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Abstract

This article presents the findings of a study conducted in six schools in the city of Goma , aiming to evaluate the impact of a didactic engineering approach applied to the teaching of passion fruit juice preparation. Using a quasi-experimental pre-test/post-test design, the study analyzes the evolution of students' performance before and after the pedagogical intervention.
Data collected through standardized tests and analyzed using paired t-tests and one-way ANOVA revealed a significant improvement in post-intervention results, with an average gain of 19.8 points. Performance differences were also observed between schools, suggesting that contextual factors may influence the effectiveness of the intervention.
Qualitative feedback from teachers further highlighted the relevance of the training received, particularly regarding the structure of the didactic sequences, the dynamic facilitation, and the clarity of learning objectives. However, certain aspects such as content balance and the understanding of chemical concepts require further refinement.
The study concludes that the implemented didactic approach is effective and recommends its extension to other themes, while emphasizing the importance of ongoing pedagogical support to ensure successful and equitable implementation across diverse school settings.
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1. INTRODUCTION
In a constantly evolving educational context, improving teaching and learning practices in applied sciences, particularly in nutrition and food processing, is a major challenge for the training of students in scientific humanities. The shift from lecture-based teaching to more active and contextualized approaches helps to strengthen the anchoring of knowledge while developing practical and transversal skills.
It is in this perspective that the initiative was born to design and experiment with didactic engineering centered on the production of maracuja juice , a locally available product rich in educational interests.
The main objective of this study is to evaluate the impact of this didactic engineering on the academic performance of students in six schools. Through a quasi-experimental system based on pre-tests and post-tests, the aim is to measure the learning acquired, but also to identify the perceptions and difficulties encountered throughout the process.
Thus, this research contributes not only to the evaluation of a contextualized pedagogical innovation, but also to the broader reflection on the effective methods of teaching science in Congolese schools.
This research is structured around two fundamental questions:
· How does student performance evolve following the implementation of educational engineering?
· Are there significant differences in earnings between the schools concerned?
To answer this question, two hypotheses were formulated:
· The implementation of didactic engineering leads to a significant improvement in student results between the pre-test and the post-test.
· Performance gains vary significantly from one school to another , depending on contextual factors specific to each establishment.
2. PRESENTATION OF DIDACTIC ENGINEERING ON THE PREPARATION OF MARACUJA JUICE
The didactic engineering designed for teaching and learning the preparation of passion fruit juice in the first year of scientific humanities is based on a progressive approach, both practical and theoretical, articulated around five main stages.
1. Needs analysis: It all starts with identifying the educational objectives: understanding the stages of transformation of the fruit into a drink, assimilating the principles of food hygiene, and recognizing the nutritional virtues of passion fruit. This phase also involves a diagnostic assessment through a pre-test based on the official program, in order to identify the students' achievements and shortcomings.
2. Design of teaching sequences: The juice-making process is broken down into simple steps – from fruit selection to juice extraction – and structured according to a logical progression. Teaching incorporates practical activities, where students handle the necessary tools and ingredients themselves, thus promoting learning by doing.
3. Development of educational resources: To support these sequences, various resources are used: technical sheets, visual aids, demonstration videos, all carefully selected for their accessibility and relevance to the learners.
4. Assessment system: Formative and summative assessment instruments are provided to measure acquired skills. They take the form of oral questions, written tests, or practical demonstrations. The criteria are clear, and feedback to students is always aimed at supporting their progress.
5. Implementation and monitoring: Finally, during classroom execution, the teacher adopts a posture of observation and adaptation: he monitors the students' progress, identifies obstacles, adjusts his approaches, and stimulates participation through open questioning and exchanges between peers.
In short, this didactic engineering aims at concrete, contextualized and progressive learning, where the preparation of maracuja juice becomes a lever for developing scientific, technical and social skills from the first years of secondary school.
3. METHODOLOGY
As part of this research, a quasi-experimental pre-test/post-test design was implemented in six schools. The main objective was to evaluate the impact of innovative didactic engineering on students' performance in the food preparation of passion fruit juice. Data collected from standardized tests were subjected to statistical analyses, including the paired t-test, in order to compare learning gains between different schools.
Study environment
The survey was conducted in six secondary schools located in the city of Goma, selected because of their socio-economic diversity, their educational profile and their stated desire to actively participate in the experimental process.
2. Population and sample
2.1. Target population
All students enrolled in the level studied here, the 7th year or first year of scientific humanities in the six schools in the city of Goma, constituted the reference population.
2.2. Sample selected
The sample consisted of class groups from each school, chosen based on their availability, representativeness, and pedagogical stability. Each school thus formed a unique intervention group.
3. Methods and techniques implemented
· Methodological approach: A quasi-experimental research was adopted, based on a pre- and post-intervention measurement design (pre-test/post-test), without recourse to an external control group.
· Intervention method: The didactic engineering implemented included a revised teaching sequence, adapted teaching materials, as well as the integration of active and participatory methods.
· Duration of the experiment: The application of engineering was spread over a defined period, in line with the calendar of the 2024-2025 school year, and was subject to rigorous monitoring in each participating school.
3.1. Data collection tools
A standardized test was administered twice: once before the introduction of engineering (pre-test), and then once after its application (post-test). This tool aimed to objectively assess students' academic performance in the targeted skills.
3.2. Data analysis and processing
· Descriptive analysis: Means, standard deviations and learning gains were calculated by establishment in order to draw up an initial portrait of the results.
· Intra-group analysis: Paired t-tests were used to compare pre- and post-intervention scores in each school.
4. Study variables
4.1. Independent variable: Implementation of didactic engineering (absence at the pre-test, presence at the post-test)
4.2. Dependent variable: Academic performance (standardized test scores)
      Experimental plan
The adopted design is a single-group pre-test/post-test model per school, without an external control group. It is based on a factorial design crossing two factors:
· Factor 1: Time (before/after engineering) – 2 modalities
· Factor 2: School – 6 modalities
	Time
	Schools concerned
	Measured variable

