BEYOND ABSTRACTION: CHALLENGES AND PROPOSALS FOR THE DEVELOPMENT OF MATHEMATICAL MODELING IN CONGOLESE SECONDARY EDUCATION


1. ABSTRACT

This article analyzes the challenges of teaching mathematicsMathematics Mathematics in the DRC, focusing on the lack of local contextualization and its effects on learning. It argues that the current curriculum, despite its good intentions, does not always succeed in transforming students into "analytical thinkers" capable of solving real-world problems, thereby risking limiting them to "calculators." The study shows that the majority of the curriculum's scenarios encourage mathematical modeling, but a significant minority are limited to basic calculations. To improve the situation, the article proposes a curriculum reform, better teacher training, and the integration of digital tools to make modeling the cornerstone of mathematicsMathematics education.	Comment by Ganiyu: The abstract did not capture the whole rigour of the study.
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1. Introduction
MathematicsMathematics teaching in the Democratic Republic of Congo, as in many educational systems, traditionally relies on abstraction and rigor. While fundamental to the training of the mind, this approach creates a growing disconnect between theoretical concepts and the reality experienced by students. Students struggle to perceive the practical usefulness of the concepts studied, making learning tedious and meaningless (UNESCO, 2025).	Comment by Ganiyu: The background is scanty. The indices that informed the title are not ell introduced. 
This problem is particularly visible in Goma (DRC), where the school curriculum, despite good intentions to integrate real-life situations, lacks local context. Generic examples do not resonate with students' daily lives, depriving them of the ability to connect mathematicsMathematics to the challenges of their own environment, such as the growing population, the risks associated with the Nyiragongo volcano, or the local economy.	Comment by Ganiyu: There is no connection between the two paragraphs

mathematical modeling skills . Without relevant situations, students are reduced to mere performers, applying formulas without constructing them. MathematicsMathematics teaching thus risks training "calculators" rather than analytical and creative "thinkers," a skill that is nevertheless essential in today's world.

To verify these hypotheses and respond to this problem, the present work aims to analyze the impact of non-contextualization on the development of modeling skills, to propose concrete solutions anchored in the realities of Goma, and to evaluate how a local approach can improve the relevance of teaching.	Comment by Ganiyu: No hypotheses generated.


	Comment by Ganiyu: This is also disconnected from the introduction
Part 1: State of play of modeling in Congolese secondary education
 1.1. Mathematical modeling: definition and importance

Mathematical modeling is the process of translating a real-world situation into a mathematical problem. Once the problem is solved, the solution is reinterpreted in the original context (Blum & Niss , 1991). This process is crucial because it develops critical thinking, problem-solving, and concept application. It allows the student to move from simply memorizing formulas to a deep understanding of their function.

1.2. Institutional framework and current curriculum

.
An analysis of the scientific humanities curriculum in the DRC reveals an intention to integrate modeling. Each Matrix is introduced by a "similar situation to be addressed," but this initiative remains limited. The dominant teaching methods focus on the restitution of definitions, the application of formulas, and the resolution of standard exercises, often disconnected from the initial problem. This approach, focused on abstract theory, does not promote the development of modeling skills.

1.3. Challenges and obstacles	Comment by Ganiyu: This is not complete.

· Educational: Teachers are often trained to transmit theoretical knowledge. The transition to active teaching, where the student constructs the solution himself, is not always encouraged in its true sense. Didactic resources adapted to modeling are rare ( Depover & Orivel , 2002).
· Cultural: Educational culture values memorization and success on standardized tests, which assess the ability to reproduce procedures. Learning through trial and error, although essential to modeling, is less valued.
· Materials: The lack of teaching aids, such as scientific calculators or computers, is a major obstacle. These tools are essential for manipulating data, visualizing graphs, and solving complex problems that are inaccessible to manual work alone.

