the completeness of the material and is only carried out in the classroom. As a result,
this kind of learning is less meaningful, less interesting, and boring for students and low learning
achievement (Fauzia, et al., 2020; Fonseca, et al., 2020; Pambudi, 2022; Yeh, et al., 2019).
Reflecting on these problems, the conventional model should immediately be replaced with an
innovative learning model. Therefore, MOECRT RI (2022) recommends the use of a project-based
learning model (PjBL) in schools.

So far, MPT only attend lectures in the classroom, so they need to be guided to attend lectures
outside the classroom, for example in campus gardens. For learning activities using the OLM
method in campus gardens to be effective, it needs to be integrated with the PjBL model, which
we named the OLMP (Outdoor Learning Mathematics Project) model (Pambudi, et al., 2022). This
means that MPT are allowed to carry out various activities to find mathematical concepts and
complete tasks/projects related to the campus garden. There are several interesting things to study
regarding the application of the OLMP model to MPT in campus gardens. The questions posed in
this study are as follows:

1. How is the activity of MPT in learning mathematics using the OLMP model?

2.  What mathematical concepts are found in mathematics learning activities using the OLMP
model?

3. Is the OLMP model effective in improving the learning outcomes of MPT?

4. What is the response of MPT after doing the activity of finding mathematical concepts using
the OLMP model?

The purpose of this study is to describe the activity, mathematical concepts, learning outcomes,

and the response of MPT when they doing the activity of finding mathematical concepts using the

OLMP model.

LITERATURE REVIEW
Project Based Learning (PjBL)

PjBL is a learning model that guides students to complete assignments/projects in groups. PjBL
can be applied to various subjects to guide students to achieve abilities, such as collaborating,
thinking creatively, critically, and communicatively, and improving student learning outcomes
(Irham, et al., 2022; Kay, & Greenhill, 2011; Williams, & Charless-Ogan, 2016). The PjBL syntax
is as follows: (1) The teacher selects a subject, topic, and context, (2) The teacher designs a project
from the selected topic, (3) The teacher determines the project completion time, (4) The teacher
motivates, and monitors project completion, (5) Report generation and group presentations, (6)
Assessment: learning activities, attitudes, skills, and learning outcome tests, and (7) Reflection and
follow-up (Wolpert-Gawron, 2016; Viro, et al., 2020; Haatainen, & Aksela, 2021; Markula, &
Aksela, 2022; MoECRT RI, 2022).
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Outdoor Learning in Mathematics (OLM)

In learning mathematics, the teacher not only guides students to learn abstract concepts in the
classroom, but the teacher can complement it by using the Outdoor Learning method (Richmond,
et al., 2017). Outdoor Learning in Mathematics (OLM) is the right method to guide students in
learning mathematics by doing mathematics, namely finding concepts and applying them to solve
problems outside the classroom. This method is widely applied in various countries, such as in
Chile (Vasquez et al., 2020), Europe (Bearnes & Ross, 2010; Bilton, 2014; Fagerstam, & Blom,
2012; Waite, 2011; Zotes & Arnal-Palacian ,2022), USA (Feille, 2021; Moss, 2009), Australia
(Laird, et al., 2021; Thomas, 2018); and Malaysia (Mohamed, et al., 2021; Samsudin, et al., 2021).
OLM succeeded in increasing student motivation, students' learning outcomes (Cahyono, et al.,
2020; Fagerstam, & Blom, 2012; Laird, et al., 2021; Pambudi, 2022; Widada, et al., 2019), and
improving students' connections (Ernawati, & Amidi, 2022; Haji, et al., 2017; Pambudi, et al.,
2022). Unfortunately, this method is still rarely used by mathematics teachers in Indonesia (Haji,
et al., 2017; Pambudi, 2022; Widada, et al., 2019).

METHOD
Research Subject, Place, and Time

The research subjects were students of MPT, FKIP University of Jember (Unej) semester 3 from
class C as many as 29 people (6 Male and 23 Female). Data collection was carried out in the
campus garden on August 2022.

