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Abstract 
The Programming Fundamentals course, designed by Bachelor of Science in Systems Engineering 
(BSSE) program of the Autonomous University of Ciudad Juárez (UACJ) has as its purpose "Students 
apply different methods and tools that allow him/her to structure algorithmically the problem solution” 
[1].  In the following course, Structured Programming, the student applies the problem solution through 
programming languages such as C and C + +, therefore, in Programming Fundamentals see the 
theoretical part in the problem solution development and Structured Programming part of the 
development of that solution in a programming language. 

This course has high dropout and failure rates, so the first hypothesis is that students abandon because 
it is a full theoretical course. For this reason some teachers have adopted to give this course in computer 
centers to teach in parallel using pseudo-code programs such as PSeInt [2] and in some cases C and / 
or C ++ language. 

Based on this hypothesis it was decided to apply an experiment of inverse teaching, first practice and 
then theory. It was decided to use PSeInt software and as a pedagogical plan of the course, the course 
was started with the use of this software to perform (directed) exercises in the solution of simple 
problems, and at the same time and gradually the teaching of the theoretical areas of programming 
fundamentals, as well as problems analysis.  

To see if the application of the inverse method has a direct and positive relationship with dropout and 
failure rates, the Chi-Square test distribution table (Χ2 test) will be used, taking as analysis the groups of 
the January-June 2020 semester and as control groups the two groups of the August-December 2019 
semester. 

To determine the results, evolution and final evaluation of the two groups will be compared at a general 
level, as well as divided by gender and by educational program, since this course is offered for different 
degrees at the UACJ, having BSSE as the base educational program. 
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1 INTRODUCTION 
Programming Fundamentals course is a first semester course and a prerequisite for all programming 
courses taught in the Systems Engineering (BSSE) and Digital Design and Interactive Media (DDIM) 
degrees. It is included because it shares Programming Fundamentals course with Computer Systems 
Engineering due to the departmental scheme of this University. In addition, it is a course that is taught 
in other careers such as Electrical Engineering, Industrial and Systems Engineering, among others. 
Therefore, it is a critical course in the academic trajectory of the mentioned courses. 

Historically this course has high desertion and failure rates. The frequent hypothesis mentioned by 
teachers who teach this course is that student´s dropout is due to the fact that the course is 100% 
theoretical and this impacts negatively on the students perspective, who expect to develop projects and 
/ or practical exercises in a programming language. We will call this hypothesis “H1” (alternative 
hypothesis), and the aim of this study is to demonstrate whether this hypothesis is correct through the 
following experiment. 

In order to test the H1 hypothesis, during the January-June 2020 semester, a theory teaching system 
was applied through the use of the Pseudo-code Interpreter (PSeInt) [2]. This computer tool allows the 
pseudocode development and generates executable files (through a compilation process). This software 
is free license, and among its most outstanding tools, we can find that when the pseudocode is written, 
the flowchart of the algorithm is self-generated in the following formats: 
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- Format with ANSI symbology  
- Nassi - Shneiderman (or NSD) format 

It also allows to create the flowchart (ANSI or NSD) and from these to auto-generate the pseudo-code.  

For the purposes of this research, flowcharts will not be created with this tool. Only pseudocode will be 
developed. The algorithms and flowcharts will be developed in other tools such as Microsoft Visio® [3] 
or Raptor [4] until reaching unit 3 corresponding to the problem solving topic. 

The student’s groups where the study was carried out and from which the statistical data was taken 
belong to the Computer Systems Engineering degrees and to the Digital Design and Interactive Media 
degree where this course is required. It is worth mentioning that they are mixed groups, that is, groups 
in which there are both BSSE and DDIM students in the same classroom.  

To contextualize and analyse the experiment results, the following information will be taken as a basis: 

1 Fail and dropout rates of three groups in 2019 (January-June semesters). These groups applied 
the official model of the course (control groups) 
o Population: 81 students. 

2 Fail and dropout rates of two groups in the January-June 2020 semester where the practical-
theoretical teaching model was applied (experimental groups).  
o Population: 64 students. 

According to UACJ regulations, all students must attend a minimum of 80% of their classes to be entitled 
to a grade. Otherwise it is considered as a dropout and instead of a numerical grade, the acronym SD 
(without the right to a grade) is captured. 