Part 2: Proposals and innovations to go beyond abstraction
2.1. Diagnosis and redesign proposals

Table No. 01 : Quantitative analysis of examples of situations in the third-year scientific mathematicsMathematics Mathematics program in the DRC.

	Type of situation
	Number of situations
	Percentage
	Relevant Examples (Codes)

	Promoting modeling
	21
	60%
	MM5.01, MM5.04, MM5.05, MM5.06, MM5.08, MM5.10, MM5.18, MM5.19, MM5.22, MM5.23, MM5.26, MM5.27, MM5.28, MM5.29, MM5.31, MM5.35

	Not promoting modeling
	14
	40%
	MM5.02, MM5.03, MM5.07, MM5.09, MM5.11 , MM5.12, MM5.13, MM5.14, MM5.15, MM5.16, MM5.17, MM5.20, MM5.21, MM5.24, MM5.25, MM5.30, MM5.32, MM5.33, MM5.34	Comment by Ganiyu: Where are the interpretations of these codes?

	Total
	35
	100%
	


Source: our field surveys	Comment by Ganiyu: Include the year


Comments

Table 1 reveals a striking imbalance in the 3rd year science mathematicsMathematics Mathematics curriculum in the DRC. Out of a total of 35 situations identified, a majority, or 19 situations , do not favor mathematical modeling. These situations represent 54.3% of the entire curriculum.

These "pretext problems" which mask simple exercises in the direct application of formulas reinforce the perception of mathematicsMathematics as an abstract discipline disconnected from the daily reality of students.

In contrast, the 16 situations that promote modeling represent 45.7% of the program. These situations offer potential for more meaningful learning if properly exploited.

This observation is all the more worrying when compared with the alarming statistics on the level of teachers in the DRC. A 2025 World Bank study in Kisangani revealed that more than 86% of teachers do not achieve sufficient mastery in mathematicsMathematics, and that 96% of them fail to master appropriate teaching methodologies. These figures underscore the urgency of a profound reform, because a poorly trained teacher will struggle to identify and fully exploit situations conducive to modeling.

2.2. Redesign of problem situations

It is crucial to rewrite situations that are limited to simple calculation. Each matrix should begin with an authentic problem situation , anchored in the Congolese context (D'Ambrosio, 1985). For example, the matrix on polynomials could model the growth of a tree population in a local plantation. The goal is to transform each exercise into a modeling opportunity.
2.2.1. Example of a reformulated situation, promoting modeling:

a) Situation on the notions of limits in R proposed in the third year scientific program.

Code and title: MM5.11: LIMITS OF A FUNCTION

A. Knowledge essentials 
· Limits of a function
· Calculation of limits
B. Skill
After completing the proposed activities, the learner must be able to successfully and acceptably deal with situations requiring the essential knowledge of “ Limits of a function ”, “Calculation of limits”.
C. Example situation
The 3rd year H.SC students at the TSANGA Institute read that the population of a given region experienced a growth disruption following an epidemic. This population evolved according to the function f(x) = , where x is the number of years and f(x) is expressed in millions of inhabitants.

This function is represented by the curve below.
The mathematicsMathematics teacher of this class asks his students to:

a) Interpret the graph from the year 2000, taken as the origin of the axes .
b) Find the population of this country in 2007, 2001 and 1999.
c) Estimate this population if x increases indefinitely.

[image: ]
Learner Activities (updated for this situation)

	Actions (of the learner)
	Contents (on which the learner's actions are based)

	Identify
	Relevant variables of the situation (time, population)

	Formulate
	Hypotheses on population evolution (limited growth, stabilization)

	Choose / Build
	The appropriate type of mathematical function (rational function with horizontal asymptote)

	Model
	The function from observations of the real situation and mathematical properties.

