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[bookmark: _Toc207969924]Abstract

This study examines the teaching and learning of integrals in schools secondary In Goma (DRC), with A to focus on contextualization And educational innovation. The research involved 16 teachers and 295 students from 16 schools. Data was collected from textbooks. questionnaires, And diagnostic tests to show that: (1) school textbooks adopt A official disconnected approach Since local realities; (2) teachers still rely mainly on lecture-based teaching due to A lack of didactic resources And continuous training; (3) students frequently confuse integrals with primitives and difficulties with contextualized problems. These results reveal a incomplete didactic transposition And A lack of anchoring of learning In Students' Lived Experiences . The article recommends revising textbooks, developing contextualized resources , and strengthening teacher training.

Keywords : integral calculus; mathematics teaching; contextualization; didactic transposition ; situational approach .

[bookmark: Introduction][bookmark: Contexte_scientifique_et_éducatif]1. Introduction

The integral is a fundamental concept in mathematics, essential for calculating areas, volumes or averages, and for modeling phenomena in physics, economics, biology, engineering and other disciplines. In secondary education in the Democratic Republic of Congo (DRC), it is introduced in the fourth year of science, generally after derivatives, and presented as the "inverse operation" of differentiation, with an emphasis on calculating plane areas ( Tran Luong, CK 2006 ). 
Initial and continuing teacher training has many shortcomings. The institutional structures in place struggle to cover the entire territory and reach teachers in the field ( Solidarité Laïque, 2019 ).

[bookmark: Problématique]The city of Goma, located in the east of the country, is suffering the cumulative effects of conflict, population displacement, insecurity and socio-economic precariousness ( INNEE, 2019 ). These unfavorable conditions directly impact schools: lack of infrastructure, shortage of materials and lack of support institutional regular . Teaching manuals are not always contextualized and teachers rarely benefit from up - to-date teaching resources. The teaching of mathematics, particularly integrals, remains largely formal, disconnected from the reality of students, which aggravates the perception of the concept as abstract and difficult. ( UNESCO Teacher Stain Force; 2020 ).

The teaching of integrals in secondary school, as it is conceived in the DRC, has several didactic and pedagogical limitations. Firstly, the content proposed in the textbooks favors a formal and symbolic approach, notably the integral to an inverse operation of the derivation or to a simple formula for calculating areas. This treatment obscures the conceptual and historical richness of the notion, notably its link with Riemann sums, numerical approximations and its multiple applications in applied sciences ( Ministry of Higher and University Education in the DRC , 2023 ).

Second, the didactic transposition carried out in the classrooms remains incomplete. In the city of Goma, this situation is aggravated by the absence of contextualized educational resources and by the poor continuing training of teachers, who remain often tributaries of approaches . magistrates traditional ( Masasa B. 2020 ). Third , the contextual and experimental dimension is largely neglected.

In Goma , city marked by major socio- economic and educational challenges , the lack of contextualization deprives students of an opportunity learning anchor In their environment daily .

Thus, the problem of this research can be summed up in the following question : How to improve teaching-learning of integrals in secondary school in Goma by mobilizing innovative pedagogical approaches (APS, APC), in order to reduce the difficulties of appropriation and to strengthen the conceptual understanding of students?
[bookmark: Objectifs_de_l’étude]  
This study aims to analyze teaching conditions and learning integrals in secondary schools in Goma, in order to offer innovative teaching methods to improve students' understanding and appropriation of this mathematical concept.

[bookmark: Cadre_théorique_et_revue_de_littérature]2. MATERIALS AND METHODS

[bookmark: Type_et_design_de_recherche][bookmark: _Toc207969935]2.1. Research type and design

This study adopts a descriptive and mixed-method methodology, combining both quantitative and qualitative approaches.
Descriptive dimension. It aims to describe the teaching practices of integrals in Goma, the difficulties encountered by teachers and students, as well as the characteristics of the textbooks used. The choice of a descriptive design is justified by the desire to obtain a precise overview of the current situation.
Quantitative dimension. Numerical data were collected through questionnaires and tests administered to students. This data makes it possible to measure the frequency of errors, identify general trends, and quantify the difficulties encountered.
Qualitative dimension. A qualitative analysis was conducted to gain an in-depth understanding of teachers' perceptions and the strategies implemented in the classroom. It is based on open-ended responses to questionnaires and content analysis of textbooks.
Research design. The chosen design is exploratory, as this is an area that has been little studied in the Congolese context, particularly in the city of Goma. The aim is not only to verify hypotheses drawn from the literature, but also to highlight new avenues for interpretation and action.
This mixed and exploratory design thus allows for methodological triangulation, guaranteeing better internal validity of the results. ( Twatahamahoro , BP 2017 ).  
 