1.1 State of Art 
As mentioned above, this course has been the motive of several studies because the dropout rate is 
very high. In this regard Jesus Insuasti mentions that "some researches indicate that the reasons for 
not achieving the desired learning levels, may be caused by the complexity of language syntax and 
programming concepts; the cognitive effort involved in learning programming; the poor design  of 
knowledge objects, and the lack of cognitive problem-solving skills” [5]. At the same time, it highlights 
that due to the course perception "a common approach to teaching programming fundamentals is to first 
address the basics of the programming language (or languages), and then guide students through 
strategies that address the entire computer programming process.” [5] 

Following this premise, several teaching methods have been approached to try to counteract this issue. 
However it continues to be a reason for research because the problem persists. Some authors point out 
among their hypotheses the lack of aptitude for this type of courses, emphasizing that it is not so much 
because it is a difficult course but simply because the student does not have the necessary skills to 
understand it. Other hypotheses are based on the relationship that exists between mathematical ability 
and programming, understanding that the higher the mathematical ability is, the easier it is for the 
student to understand the programming. Another factor that is mentioned is the attitude of denial towards 
the course, since students already have a certain predisposition towards the course and finally, the 
importance of practice to reach the learning levels required for problem solving through programming is 
highlighted. [6] 

On the other hand, Gomes and Mendes, points out that the problem starts from the initial learning 
phases, when students have to understand and apply abstract programming concepts as control 
structures and create algorithms to solve concrete problems. Based on this, they divided the 
investigation of the problem into five areas of study: teaching methods, study methods, student skills 
and attitudes, the nature of programming, and psychological effects [7] which in some way summarize 
and agree with the hypotheses of the authors mentioned above. 

2 METHODOLOGY 
The course is divided into 5 units [1]. In the first unit the essential elements of programming and iterative 
cycles are explained, exercises of problem solving are developed. These begin with the problem 
analysis until the pseudocode development, this framed in the Pólya methodology [8]. However no 
computer tool is used. It is important to mention that a total of 10 weeks are dedicated to these topics. 
The last unit is an introduction to data structures (one-dimensional and multidimensional arrays). 
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The first unit begins with a theoretical and historical framework of computing, information representation 
and numerical systems. 

For this experiment it was decided to start the course from unit 2, explaining all programming concepts 
at the same time that they were applied directly in a computer tool called PSeInt, this program allows to 
develop pseudocode in a simple and efficient way in terms of what a pseudocode implies. In each topic 
examples were developed in class and the following essential elements of programming were explained: 

1 Conceptual definition of data and variables. 
2 Definition and declaration of variables types. 
3 Data input and output messages. 
4 Arithmetic operations. 
5 Assignment operators. 
6 Logic operators. 
7 Functions defined by the programmer. 
8 Simple, composite, and nested control sentences. 
9 FOR, WHILE and DO WHILE iterative cycles. 

All these activities were developed in a computer center of UACJ, and about 40 exercises were made 
in a lapse of 6 weeks (24 hours class). The class began explaining the theoretical concepts of the topic 
to be treated (about 15 to 20 minutes) and the rest of the class developed exercises of pseudocode (to 
have a similarity to the programming languages all the computers were configured so that in a 
mandatory way the variables types were defined and that the arrangements began with index 0) in 
PSeInt. In the following four weeks (week 7 to 10), analysis exercises were carried out to solve problems 
within the framework of the Pólya methodology. For this purpose, a unified analysis format was 
developed, and the following dynamics was defined: 

1 Presentation of the problem by the teacher. 
2 Student makes the analysis and search for a solution. 
3 Student fills in and completes the unified format for review. 
4 If the format and the solution are correct, the pseudocode development in PSeInt is authorized. 
5 Student delivers the complete format that must include pseudocode. 
6 Files developed in the PSeInt tool are not accepted since they do not have any weight in the 

student's grade. 

Here it is important to mention that there was a recurrent situation in which several students wanted to 
deliver the PSeInt file without including the unified format, which resulted in rejected papers.  

In week 11, the intention was to cover the topics of the first unit in the theoretical classroom and to finish 
the course with the topic of data structures in the computer center. However, classroom activities were 
suspended due to the COVID 19. On March 16th we started using TEAMS platform to continue with 
classes and finish the course. This caused some non-significant changes in the original plan of this 
experiment. 

To conclude the course, a final work was requested that included a problem resolution using the unified 
format. A scoring guide was given to students so that they would know all evaluation elements and at 
the same time serve as a guide to develop the project. 

