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The integration of ICT in education entails several 
challenges: the first, to diagnose, at a global level, 
how this process is being carried out in different 
educational fields. Likewise, another challenge is to 
analyze what has really been the impact that this 
integration has had on improving educational quality 
in Colombia. It is assumed that ICT applied to 
education generates successful paths to promote both 
teaching and learning. However, it is necessary to 
enter the fields of education to corroborate if the 
previous statement is valid. A third challenge would 
be to analyze the effect of ICT on the efficiency of 
educational institutions. In this sense, it is not only 
necessary to determine the ICT integration process, 
but also to determine how the same institutions 
assume responsibility for the digital transformation of 
education. Another challenge is to validate, experien-
ces carried out using ICT to improve learning proces-
ses. Finally, another of the challenges that can be 
highlighted, and is the most relevant, is the need to 
assume an ethical stance regarding the management 
of ICT in education. This book covers each of the 
challenges with the aim of promoting the processes of 
innovation and digital transformation of education 
from a scientific, critical, and above all, ethical pers-
pective.
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Abstract
The integration of ICTs in the educational field has become an innovative tech-
nique for improving teaching-learning processes. This study aims to analyze the 
incidence of ICTs in the results of the Saber 11 tests applied in 2016, in Cun-
dinamarca and Bogotá. Since integrating ICTs in the classroom should not be 
analyzed in isolation, the TPACK model will be taken as a frame of reference for 
this study. This model encompasses the two main components of education (pe-
dagogy and content) and technology. A questionnaire was designed and applied 
to collect information on teachers’ competencies about the TPACK model. Li-
kewise, a quantitative analysis (linear regression and ANOVA) was proposed, 
taking the students’ average results, grouped by the institution, as an indepen-
dent variable. This allowed observing the variations of their behavior in contrast 
to the different independent variables. The relevance obtained by the students’ 
socio-economic family status (Sig. = 0,000) to explain the behavior of the inde-
pendent variable is highlighted, as well as the negative relationship between the 
technological infrastructure and the results obtained in the standardized tests of 
the government schools. In conclusion, the study corroborates previous research, 
stating that high socio-economic status institutions obtain better results than 
those of low status. However, the current integration of technology, pedagogy, 
and content is not relevant when explaining the Saber 11 test results.

Keywords 
TPACK, education, Saber 11, socio-economic level, sector, teacher

Introduction
Nowadays, as well noted by Sacristán (2013), our society dwells in the 

era of communication, and the emergence of Information and Communi-
cation Technologies (ICTs) has expanded the horizons of knowledge. The 
author describes how ethnocentric problems of knowledge were overcome, 
and how now the focus lies in the broad knowledge of different social rea-
lities, due to how each society is open to perceiving itself. Therefore, the 
integration of ICTs in the educational field has resulted in an investment of 
human capital, which in turn has impacted how students learn and receive 
information, improving the economies of countries and standing out as a 
differentiating factor in the future against the global capitalist competition 

of Research of the School of Philosophy and Humanities of the Sergio Arboleda 
University. E-mail: sergio.rodriguez@usa.edu.co
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(Scherer, Tondeur & Siddiq, 2017). Huertas Montes & Pantoja Vallejo 
(2016) affirm that, when applying technological developments to teaching, 
an improvement in student learning is achieved, since it increases their 
motivation, their interest, and their creativity, it favors their ability to solve 
problems, it strengthens teamwork, it reinforces their self-esteem, and it 
allows greater learning autonomy.

Educational technology is here to stay thanks to its significant ad-
vantages over improving communication processes (Ferrés Prats, 2008). 
However, despite the situation mentioned above, doubts, criticisms, and 
reflections about the actual use of technology in training processes arise. 
Currently, several international studies such as those by Khe Foon & Tho-
mas (2007), Sang, Valcke, Braak & Tondeur (2010), So & Kim (2009), 
among others, have demarcated the course to follow in order to consolidate 
a quality education that integrates information and communication tech-
nologies. The issues that the various studies have in common regarding 
integrating ICTs in education is that this process must be forged through 
articulating programmatic content, pedagogical knowledge, and technolo-
gical knowledge.

ICTs are instruments that require diverse and specific knowledge to 
help consolidate educational quality. The integration of ICTs in the tea-
ching process represents a tool that can facilitate the teaching-learning 
processes (Mishra & Koehler, 2006). However, assuming that the isola-
ted integration of ICTs in the classroom will generate improvement is a 
mistake, because a model that allows the successful integration of the two 
main components of education (pedagogy and knowledge transmission) 
must be considered. Thus, ICTs become a support system for education. As 
mentioned in the first chapter, the TPACK model presented by Mishra & 
Koehler (2006) allows us to integrate technology, pedagogy, and knowled-
ge to analyze the effect of ICT integration.

The model is divided into two types of knowledge that the teacher 
must possess to be able to make correctly integrate ICTs into their tea-
ching methods. The first part is composed of three elements that are ex-
ternal to the technological context: content knowledge (CK), which refers 
to domain-specific knowledge of the subject pedagogical knowledge (PK), 
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which is the knowledge about practices, principles, and instructional stra-
tegies to manage the classrooms and organize the teaching of the subject 
pedagogical content knowledge (PCK), which is knowledge about which 
instructional approaches are adapted to the subject

The second part of TPACK is composed of new elements that arise 
from technological integration: technological content knowledge (TCK), 
which is knowledge about how the subject can be represented with the 
help of technology; technological pedagogical knowledge (TPK), referring 
to the use of technology to implement instructional practices, principles, 
and strategies; technological pedagogical content knowledge (TPCK), re-
ferring to the complex relationships between technology, pedagogy, and 
content that allow teachers to develop appropriate and specific teaching 
strategies for each context; and finally, technological knowledge (CT), re-
lated to several traditional and new technologies (Scherer et al., 2017). In 
short, it refers to the didactic knowledge of the content to the knowledge 
required by teachers to integrate technology in their teaching in any con-
tent area (Cabero, Marín & Castaño, 2015, p.15).