[bookmark: _Toc207969936]2.2 Population, field and sampling

Target population. The population concerned by this study includes two main groups:
· THE teachers of mathematics exercising In THE schools secondary of there city of Goma, in particular those Who take in charge THE course of fourth year scientist .
· THE students of these course, Who constituent THE beneficiaries directs of teaching of the integrals And don't do it there understanding EST At heart of there problematic studied.

Table No. 1: Schools organizing scientific humanities (4th grade ) .

	No. 
	SCHOOLS 
	Teachers
investigated
	Registered students
	Students surveyed
	Subdivision

	1
	LAC Community Institute
	1
	11
	05
	GOMA

	2
	AMANI HIGH SCHOOL
	1
	30
	10
	

	3
	MWANGA Institute
	1
	93
	35
	KARISIMBI 1

	4
	GOMA Institute
	1
	80
	25
	

	5
	NDAHURA Institute
	1
	20
	15
	

	6
	FARAJA Institute
	1
	62
	16
	

	7
	TUPENDANE Institute
	1
	50
	15
	

	8
	MAMA YETU School Complex
	1
	31
	14
	

	9
	MAMA MULEZI school complex
	1
	48
	20
	

	10
	SAINT JOSEPH Institute
	1
	55
	32
	

	11
	FURAHA Institute
	1
	16
	05
	

	12
	MAJENGO Institute
	1
	58
	15
	KARISIMBI 2

	13
	MARANATHA Institute
	1
	49
	25
	

	14
	BAKANJA Institute
	1
	93
	33
	HIMBI

	15
	MATENDO Institute
	1
	52
	12
	

	16
	METANOIA Institute
	1
	26
	18
	

	
	TOTAL
	16
	774
	295
	


Source : Authors

Comments: As the table above shows, we have 16 schools , 16 teachers , 774 students registered and 295 students investigated .

Research area. The study area consists of the city of Goma, capital of the province of North Kivu, located in the east of the Republic Democratic Republic of Congo. The city is characterized by a particular socio-educational context, marked by:

· Of the workforce school often mountains in reason of the travel of populations lies A instability​ regional;
· A lack of manuals school recent And contextualized ;
· A limited offer of training continue pour THE teachers ;
· Infrastructure school sometimes THE for one optimal learning.

teaching practices and the quality of teaching .

Sampling. The sample was drawn using an intentional method, due to constraints related to the field and the availability of stakeholders.
It includes :
· 16 mathematics teachers from different public and private establishments in Goma;
· 295 students spread across 16 secondary schools, representing the targeted scientific sections.

The sample size is considered sufficient to highlight general trends, while still allowing a analyze qualitatively in-depth .

[bookmark: Instruments_de_collecte][bookmark: _Toc207969937]Justification of the sample. The choice of this sample is justified by the diversity of the establishments included (public, private and religious schools), which guarantees a better representativeness of the teaching practices concerned. In addition, the concentration on fourth-year science classes makes it possible to target the level of introduction of the integral in the programs. Congolese ( Mukendi , JB 2019 ).

Collection instruments

In order to meet the set objectives, three complementary data collection instruments were used: questionnaires, diagnostic tests and content analysis of the manuals . school .

Questionnaires.  Two types of questionnaires have summer elaborated :
· Questionnaire for teachers, including both closed questions (to collect quantitative data on their training, their teaching practices and their use of innovative approaches) and open questions (to explore their representations, their difficulties and their training needs ).
· Questionnaire for students ,​ aimed at identifying their perception of the integral, their learning difficulties and their relationship to the teaching methods used in class.
The questionnaires were validated by a pre-test with a small sample of teachers and students, in order to check the clarity and relevance of the items.

