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ABSTRACT 

This research is a design research with the aim of designing student learning trajectories in first-order ordinary differential 

equations learning. There are three phases to be carried out in design research, namely the Preliminary Phase; Prototyping 

Phase; and Assessment Phase. However, the focus of the present research is only until the second stage, especially the 

expert validation stage, because the main objective of this research is to develop a learning trajectory for first-order 

ordinary differential equations. The results of this study are in the form of a hypothetical learning trajectory (HLT) 

designed using a realistic mathematics education (RME) approach. Based on the characteristics of RME, learning will 

begin with contextual problems. One of the contextual problems used in designing this HLT is the problem of population 

growth in Indonesia. In this case, students are invited to start by making a list of the factors that can affect the increase and 

decrease in population according to their understanding in everyday life. With the help of using iceberg, the learning 

process will move from horizontal mathematical to vertical mathematics which ends in the discovery of the first order 

differential equation model of the contextual problem 

Keywords: Ordinary Differential Equation, hypothetical learning trajectory, design research, iceberg, 

horizontal mathematics, and vertical mathematics. 

1. INTRODUCTION 

Ordinary differential equation (ODE) is a branch of 

mathematics grouped under applied mathematics. This 

ODE has many applications in real life. Apart from 

having applications in the field of mathematics itself, it 

also has a fairly broad application in various other 

disciplines. For examples, its application in biology, 

physics, chemistry, engineering, medicine, economics, 

and so on [1].  

The role of ODE is also very important in modern 

technology to solve various real life problems. However, 

ironically, researchers encounter that there are still many 

problems arise on ODE learning in several universities. 

Among these problems are (1) even though the students 

succeeded in getting the algebraic solution of ODE, they 

did not understand the interpretation of the solution. (2) 

students who have passed the ODE course cannot apply 

their knowledge to the related advanced level courses. 

(3) the structure of ODE textbooks used is more abstract 

and procedural. This is not in accordance with the ODE 

course as an applied subject that contributes a lot in real 

life [2]. 

Furthermore, from the experience while developing 

ODE courses, teaching tends to follow the flow of 

material presentation as in text books. Learning begins 

with the activity of conveying information accompanied 

by sample questions, which is then continued by asking 

students to work on several questions [3]. The available 

text books do not contain a learning flow that can lead 

students to reinvention their own concepts. The existing 

textbooks are mostly abstract and procedural in nature, 

and prioritize analytical calculations only. 

Another problem, the frequent teaching method 

used is chalk and talk. As a result, most students think 

that the mathematical concepts studied in ODE are 

very difficult to understand because they are not 

related to real life. This is contradictory to 

mathematics as human activity and learning 

mathematics as doing mathematics [4].  

Observing the problems that occur, the researcher 

argues that the RME approach has the potential to 

overcome these problems, because RME aims to change 

mathematics education in such a way that most students 

will be able to do and enjoy mathematics (in this case 

ODE), solve math problems, and develop knowledge 

Advances in Social Science, Education and Humanities Research, volume 504

Proceedings of the 2nd International Conference Innovation

in Education (ICoIE 2020)

Copyright © 2020 The Authors. Published by Atlantis Press SARL.
This is an open access article distributed under the CC BY-NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/. 337



  

 

and math skills [5]. ODE learning with the RME 

approach is focused on how ODE material is taught and 

how students learn ODE in the classroom in a 

meaningful way. To achieve this goal, it is necessary to 

develop an HLT based on the RME approach 

 

2. METHOD 

This research is a design research that aims to design 

HLT for first-order ODE learning. HLT contains three 

components, namely: learning objectives, learning 

activities, as well as a hypothetical learning process or an 

alleged learning process [6]. In designing this HLT, the 

RME approach was used. For this reason, the contextual 

problem used in designing HLT is a problem of 

population growth. Guided by iceberg, several learning 

trajectories were made in the hope that students could 

find their own first-order ODE model from these 

contextual problems.  