A study that analyzes the academic results obtained in a standardized 
test of secondary education and the possible relationship between the sco-
res obtained with the process of ICT integration by teachers would expand 
the knowledge about adopting ICTs in education.

In Spain and Latin America, ICT integration has been the center of 
many research projects from different Universities and Congresses, such as 
the article “Validación de la aplicación del modelo TPACK para la forma-
ción del profesorado en TIC5” by Spaniards Julio Cabero, Verónica Marín 
and Carlos Castaño, as well as the theoretical and statistical validation 
that determines the feasibility of applying the TPACK model to teacher 
training in different areas of knowledge. An investigation carried out in 
the autonomous community of Andalusia revealed that when technology 
was properly implemented in the teaching methodology of an experimen-
tal group of students, compared with a control group to which a traditio-
nal methodology was applied, the mean results obtained at the end of the 

5 “Review of the application of the TPACK model in ICT teacher training”.
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teaching period –as collected in questionnaires regarding the knowledge 
acquired– increased significantly in the experimental group, both in moti-
vation and in academic performance (Huertas & Pantoja, 2016).

Other studies such as Cuartas & Quintero (2014), combined the CTS 
approach with the TPACK model, is capable of generating a learning sce-
nario in which there is a complete pedagogical, technological and content 
training that allows educating students who face a world which constant-
ly undergoing technological changes. This is reflected in the Colombian 
project TIT@ educación digital para todos6 developed in Cali, as well as in a 
proposal from Colombian teachers Medina & Parra (2017), which, after 
identifying the lack of critical thinking skills in the students of the ins-
titution in the area of Social Studies, showed that the application of the 
TPACK model increased the critical and participatory capacity of students, 
improving both teaching and learning processes in the classroom.

The inclusion of the TPACK model in the different academic scenarios 
around the world, and the extraordinary results it has shown in the face 
of the evolution of pedagogy and the new ways of teaching that techno-
logy offers, has a direct impact on what and how students of this century 
learn. The use of technological tools allows the knowledge taught in the 
classroom to be assimilated more quickly and efficiently. It also allows the 
teacher to reflect on their practice and include new strategies that improve 
student learning. As Molina Bernal states, virtual environments are a di-
fferent opportunity for class management and are an essential strategy for 
teaching; above all, they contribute to developing and improving collabo-
rative work and rescue significant learning (Molina, 2016, p.25).

Unfortunately, the TPACK model study about the impact it has on 
improving education is nil in Colombia. However, the implementation of 
different ICT integration policies in the educational field and the creation 
of accreditation systems have shown an interest in the country to improve 
the teaching-learning processes.

To know the effectiveness of the improvement processes applied in the 
Colombian educational field, the Colombian Institute for the Promotion 

6 TITA@ digital education for all.
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of Higher Education (ICFES) –today, the Colombian Institute for the 
Evaluation of Education– was created in 1968. For this purpose, ICFES 
created the standardized academic tests, called Saber and Saber Pro Tests, 
which are applied in the first years of study –3rd, fifth and 9th grades– and 
at the end of secondary education, in the 11th grade. This article focuses 
on the Saber 11 Tests applied to students from the last grade of secondary 
education, which aims to verify the degree of development of competen-
cies, provide elements for student self-assessment, and provide educational 
institutions with information about the competences of higher education 
candidates.

From the results obtained in existing research about the impact of te-
chnology on education, the generation of autonomous knowledge by stu-
dents, improved social skills from contact with other communities, and 
the strengthening of visual content analysis can be positively highlighted. 
There are also negative results, such as the distraction and self-absorption 
of students due to the abuse of ICTs (Morrissey, 2008; Palacio Puerta & 
Cabrera Peña, 2017; Pradilla, Belloso, & Barboza, 2017). However, a de-
tailed study on how ICTs affect, directly or indirectly, the Saber 11 tests 
have not been conducted so far. Dávila (2012), within the framework of 
the study of higher education in Colombia, first approached the issue by 
pondering over the incidence of ICTs in the Saber Protests results in nur-
sing. Likewise, Vence-Pájaro promoted and established an ICT teaching 
method that allows improving the Saber 11 tests integrating it into the 
program Todas a Aprender. Although these two references in Colombia 
stand out, the first case does not review secondary education, while the 
second does not execute a specific study of how ICTs affect the results of 
the referred tests quantitatively.

Thus, research on the impact of using ICTs in teaching-learning pro-
cesses based on the results of the Saber 11 tests for the year 2016 is ti-
mely. It is necessary to limit the research within a regional framework, 
identifying the incidence of ICTs, in the first instance, in the processes of 
the 4831 schools, both public and private, in Cundinamarca and Bogotá. 
It is necessary to have a transparent perspective model when facing the 
study method. The TPACK model provides an analysis perspective where 
contents, pedagogy, and technology are related to each other according 
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to the teacher’s activities by integrating ICTs in the teaching-learning 
processes.

On the other hand, the results of the standard tests applied in 2016 in 
Cundinamarca and Bogotá take different directions. Thus, the research 
question is posed: What impact do ICTs have on improving the results of 
standard tests in the department of Cundinamarca and Bogotá? Conside-
ring this, other questions arise:

• What is the status quo of the ICT integration process in the various 
institutions of secondary education in Colombia? 