Diagnostic tests. Written tests were administered to students to assess their effective knowledge of the integral.
They included :

· Exercises in calculating areas and simple integrals by direct application of the Newton–Leibniz formula;
· Recognition exercises (distinguishing a primitive from an integral);
· A contextualized exercise (calculation of the surface area of an agricultural field from a given curve).
These tests measured both technical mastery and conceptual understanding.
Textbook Analysis. An analysis grid was constructed to examine the most commonly used mathematics textbooks in Goma's secondary schools (Algebra 2B, CREM, Mastering Math 6, etc.). The grid covered:
· The place given to the notion of integral in the program;
· The type of definition proposed (formal, intuitive, geometric);
· The diversity of examples and exercises;
· The presence Or the absence of contextualized situations .

Content analysis made it possible to compare these manuals with teaching recommendations. current (   Ngueyen , D. Mercier, A. 2019 ).
[bookmark: Procédure_et_méthodes_d’analyse][bookmark: _Toc207969938]Triangulation. The combined use of these three instruments (questionnaires, tests, documentary analysis) has a methodological triangulation, thus strengthening the validity and reliability of the data. collected ( Twatahamahoro BP 2017 ).

II.4. Procedure and methods of analysis 

Collection procedure. Data collection took place in three main stages:
1) Preparation : development and validation of instruments (questionnaires, tests, textbook analysis grid). A pre-test was carried out with two teachers and around twenty students to adjust the wording of the items.
2) Administration : distribution of questionnaires to the 16 teachers and 295 selected students. The diagnostic tests were administered in an individual assessment situation, under conditions similar to those of a class exam .
3) Collection documentary : collection and analysis of the most used mathematics textbooks in schools​ secondary schools of Goma .

Quantitative analysis methods. Data from closed questionnaires and tests were processed using descriptive statistics (frequencies, percentages, means). Cross-tabulation of variables made it possible to highlight simple correlations between certain variables (for example, initial teacher training and their use of innovative teaching approaches). The analysis was carried out using SPSS software and, for some calculations , from Excel.

Qualitative analysis methods. The open-ended responses of teachers and students were subjected to a thematic content analysis. This method consisted of:
Group the responses into thematic categories (perceptions of difficulty, representations of the integral, identified educational obstacles);
Identifier of regularities and divergences in discourse;

Link these results to the theoretical frameworks used (TSD, TAD, APC/APS).
Data from the textbook analysis were also integrated into this treatment qualitative .

Ethical considerations. The study complied with the principles ethics in research in educational sciences ( Brousseau , G. 1998 ) :

· Anonymity And confidentiality of the collapse of the teachers And of the students ;
· Participation voluntary, with possibility of withdrawal at any time ;
· Authorisation prior obtained with of the instructions of schools concerned.

Data triangulation. Finally, triangulating the results from three sources (questionnaires, tests, manuals) helped strengthen internal validity and reduce biases related to the use of a single instrument. This methodological approach ensures a more complete and nuanced view of the subject. studied .

[bookmark: Résultats][bookmark: _Toc207969939]3. Results

[bookmark: Analyse_des_manuels_scolaires][bookmark: _Toc207969940]3.1 Analysis of textbooks

The analysis of the most widely used mathematics textbooks in secondary schools in Goma (notably Algebra 2B, CREM, Mastering Maths 6 ) has highlighted several findings majors .


In most textbooks , the integral is introduced at the end of the program, after the study of derivatives, and it is presented as an inverse operation of the derivation .
The textbooks formally introduce the notion of integral, the exercises proposed are essentially calculative, without context and do not allow for a real didactic transposition adapted to the Congolese environment .

These findings partly explain the difficulties encountered by teachers and students in teaching and learning the integral in Goma.


[bookmark: Enquête_auprès_des_enseignants][bookmark: _Toc207969941]3.2 Teacher Survey

The survey conducted among the 16 mathematics teachers in Goma made it possible to collect information precious on their practices, their difficulties and their perception of teaching integrals .

Table 2: Participation in the training seminar

	To have participated
	5
	19%

	Not having participated
	11
	81%


Source : The Authors

Comments : Nearly 81% of teachers report never having participated in a continuing education seminar or workshop focusing on the teaching of integrals or innovative teaching approaches. Those who have (19%) note that these training courses were very general and did not address mathematics teaching. This observation is consistent with Mukendi 's analyses. (2019) , which highlights the deficit in continuing education in the DRC.