3. RESULT AND DISCUSSION 

Making iceberg is the first step in making HLT using 

the RME principle. Iceberg contains three main 

principles in RME, namely: (1) progressive 

mathematizing, (2) didactic phenomenology, and (3) 

making your own model [7]. The problem to be 

addressed is how students can construct a first-order 

ODE model from the population growth problem by 

utilizing the HLT to be designed.. Population growth is a 

change in population over time, and can be calculated as 

the change in the number of individuals in a population 

using "per unit time" for measurement. The term 

population growth refers to all species, but in specific it 

usually refers to humans, and is often used informally as 

the demographic value of population growth, and is used 

to refer to world population growth.  

To get a mathematical model of a real problem in the 

form of first-order ODE, it is very important to know 

what variables are associated with the model. 

Furthermore, in order to support students in constructing 

their own model, contextual problems about population 

growth is raised in the learning. Students are directed to 

construct their own “first-order ODE model of population 

growth problems” through several learning activities. 

Learning activities are designed using the RME approach 

which begins with the Iceberg form of the given 

problems. Below is a form of solution in designing 

icebergs in the first-order ODE model of population 

growth problems. 

 

Figure 1. Iceberg Differential Equation Model of the 

Population Growth Problem 

Based on the iceberg, there are three forms of 

activities carried out by students during the learning 

process, namely (1) listing the factors that cause 

population growth, (2) stating the relationship between 

population growth factors in mathematical sentences, 

and (3) constructing a first-order differential equation 

model from population growth problem. 

In the first activity, students were asked to list the 

factors that can increase and decrease the population. f 

the results of group discussions conducted by students 

do not cover all the expected factors, such as: birth, 

health care during pregnancy, attitudes towards the 

availability of contraceptives, attitudes towards 

abortion, and immigration, as well as factors that can 

reduce population, such as: death, natural disasters, war, 

environmental health, pollution, infectious disease 

outbreaks, availability of medicines, and emigration, 

then the lecturer will ask several questions to direct 

student answers. These questions include the following: 

1) Are you sure that all of the factors that you have 

written have covered all the factors causing the increase 

in population? 2) Are there any of the factors that you 

wrote down that you doubt its correctness? After the 

two questions were asked, the lecturer asked students to 

re-examine and revise the results of the discussion. 

However, if the results of their group discussion have 

resulted in complete factors as expected, the lecturer 

asks students to continue their activities to work on the 

next assignment, namely determining one main factor 

that can increase the population and one main factor that 

can reduce the population. 

From the factors that affect population growth as 

discussed in points 1) and 2) above, students are asked 

to continue the discussion in their group to determine 

one main factor causing the increase in population 

(namely birth) and one main factor causing the decline 

of total population (namely deaths). If in the lecturers' 

observation during the student discussion there were 

groups that did not correctly determine the one main 

factor requested (namely the birth factor as the main 

Advances in Social Science, Education and Humanities Research, volume 504

338



  

 

factor in increasing the population, and the death factor 

as the main factor in reducing the population), the 

lecturer asked several questions to lead students to the 

answer. For instance, the questions posed are: 1) Which 

factor has a more dominant influence than the other 

factors that can increase population? 2) Which factor 

has the more dominant influence than the other factors 

that can reduce population? However, if the results of 

their group discussion have produced the main factors 

as expected, the lecturer asks students to continue their 

activities to do the next task, namely determining the 

relationship between population growth and the two 

main factors that cause population growth. 

In determining the relationship between population 

growth and the two main factors causing population 

growth, if there is a group of students who have not 

fully stated the relationship, namely: the size of 

population growth is equal to the number of births 

minus the number of deaths, the lecturer will lead their 

answers to be more complete by proposing the 

following questions: 1) How are these factors related to 

the total population? 2) How do you involve the 

percentage of population growth, both the percentage of 

births and the percentage of deaths? The expected 

answer is: The total population is equal to the total 

population at the start of the observation plus the 

percentage of births times the number of the initial 

population minus the percentage of deaths times the 

initial population. If students have not arrived at an 

answer like this, the lecturer directs them to arrive at the 

expected answer. However, if students have arrived at 

an answer like this, then the lecturer appoints one of 

them to present the answer on the class discussion and 

the other students give their responses. The results of 

the presentations that have been given input by other 

groups with lecturers' directions are then agreed as 

conclusion-1. 