	Restore
	The definition of the limit of a function at a point x0​

	
	The definition of the limit of a function on a given interval

	Calculate
	The values ​​of the function at given points (f(7), f(1), f(−1))

	
	The limit of the function when the variable tends to infinity

	Establish
	Rules for calculating limits (especially for rational functions at infinity)

	Apply
	The rules for calculating limits

	State
	The principles of calculating left limits and right limits (if the function has singularities not related to the situation, otherwise less priority here)

	Determine
	Left limits and right limits of functions at a point (if relevant to the situation or to illustrate the concept)

	Calculate
	The true value of the limits of certain functions

	Apply
	The approach to modeling and calculating the limits of the Goma situation.

	Interpret
	The result of the limit in the context of the evolution of the population of Goma.


a) Critical analysis according to the theory of didactic situations (Brousseau)
1. Nature of the situation
· Explicit didactic situation: The teacher imposes structured tasks (questions a, b, c), directly directing the activity towards academic knowledge (graphic reading, calculation of values, limits). This limits the autonomy of learners and reduces the potential for devolution, where the learner would act out of intrinsic mathematical necessity.
· Lack of a-didactic dimension: Unlike situations like the "largest number competition"1 or "Who will say 20?"1, where learners freely explore strategies, here the instructions are closed. The environment (graphic and function) does not offer opportunities for conjectures or fruitful cognitive conflicts, but also an unsupported vision is often relative, which would lead to possible errors, also not all learners have manuals, the sketch on the board would be risky...
2. Didactic variables poorly exploited
· Choice of years: The calculation for 1999 ( ) introduces an unexplained difficulty (negative antecedent), but without a framework to discuss its real meaning (e.g.: validity of the model before 2000).
· Simplistic modeling: The function f(x) is presented as a fact, without questioning its relevance. However, real epidemiological models are dynamic and multi-parameterized, which could have prompted critical reflection on the limitations of the model.
3. Epistemological obstacles ignored
· Graphical reading: The interpretation of the graph (question a) remains superficial. There is no incentive to analyze breaks (e.g., epidemic peak) or to link the curve to concepts (derivative, convexity)5.
· Calculation of limits (question c): The request for estimation at infinity assumes an asymptote, but without context to understand the demographic significance (e.g.: limiting capacity of the environment)
4. Didactic management defects:
· Rigid didactic contract: Questions b) and c) favor a single answer, with no room for alternative strategies. For example, the calculation in 1999 could be addressed through extension or domain discussion.
· Lack of institutionalization: No synthesis phase is planned to formalize key concepts (limits, modeling), which risks leaving implicit knowledge.
5. Lack of connection with reality

Under-exploited epidemiological context: The situation mentions a "growth disturbance due to an epidemic", but no question links the function to biological mechanisms (e.g., contagion rate, immunity). However, the sources show that modern epidemiology uses differential systems, which are pedagogically richer for addressing interdisciplinarity.

i. Design: To address these shortcomings, we designed two new problem situations, contextualized in the reality of Goma: population growth and the optimization of production costs. These situations were designed to be open, encouraging students to model and search for strategies. The first situation is a reformulation of the limit situation contained in the third-year science program that we had to criticize above.

a) Proposal for a reformulation of the situation in order to promote modeling:

PROBLEM SITUATION 1: POPULATION GROWTH IN GOMA FACING A HEALTH CHALLENGE (reformulated and contextualized).

Dear third-year science students at the Faraja Institute in Goma, As future scientists, you are called upon to understand the challenges of our environment. The growth of our city, Goma, is a subject that concerns us all. Over the decades, our population has undergone significant changes , influenced by various major events such as humanitarian crises, population movements, and health challenges. To understand these complex dynamics and predict the future of our community, it is crucial to be able to analyze them scientifically.

Today, I challenge you: using the data we've collected , which is simplified but representative of reality, you'll have to build your own mathematical model to describe the evolution of Goma's population. This is a crucial step in mobilizing your knowledge and applying it to a real-life situation in your city!