• What are the factors of the TPACK model that directly affect the 
results of the Saber tests?

The general objective of this research is to analyze the incidence of 
ICTs in the improvement of the Saber 11 tests applied in 2016 in the de-
partment of Cundinamarca and Bogotá, using the TPACK model as an 
analysis perspective. To achieve this general objective, the following speci-
fic objectives are proposed:

• Design and apply measuring instruments with specific variables to 
evaluate the ICT integration process in secondary education insti-
tutions in Cundinamarca;

• Identify relevant factors in the integration of ICTs using the 
TPACK reference model;

• Determine the relationship between the ICT integration process 
and the results of the Saber tests.

Methodology

Analysis unit and population 
The year 2016 was determined for the study period because it is the 

most recently updated database, while the total population was defined as 
2845 schools that teach the 11th grade in the region of Bogotá and Cundi-
namarca, Colombia. The total population of institutions was reduced given 
that those who did not have grades 9, 10, and 11 were not included, and 



40

IMPORTANCE OF ICT IN THE TEACHING-LEARNING PROCESS: 
MIDDLE AND HIGHER EDUCATION STUDIES

some institutions that were definitively or temporarily closed. The sample 
was finally comprised of 157 schools, which collaborated with the research 
providing information necessary to carry out the quantitative analysis.

Data collection.

The measuring instrument for the research was made based on an 
adaptation of Cabero et al. (2015). Annex 1 shows the questionnaire used 
to collect the information. The instrument was developed with the help 
of the Google Form software tool, which allowed it to be interactive and 
straightforward as it was disseminated by email. This software also made 
it possible for it to reach many people surveyed, both in rural and urban 
areas.

The information collected provided primary data on the teachers of 
the institutions, such as mastery of the content in their specific work area, 
knowledge of technology and ability to be updated on these issues, diffe-
rent pedagogical techniques used, and their ability to integrate three com-
ponents of the TPACK model in the classroom.

To collect the information from the institutions, the databases provided 
by ICFES and the Ministry of Education were used. Among the variables 
consulted are the institution’s socio-economic level and that of the student 
body, its technological equipment, the global score obtained in the Saber 
11 test for 2016, the number of teachers, the number of students enrolled, 
among others.

The instrument’s first massive shipment was made from the schools’ 
database provided by the ICFES of the year 2016. As shown in Figure 1, 
there is a decrease in the response rate in the last month because the insti-
tutions go on vacation.

After obtaining the corrected emails in the second phase of mass mai-
lings, all mailings were sent again, managing to increase the response rate. 
However, the amount was still insufficient concerning the minimum number 
of expected responses. Therefore, other methods of approaching institutions 
were used: 239 calls and visits were made to 103 schools in Cundinamarca’s 
municipalities, thus achieving an increase in the response rate.
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In conclusion, the following graph summarizes the number of respon-
ses achieved, highlighting the increase that phase two had in the number 
of responses stands out. 

On May 14, 2019, phase II was over, and the collection of information, 
leaving the instruments closed for online respondents.

Figure 2.1. Comparison of the survey response rate between phase I and phase II. 
there is an increase in responses that differs by 175 from the first to the second phase 
–43 and 218, respectively (406% increase). In the case of teachers, the record of 633 
new responses is also shown: in the first phase, there were 163, while in the second, 
there were 796 (257% increase).

Techniques and variables
Lineal regression.

Multiple studies use production functions to measure the impact of 
various factors on academic performance (Koshal, Koshal & Gupta, 2001; 
Longlong, Fengliang & Weifang, 2009; Melo, Ramos & Hernández, 
2017). These models use production or cost functions to estimate efficiency 
measures. In this case, the model used starts with applying an explanatory 
model that allows analyzing the determining factors that affect the results 
obtained in the Saber 11 tests applied by the ICFES in Colombia. The 
applied model is a linear regression, as shown:

yi = µ+ β Xi, + εi
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Where µ represents the average interception; X, the explanatory varia-
bles; and ε, the random disturbance.

Using this model, it is assumed that heterogeneity is collected only by 
the constant term and that the β coefficients are constant for the diffe-
rent schools, allowing to assume that similar technologies are used. In this 
case, the dependent variable Y represents the average score obtained by the 
school in the Saber 11 tests of the year 2016 called “Average of Punt_Glo-
bal”, and as explanatory variables (X) the rest shown in Table 2.1.

Table 2.1
Description of the variables and sources of information

Name Example Description Source

Name of the 
institution

Example: INEM 
FRANCISCO 
DE PAULA 
SANTANDER.

Name of the 
headquarters where 
the teacher works.

Ministry of 
Education
https://sineb.
mineducacion.
gov.co/bcol/app

DANE Code Example: 
317380000942

DANE Code of the 
Institution. It was 
used as the unit of 
analysis identifier.

Ministry of 
Education
https://sineb.
mineducacion.
gov.co/bcol/app

Average of 
Punt_Global

Example: 252,37 Average total score 
obtained by the 
institution evaluated.

ICFES data base 
2016.

Average 
of Fami_
Estratovivienda

Example: 2 Average 
socioeconomic status 
of the residence of the 
institution’s students.

ICFES data base 
2016.Values:  6

1
2
3
4

TPACK Example: 4 The ability of the 
teaching staff 
to incorporate 
pedagogy, technology 
and content into 
classrooms is valued.

Structured 
questionnaire for 
teachers.Values: 5

1
2
3
4
5
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Name Example Description Source

Total teachers Example: 120 Number of teachers 
working in the 
institution

ICFES data base 
2016.

