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ABSTRACT 
During two generations (2016 and 2017) the computational 
thinking evaluation has been carried out in order to establish 
learning scenarios for new students, such interventions have been 
made in the Programming methodology course, it belonging to 
the career of Information Technology at the Technological 
University of Puebla in México. The results have led a personalized 
education for students, recognizing previous skills as well as 
trying to correct those missing, so that it acquires the 
competences respective, credit the course and improve the 
retention percentage of the first quarter. In this sense, when 
detecting possible skill gaps, is it possible to predict what will be 
the impact to maintain or decrease enrollment during and the end 
of quarter? The present work aims to answer the question by the 
results interpretation obtained from the computational thinking 
evaluation to 242 new students, generation 2018. Initially, it was 
stablished which would be the student's situation during and the 
end of four months from September to December based on the 
correct assessment reagents; three categories were determined: 1. 
Sure desertion, 2. Safe permanence, 3. Variable permanence. Later, 
50 students who enrolled the next quarter (January-April 2019) 
were revised if they had been predicted properly; using a survey, 
the familiarity of key concepts of the subject Programming 
methodology was obtained with the aim of determining a 
correspondence with the evaluation of computational thinking 
skills, as well as the established situation, consequently, 
establishing the validity of predicting the enrollment. 
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1 Introduction 
Computational thinking is strongly linked to problem solving 
[1-3] since its initial use by Wing [4]. The concept definition 
is associated with computer science itself [5-10]. Some authors 
have determined certain skills that when promoted in pre-
university studies benefit students who choose a STEM 
profession [11, 12](Science, Technology, Engineering and 
Mathematics) such as abstraction, decomposition, heuristic 
reasoning, planning, programming, recognition patterns and 
algorithms design [13-15]. The research that has been done for 
higher education, have reported results associated with 
improving the ability to solve problems in the first 
university studies, through exercises computational thinking 
in careers of engineering and computer science [16-20] in the 
early computer programming courses. Despite such actions, 
these courses represent the enemy to defeat to reduce school 
dropout in universities [21].

Román et al. [22] provide an important result to show that it is 
possible to detect students with computer talent in the academic 
high school level, they can have a better performance in 
"education standards Informatics between 1 and 2 years compared 
to regular students." 

The results at the Technological University of Puebla (UTP) 
[23,24] to determine a learning scenario in the Programming 
methodology course, evaluating computational thinking for two 
generations (2016 and 2017), have led to a personalized education 
for students, recognizing previous skills as well as trying to 
correct those that are lacking in order to acquire competences 
respective, credit the course and improve the retention percentage 
of the first quarter. In this sense, when detecting possible skill 
gaps, is it possible to predict what will be the impact to maintain 
or decrease enrollment during and the end of the quarter? The 
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present work aims to answer the question through the results 
interpretation of the computational thinking evaluation in the 
students from generation 2018. The paper is organizing in the next 
sections. Context section include the problem and historical data. 
Description section contain the data organization from 
computational thinking evaluation with the objective of create 
prediction context. Results section comments observations and 
interpretation of prediction context. Finally, conclusions about the 
activity and data validation for future work with students of next 
generations. 

2 Context 
In the UTP´s Information Technologies division, the percentage 
of dropout (PD) determined by the number of students enrolled in 
the second semester compare with enrollment in the first from 
2009 to 2016, is indicated in Table 1, which illustrate an increasing 
trend (see Figure 1). In the aforementioned period, the average is 
31.13%. From the analysis of the computational thinking 
evaluation results, the intention is to predict a percentage of 
desertion for the following generations, specifically for generation 
2018. 

Table 1: Student dropout rates from 2009 to 2016 

Year Percentage of dropout 
PD 

2009 24.32 
2010 27.81 
2011 31.13 
2012 31.14 
2013 35.20 
2014 42.24 
2015 30.30 
2016 34.00 
Median 31.13 

Figure 1: Student dropout percentage trend from 2009 to 
2016 

3 Description 
The 2018 generation was 325 students enrolled. The face-to-face 
evaluation of computational thinking was carried out by 242 new 
students during the days 21 and 22 of August 2018, assistance 

schedules were organized for both school shifts in the 
laboratories. The distribution of participating students by group 
is indicated in Table 2. The evaluation has 5 reagents associate 
with 5 skills, this means, abstraction, evaluation, decomposition, 
algorithm design and generalization.  

Taking as reference the correct reagents of the computational 
thinking evaluation, 5 groups were generated.  

Group 1 
Students who did not obtain a correct answer from the five 

reagents, their profile was considered highly questionable 
because they apparently lacked problem solving skills. 