In the second activity, the student's estimated answer 

is 

PB = PA b (PA) t - c (PA) t  

 (1) 

PB = PA (b - c) (PA) t 

PB = PA k (PA) t 

with k (constant for growth), number of new 

population (PB), number of population at the beginning 

of observation (PA), number of births (L), number of 

deaths (M), percentage of births (b%), percentage of 

deaths is c%, and time is expressed as t. If students have 

not arrived at an answer like this, the lecturer directs 

them to arrive at the expected answer. However, if 

students have arrived at an answer like this, then the 

lecturer appoints one of the students to represent his 

group to present the answer in class discussion and 

students from other groups give their responses. The 

results of the presentations that have been given input 

by other groups with lecturers' directions are then 

agreed as conclusion-2. 

After obtaining the relationship between population 

growth factors in mathematical sentences in informal 

form as seen in conclusion-2, then in the third activity a 

first-order ODE model will be constructed from the 

problem of population growth. The model that will be 

produced later is a formal model of the population 

growth problem. 

Based on the 2 conclusions above, students are 

directed to find the answer 

P (t + ∆t) = P (t) + bP (t) ∆t - cP (t) ∆t           (2) 

If students give answers like this, then the lecturer 

directs the students by reminding them that: "The 

mathematical model that has been obtained is not yet a 

differential equation, so use the derivative principles 

related to getting a model of the differential equation." 

The next possible answers from students are: Based 

on the answers to part b) above they write their answers 

P(t+∆t)=P(t) + bP(t) ∆t - cP(t) ∆t  or 

P(t+∆t) -P(t) = bP(t) ∆t - cP(t) ∆t 

If both sides are divided by ∆t, will be obtained 

(P(t+Δt)-P(t))/Δt= bP(t)-cP(t)  

or 

ΔP/Δt= bP(t)-cP(t) 

     = (b – c)P(t) 

     = kP(t) 

By using the instantaneous rate of change to 

approximate the average rate of change, the following 

model is obtained 

dP/dt = kP(t), P(to) = Po, to < t < t1                 

(3) 

where k (constant for growth) is a positive constant. 

If students write answers like this they are asked to 

group the differential equation model obtained into one 

of the existing first-order ordinary differential equations. 

The students' possible responses, they classify the 

final form of the differential equation model obtained in 

section c) above into the form of separate variable 

differential equations as follows: 

dP / dt = kP (t)   

 (4) 

dp = kP (t) dt 

kP (t) dt-dp = 0 

If F (t) = kP (t) and G (t) = -1, the final equation can 

be written as 
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F (t) dt + G (t) dp = 0   

 (5) 

This form is the same as the general form of the 

separate variable differential equation: F (x) dx + G (y) 

dy = 0 

Table 1 is the result of the HLT which is designed 

and contains learning activities and objectives. 

 

Table 1. Hypothetical Learning Process 

 

Furthermore, this HLT was validated by 4 experts 

consisting of 1 math expert, 1 mathematics education 

expert, 1 educational technology expert, and 1 

Indonesian language expert who assessed the content 

and language aspects, you can see the results in Table 2. 

 

 

 

 

 

 

 

Table 2. Expert Validation Results 

 

4. CONCLUSION 

Based on the results of the expert validation stage, it 

appears that HLT is designed to make it easier for 

students to achieve learning goals. in stages students are 

guided to rediscover formal mathematical concepts. 

Students are facilitated to carry out horizontal to vertical 

mathematics processes based on the RME approach 
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