Total 
equipments

Example: 50 Indicates the 
capacity of the 
school’s technological 
infrastructure.

ICFES data base 
2016.

Sector Num Example: NOT 
government

Nature of the 
educational institution 
(which can be public 
or private).

ICFES data base 
2016.

Values: 2
NOT government 
= 0
government = 1

The descriptive statistics of the quantitative variables are shown in table 
2.2.

Table 2.2
Descriptive statistics of the variables

Variable Maximum 
value

Minimun 
value Average Deviatión

Average of Punt_Global 375,98 200,78 283,14 32,65

Average of Fami_
Estratovivienda

5,70 0,00 2,42 0,98

TPACK 5,00 1,50 3,79 0,63

Total teachers 187 0 41,90 34,39

Total equipments 796 0 154,74 154,68

Sector Num 1 0 0,5 0,50

Note: Total equipment variable presents the most dispersion since its deviation (154,68) 
is very close to the average (154,74). This indicates that technological resources vary 
greatly from one institution to another. The next deviation close to its average is 
presented by the variable Total teachers. It is therefore inferred that the teaching staff 
changes according to the institution. To a lesser extent, the variables Average of Punt_
Global, TPACK and Sector Num show dispersion, although the differences between 
institutions are not as significant.
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ANOVA.

The Analysis of Variance technique (ANOVA) is one of the most used 
techniques in data analysis in experimental designs. It is used when the 
means of more than two groups need to be contrasted, so it can be seen 
as an extension of the t-test for differences of two means. Basically, it is a 
study that allows dividing the variance of the dependent variable into two 
or more components, each of which can be attributed to an identifiable 
source (variable or factor) (Tamayo, 2000).

In this investigation, the ANOVA technique was used to observe the 
relationship between the different variables that were used for the linear 
regression and the socio-economic status of the establishment –main-
ly to check if the means of the variables “Average of Punt_Global” and 
“TPACK” vary according to the socio-economic level of the establishment. 
Likewise, the trend of the components of the TPACK model, separated 
in pairs and individually, in relation to the average of the socio-economic 
status of the institution. 

Results

Linear regression and ANOVA
For the statistical treatment, the SPSS software was used, and the fo-

llowing results were obtained:

Table 2.3
Model summary

R R2 Adjusted R2 Standard error

0,865 0,749 0,740 16,9040

Note: the model, with all the variables and data obtained from the investigation, offers 
a good adjustment when explaining the Average dependent variable of Punt_Global, 
reaching an adjusted R2 of 0,740.

Table 2.4 shows the independent variables that are relevant and sig-
nificant to explain the behavior of the independent variable obtained in 
2016.
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Table 2.4
Model coefficients

Coefficients
Non-standardized 

coefficients
Standardized 

coefficients
t Sig.

B Dev. Error Beta
Constant 236,845 11,081 21,375 0,000
Average of Fami_
Estratovivienda

21,940 1,953 0,660 11,236 0,000

TPACK -1,283 2,520 -0,022 -0,509 0,612
Total teachers 0,147 0,047 0,152 3,108 0,002
Total equipments 0,003 0,012 0,013 0,249 0,804
Num Sector -16,857 4,276 -0,255 -3,942 0,000

Note: the significant variables are: Average of Fami_Stratovivienda, Total Teachers and 
Sector Num. Of these variables, the most relevant when explaining the variation in the 
results obtained in the Average variable of Punt_Global are the Average of Fami_
Estratovivienda and Sector Num.

Thus, an increase of one unit in the Average of Fami_Estratovivienda 
variable would increase the results of the Average of Punt_Global varia-
ble by 0.660 units. Similarly, a growth in a unit in Sector Num would 
cause a decrease of 0.255 units of the dependent variable. This is because 
the Sector variable is divided between Non-government represented with 
the value 0 and Government represented with the value 1. Therefore, the 
model indicates that a government school would have a lower result in the 
state tests. In the case of the Total Teachers variable, it positively affects 
the dependent variable, so an increase of one unit in this variable would 
increase the Average of Punt_Global by 0.152 units.

The TPACK and Total Equipment variables affect the dependent va-
riable to a lesser extent, although its contribution is not significant.

To observe the behavior of the dependent variable, a selection variable 
was used that limits the analysis to a subset of cases that have a particular 
value. In this case, the Sector selection variable was used, with the Gover-
nment and Non-government values. Table 2.5 shows the model informa-
tion with the Non-government Sector selection variable, the model offers a 



46

IMPORTANCE OF ICT IN THE TEACHING-LEARNING PROCESS: 
MIDDLE AND HIGHER EDUCATION STUDIES

good fit, although not as good as the previous general model. It is possible 
to explain the model with an adjusted R2 of 0,640. 

Table 2.5
Summary of the model with the Non-government 

Sector selection variable

R
R2 Adjusted R2 Standard errorNUM SECTOR = 0 

(Selected)
NUM SECTOR = 0 

(Selected)

0,812 0,575 0,659 0,640 17,8753

Table 2.6 shows the independent variables that are relevant and signi-
ficant to explain the behavior of the score obtained in 2016.

Table 2.6
Model coefficients with the Non-government Sector selection variable

Coefficients
Non-standardized 

Coefficients
Standardized 
Coefficients t Sig.

B Desv. Error Beta
Constant 228,489 17,184 13,297 0,000
Average 
of Fami_
Estratovivienda

20,311 2,447 0,615 8,301 0,000

TPACK 0,278 4,037 0,005 0,069 0,945
Total teachers 0,276 0,126 0,276 2,183 0,032
Total 
equipments

0,028 0,041 0,087 0,685 0,496

Note: the variables Average of Fami_Stratovivienda and Total Teachers are significant.