Table 3 : knowledge of skills-based (SBA) and situation-based (SBA) approaches
 
	Yes
	12
	75%

	No
	4
	25%

	To use
	5
	31%


Source : The Authors
 
Comments : While 75% of teachers say they have heard of the Competency-Based Approach (CBA) and the Situation-Based Approach (SBA), only 31% say they actually use them in their teaching. Most teachers still favor a lecture-based approach, based on demonstrating exercises on the board, followed by students reproducing them.
The survey of of the teachers revealed that :

· There training continue on THE approaches innovative EST Pupil ;
· Teaching of the integrals remains widely masterful and formal ;
· Teachers are aware of the limitations of their practices, but feel constrained by a lack of resources and time.

[bookmark: Enquête_auprès_des_élèves][bookmark: _Toc207969942]3.3 Student Survey

The survey conducted among 295 students in the science sections of the schools secondary from the city of Goma A permit examiner their perceptions of the integral, the difficulties meetings And THE errors THE more frequent.

Table 4 : Perception of difficulties
	Difficult subject
	133
	45%

	Teacher too fast and not very explanatory
	98
	33.2%

	Accessible concept
	36
	12.2%


Source : The Authors

Nearly 45% of participating students considered integral calculus a "difficult" subject, while 33% felt that the teaching was too fast and not very explanatory. Only 12% considered the concept "accessible," often due to their particular interest in mathematics. These results confirm the observations of previous studies in West Africa and Asia, which point to the negative perception of integral calculus when it is taught in a strictly formal manner ( Chevallard , Y. 1991 ; Nguyen, D and Mercier, A. 2019 ).

Table 5: Define the definite integral

	Integral defined as an area
	124
	42%

	Integral defined as a primitive
	61
	20.6%

	Integral defined as a Riemann sum
	104
	35.2%

	No response
	9
	3%


Source : The Authors
Conceptual understanding. To the question "what is a definite integral?", the answers are distributed as follows:

· 42% of students used it as “an area under a curve” (Newton-Leibniz formula).
· 20.6% confuse it with the primitive, stating that “the integral is a function whose derivative is f”.
· 35% say they cannot give a precise definition.
· Only 3% mention construction by Riemann sums.

This distribution confirms that most students retain a fragmented and imprecise vision of the concept.

Table 6: Relationship to teaching methods.

	Practical examples in their daily lives
	172
	58.3%

	Guided exercises
	80
	27.1%

	Visual aids
	45
	15.2%


Source: The Authors
When asked what teaching method would help them better understand, 58.3% of students cite practical and contextualized examples (e.g., calculating land areas, tank volumes), 27.1% want more guided exercises on the board, and 15.2% request the use of visual or digital supports (diagrams, software). These expectations confirm the importance of introducing more interactive and contextualized approaches ( Chamoso , JM & al, 2022).

 THE results of the investigation with of the students look that :

· The notion of integral is perceived as difficult and abstract;
· Confusion between integral and primitive is widespread;
· Students demand contextualized teaching approaches, adapted to their daily environment.
[bookmark: Résultats_des_épreuves_diagnostiques]These findings support the need for didactic innovation to overcome conceptual obstacles and improve the appropriation of knowledge. 

4.4 Results of diagnostic tests

The diagnostic tests administered to the 295 students aimed to measure their actual level of mastery of concepts related to the integral. Three types of exercises were proposed: (1) calculation of simple integrals, (2) distinction between primitive and integral, and (3) resolution of a contextualized problem.

Direct calculus exercises. 	These involved calculating simple definite integrals, such as:


Table 7 : Test results

	Exact answer
	163
	55%

	Forgetting the limits, sign errors, bad substitution
	88
	30%

	No response
	44
	15%


Source: The Authors
THE results look that :

· 55% of the students have applied correctly there formula of Newton-Leibniz And got there correct answer ;
· 30% have clerk of the errors of handling (oversight of the terminals, errors of sign, bad substitution) ;
· 15% have not provided none answer.

These figures confirm that, although the formal procedure is partially mastered, many students still encounter technical difficulties.

Contextualized problem. 	An applied problem proposed calculating the area of an agricultural field delimited by a given curve.
The results show that:
· Only 9% of students were able to correctly model the situation and perform the calculation;
· 62% attempted a solution, but using inadequate methods (approximate geometry, empirical rules);
· 29% were unable to initiate a solution.
These results illustrate the lack of contextualization in the teaching of the integral, already noted in the analysis of the manuals and in the testimonies of the teachers.