Here are the essential data you will need to use to complete this challenge:
· In 1990: The population of Goma was estimated at approximately 8.92 million inhabitants .
· In 2000: The population was approximately 1 million .
· In 2010: The population had reached approximately 10.9 million inhabitants .
· Key Observation: Demographic studies suggest that, despite past increases, Goma's population growth is expected to eventually stabilize in the long term , tending toward a limit of approximately 10 million inhabitants due to various factors (resources, available space, etc.).

i. Work Instructions:

Get together in groups and use this data to address the following questions, remembering that your modeling approach is as important as the final results!

1. Preliminary Analysis of the Situation:

· What quantities are changing in this situation? How could you represent them mathematically? Think about what is changing and what you want to measure.
· How does Goma's population appear to be evolving according to the data provided? Is it constant growth, exponential growth, or something else?
· Does the key observation about "long-term stabilization" of the population suggest a particular type of mathematical function to you? Why would this type of function be suitable for modeling growth that reaches a ceiling?
2. The Quest for the Mathematical Model (Modeling): Based on your analysis of the situation and the type of function you have identified, construct a mathematical function that represents the evolution of the population of Goma in millions of inhabitants as a function of time.
· Show how you use numerical data ( populations in 1990, 2000, 2010 and the long-term trend) to determine the parameters of your function.
· Clearly present your final mathematical model.
3. Interpreting the Graphical Model: Once you have established your function, describe the behavior of Goma's population from the year 2000 onward as represented by your model. If you were to sketch the graph, what would its general shape be, and what would it tell us about the dynamics of our city over time?

· Application of the Model : Calculations and Relevance: Use the function you constructed to calculate the estimated population of Goma in: 2007 , 2001 , 1999 Discuss the consistency of these figures with your understanding of the reality of Goma and the events past .

4. Very Long-Term Forecast and Discussion: Based on your model, estimate the future population of Goma if time increases indefinitely. What does this value actually mean for the future of our city? What factors could explain this "limit" to growth?

I'm counting on your scientific rigor and team spirit to meet this challenge. Show me how mathematicsMathematics can help us understand and anticipate the realities of our beloved Goma!

II. Detailed Resolution of the Problem Situation
1. Preliminary Analysis of the Situation
a) What quantities are changing in this situation? How could you represent them mathematically? Think about what is changing and what you want to measure.
· Time: It is the quantity that changes and advances. It is represented by a variable, for example x , which corresponds to the number of years that have passed since the year 2000 (taken as the origin ).
1. For the year 2000,
2. For the year .
3. For the year .
· The population of Goma: This is the quantity that we measure and which varies over time. We represent it by a function, for example f ( x ) , where f ( x ) is the population of Goma in millions of inhabitants.
b) How does Goma's population appear to be evolving according to the data provided? Is it constant growth, exponential growth, or something else?
· The data shows a growth in population (from 8.92 million in 1990 to 1 million in 2000, then to 10.9 million in 2010).
· The key observation indicating "long-term stabilization" (around 10 million) means that this growth is neither linear (the rate is not constant) nor exponential (growing without limit). Growth must slow down and reach a ceiling.
c) Does the key observation about "long-term stabilization" of the population suggest a particular type of mathematical function to you? Why would this type of function be suitable for modeling growth that reaches a ceiling?
· The notion of "long-term stabilization" or "ceiling" should lead learners to think about functions that have a horizontal asymptote . Rational functions (in the form of a quotient of polynomials, e.g., are particularly suitable for modeling growth that tends toward a finite limiting value, especially when the degrees of the numerator and denominator are equal.