The variable that has more relevance explaining the variation in the re-
sults in the Average  of Punt_Global variable, is the Average of Fami_Es-
tratovivienda.

Also, an increase of one unit in the Fami_Estratovivienda Average va-
riable would increase the results of the Punt_Global Average variable by 
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0.615 units. To a lesser extent, the Total Teachers variable affects the de-
pendent variable, as this variable increases by one unit, it would increase 
the results of the Average Punt_Global variable by 0.276. The TPACK and 
Total Equipment variables affect the dependent variable to a lesser extent, 
although their participation is not significant.

The results obtained from the model are shown below using the Gover-
nment Sector variable as the selection variable. Table 2.7 shows the model 
information:

Table 2.7
Summary of the model with the selection variable 

Government Sector

R
R2 Adjusted R2 Standard 

errorNUM SECTOR = 1
(Selected)

NUM SECTOR = 1 
(Unselected)

0,693 0,749 0,481 0,451 14,4923

Note: the model offers the worst adjustment compared to the regressions seen above, 
even though it is possible to achieve an adjusted R2 of 0,451.

Table 2.8
Model coefficients with the Government 

Sector selection variable

Coefficients
Non-standardized 

coefficients
Standardized 
coefficients t Sig.

B Dev. Error Beta

Constant 222,910 10,816 20,609 0,000

Average of Fami_
Stratovivienda

23,122 3,235 0,678 7,148 0,000

TPACK -0,496 2,948 -0,015 -0,168 0,867

Total teachers 0,038 0,050 0,074 0,758 0,451

Total equipment -0,008 0,011 -0,071 -0,785 0,435

Note: The table shows the independent variables that are relevant and significant to 
explain the behavior of the average of Punt_Global.
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As can be seen in Table 2.8, the significant variable is the Fami_Es-
tratovivienda mean, which coincides with the previous regressions. In the 
same way, an increase of one unit in the Fami_Estratovivienda mean would 
increase the results of the Punt_Global mean variable by 0,678 units. The 
variables TPACK, Total teachers and Total equipments are less relevant 
in the independent variable, but their participation does not contribute to 
explaining the behavior of the independent variable.

However, in this case, the B coefficient of the Total equipment varia-
ble has negative values, which suggests that increasing it would decrea-
se the Punt_Global mean. The model would indicate that government 
or state schools with a better technological infrastructure would obtain 
lower results in the Saber 11 tests than institutions without this resource. 
Compared to the previous regression, the models would denote that, un-
like government schools, non-government institutions that have a good 
technological infrastructure will obtain better results than non-govern-
ment schools that do not and, compared to the general regression, than 
government schools.

A comparison between the three previous regressions would indicate 
that, for both government and non-government institutions, the family’s 
socio-economic sector directly affects the average score that students will 
obtain. Similarly, in the general regression and in the regression with the 
government sector variable, the TPACK variable has negative values in the 
non-standardized B coefficient. This would suggest that institutions whose 
teachers have greater capacity for integrating pedagogy, content, and tech-
nology obtain inferior results in the Saber 11 tests. To understand the re-
sult presented by the non-standardized coefficient, different ANOVA tests 
represented in graphs were generated with the results obtained from the 
teacher survey which evaluated their knowledge about TPACK and their 
competences to apply it in the classroom, as well as the average socio-eco-
nomic status of the establishment.
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Figure 2.2. Comparative histogram. TPACK and the Estu_NSE_Establishment 
average variables. The average of the TPACK variable tends to increase along 
with the socio-economic status of the establishment. However, the TPACK score of 
status 1 correlates with status 3 and 4. Contrary to expectations, status 1 does not 
follow the same trend as the others: for example, status 2 starts with a low score that 
then increases. In addition, it is observed that the number of records of status 1 is 
significantly smaller compared to the records of the other status.

A mean difference graph (ANOVA test), presented below, helped 
to understand the behavior of the different variables that make up the 
TPACK separated in pairs, and the TPACK as a model in relation to the 
socio-economic status. It was developed in order to explain the trend pre-
sented by status 1.
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Figure 2.3. Average of TPACK and Average of Punt_Global with Average of Estu_
NSE_Establishment. The behavior of the socio-economic status 1 with respect to the 
average obtained by the TPACK is higher than status 2 and similar to status 3 and 
4. This does not match the trend of the other status nor the average scores obtained 
in the Saber 11 tests from institutions with a higher status but with a similar TPACK 
score. 

As can be analyzed from graph 2.3B, the overall score obtained by the 
institutions in 2016 increases with the socio-economic level of the institu-
tion, which coincides with the result obtained from the general regression, 
where an increase in the socio-economic status also improves the results 
obtained in the overall score. However, this does not correspond to the 
trend of the histogram and graph 2.3A, where the socio-economic status 
does not follow the same inclination.

From the survey carried out, an average score was obtained by the tea-
chers of the institutions on their knowledge about the different compo-
nents of the TPACK. The graphs of means that compared the components 
of the TPACK and their interaction with the socio-economic status were 
developed in order to explain the behavior of the socio-economic status 
versus the results of the TPACK. Below are the graphs of means between 
the socio-economic status of the establishment and the content, pedagogy, 
and technology individually. 
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Figure 2.4. Average of TPACK components by Average of Estu_NSE_Establishment. 
When observing the three graphs that compare the three components of the TPACK 
with the socio-economic status of the institutions, the same behavior from the 
histogram and the graphs of previous average is observed, since the results of the 
teachers’ competences on content, pedagogy and technology increase with the socio-
economic status of the institution. However, status 1 has a high result compared to the 
behavior of the other status. Even so, it is not consistent with the results in the average 
global score, since status 1 has the lowest average. 