Research Types and Approach

The type of research is quasi-experimental using a one-group pretest-posttest design combined
with a one-shot case study design (Arikunto, 2013; Creswell, 2014; Sugiyono, 2015; Pambudi, et
al.,, 2022). The approach used is descriptive qualitative, to describe activities, findings of
mathematical concepts, and responses to MPT in learning using the OLMP model.

Method of Data Collection

The research data consists of (1) research subject activities during the learning process using the
OLMP model; (2) mathematical concepts found from activities using the OLMP model; (3) the
subjects’ responses to the application of the OLMP teaching model; (4) subjects’ learning
outcomes. The data collection methods used were observation, test, and questionnaire.

The instruments used are: (1) an observation sheet to observe the activities of research subjects,
(2) a Students' Worksheet (SW) to record mathematical concepts found during learning, (3) the
subject's response questionnaire to the OLMP model contains 10 questions according to the Likert
scale, and (4) The written test contained 3 questions (Geometry, Trigonometry, and Differential
Calculus) to determine the subject's learning outcomes. All of these instruments have been
validated by 3 mathematics education experts, and are declared valid, with a score between 4.3 to
4.7 (scores ranging from invalid 0 to a maximum score of very valid 5.0). The Cronbach's Alpha

This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA
4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must
license the modified material under identical terms.



MATHEMATICS TEACHING RESEARCH JOURNAL 22
SUMMER 2023
Vol15n0 3

are declared reliables, with a score between 0.75 to 0.85 (scores ranging from not reliable 0 to a
maximum score of very reliable 1.0).

Through the OLMP model, students are given the task of observing, and designing projects related
to mathematics in the campus garden of FKIP Unej. There are 3 projects agreed to be done by
MPT.

Project 1: measuring the perimeter and area of the

campus garden (Figure 1).

a) Make a sketch, and measure the perimeter and
area of the campus garden.

b) What is the area of the campus garden that
does not include the road, Gazebo, and
fountain pool in the middle of the garden?

Figure 1: Campus Garden
Project 2: Calculating the speed related to the
filling of water in the fountain pool (Figure 2).
When water is put into the pool with a tap water
hose at a uniform rate of 2 liters per minute. How
fast is the water surface rising when the water
depth is 20 cm?

Figure 2: Fountain Pool
Project 3: measuring the height of the flagpole
(Figure 3).
a) Observe, sketch, and measure the height of the
flagpole using the concept of Trigonometry.
b) Think of other ways to measure the height of
the flagpole.

Figure 3: Flagpole
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METHOD

The data from the observation of learning activities and mathematical concepts found by the
subject during learning using the OLMP model were analyzed descriptively and qualitatively. The
research subject's response questionnaire to the OLMP model consisted of 10 positive statements
with answer choices of SA (Strongly Agree), A (Agree), N (Neutral), D (Disagree), and SD
(Strongly Disagree). Score for answer choices SA =5, A=4, N=3,D=2,and SD=1. A
goodness-of-fit test of one-sample Kolmogorov-Smirnov test was employed to determine the
uniformity of data by following the level of significance is 5%, using SPSS software version 21.

Students learning outcome test results were analyzed using an effectiveness test (N-gain score) on
pre-test and post-test data (Hake, 1999; Sundayana, 2015), with the formula as follows.

posttest value — pretest value

N — gain score =
g ideal value — pretest value

The categories N-gain score (g) can be seen in Table 1.

N-Gain Score (g) Category
-1.00< g < 0.00 Occur drop
g = 0.00 Permanent
0.00< g <0.30 Low
0.30 < g <0.70 Moderate
0.70 < g < 1.00 High

Table 1: Criteria for N-Gain Score (g)

RESULTS
The MPT Activities in Solving Projects in the Campus Garden

The MPT activities while working on projects vary widely, both physically and mentally. There is
a member who holds the end of the roll meter, and another member pulls the roll meter to the end
of the measurement. Other members record the data obtained at the SW. Other members observe
and advise on the accuracy of measurements. Then they sat on a garden bench to sketch the campus
garden, discuss the results of their work group, and complete the SW. Some MPT activities can be
seen in Figure 4.