Table 2: Number of students who made the computational 
thinking evaluation by group 

Group Day Quantity 
A  21 29 
B 27 
C 21 
F 22 
H 25 
G 23 
D 22 28 
E 24 
J 33 
I 10 
Total 242 

Group 2 
Students who obtained the correct answer of the five reagents, 

an adequate profile was considered for the study of the career 
because they evidencing skills in solving problems. 

Group 3  
Students who obtained only one correct reagent, it was 

considered that they could be potential low enrollment in the first 
months or at the end of quarter. 

Group 4 
Students who obtained only one incorrect of the five reagents, 

they were considered good candidates to study the university 
career. 

Group 5  
Students who obtained two or three correct reagents, they 

corresponded to young people who required academic work in 
two senses, to increase their computational thinking skills and to 
keep enrolled at the end of the quarter at least approving the 
Programming methodology course. 

Taking as a reference the description of each determined 
group, three categories are predicted for enrollment at the end of 
the quarter with respect to the Programming methodology course. 

A. Those who represent a very probable school dropout.
Group 1 and 3.

B. Those that will be maintained for the next quarter.
Students of group 2 and 4.

C. Those whose permanence is variable due to the
academic work that they require to maintain their
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motivation or low frustration in problems resolution, 
difficulties or learning complexity. Group 5. 

At the second quarter beginning, January – April 2019, 
students answered the survey indicated in Table 3. The objective 
was to know the concepts learned of each student from the 
learning units in the previous quarter, this means, to know the 
concepts that are familiar to students. Table contains an 
abbreviation of each concept. 

4 Results 
With the computational thinking evaluation results the following 
information was obtained: nine students of the 242 formed part of 
group 1, twelve were grouped to the second, 48 were part of group 
3, 37 integrated group 4 and group 5 had the largest number of 
students with a total of 136 of 242. Table 4 contains the values of 
the information previously commented. In addition, Figure 2 
shows the percentages of all students for each group and their 
specific descriptions, in Figure 3 the number of students expected 
to be enrolled is illustrated, that is, the prediction at the end of the 
course for the quarter September-December 2018. 

Table 3: Survey for second semester students 

Question Response 
option 

Full name Open 
Group Selection A to J 
Select the concepts which you are familiar - Multiple 
selection 
Data type (DT) 
Creation of identifiers for variables (ID) 
Arithmetic operators (AO) 
Logical operators (LO) 
Relational operators (RO) 
Operator hierarchy (OH) 
Solve arithmetic, logical and relational expressions (EX) 
Use of a variable accumulator and counter (CyA) 
Selection structure (SS) 
Loop structure (LS) 
Definition and creation of an algorithm (AL) 

Table 4: Distribution of students by group, description and 
prediction of enrollment  

Group Reagents 
correct 

Students 
(242 ) 

Description Registration 
prediction 

1 0 9 Highly 
questionable 
profile 

Dropout - 57 - 
23.55% - 
Category A 

3 1 48 Potential 
dropout 

2 5 12 Appropriate 
profile 

Safe - 49 - 
20.24% - 
Category B 4 4 37 Good 

candidates 
5 2 or 3 136 Academic 

work 
Variable – 
136 - 56.20% - 
Category C 

Only some students from three groups answered the 
familiarity concepts survey, giving a total of 50 from the groups 
A, C and D (16, 19 and 15 respectively; groups B, E to J no 
participating), Figure 4 shows the percentages distribution. 

Of the 50 students, 11 did not perform the computational 
thinking evaluation. The distribution of 39 students by group and 
category of prediction is indicated in Table 5. 

Figure 2: Distribution of students by group based on 
computational thinking evaluation 
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Figure 3: Enrollment prediction at the end of the semester 
September - December 2018 

Figure 4: Percentages by groups that carried out the survey 
in the second quarter 

From a practical point of view, it would only be advisable to 
revise per student the erroneous predictions of school dropout. If 
they answered the familiarity survey then they are enrolled in the 
second quarter and contradict what was expected. Unlike 
predictions of safe and variable enrollment that confirm and 
benefit the prediction. In spite of this, the results are reviewed 
from the survey carried out by the category and group to which it 
was predicted. 

Category A - Desertion, groups 1 and 3. 
The students that belonged to this category, initially represent 

an error of the prediction, were predicted as highly questionable 
profile and low potential; even so, they accredited the course and 
enrolled in the second quarter. The answers group review to the 
familiarity survey with the correct reagents in computational 
thinking evaluation had the following observations to consider.  