To obtain a clearer view of the behavior of the socio-economic status 
variable of the institution, graphs of the TPACK components separated by 
pairs were made, as shown in graph 2.5 where the pedagogy and content 
are compared with the socio-economic status of the establishment.
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Figure 2.5. Average of TPACK components grouped in pairs and Average of Estu_
NSE_Establishment. The behavior presented by status 1 is similar to the previous 
graphs. However, the ability of teachers to integrate pedagogy and content is not 
consistent with the scores obtained in the Saber 11 tests. It is expected that, when the 
ability of a teacher to incorporate content and pedagogy in the classroom is better, it 
positively influences the results of the average score in the tests by students. 

However, graphs 2.5B and 2.5C, where technology and content, tech-
nology and pedagogy are compared with the socio-economic status, it can 
be seen that the tendency to increase along with the status is preserved. 
Likewise, the relationship between the status and the score in the Saber 11 
tests corresponds to the results of the ability of the teaching staff to inte-
grate the TPACK components.

Consequently, based on the results obtained in the means graphs and, 
in particular, the histogram, it was inferred that the behavior demonstrated 
by status 1 does not follow a logical trend because it behaves similarly to 
status 3 and 4. Despite this, the results obtained in the Saber 11 tests are 
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the lowest compared to the other status. Because of this, the records in 
the database were reviewed which allowed acknowledging that there were 
only three records belonging to status 1. Therefore, they were considered 
isolated results, without the strong enough information to represent the 
entirety of status 1.

Accordingly, those corresponding to status 1 were excluded from the 
registers and a regression and new ANOVA tests were performed again, 
in order to establish a more accurate view of the relationship between the 
TPACK model and the results of the Saber 11 tests. 

Table 2.9
Model summary (without status 1)

R R2 Adjusted R2 Standard error
0,846 0,716 0,708 17,5337

Note: the model offers a good fit when explaining the behavior of the dependent 
variable, reaching an R2 of 0,708. This result is very similar to the one obtained in 
the first regression.

Table 2.10
Model coefficients (without status one)

Coefficients

Non-standarized 
coefficients

Standarized 
coefficients t Sig.

B Desv. 
Error Beta

Constant 213,983 9,761 21,922 0,000
Average of Fami_
Estratovivienda

26,468 1,566 0,806 16,900 0,000

TPACK 0,882 2,576 0,016 0,343 0,732
Total teachers 0,115 0,049 0,122 2,363 0,019
Total equipments -0,016 0,011 -0,076 -1,476 0,142

Note: this are the variables that explain the behavior of the independent variable.

The information presented in Table 2.10 reaffirms the positive relations-
hip between the TPACK and the result of the average global score found 
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in the previous regressions, however, its contribution is not significant. The 
variables of Fami_Estratovivienda and Total teachers are the most rele-
vant, as in the previous regressions. Of these variables, the one that has the 
greatest significance is the Fami_Estratovivienda average, since increasing 
this variable in one unit would increase the overall score by 0,806 units, 
this being the highest value achieved from the previous regressions.

To a lesser extent, the Total teacher’s variable turns out to be outs-
tanding when explaining the behavior of the independent variable, since 
increasing this variable by one unit would increase the global score by 
0,122 units. With this, the positive influence of a good infrastructure in 
the teaching staff on the results of the Saber 11 tests is confirmed. Howe-
ver, the Total equipment variable continues to have a negative value in 
its non-standardized B coefficient, which would indicate that schools that 
have a better technological infrastructure would obtain lower results in the 
Saber 11 tests.

Table 2.11 shows the summary of the model achieved by discarding 
the records of the institutions of status 1, using the Sector as the selection 
variable once again.

Table 2.11. 
Summary of the model with the selection variable Government Sector 

(without status 1)

R
R2 Adjusted R2 Standard 

errorNUM SECTOR = 1
(Selected)

NUM SECTOR= 1
(Unselected)

0,685 0,741 0,469 0,437 13,7349

Note: the model offers a bad adjustment compared to the other models when explaining 
the dependent variable, as it reaches an adjusted R2 of 0,437.

This result is like the obtained in Table 2.7, also using the Government 
Sector selection variable, which is not significantly different from the ori-
ginal model. The following table shows the independent variables that are 
significant to explain the behavior of the Average of Punt_Global:
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Table 2.12
Model coefficients with the Government Sector selection variable 

(without status one)

Coefficients
Non-standarized 

coefficients
Standarized 
coefficients t Sig.

B Dev. Error Beta

Constant 223,494 10,329 21,638 0,000

Average of Fami_
Estratovivienda 21,630 3,139 0,667 6,890 0,000

TPACK 0,619 2,822 0,021 0,219 0,827

Total teachers 0,028 0,048 0,058 0,580 0,564

Total equipments -0,011 0,010 -0,104 -1,129 0,263

Note: the significant variable is the Fami_Estratovivienda Average, as well as the 
regressions presented above

Table 2.12 reaffirms that students belonging to institutions of higher 
status will obtain better results in the Saber 11 tests. However, the signifi-
cant difference between the previously presented models is the value of the 
standardized Beta coefficient when taking a positive value, as it shows that 
the TPACK is positively related to the results obtained in the Average of 
Punt_Global. According to this, in the institutions that have a better-tra-
ined teaching staff in the integration of ICTs to classrooms, students will 
obtain better results in the Saber tests than those from institutions that do 
not have them. Likewise, teachers with better skills to include the TPACK 
model into their teaching methods are in institutions of high socio-econo-
mic status.