Figure 4: MPT Activities in Solving Mathematics Projects in the Campus Garden
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In the second project, after the MPT collected
data directly on the radius (r=1.25 m), pool
height (h meters), and pool volume (V=mr’h).
After that, they used the concept of derivative
and related rate (dV/dt=2 liters/minute), to
calculate the rate of increase in water (dh/dt)
which was introduced into the pond at a time 4
= 20 centimeters. After performing arithmetic
operations on real numbers, MPT get the
answer dh/dt=0.0004 liters/minute.

Figure 5: A sketch of FKIP Unej’s campus
garden

The third project is to measure the height of the flagpole using the concept of Trigonometry, and
other ways. Here, all group members collaborated to carry out various activities, such as the first
member who served as an observer observing the top of the flagpole with a clinometer. The second
member measured the height of the observer and the distance of the observer to the flagpole. The
third and forth members made a sketch and wrote the results of the experiment in SW. From the
right triangles obtained on the flagpole, and the flag hoist, the group can find the formulas for Sine,
Cosine, and Tangent on the sides of the right triangle. Next, they calculated the height of the
flagpole using the tangent formula. Because the angle of the clinometer is 377, then the angle of
elevation between the line from the top to the horizontal is 90-37°=53°. By substituting the
elevation angle data, the observer's distance to the flagpole (b=7 meters), and the observer's height
of 1.6 meters, the flagpole height is close to 11 meters.

After all groups have completed the project, the lecturer asks a lighter question "Do you think there
are other ways to calculate the height of the flagpole?" This question is directed to guide the MPT
to think creatively and connect various mathematical concepts. Some of them answered the
question in three other ways. The first method uses the concept of an isosceles right triangle (this
concept was learned in elementary school). The concepts connected are the definition of an
isosceles right triangle, the properties of an isosceles right triangle, right angles, elevation angles,
and flagpole heights. By forming a right angle between the flagpole and the horizontal rope at the
base of the flagpole and an elevation angle of 45°, the height of the flagpole is equal to the distance
from the flagpole to the observer. The second method uses similarity triangles (this concept was
learned in junior high school). The concept that is connected is the concept of the similarity of
triangles to the height of the flagpole. The third method uses the length of the shadow of an object
due to sunlight (this concept was learned when studying science in junior high school).

Recapitulation of Mathematical Concept Findings by MPT
Next, from the results of working on 3 projects, MPT wrote down the findings of mathematical
concepts in SW. The concepts they found are presented in Table 2.
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No. Projects/Topics/Courses

Concept Finding

1. Project 1: the context of measuring
the perimeter and area of the garden
/Topic/Course: Geometry

Area and perimeter of rectangle (whole garden.;
Square area (gazebo base); Area of a regular
octagon (the base around the fountain); Radius,
diameter, and circle on the fountain pool; Fountain
pool height; Fountain pool volume, and Real
number operations.

2. Project 2: the context of related rate
Topic/Course: Differential Calculus

Fountain pool volume; Derivative.; Related rate;
Real number operations.

3.  Project 3: context measuring the
height of the flagpole.
Topic/Course: Trigonometry and
related subjects

Rectangular;  Right triangle;  Pythagorean
Theorem; Elevation angle; Sines, Cosines,
Tangen; Comparison; Similarity of triangle;

Length of the object's shadow due to sunlight; Real

number operations.