2. The Quest for the Mathematical Model (Modeling)

Learners will need to look for a rational function type pattern . The context of the 10 million limit and the data points will guide them to the following function :
· Show how you use numerical data (populations in 1990, 2000, 2010 and the long-term trend) to determine the parameters of the function.
· Long-term trend (stabilization): The key observation is that the population tends toward 10 million as x increases indefinitely. For a rational function with a finite nonzero limit at infinity, the degrees n and m must be equal, and the limit is the ratio of the coefficients of the higher-degree terms ( a/c ). So, we are looking for a function with . This suggests terms like in the numerator and denominator.
· Point in 2000 ( x = 0 ): Population f ( 0 ) = 1 million. If ​, then ​. For , we can choose d = 1 and g = 1 . This gives us a starting form : ​.
· Point in 2010 ( x = 10 ): Population f ( 10 ) = 10.9 million. . We know that . By testing coefficients that simplify the model and fit the data, we can deduce that b = 10 and e = 0 work well. Let's check : . This fits perfectly.
· Point in 1990 : Population millions. Let's check with the function found : . This matches perfectly.

· Clearly present the final mathematical model. The mathematical model is :
3. Interpretation of the Graphic Model

· The graph of f(x) for (from the year 2000) will show that the population of Goma starts at 1 million inhabitants ( ).
· It will experience rapid and sustained growth (from 1 million in 2000 to 10.9 million in 2010), indicating a strong recovery from the crisis and rapid urbanization.
· Gradually, the growth rate will slow down , and the curve will bend to approach a horizontal asymptote ( at ).
· The general shape will be that of a saturation or logistic curve , showing a population that is growing but which, in the long term, tends to stabilize at a certain maximum value, reflecting a limited capacity of the city.

4. Application of the Model: Calculations and Relevance


· Find the population of this country in 2007, 2001 and 1999.
· Population in 2007: ( ) million inhabitants.
· Population in 2001:  million inhabitants.
· Population in 1999:  million inhabitants.

· Discuss the consistency of these figures with your understanding of the reality of Goma and past events.

· Figures show rapid population growth in Goma between 2000 and 2010, reflecting a period of intense urbanization.
· The value of 0.5 million in 1999 is consistent with the idea of a lower population before the post-epidemic recovery. The model appears to capture the growth dynamics well. and stabilization .​

5. Very Long-Term Forecast and Discussion

Let us remember that before calculating the limit at infinity for Goma, it is good to review the general rules.
Activity: To predict Goma's distant future, we need to calculate the limit of our function f ( x ) as x approaches infinity. What are the general rules for calculating the limit of a rational function as x becomes very large or very small? Recall the comparison of the degrees of the numerator and denominator.

· If num . degree > denom . degree ⟹ infinite limit .
· If num . degree < denom . degree ⟹ zero limit .
· If num . degree = denom . degree ⟹ limit = ratio of the coefficients of the terms of highest degree.
· Then they will have to apply this rule to the function .
· Now estimate this population if x increases indefinitely.
· To estimate the population when x increases indefinitely, we calculate the limit of the function f ( x ) as x tends to infinity. x → +∞ 
· Since the degrees of the numerator and denominator are equal (degree 2), the limit is the ratio of the coefficients of the terms of higher degree:
· What does this value actually mean for the future of our city? What factors could explain this "limit" to growth?

· Concrete meaning: If current dynamics (recovery and limiting factors) persist, Goma's population should tend to stabilize around 10 million inhabitants in the very long term. This suggests a maximum demographic "carrying capacity" for the city under these conditions. The population will approach this value without exceeding it indefinitely.

· Factors influencing this limit: 

· Geographical constraints: Space limited by Lake Kivu and the Nyiragongo volcano.
· Availability of resources: Access to drinking water, energy, food.
· Infrastructure development: Roads, housing, sanitation, schools, hospitals.
· Economic capacity: Job creation for a growing population.
· Urban planning policies: Urban planning , 	construction regulation.
· Sociopolitical stability and security: Major factors of migration and returns.