However, the statement only applies to the government sector, so it 
was necessary to perform a regression again using the Non-Government 
Sector as the selection variable. In order to corroborate the results achie-
ved with the government sector or if, on the contrary, the non-govern-
ment sector behaves completely differently. Table 2.13 shows the model 
summary.
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Table 2.13
Summary of the model with the selection variable Sector 

Non-government (without status 1)

R
R2 Adjusted R2 Standard errorNUM SECTOR = 0

(Selected)
NUM SECTOR = 0

(Unselected)

0,812 0,542 0,659 0,640 17,8753

Note: the model presents a good adjustment to explain the behavior of the dependent 
variable, similar to the regression made previously with the same Non-government 
Sector selection variable, reaching an R2 of 0,640.

The relevant variables to explain the behavior of the global score are 
presented in table 2.14.

Table 2.14
Model coefficients with the Non-government Sector selection variable 

(without status 1)

Coefficients
Non-standarized 

coefficients
Standarized 
coefficients t Sig.

B Desv. Error Beta
Constant 228,489 17,184 13,297 0,000
Average of Fami-
Estratovivienda

20,311 2,447 0,615 8,301 0,000

TPACK 0,278 4,037 0,005 0,069 0,945

Total teachers 0,276 0,126 0,276 2,183 0,032
Total equipments 0,028 0,041 0,087 0,685 0,496

Note: the variables Fami_Estratovivienda and Total teachers turn out to be significant 
to explain the behavior of the score. Of these variables, the most significant is the 
Fami_Estratovivienda average, since increasing it by one unit would increase the 
results of the Punt_Global average variable by 0,615 units.

To a lesser extent, the Total teachers variable turns out to be signifi-
cant, since increasing it by one unit would increase the average of the Saber 
11 tests by 0,276 units. As in the previous models, the model indicates that 
the institutions that have a better infrastructure in the teaching staff will 
have better results in the overall score.
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Likewise, ANOVA tests were carried out again to determine, with 
greater clarity, the relationship that exists between the different compo-
nents of the TPACK and the model in general with the socio-economic 
status of the institution, without taking into account the isolated cases of 
status 1. They were executed in order to make a comparison with the re-
sults obtained in the previous graphs and to corroborate the positive rela-
tionship between the factors that compose it, the TPACK as a whole and 
the Saber 11 tests. 

Figure 2.6. Average of TPACK and Average of Punt_Global with Average of Estu_
NSE_Establishment. In contrast to Figure 2.4, it is observed that, when removing 
status 1, all socio-economic status follows the same tendency to increase the TPACK 
variables and the Average of Punt_Global as the status increases.

As can be seen in the previous graphs, the average of the TPACK com-
petencies of the teachers evaluated in the survey and the average of the 
overall score increase as the socio-economic level of the establishment in-
creases. According to this, the institutions of the upper status, in which 
teachers have a better ability to apply the TPACK model in their class-
rooms, will obtain better results than those that do not.

ANOVA tests allowed comparing the ability of teachers to integrate 
TPACK components in pairs and the socio-economic level of the esta-
blishment. The behavior of the variables can be observed in the following 
graphs: 
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Figure 2.7. Average of TPACK components and average of Estu_NSE_Establishment. 
The variables Technology and Pedagogy, Pedagogy and Content, and Technology 
and Content tend to increase as the socio-economic status increases, which is 
consistent with what is contemplated in Figure 2.7, where the TPACK and the global 
average score also increase with the growth of the status. The above reaffirms the 
foregoing in which the institutions that have teachers better trained in the integration 
between technology, pedagogy, and content achieve better results in the Saber 11 
tests. According to the graphs, these institutions are from high status.

Finally, an ANOVA test was performed with the individual compo-
nents of the TPACK and the socio-economic status:
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Figure 2.8. Average of TPACK components grouped in pairs and Average of Estu_
NSE_Establishment. The tendency of the variables to increase as the status increases 
is maintained. This confirms that the isolated cases of status 1 were skewing the 
sample and negatively affecting the influence of TPACK.

Finally, it is observed in all the graphs that both the capacity of the tea-
ching staff to work and implement the TPACK model, as well as its com-
ponents separated in pairs or individually, increases as the socio-economic 
status of the establishment increases, maintaining a positive relationship 
with the scores obtained in the Saber 11 tests of the institutions. Likewise, 
the number of teachers that the institution has and their ability to integrate 
TPACK in the classroom increases with the socio-economic status of the 
institution, as well as the Average of Punt_global.

Discussion
The study carried out corroborates the results obtained in previous stu-

dies, verifying that a school with a low-income student population will 
have lower state test results. In this sense, as stated by Celemín & Flórez 
(2018), the students’ socio-economic status has a decisive influence on the 
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students’ results in the Saber 11 tests. In addition to the above, this study 
allows us to conclude that, depending on the institution’s condition to 
which the students belong, whether public or private, the results obtained 
will be different. Thus, a government school tends to have lower results 
than a private one.

Likewise, the negative relationship between the Total equipment va-
riable and the average global score found in the linear regression of the Go-
vernment Sector selection variable stands out, which allows us to deduce 
that the government institutions with better technological infrastructure 
will obtain lower results the Saber 11 tests. A possible cause of this result, 
as stated by different authors (Morrissey, 2008; Palacio Puerta & Cabrera 
Peña, 2017; Pradilla et al., 2017), maybe the adverse effects of misuse of 
ICTs in the classroom, such as student distraction and self-absorption.