Table 2: Mathematical Concepts Found

From collaborative activities, the MPT were able to rediscover many mathematical concepts to
complete 3 projects on the topics of Geometry, Differential Calculus, and Trigonometry. On the
topic of Geometry, they found the concept of a square, from the shape of a garden, then the area
and perimeter of a square, the area, and perimeter of a rectangle, a circle, the area of a regular
octagon, and the volume of a tubular fountain. On the topic of Trigonometry, they can develop
creativity to calculate the height of the flagpole. Here, they can use the concepts of trigonometry,
the similarity of triangles, isosceles right triangles, and use the length of the flagpole's shadow due
to sunlight.

The MPT Learning Outcomes
Before the implementation of learning using the OLMP model, the MPT were given a Pre-Test,

and after that, they were given a Post-Test. The results of the Pre-Test and Post Test can be seen
in Table 3.

Pre-test (n=29) Post-test (n=29)

No. Geo Cal Tri  Average Geo Cal Tri  Average
Maximum Score  80.00 70.00 100.00 7833 100.00 100.00 100.00 100.00
Minimum Score ~ 70.00 40.00 90.00 65.00 90.00 80.00 90.00  88.33
Average 7724 50,17 9328  73.56 9724 87.59 98.79  94.54
St Deviation 343 6.19 428 3.20 3.68 6.76 2.55 3.05

Table 3: Pre-Test and Post-Test Results

From Table 3, it can be seen that the average Pre-Test score of 73.56 increased to 94.54 from the
Post Test results. From this increase, if the N-gain score is calculated, the results are (94.54-
73.56)/(100-73.56) = 20.98/26.44 = 0.79, which means that the OLMP model is effective (high
category) in improving the learning outcomes of the MPT. An example of a MPT’s work for a
GEO (Geometry) problem is as follows.
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Figure 6: Test results on Geometry post-test questions

The post-test questions for Trigonometry can be seen in Figure 7. An example of an answer from
a MPT can be seen in the same figure.

A helicopter pilot at an
altitude of 50 meters looks
directly at a small island (B)
in the Bali strait. From the
helicopter, the pilot also
saw a place opposite the
small island, namely, point
C. If the angle of depression
is 30°, what is the distance
of the islet to point C?

Figure 7: Post-test question and answer for Trigonometry

From their activity in working on projects in the campus garden, they found many mathematical
concepts related to Geometry, Differential Calculus, and Trigonometry. This certainly encourages
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them to study harder to face the post-test. This high learning motivation is able to lead them to
achieve optimal achievement in the post-test.

The MPT’s response about the OLMP model

The MPT's response to the OLMP model was obtained from the results of filling out the
questionnaire. To find out the subject's response to the OLMP model, a test was carried out using

the Kolmogorov-Smirnov test. The test results for the 10 statements SA and A can be seen in Table
4.

From Table 4, it was concluded that 97.59% of the respondents agree and strongly agree with the
application of the OLMP teaching model in the mathematics learning process. This means that the
majority of the MPT have a very positive response concerning the application of the OLMP
teaching model. MPT argue that the OLMP model has more benefits than the conventional model.
SAand A  Kolmogoro
Chosen (%) v Smirnov

No. Statements of Questionnaire

1. The OLMP model makes MPT more physically and mentally
active in the mathematics learning process compared to 100.00 3.343
conventional models

2. The OLMP model makes MPT can improve collaborative,

) o e 100.00 3.157
creative, and communicative abilities
3. The OLMP model makes mathematics learning more
. . 100.00 3,528
meaningful than the conventional model
4. The OLMP model makes mathematics learning more
. 100.00 3.343
unforgettable compared to conventional models
5. The OLMP model makes the learning atmosphere more
relaxed, fun, and not boring compared to the conventional 100.00 2,785
model
6. Using the OLMP model, MPT can be taught the importance
) . 100.00 3.157
of environmental care attitudes
7. The campus garden is always a comfortable, beautiful, and 100.00 2,971
healthy place to study
8. Learning mathematics in the campus garden can make
prospective teachers have a positive attitude towards 100.00 3.343
mathematics
9. The OLMP model makes MPT a high motivation to learn
. . 100.00 3.157
mathematics compared to conventional models
10. The OLMP model can make MPT achieve optimal learning
. 75.86 1.857
outcomes compared to conventional models
97.59