Summary. Diagnostic tests reveal that:
· More than half of the students know how to apply the Newton–Leibniz formula in simple cases;
· Conceptual confusion between integral and primitive remains widespread; contextualized problems present great difficulties, with the majority of students lacking appropriate strategies.
These findings confirm that the current teaching of integrals favors technical aspects to the detriment of conceptual understanding and application in concrete contexts ( Tran , H. and Le, P. 2021 ; Chamoso , JM et al., 2022 ).
[bookmark: Discussion][bookmark: _Toc207969943]4. Discussion
[bookmark: Interprétation_et_mise_en_perspective][bookmark: _Toc207969944]4.1 Interpretation and perspective

The results obtained through the analysis of textbooks, the survey of teachers and students as well as the diagnostic tests confirm that the teaching of the integral in Goma is faced with multiple difficulties, which are part of a trend observed on an international scale.

· On the role of textbooks. The lack of contextualized situations and the focus on the mechanical application of the Newton-Leibniz formula shows that textbooks do not fully fulfill their role as didactic mediation. This shortcoming accentuates students' learning difficulties.

· On teachers' practices. Teachers in Goma are clearly aware of the limitations of their practices, but are constrained by the lack of ongoing training and appropriate resources.

· On students' difficulties. The results highlight a dual difficulty: on the one hand, technical errors in the application of calculation rules, and on the other hand, conceptual confusion between integral and primitive. The very low performance on contextual exercises reveals a lack of connection between academic knowledge and students' daily experiences .

· Putting it into perspective. All of these results suggest that the difficulties encountered in Goma are not only related to the skills of teachers or the level of students, but are also a result of a systemic problem of didactic transposition. The study thus contributes to the broader reflection on the teaching of integral calculus in an African context, by confirming the need for local and contextualized anchoring of didactic practices.

[bookmark: Obstacles_didactiques_persistants][bookmark: _Toc207969945]4.2 Persistent didactic obstacles

The analysis of the results highlights several types of didactic obstacles that hinder the appropriation of the notion of integral by the students of Goma. These obstacles, already noted in other contexts ( MINESU, DRC.2023 ; Tan, H. Le, P. 2021 ), take on a particular dimension in this case due to local institutional and material constraints.

· Epistemological obstacles. These obstacles arise from historical and conceptual complexity. of the integral herself. As have it watch Bachelard And Chevallard , there construction of the concept of integral EST staked of breakups epistemological (of the area as sum of rectangles to integrals defines And generalized). 

THE students of Goma meet notably :

· There confusion between integral And primitive, due A a introduction center on there formula Newton–Leibniz ;
· The absence of vision of the integral as limit of are (Riemann) ;
· A reduction of the integral A UN tool purely formal, without anchoring conceptual.

· Cognitive obstacles. These are linked to students’ difficulties in understanding abstract and technical concepts.

Several elements stand out:

· Insufficient mastery of the prerequisites (algebra, derivatives, manipulation of functions);
· Frequent calculation errors (sign, substitution of limits, forgetting constants);
· A difficulty in moving from the symbolic register to the graphic or geometric register, as also observed by Tran and Le ( 2021 ).

· Institutional and didactic obstacles. They rise of the organization school And of the transposition didactic. 
Three collapse main are identified :

1. THE manuals school take a approach formal And born to propose not of contextualized situations ( Nguyen, D. & Mercier 2019 ).
2. Teachers, due to a lack of suitable continuing training, do not master innovative pedagogical approaches (APC, APS) .
3. There surcharge of the programs And THE time limit born allow not to deepen THE conceptual aspects , This Who conduit A UN education superficial And mechanical.

· [bookmark: Apports_et_limites_de_l’étude]Synthesis . These obstacles, which are epistemological, cognitive, and institutional, explain the students' poor grasp of the concept of integral. Their precise identification allows for better guidance of the remediation proposals that will be discussed later in the article. They confirm the need to rethink didactic transposition and strengthen the articulation between scholarly knowledge, taught knowledge, and learned knowledge. Contributions and limitations of the study
4.3. Contributions and limitations of the study
4.3.1. Scientific and educational contributions. 