Finally, given the study results, it is observed that the current integra-
tion of technology, pedagogy, and content from the staff are not relevant 
inputs when explaining the test results of Saber 11. This leads to raising the 
hypothesis, for further studies, that there is a lack of training of teachers 
to make a correct articulation between technology, pedagogy, and content, 
which would improve the learning process of the skills necessary to obtain 
a good result in standardized tests.
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Annex 1
Questionnaire used to collect the information

SURVEY ON PEDAGOGICAL AND TECHNOLOGICAL 
COMPETENCES IN CLASSROOM 

Based on Cabero, J., Marín, V., & Castaño, C. (2015). 
* Required

1. Email address

2. Name of the Institution where you work (all in capital letters) *

3. Municipality in which the Institution is located *

4. Gender *

5. Type of contract

6. Current age *

7. Years of experience as a teacher *

8. Years working in the current Institution *

9. At what educational level do you teach your subjects? *

10. Have you implemented mobile applications during the class? If   
so, what applications have you used? *
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11. Do you consider that the use of mobile applications in the   
 classroom helps you in the teaching process? *

12. Mark only one oval.

 Yes

 No

 I have not considered

12. What is your main area of   teaching? * Mark only one oval.

 Mathematics

 Language

 Humanities / Social Sciences / Philosophy

 Natural Sciences (Physics, Chemistry and Biology)

 English / Foreign Language

13. I have enough knowledge about my area * Mark only one oval.

14. I apply a thinking model that is consistent with my area * Mark only  
 one oval.

 

15. I have various methods and strategies to develop my knowledge in  
 my area* Mark only one oval.

 

EXCELLENT

1       2       3       4       5

POOR

STRONGLY AGREEVERY DISAGREE

1       2       3       4       5

STRONGLY AGREEVERY DISAGREE

1       2       3       4       5
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STRONGLY AGREEVERY DISAGREE

1       2       3       4       5

2.  Pedagogical knowledge of the content

16.  I can effectively select pedagogical approaches to guide student   
 thinking and learning in my area* Mark only one oval.

3.  Technological knowledge of the content

17.  I know what technologies to apply to understand and develop   
 content about my area * Mark only one oval.

4.  Technological-pedagogical knowledge of the content

18.  The content of my classes articulates the pedagogical technologies   
 and approaches * Mark only one oval.

19. I select technologies that improve the content that I teach in the   
 classroom* Mark only one oval.

20. I guide other people to use content, technologies and pedagogical   
 approaches in my educational institution * Mark only one oval.

STRONGLY AGREEVERY DISAGREE

1       2       3       4       5

STRONGLY AGREEVERY DISAGREE

1       2       3       4       5

STRONGLY AGREEVERY DISAGREE

1       2       3       4       5

STRONGLY AGREEVERY DISAGREE

1       2       3       4       5
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21. I select technologies that improve the way I impart content in the   
 classroom * Mark only one oval.

If you teach another area, please request another questionnaire

5. Technological knowledge

22. I easily solve technology problems in the classroom * Mark only one oval.

23. I easily assimilate technological knowledge * Mark only one oval.

24. I keep up to date with new technologies * Mark only one oval.

25. I often use and test technology tools in the classroom * Mark only   
 one oval.

26. I know different kinds of technologies * Mark only one oval.

STRONGLY AGREEVERY DISAGREE

1       2       3       4       5

ALWAYSNEVER

1       2       3       4       5

STRONGLY AGREEVERY DISAGREE

1       2       3       4       5

ALWAYSNEVER

1       2       3       4       5

ALWAYSNEVER

1       2       3       4       5

ALWAYSNEVER

1       2       3       4       5
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27. I have the technical knowledge to use technology efficiently * Mark  
 only one oval.

28. I can work with different technological devices and applications *   
 Mark only one oval.

6.  Pedagogical knowledge

29. I know how to evaluate the performance of students in the class  
 room * Mark only one oval.

30. I adapt my pedagogical approach to what the students always as  
 similate * Mark only one oval.

31. I adapt my pedagogical method to students with different learning  
 structures * Mark only one oval.

32. I know several ways to assess student learning * Mark only one oval.

STRONGLY AGREEVERY DISAGREE

1       2       3       4       5

ALWAYSNEVER

1       2       3       4       5

STRONGLY AGREEVERY DISAGREE

1       2       3       4       5

ALWAYSNEVER

1       2       3       4       5

ALWAYSNEVER

1       2       3       4       5

ALWAYSNEVER

1       2       3       4       5
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33. I apply a wide variety of pedagogical strategies in the classroom *   
 Mark only one oval.

34. I am aware of the most common successes and mistakes of stu  
 dents in relation to understanding the content * Mark only one oval.

35. I organize and maintain an active dynamic in the classroom *   
 Mark only one oval.

7.  Technological-pedagogical knowledge

36. I select technologies that improve the pedagogical strategies that I  
 apply in the classroom * Mark only one oval.

37. I select technologies that improve student learning in the    
 classroom * Mark only one oval.

38. I reflect on the influence of technology on the pedagogical   
 strategies that I use in the classroom * Mark only one oval.

ALWAYSNEVER

1       2       3       4       5

ALWAYSNEVER

1       2       3       4       5

ALWAYSNEVER

1       2       3       4       5

ALWAYSNEVER

1       2       3       4       5

ALWAYSNEVER

1       2       3       4       5

ALWAYSNEVER

1       2       3       4       5
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39. I take a critical stance on how to use technology in the classroom *  
 Mark only one oval.

40. I can adapt the technologies that I am learning to different   
 pedagogical activities * Mark only one oval.

Powered by

ALWAYSNEVER

1       2       3       4       5

STRONGLY AGREEVERY DISAGREE

1       2       3       4       5