Average

Table 4: Kolmogorov Smirnov test of Strongly Agree (SA) and Agree (A) on MPT's responses about the
OLMP model
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DISCUSSION AND CONCLUSIONS

From the above explanations, we can discuss about several interesting results. Firstly, the use of
the OLMP model can increase the activity of the MPT in learning mathematics. This can be seen
from the observation data that all groups (100%) are very active in carrying out very varied
activities during learning activities. They do more activities when studying outside the classroom
than when studying in the classroom. Secondly, the use of the OLMP model can improve MPT
activities, and collaboration skills. This can be seen from all groups planning, and carrying out
activities to complete projects together. These results are followed by the results of research by
Laird, et al. (2021); Mygind, (2007); and Pambudi, et al. (2022). It is clear that the campus garden
is effectively a place for MPT to improve collaborative skills and creativity in finding many
mathematical concepts and applying them to complete projects given by lecturers. These results
are followed by the opinion of Agusta, & Noorhapizah (2018); Auliadari, et al. (2019); Usmeldi,
& Amini (2022); and Pambudi, et al. (2022). Thirdly, the use of the OLMP model can improve
MPT learning outcome. These results are are followed by the opinion of Auliandari, et al. (2019);
Féagerstam, & Bloom (2012); Fonseca, et al. (2020); Laird, et al. (2021); and Pambudi, et al. (2022).
Thus, the OLMP model can improve activities, collaborative, creative, and communicative
abilities. This strongly supports learning oriented toward improving life skills in the 215 century
(Wijaya, et al., 2019; Irham, et al., 2022; Kay, & Greenhill, 2011; Mabitad, et al., 2021; Usmeldi,
& Amini, 2022).

In addition, the OLMP model makes mathematics learning more meaningful and unforgettable.
Because, using the OLMP model, the MPT can also be taught the importance of environmental
care attitudes, such as maintaining cleanliness in campus gardens, and not littering, so that the
garden is always a comfortable, beautiful, and healthy place to study. This is followed by the
opinion of Agusta, & Noorhapizah (2018); Mann, et al. (2022); and Pambudi (2022). A
comfortable and pleasant learning atmosphere in campus gardens has made the MPT have a
positive attitude toward mathematics so motivation increases (Cameron, & McGue, 2019;
Mackenzie, et al., 2018; Ryan, et. al, 2010). The more MPT learn, both independently and in
groups, the more mathematical concepts are found and understood by them. Mastery of
mathematical concepts and sufficient learning experience make the MPT succeed in taking the
learning outcome test with optimal results. So, the OLMP model can improve student learning
outcomes. These results are followed by the opinion of Auliandari, et al. (2019); Fégerstam, &
Bloom (2012); Fonseca, et al. (2020); Laird, et al. (2021); and Pambudi, et al. (2022). However,
some subjects argued that mathematics learning achievement was not only influenced by the
learning model, but could be caused by the level of difficulty of the questions and others.

From the results of data analysis, it can be concluded that the OLMP model is effective in
increasing activities of the mathematics teacher candidates (MPT). This can be seen that all groups
are very active in carrying out very varied activities during learning activities. They can find many
mathematical concepts and applying them to complete projects. In addition, with an N-gain score
0f 0.79, the OLMP model is effective improving the learning outcomes of MPT. The majority of
the subjects (97.59%) have a very positive response concerning the application of the OLMP
teaching model. MPT argues that the OLMP model has more benefits than the conventional model.
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The limitation of the research is that the research subject only uses 1 class of mathematics
education students. In the future, it is necessary to carry out further research in mathematics,
science, technology, and engineering students so that they become STEM Outdoor Learning
Projects. Research places also need to be expanded, and set up in various forms, such as math
trails, field trips, camps, and others.
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