Group 1  
For the two students enrolled in the next quarter period, their 

study profile remains highly questionable because there is 
correspondence with the unfamiliarity of concepts with the 
background of having a lack of computational thinking skills, no 
more than three concepts were marked and corresponds to the 

basic concepts of the course. In this sense the prediction was 
correct. The Table 6 shows how there is a right conclusion based 
in information from two students in this group. 

Group 3 
Eight students belonged to the group. One student indicated 

that he is only familiar with two concepts of the 11 and only the 
reagent regarding abstraction (in computational thinking 
evaluation) was correct, the prediction was congruent. Four 
students indicated to be familiar with the concepts of the second 
learning unit (arithmetic, logical and relational operators), but not 
with the evaluation of expressions; also familiar with the data 
types, but with respect to the competence for the design of 
algorithms they only indicated knowing the concept without 
being able to create them, they do not know the structures of 
selection control, repetition, counter and accumulator; what 
corresponds to having only obtained a correct reagent from the 
evaluation of computational thinking, the prediction was 
congruent. Three students do not express a congruence between 
the evaluation of computational thinking (a single correct 
reagent) and familiarity that they indicate, all concepts, in this 
sense the prediction was erroneous. The Table 7 details 
information. 

Category B - Safe, group 2 and 4.  
Only one student belonged to group 2 and corresponded his 

familiarity of knowledge with the five correct reagents. The 
prediction of safe registration is correct. 

Group 4 with 7 students corresponded with the prediction, 
they were relevant candidates to study the career (only one 
erroneous reagent), despite having indicated a lack of familiarity 
with some concept (particularly the complex learning unit 3).  

Category C - Variable, group 5 
Group 5 was the easiest to verify the validity of the prediction. 

With academic work was considered that students could 
demonstrate and acquire relevant course´s skills profile, 16 
students got it. In addition, four students indicated familiarity in 
all concepts and obtained three or two correct reagents in 
computational thinking evaluation. 

Table 8 summarizes the data of correct predictions and 
erroneous category and group. 

Table 5: Distribution by group and category of the 
students surveyed 

Group Quantity Category Description 
1 2 A Dropout 
3 8 
2 1 B Safe 
4 7 
5 21 C Variable 

0
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150

Dropout Safe Variable
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136 - 56.20%
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Table 6. Information of concept familiarity and results 
computational thinking evaluation for group 1 students. 

Group 
1 
student 

Concept mark with 
familiarity 

Right reagent - 
Skill 

1 DT, AO, LO None 
2 DT, LO None 

Table 7. Information of concept familiarity and results 
computational thinking evaluation for group 3 students. 

Group 
3 
student 

Concept mark with 
familiarity 

Right reagent - Skill 

1 DT, LO 1 – Abstraction 
2,3,4,5 DT, AO, LO, RO 1 – Evaluation 
6,7,8 All concepts 1 – Algorithm design 

Table 8: Right and wrong predictions 

Category Group Quantity Right Wrong 
A-Dropout 1 2 2 0 

3 8 5 3 
B-Safe 2 1 1 0 

4 7 7 0 
C-Variable 5 21 21 0 

With the above information, 33 of the 39 students had a correct 
prediction, in other words, prediction had a success of 92.31% or 
an error of 7.69%. In this sense, with the interpretation of results 
of the computational thinking evaluation, a 23.55% dropout rate 
would have been possible in the 2018 generation with a success of 
92.31%. 

5 Conclusions 
The activity of predicting enrollment for the generation 2018, 
from the computational thinking evaluation for 242 students 
drawn the following conclusions: 

The forecast of 23.55% dropout, despite being below the 
average in the period from 2009 to 2016, is favorable for the 
University considering that it would have the guarantee of 
achieving a 76.44% retention at the end of the first quarter. The 
predicted retention percentage depended on hard academic work 
with the group determined as a variable (56.20%). 

The actual enrollment values were 325 students in the first 
quarter and 202 for the second. It represents a 62.15% retention or 
37.85% dropout. The determined prognosis represents a possibility 
of improvement to be able to have only the loss of 57 students 
instead of 123. It is important to emphasize that within the 
forecast there is a high recommendation of academic work to be 
able to achieve it, in the case of study it represented a population 
of 136 students that required an individualized follow-up. 

The 92.31% of having a correct prediction is based only by 
16.12% of the population that made the evaluation of 
computational thinking, which represents a weakness of the work 
done. 

The future work of the research includes the application of the 
experiment designed for the 2019 generation, expanding the 
student population, especially for those who answer the 
familiarity survey with the aim of increasing the confidence of the 
data analyzed and their respective interpretation. 
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