	Pre-test (without ID)
	Schools 1, 2, 3, 4, 5, 6
	Initial test score

	Post-test (with ID)
	Schools 1, 2, 3, 4, 5, 6
	Final test score



5. Operational approach
🔹 Phase 1 – Pre-test
Students from all six schools were first given an initial test measuring their achievements before the introduction of engineering. These results served as a comparative basis for assessing changes in performance.
🔹 Phase 2 – Engineering Implementation
An innovative, tailor-made teaching sequence has been implemented uniformly across all establishments, incorporating redesigned content, adapted teaching materials and active teaching methods.
🔹 Phase 3 – Post-test
At the end of the intervention period, the students were given a second test, identical or equivalent to the first, in order to assess the real effect of engineering on their performance.
6. Final analysis strategy
· Intra-group analysis: Comparison of pre-test and post-test score means within each establishment (paired t-test).
· Inter-group analysis: Comparison of mean gains between different schools by one-way ANOVA.
· Calculation of average gain:
Average gain = Post-test average − Pre-test average

7. RESULTS
[bookmark: _Toc200279206]Table 1 Teachers' assessment grid on the training received in didactic engineering
	Settings
	Teachers
	Average/
5 points

	
	E1
	E2
	E3
	E4
	E5
	E6
	

	I. DIDACTICAL SEQUENCE EVALUATION
	17/20

	1
	Well-structured teaching sequence
	4
	4
	4.5
	4
	3.5
	4
	4/5

	2
	The contents of the themes are enriching
	5
	5
	5
	5
	5
	5
	5/5

	3
	The material is balanced
	3.5
	4
	4
	4
	4
	4.5
	4/5

	4
	The methodology is adapted
	4
	4
	4
	4
	4
	4
	4/5

	II. ANIMATION
	24.7/30

	1
	I found the trainers to be good teachers in the following areas:
	

	
	has. General context of the design of didactic engineering
	4
	3.5
	4
	4
	3.5
	4
	3.8/5

	
	b. Laboratory experimentation and evaluation
	5
	5
	4
	5
	5
	4
	4.6/5

	
	c. Organization of the program
	3.5
	4
	3.5
	4
	4
	3.5
	3.7/5

	2
	Time management was rational
	4
	4
	4
	4
	4
	4
	4/5

	3
	The improvement of the spots was dynamic and lively
	4
	5
	5
	5
	5
	4
	4.6/5

	4
	The trainer demonstrated congruence and respect for the participants, their needs and contributions.
	4
	4
	4
	4
	4
	4
	4/5