This research makes several original contributions:

· It provides a contextualized analysis of the teaching and learning of integrals in secondary schools in Goma, a topic that has still been little studied in the Democratic Republic of Congo.

· It cross-references three data sources (school textbooks, teachers, students), which allows for methodological triangulation reinforcing the validity of the results .

· It highlights specific didactic obstacles (confusion between integral and primitive, lack of contextualization, low use of innovative approaches), while demonstrating convergences with findings established in other international and African contexts ( MINESU, DRC, 2023 ; INEE, 2022 ; Nguyen, D. & Mercier, A. 2019 ).

· It offers concrete avenues for improving didactic transposition, continuing teacher training and the design of contextualized situations adapted to local realities.

· Contributions practices. On THE plan practical, THE results of this study can be useful :

· To teachers, by making them aware of the main difficulties encountered by students and the benefits of contextualized approaches;
· To textbook designers, by providing them with critical evaluation elements to improve the proposed content;
· To educational decision-makers, emphasizing the need to strengthen the continuing training of mathematics teachers.

· Methodological limitations. As with any research, this study has certain limitations:

1. The sample, although diverse, remains limited to 16 establishments in the city of Goma; the results cannot therefore be generalized to the entire country.
2. The data collected are based mainly on questionnaires and written tests; direct observations in class would have made it possible to supplement and qualify the analysis.
3. The research focused on the teaching of the integral; other related concepts (limits, derivatives, differential equations) could also be explored to better understand the chain of difficulties encountered by students.
· [bookmark: Conclusion_et_recommandations]Summary . Despite these limitations, this study constitutes an important contribution to the understanding of the difficulties of teaching and learning integrals in the DRC. It opens the way to future research that could broaden the scope of investigation and experiment with innovative didactic devices in a broader framework.

[bookmark: _Toc207969946]Conclusion and recommendations

[bookmark: _Hlk209955693]The objective of this research was to analyze the conditions of teaching and learning integrals in secondary schools in Goma, in order to identify the difficulties encountered and to propose avenues for improvement.

The results obtained highlight three main findings:

4. The textbooks used present an essentially formal and algorithmic approach to the integral, without contextualization or conceptual perspective.
5. Teachers, lacking suitable continuing training, limit themselves to lecture-based teaching, concentrating on the mechanical application of formulas, with limited recourse to innovative teaching approaches (APS, APC).
6. Students experience great difficulties, both technically (manipulating errors) and conceptually (confusion between integral and primitive), and demonstrate an inability to solve contextualized problems.

Based on these findings, several recommendations can be made:

[bookmark: _Toc207969948]1) To the teachers.

· Presentation collapse the definite integral in recurrent A of the situations concrete problems of daily​ of the students .
· Favorite the use of the representations multiple (geometric, graphics, digital and symbolic) to strengthen conceptual understanding.
· Participant actively to training continue available And put in artwork of the practices collaborations of sharing of experiences.

[bookmark: _Toc207969949]2) To textbook designers.

· Review the presentation of the integral by integrating historical construction, geometric interpretations and practical applications.
· Offer a variety of exercises, ranging from simple calculations to complex contextualized situations.
· Integrate digital and visual tools to facilitate learning.

[bookmark: _Toc207969950]3) To the decision-makers educational And institutions.
· Strengthen continuing education systems for mathematics teachers, with an emphasis on the teaching of analysis and the use of innovative teaching approaches.
· Reduce program overload to allow for more in-depth treatment of complex concepts such as integrals.
· Encourage the production and dissemination of educational resources adapted to the local context (contextualized manuals, practical guides, digital media).


Research perspectives. 


This study opens there way A of the works future Who could :
· Expand the scope of investigation to other cities in the DRC to compare educational contexts;
· Experiment with innovative teaching devices (APS, APC, TICE) and evaluate the impact on student learning;
· Deepen the study of the links between the teaching of integrals and that of other related notions (limits, derivatives, differential equations).

In sum, this research confirm that improvement of teaching-learning integrals​ A Goma pass by a best transposition didactic, a contextualization knowledge And UN accompaniement sustain of the teachers. She contributes Thus A there reflection on the teaching of mathematics in an African context and proposes avenues of action for more effective education adapted to local realities.
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