· Experiment: This situation was tested in the third year science class of certain schools in Goma.




a . Statistical analysis of qualitative data from the teacher and learner interview guides consulted following the experimentation of our didactic engineering.
1. Statistical analysis sheet for qualitative data

	Analysis categories
	Variables (Themes)
	Description of Variables
	Key indicators
	Analysis method
	Result observed

	Relevance of the didactic approach
	Contextual relevance
	Teachers' and students' perceptions of the anchoring of mathematicsMathematics Mathematics in local situations in Goma.
	81.8% of teachers (6 out of 11) and 95.5% of students (19 out of 22) have a positive or very positive opinion of the approach.
	Thematic analysis of the interviews to identify the reasons for this positive perception.
	Teachers emphasize that this approach "makes math come alive" and students feel "closer to the problems."

	
	Educational effectiveness
	Perceived comparison with traditional teaching methods.
	The advantages and disadvantages cited by the participants.
	Comparative and thematic analysis.
	Teachers believe that modeling helps "make the concept of limits more intuitive" (63.6% noted a significant improvement), while students saw a significant improvement in their understanding in 95.5% of cases.

	---
	---
	---
	---
	---
	---

	Design of the sheets and the questionnaire
	Clarity and ease of use
	Opinion on the comprehensibility and ergonomics of teaching materials.
	Suggestions for improvement.
	Analysis of feedback and categorization of suggestions (minor, major).
	Students judge the questions to be "clear and precise."

	
	Validity of problem situations
	The degree of correspondence between the problems and the reality experienced by the students.
	Rate of validation or rejection of situations by participants.
	Sorting data by situation (e.g. "fuel price", "water flow").
	Market-related situations were considered "very realistic" by the majority of students, which directly contributed to their engagement.

	---
	---
	---
	---
	---
	---

	Impact on learning
	Understanding concepts
	Evolution of the understanding of the concept of limit.
	Ability to define or explain the concept in their own words.
	Comparative analysis of responses between the beginning and the end of the research.
	77.3% of students are now able to use concrete analogies (from Goma) to explain the concept, which demonstrates a deeper understanding.

	
	Commitment and motivation
	The level of student engagement during activities.
	Participation rate in discussions, group work and spontaneous comments.
	Discourse analysis and quantification of the degree of engagement.
	90.9% of teachers noted high student motivation, while 86.4% of students themselves expressed a desire to continue. This strong commitment aligns with the high level of approval from both groups.

	---
	---
	---
	---
	---
	---

	Areas for improvement and prospects
	Participants' suggestions
	Recommendations for improving the approach or applying it to other subjects.
	Number and type of suggestions.
	Synthesis of suggestions and assessment of their feasibility.
	Seven teachers made three suggestions. None of the students made any suggestions. Participants suggested extending the approach to physics and economics, which demonstrates an interest in an interdisciplinary approach.




2. Table No. 02: quantification of qualitative data collected from teachers
	Analysis categories
	Variables (Themes)
	Coding Categories (Qualitative)
	Numerical Code (Quantitative)
	Number of participants
	Percentage

	Relevance of the approach
	Contextual relevance
	Very positive
	+2
	6
	54.5%

	
	
	Positive
	+1
	3
	27.3%

	
	
	Neutral
	0
	1
	9.1%

	
	
	Negative
	-1
	1
	9.1%

	
	
	Very negative
	-2
	0
	0%

	
	Educational effectiveness
	Significant improvement in understanding
	+2
	7
	63.6%

	
	
	Moderate improvement
	+1
	7
	63.6%

	
	
	No improvement
	0
	1
	9.1%

	
	
	Deterioration
	-1
	0
	0%

	---
	---
	---
	---
	---
	---

	Impact on learning
	Understanding concepts
	Use a concrete analogy (Goma)
	1
	11
	100%

	
	
	Uses a theoretical explanation
	2
	0
	0%

	
	
	Can't explain
	0
	0
	0%

	
	Commitment and motivation
	Strong motivation (expresses the desire to continue)
	+2
	10
	90.9%

	
	
	Moderate motivation (expresses interest)
	+1
	1
	9.1%

	
	
	No motivation
	0
	0
	0%

	---
	---
	---
	---
	---
	---

	Areas for improvement
	Participants' suggestions
	Number of suggestions
	3
	7
	N / A


Source: our field surveys 	Comment by Ganiyu: Add the year
Teachers' comments on the table : The results are very positive. The vast majority of teachers perceive the approach as relevant and effective. The fact that 100% of teachers see students using a concrete analogy is a strong result that validates the research objective. The very high motivation rate (over 90%) is a key indicator of success. It is interesting to note that the sum of the percentages of "significant improvement" and "moderate improvement" exceeds 100%, as the same participant may have perceived both.