3 RESULTS 
The first objective of this experiment is to observe the dropout rates throughout the semester in each of 
the groups. For this purpose two data groupings were created. The first grouping, which contains the 
groups AA, AB and AC are the groups of January-June 2019 semester, in which the topics of the course 
were addressed completely in a theoretical way. The second grouping is the groups BA and BC, in 
which the topics were addressed in a practical-theoretical way. In table 1 you can observe the total 
population of these groups by gender. 
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To measure the dropout, three different cut-off times were established. The first was called dropout to 
the first partial (DesPP) which was the first 6 weeks of the course. The next was dropout to the second 
partial (DesSP) which is from week 7 to week 12 and the third was dropout at the end of the semester 
(DesFS) which was weeks 13 to 16. In order to calculate the dropout rate for each cut of information, 
the students who had more than 6 absences was used as data. 

Table 1. Student population by gender  
 

Feminine Masculine Total population 

GROUP AA 7 19 26 
GROUP AB  6 20 26 
GROUP AC 5 24 29 
GROUP BA 8 22 30 
GROUP BC 10 24 34 

 TOTALS 36 109 145 

Figure 1 shows the behaviour of dropout rates. The dark coloured bars are the groups where the official 
methodology of the course was used (100% theoretical). The light coloured bars are the groups where 
the experimental model was applied (practical-theoretical). 

 
Figure 1. Dropout rates during the semester. 

As it can be seen in Figure 1, the dropout rates between the two data groupings show two distinctive 
behaviors. The first is that in grouping one the dropouts are very high compared to grouping two, and 
the second is that the dropout rate of the first grouping is stable and has little variation throughout the 
semester, while in the second group has a gradual growth. 

Table 2 shows the dropout rates by student’s stage and gender (F=Feminine, M=Masculine). The rates 
are calculated with respect to the initial population of each group. 
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Table 2. Gender-based student desertion at each data cutoff. 

Group 
DesPP DesSP DesFS  Population 

base F M Total  Rate F M Total Rate  F M Total  Rate 
AA 2 6 8 30.77% 2 7 9 34.62% 3 7 10 38.46% 26 

AB 1 8 9 34.62% 2 9 11 42.31% 2 10 12 46.15% 26 

AC 3 10 13 44.83% 3 11 14 48.28% 3 11 14 48.28% 29 

BA 1 3 4 13.33% 1 6 7 23.33% 2 8 10 33.33% 30 

BC 0 3 3 8.82% 1 4 5 14.71% 1 6 7 20.59% 34 

Final grade results were used for failure rates, see Table 3, and for the January-June 2020 semester 
groups, students who dropped out due to issues related to the change from the classroom model to the 
online course model (derived from the COVID 19 pandemic) were excluded from failure rates. These 
withdrawals were due to economic and/or technological issues and terms, and in many cases the 
students had, until the time of their withdrawal, regular attendance and grades. 

Table 3. Failure rate by student gender. 
 

FEMININE RATE MASCULINE RATE TOTAL RATE 
AA 3 11.54% 10 38.46% 13 50.00% 

AB 2 7.69% 11 42.31% 13 50.00% 

AC 3 10.34% 13 44.83% 16 55.17% 

BA 3 10.00% 13 43.33% 16 53.33% 

BC 3 8.82% 16 47.06% 19 55.88% 

Figure 2 shows the behaviour in the failure rates for the two groups. A uniform behaviour is observed. 

 
Figure 2. Failure rates. 

3.1 Hypothesis testing through the chi-square test (Χ2 test) 
To support that the experimental teaching model applied in group 2 had a direct relation (or statistical 
dependence) with the dropout rate, the statistical method of chi-square distribution will be used (Χ2 test ) 
with an error margin of 0.05. The hypotheses are: 

• Null hypothesis (H0): the fact that the course is 100% theoretical does not influence that the 
dropout rate is high. 
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• Alternative hypothesis (H1): the fact that the course is 100% theoretical does influence the high 
dropout rate. 

To determine the hypothesis value, a distribution table is generated where group 1 is the control group 
and group 2 is the experimental group. The students frequency who dropped out before the end of the 
semester is taken as a value against those who went all the way and obtained some final grade 
(regardless of whether they passed the course or not), which generates a 2x2 table, which represents 
a degree of freedom. 

In the case of the failure rate, the same calculation model will be used as for the dropout rate with the 
following hypotheses: 

• Null hypothesis (H0): the fact that the course is 100% theoretical does not influence the high 
failure rate. 

• Alternative hypothesis (H1): the fact that the course is 100% theoretical does influence the high 
failure rate. 

3.1.1 Evaluation to validate the hypotheses related to the dropout rate. 
Table 4 shows how the data were distributed to determine if the experimental model had an influence 
on increasing the retention rate in the course. 

Table 4. Observed data retention and dropouts’ frequencies. 