	III. ATTITUDE
	18.7/20

	1
	I felt comfortable and involved in this training
	5
	5
	4.5
	4.5
	5
	5
	4.8/5

	2
	I enjoyed the exchanges between participants because they were interesting and rewarding.
	5
	4.5
	4.5
	5
	4.5
	4.5
	4.6/5

	3
	My learning was made easier by the choice and diversity of techniques.
	4.5
	4.5
	4.5
	4
	5
	4.5
	4.5/55

	4
	The use of documents (teaching materials, laboratory experimentation) put me in a situation and made me active.
	5
	5
	5
	4.5
	5
	4.5
	4.8

	IV. IMPACT OF TRAINING
	9.9/10

	1
	I have developed the skills well defined in relation to this didactic sequence of the training
	5
	5
	5
	5
	4.5
	5
	4.9

	2
	Now I can use the knowledge acquired from this training to implement the design of the didactic engineer on the teaching and learning of food juice preparation and its evaluation.
	5
	5
	5
	5
	5
	5
	5


Source: Our results
[bookmark: _Toc200279207]Legend: E1: Teacher 1, E2: Teacher 2, etc.
How :
[bookmark: _Toc200279211]Table 1 highlights an overall positive assessment of the didactic engineering training by the six teachers (E1 to E6).
· Teaching sequence: Judged to be very well structured and enriching (5/5), although the balance of the subjects was rated slightly less well (4/5), suggesting room for improvement.
· Animation: The trainers are perceived as competent, particularly on practical aspects (4.6/5). Time management and animation dynamics were also appreciated (4/5).
· Attitude: Teachers felt engaged (4.8/5) and found peer exchanges enriching (4.6/5), thanks to a diversity of teaching techniques.
· Impact of training: The impact is considered very strong, particularly on the application of what has been learned in class (5/5), demonstrating the effectiveness of the training.
Overall, the training is perceived as relevant and well-designed.

Table 2. Assessment of students' practical knowledge in the laboratory
	Manufacturing stage
	The learner understood the concept
	Results of students' practical knowledge

	
	
	E1
	E2
	E3
	E4
	E5
	E6
	Total 5pt

	1. Choice of fruits
	Organoleptic properties of fruits
	3.5
	3.5
	4
	4
	3.5
	3.5
	3.6

	2. washing the fruit
	Importance of cleanliness and hygiene
	4
	4
	4
	4
	4
	3.5
	3.9

	3. Peeling fruit and extracting juice
	Juice acidity pH meter; refractometry
Volumetry
	3.5
	3
	3.5
	3
	3
	3.5
	3.2

	5. Adding sugar to juice and other additives
	Solubility and taste reaction
organic compounds
	3
	3
	3
	3.5
	3
	3
	3.08

	6. Juice filtration
	Mixing and separation method
	4
	3.5
	4
	4
	3.5
	4
	3.8

	7. Pasteurization
Juice
	Effects of heat on microorganisms
	3.5
	3.5
	3.5
	4
	4
	3.5
	3.6

	8. Bottling
	Food Preservation Concepts
	3.5
	3.5
	3
	3.5
	3.5
	3.5
	3.4

	9. Labeling
	Importance of consumer information
	4
	4
	3.5
	4
	4
	4
	3.9


Source: Our results
Key: e1: students from school 1; e2: 2 students from school 2, etc.
How :
Assessment Table 2 reveals varying understanding among students (E1 to E6) of the stages of making passion fruit juice.
· Well mastered: The stages of fruit washing , filtration , and labeling are generally well understood, demonstrating good awareness of hygiene, separation techniques, and consumer information.
· Moderately Acquired: The Choice of the fruits , pasteurization and packaging in bottle show average results, indicating a partial understanding of organoleptic criteria, thermal effects, and conservation principles.
· Less well mastered : Peeling , extraction of juice , as well as the addition of sugar And additives show the lowest scores, reflecting deficiencies in the concepts of pH, solubility, and chemical reactions.
The students demonstrated a good foundation in hygiene and labeling, but reinforcement is needed on the more technical aspects, particularly through practical demonstrations and contextualized teaching of scientific concepts .