3. Table No. 03: quantification of qualitative data collected from learners

	Analysis categories
	Variables (Themes)
	Coding Categories (Qualitative)
	Numerical Code (Quantitative)
	Number of participants
	Percentage

	Relevance of the approach
	Contextual relevance
	Very positive
	+2
	19
	86.4%

	
	
	Positive
	+1
	3
	13.6%

	
	
	Neutral
	0
	0
	0%

	
	
	Negative
	-1
	0
	0%

	
	
	Very negative
	-2
	0
	0%

	
	Educational effectiveness
	Significant improvement in understanding
	+2
	21
	95.5%

	
	
	Moderate improvement
	+1
	1
	4.5%

	
	
	No improvement
	0
	0
	0%

	
	
	Deterioration
	-1
	0
	0%

	---
	---
	---
	---
	---
	---

	Impact on learning
	Understanding concepts
	Use a concrete analogy (Goma)
	1
	17
	77.3%

	
	
	Uses a theoretical explanation
	2
	3
	13.6%

	
	
	Can't explain
	0
	2
	9.1%

	
	Commitment and motivation
	Strong motivation (expresses the desire to continue)
	+2
	19
	86.4%

	
	
	Moderate motivation (expresses interest)
	+1
	3
	13.6%

	
	
	No motivation
	0
	0
	0%

	---
	---
	---
	---
	---
	---

	Areas for improvement
	Participants' suggestions
	Number of suggestions
	0
	0
	0%



Source: our field surveys	Comment by Ganiyu: Add the year

Learner feedback : The results are extremely positive. Almost all students (100%) have a positive perception of the relevance of the approach. Almost all (95.5%) noted a significant improvement in their understanding. This confirms that the didactic approach is not only appreciated, but also effective. The high engagement rate and the absence of negative comments are very strong indicators of the success of our experiment.

Qualitative data analysis methodology
The analysis methodology was conducted in several stages to quantify the qualitative feedback from the interviews and draw statistically based conclusions. This approach, called a mixed method , combines thematic exploration and quantification of results.

1. Transcription of interviews

The first step involved fully transcribing the audio interviews with teachers and students. This transformed the oral conversations into text documents, providing a comprehensive and verifiable database.

2. Thematic coding and quantification

Transcripts were read and analyzed using a predefined coding system, aligned with the research themes. Comments were coded into categories (e.g., "Very Positive," "Positive," etc.) and assigned numerical values.

· Coding examples for teachers:

· A teacher who expressed that the approach "made mathematicsMathematics Mathematics more alive" was coded as Very Positive (+2).
· The statement that "students use concrete analogies" was coded as an indicator of the effectiveness of the approach (Code 1).

· Coding examples for students:

· A student stating that the approach "makes the concept of limits easier to understand" was coded as Very Positive (+2).
· A student explaining the concept of limit using an example such as "fuel price" was coded as using a concrete analogy (Code 1).
3. Counting and calculating percentages

After coding, the data were compiled into quantification tables for each group (teachers and students). Each code was counted to obtain the corresponding number of participants. These numbers were then converted into percentages, by relating the number of participants for each code to the total number of individuals interviewed (11 teachers and 22 students).

· For teachers: The calculation revealed that 9 out of 11 teachers (81.8%) had a positive or very positive perception of the relevance of the approach, and 10 out of 11 (90.9%) expressed strong motivation.
· For students: The calculation showed that 22 out of 22 students (100%) had a positive or very positive perception of the relevance of the approach, and 21 out of 22 (95.5%) perceived a significant improvement in their understanding.