  Dropouts Retention Total 

Experimental group (practical-theoretical model)  17 47 64 
Control group (100% theoretical model) 36 45 81 

Totals 53 92 145 

On table 5, we proceed to calculate if the difference of distribution in the frequencies were dependent 
on the applied teaching model considering a margin of error less or equal to 0.05. 

Table 5. Expected data retention and dropouts’ frequencies (real values).  
Dropouts Retention Total 

Experimental group (practical-theoretical model)  23.39 40.61 64 
Control group (100% theoretical model) 29.61 51.39 81 

Totals 53 92 145 

Pearson's chi-square equation (1) applies: 

Χ! = ∑ (#	%	#&)!

#&
     (1) 

Χ! =
(17 − 23.39)!

23.39 	+	
(47 − 40.61)!

40.61 	+	
(36 − 29.61)!

29.61 	+	
(45 − 51.39)!

51.39  

Χ! = 1.7471	 + 	1.0065	 + 	1.3805	 + 	0.7953 

Χ! = 4.9294 

The result obtained is verified with the chi-square distribution table (Χ2 test ), with a degree of freedom 
(v=1) a value lower than the error margin established at 0.05 [9] is obtained. With this result it can be 
concluded that the alternative hypothesis (H1) is accepted. This means that the high dropout rate in this 
course is caused by the 100% theoretical model of it. 

Note: If the theoretical frequencies are round up, a value 𝛸! = 	4.3591  which does not discard the 
accepted outcome for this study. 

3.1.2 Assessment to validate assumptions related to failure rate 
Table 6 shows how the data were distributed to determine if the experimental model influenced the 
failure rate in the course. The expected values are obtained. 
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Table 6. Observed data failure and passed frequencies. 
  Failure Passed Population 

Experimental group (practical-theoretical model).  35 29 64 
Control group (100% theoretical model). 40 41 81 

Totals: 75 70 145 

On table 7, we proceed to calculate if the difference of distribution in the frequencies were dependent 
on the applied teaching model considering a margin of error less or equal to 0.05. 

Table 7. Expected data failure and passed frequencies. (real values).   
Failure Passed Population 

Experimental group (practical-theoretical model).  33.10 30.90 64 

Control group (100% theoretical model). 41.90 39.10 81 

Totals: 75 70 145 

Pearson's chi-square equation (1) applies: 

Χ! = ∑ (#	%	#&)!

#&
      (1) 

Χ! =
(35 − 33.10)!

33.10 	+	
(29 − 30.90)!

30.90 	+	
(40 − 41.90)!

41.90 	+	
(41 − 39.10)!

39.10  

Χ! = 0.1086	 + 	0.1164 + 	0.0858 + 	0.0920 

Χ! = 0.4029 

The result obtained is verified with the chi-square distribution table (Χ2 test ), with a degree of freedom 
(v=1) a value greater than 0.5 which is 10 times greater than the established margin of error 0.05. With 
this result it can be concluded that the null hypothesis (H0) is accepted. This means that the high rate 
of failure in this course has no relation or dependency with the fact that the course is 100% theoretical. 

Note: If the theoretical frequencies are round up, a value 𝛸! = 	0.4480  which does not discard the 
accepted outcome for this study. 

4 CONCLUSIONS 
According to the results, it can be established as a fact that when a course is 100% theoretical directly 
influences the high dropout rate, since when applying the practical-theoretical model, the rate decreased 
in a global way up to a 17. 9%. Through the Chi-Square test it was demonstrated that the change of 
model directly influenced this result. This is significantly observed in Figure 1, where it is appreciated 
how desertion evolves between the two groups, where the control group demonstrates that most of the 
students who deserted the course do it from the first weeks of class, while in the experimental group 
desertion was gradual and the final rate was lower in comparison to the control groups. 

With respect to behaviour by gender, no significant differences are observed in their distribution in the 
different scenarios, since they are practically identical in their proportion. 

It is important to emphasize that the failure rate does not reflect significant changes, which shows that 
developing practical exercises using some language for the pseudocode development does not 
influence the  learning complexity, that is, it does not depend on the failure. This should lead us to rethink 
the teaching-learning model where we should look for didactic and/or pedagogical strategies that 
contribute to the student to prove at the end of the semester that he or she fulfils the objective of the 
course by obtaining a passing grade. In this sense we agree with Insuasti in their article "Teaching and 
learning problems of the programming fundamentals" [2] in which, after a documentary analysis on 
various alternatives that have been used by teachers to facilitate the teaching process in this area, they 
point out the importance of having a repository of successful cases to consult those strategies that have 
been successful and thus implement them in the classroom to obtain better results. 
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