Table 3. Students' results on the pre-test and post-test
	N O
	Schools
	Pre-test
Max 100pts (A)
	Post-test
Max
100pts
(B)
	Gap
BA


	1
	School 1
	49
	71
	22

	2
	School 2
	47
	65
	18

	3
	School 3
	45
	67
	22

	4
	School 4
	52
	71
	19

	5
	School 5
	51
	72
	21

	6
	School 6
	53
	70
	17

	Total
	297
	416
	119

	Average
	49.5
	69.3
	19.8

	Sem
	0.8724168

	n
	6

	md
	19.8

	df
	5

	to
	22,733782

	p
	0.000003* *( 2 tails )

	Ho was rejected



How :
Analysis of student performance in six schools shows significant improvement after the implementation of didactic engineering.

· Before intervention (pre-test) : Scores ranged from 45 to 53, with a mean of 49.5 , reflecting a modest starting level.
· After the intervention (post -test) : Scores increased from 65 to 72, with an average of 69.3 , indicating a significant progress in knowledge.
· Average gain : The average difference between the two assessments is +19.8 points , proof of a positive educational impact .

8. Statistical results

· t-statistic: 22.73
· p-value: 0.000003 (p < 0.05)

Null hypothesis rejected , confirming a statistically significant difference between the two scores.
Hypothesis H1: “ The implementation of didactic engineering leads to a significant improvement in student results between the pre-test and the post-test. ”

Statistical formulation:

· H₀ (null hypothesis): There is no significant difference between pre-test and post-test scores.
· H₁ (alternative hypothesis): Post-test scores are significantly higher than pre-test scores.


The results validate the hypothesis that didactic engineering significantly improved student performance . In addition to cognitive gains, students strengthened their understanding of concepts related to nutrition and food preparation. It is recommended to continue and expand the use of these pedagogical approaches , while providing targeted support to struggling students.


Figure 1.
Hypothesis H2: 
“ Student performance gains differ significantly depending on the school attended .”
Statistical formulation: 
H₀: Average earnings are the same for all schools. H₁: There is at least one significant difference in average earnings between schools.

Figure 2.
In conclusion, the results confirm that "Student performance gains differ significantly depending on the school attended."

IV.2. INTERPRETATION OF RESULTS
1. Teacher results: Evaluations show a positive assessment of the training. As Asofi (2008) and Pavelin and Jurcic (2014) point out , the structuring of sequences and the use of varied materials are fundamental to establishing a motivating learning environment. The high impact of the training indicates that teachers feel equipped to transmit knowledge, although adjustments to the balance of content are still necessary.
2. Observation of laboratory practices: The results reveal that the practical approach was generally successful. The students integrated simple hygiene and procedural aspects well. However, the lower scores on chemical concepts (extraction, additives) confirm the observations of Sofiane Kadri (2014) and Raichvarg (1997) on the difficulty of concretely linking manual experience to theoretical conceptualization. Further work on "putting the experiment into discourse" is necessary.
3. Improvement in assessed performance: The significant increase in scores between the pre-test and the post-test (an average gain of 19.8 points) demonstrates the effectiveness of the didactic engineering as a whole. It validates the approach which, by starting with a local and concrete product, allows the development of both practical skills and nutritional and scientific knowledge.
CONCLUSION
Overall, the didactic engineering designed for teaching and learning passion fruit juice preparation has proven effective in developing students' practical skills and nutritional knowledge. The results indicate that, although significant progress has been made, improvements in some practical and theoretical skills, particularly those related to chemical concepts, are still needed. Continuous monitoring, strengthening of teacher training on these abstract aspects, and pedagogical adjustments will be essential to ensure comprehensive training adapted to students' needs. This study recommends extending this approach to other food processing topics, while ensuring differentiated pedagogical support according to the context of each school.
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