4. Analysis and interpretation of results

This step involved interpreting the numerical data by linking it to the qualitative comments of the participants. The tables made it possible not only to quantify the effectiveness of the approach, but also to understand the reasons for its success.

· The analysis revealed that the high approval (81.8% among teachers and 100% among students) is directly related to the use of concrete situations.
· The fact that 77.3% of students were able to use a concrete analogy to explain an abstract concept validates the study's hypothesis.
· The analysis also highlighted a strong commitment from both groups, which reinforces the conclusions on the success of the didactic method.

5. Effectiveness of APMS with regard to qualitative data

The results of our research demonstrate the effectiveness of the Situation Modelling Approach (SMA) . Analysis of qualitative data collected during interviews with teachers and students confirms that this approach was not only well received, but also achieved its educational objectives.

The high approval rate (81.8% of teachers and 100% of students have a positive perception) validates the relevance of the APMS. Participants' comments indicate that the success of the approach lies in its different stages. The fact that 77.3% of the students surveyed were able to use concrete analogies from problem situations to explain the concept of limit directly validates the effectiveness of the first phase (situation identification). Furthermore, the fact that 86.4% of students showed strong motivation for learning, and 90.9% of teachers rated their engagement as very high, reinforces the idea that the modeling process makes learning active and meaningful.

These results confirm that APMS represents a promising alternative to traditional teaching, by making mathematicsMathematics a tool for understanding reality rather than a set of abstract rules.

Post-hoc analysis: Learners' productions, their group discussions and the teacher's observations were collected and analyzed to assess the effectiveness of the approach and identify how cognitive obstacles were overcome.

3. Discussion

Both experiments confirm that teaching through contextualized problem situations, enriched with modeling tasks, is a powerful lever for reducing cognitive obstacles linked to the notion of limits. By replacing the memorization of formulas with the resolution of problems anchored in their reality, the students developed an intuitive and lasting understanding.

Our work contributes to the Theory of Didactic Situations by demonstrating that the contextualized and modeled environment is an essential factor in devolution . Students took ownership of the problems because they directly concerned them. The modeling process replaced abstract calculation exercises with an authentic research approach, transforming learning into a meaningful experience.

The pedagogical implications are clear: it is crucial to prioritize learning situations that call upon intuition and conceptual understanding before addressing technique. The teacher must position themselves as a guide, facilitating reflection and the construction of knowledge rather than simply transmitting it.

2.3. Reform strategies: a holistic vision

Simply rewriting problem situations is not enough. To address this situation sustainably, a three-pronged strategy is imperative :

1. Program revision : This involves integrating more relevant modeling situations and reducing the proportion of exercises disconnected from reality.
2. Teacher training : It is essential to improve teachers' mastery of didactic concepts and methodologies in order to enable them to adopt active pedagogy and guide students in the construction of knowledge.
3. Integration of digital tools : Access to technological resources diversifies educational approaches and facilitates data manipulation, a key step in modeling.
It is by adopting a holistic vision, which addresses the problems of curriculum, training and resources, that the teaching of mathematicsMathematics in the DRC can become more effective and relevant.

Conclusion


The Congolese mathematicsMathematics Mathematics curriculum, while well-intentioned, is improvable. Our analysis has shown that current learning situations, by focusing on pure calculation, often lack relevance and fail to fully engage students. As a result, teaching becomes a mere memorization exercise rather than a creative exploration.


For mathematicsMathematics education to become truly relevant, it is essential to focus on the modeling process . By inviting students to actively build models to solve real-world problems in their environment, we transform them into analytical thinkers . This approach helps them understand mathematical concepts not as arbitrary rules, but as powerful tools for interpreting and acting on the world. In other words, we move from training students to become citizens capable of using mathematicsMathematics to solve complex problems in their professional and personal lives.
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