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ABSTRACT 
Aim/Purpose This study aimed at recognizing and analyzing the trends of  ICT use (hardware, 

software, and digital educational resources) by higher education professors in the 
Antioquia region (Colombia), and characterizing this population according to their 
context.  

Background The inexorable growth of  ICT and the convergence of  networks have produced 
great changes in human culture, and particularly in the educational environment. 
As a result, the development of  appropriate technological competencies and the 
study of  the trends of  ICT use to meet this requirement become necessary.  
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Methodology The study follows a quantitative approach, with a non-experimental and correla-
tional design. The sample consisted of  97 professors from different universities of  
the Antioquia region (Colombia), age between 21 and 60 years old, selected in a 
non-aleatory way, to fill in an online survey.  

Contribution A contribution is the identification and characterizing of  an active population in 
higher education and the trends in use of  digital resources in the classroom from 
the professors’ perception that allows recognizing the pedagogical potential of  
these resources to enrich the process of  social and educational appropriation of  
ICT in higher education institutions (HEI).   

Findings  Findings show the level of  use (low and high) of  ICT (hardware, software, and 
digital educational resources) by university professors, identifying those that still 
maintain a predominant use (e.g., desktop PC); those that are innovative (e.g., lap-
top, smartphone), and those that appear with low frequency (e.g., apps, digital 
blackboard, clickers). These results show some factors that may influence the de-
velopment of  these trends, such as technological infrastructure, HEI support, 
teachers’ training, the accessibility and availability of  resources, and preference for 
digital open resources.   

Recommendations  
for Practitioners 

According to the results, universities should provide technological resources and 
suitable connectivity necessary for educational innovation to professors. Besides, it 
is suggested to strengthen the pedagogical use of  ICT by training according to the 
trends of  use and professors’ competency levels.    

Recommendations  
for Researchers  

This study made evident professors’ great preference of  using storage, display, and 
sound devices, among them the desktop PC and the laptop continue being the key 
tools to boost the educational process, in contrast to the low use of  tools to detect 
plagiarism, social networks, and apps to boost activities with emergent technolo-
gies. Considering the potential and richness these tools may offer in the educa-
tional processes, it should be interesting to carry out studies on factors or motiva-
tions that influence the little inclination to use them. 

Impact on Society The analysis of  the trends of  ICT use from the perspective of  university profes-
sors about hardware, software, and digital educational resources may suggest 
greater attention to the permanent training to take advantage of  the pedagogical 
and technological potential of  these tools.  

Future Research This study allows thinking of  other ways and lines of  research that are the base to 
develop future proposals exploring the reality of  new generations of  professors. It 
also could be the base to carry out comparative studies in other regional contexts, 
which permit to compare, contrast and enrich professors’ diversity. On the other 
hand, this research also shows the importance of  carrying out mixed studies that 
offer a greater level of  comprehension, analysis, and reflection about the target 
population and the trends of  use of  ICT. 

Keywords hardware, software, digital educational resources, higher education institutions, 
ICT  

INTRODUCTION 
In most countries, education systems face the challenge of  using Information and Communication 
Technologies (ICT) and, at the same time, assuming the evolution of  these to offer tools and 
knowledge necessary for the 21st century to the community (Scott, 2015). Thus, collaborative efforts 
have been carried out among international organisms (Instituto Nacional de Tecnologías Educativas 
y de Formación del Profesorado [INTEF], 2017; International Society for Technology in Education 
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[ISTE], 2009; Organisation for Economic Co-operation and Development [OECD], 2019b) to inter-
vene, systematize, and apply necessary actions to assess, use, and improve ICT suitably. As a result, 
there are proposals of  standards and indicators about technological knowledge, abilities, and compe-
tencies that students, professors, and directives/managers of  educative institutions should meet (Fer-
rari et al., 2014; Ministerio de Educación Nacional [M.E.N.], 2013). As a consequence, it is expected 
that the use of  ICT strengthens the competencies needed by professors to get the optimal develop-
ment of  their pedagogical practice (Aydin et al., 2019; Somekh, 2008). This implies the analysis of  
trends of  ICT use to recognize the pedagogical potential of  ICT supporting and enriching the educa-
tional dynamics (Silber-Varod et al., 2019). 

Some studies about ICT (Amhag et al., 2019; Duță & Martínez-Rivera, 2015; Melo et al., 2018; 
Mirete, 2016; M. T. Padilla et al., 2016; Tapia et al., 2017; Voogt & Roblin, 2012) show the relevance 
and necessity to continue carrying out works on the use of  digital tools by professors, and the subse-
quent needs of  digital competencies in higher education. Cabero (2014), Cobo (2011), and Coll 
(2013) have developed relevant work lines on educational technologies and professors’ development 
concerning the use of  these technologies that have steady dynamics. Ungar and Baruch (2016) claim 
that professors have a fundamental role in training and teaching based on ICT. Considering that ICT 
tools are used in many ways and are continually changing, it is necessary to study, develop, and dis-
cuss the use of  digital tools in education. In the face of  this, professors’ role in ICT-based training 
and teaching is fundamental (Amhag et al., 2019; Bradshaw & Howard, 2019). Maksimović and 
Dimić (2016), Avalos (2011), and Sánchez-García et al. (2015) agree in that innovative solutions are 
required to be applied in professors professional development with the use of  ICT, so it is very im-
portant to consider the role of  the professors and professors-student relations, in the face of  the 
complex changes of  these relations. In the same way, Kluzer & Pujol Priego (2018), Tapia et al. 
(2017), Salinas (2004) and Engen (2019) state that the use of  ICT by professors requires an in-depth 
study of  how technologies are used in a strategic, innovative, and purposeful way, so that teaching 
processes have real changes beneficial for learning. 

In this sense, the development of  suitable technological competencies is necessary to deal with an 
increasingly diverse, complex, and demanding context in a proper way (Cabero, 2014; Falcó & 
Minguell, 2016; Salinas, 2004). Thus, Higher Education Institutions (HEI) should implement the 
learning with technology to generate additional educational values (Dabbagh et al., 2019; Fischer et 
al., 2015; Torres et al., 2018), having in mind that integrating ICT in the institutions fosters a new 
learning culture (OECD, 2019a; Prendes, 2011; Vázquez-Cano & Sevillano-García, 2015; Zhao et al., 
2016). At the same time, concepts involving not only physical and logical aspects, but also cognitive 
and social ones, based on technical and cultural developments of  trends, are being developed, such as 
internet (Castells, 2005), web (Grande et al., 2016), e-learning (Alshwaier et al., 2012; Njenga & 
Fourie, 2010), self-education (Kruchinin et al., 2018; Panadero, 2017), mobile technology (Rossing et 
al., 2012), and emergent technologies (Adell & Castañeda, 2012; Almeida & Simoes, 2019; Barroso-
Osuna et al., 2019; Prinsloo & Van Deventer, 2017). 

This research aims at recognizing the trends of  ICT use in a university context in the region of  An-
tioquia (Colombia), showing the characterization of  the professor population and the identification 
of  the use of  technological tools in their academic activity. In the study, three a-priori categories are 
considered – Hardware, Software, and Digital Educational Resources (DER) – which are grouped in 
sub-categories associated with characteristics of  use and functioning within the digital devices to fa-
cilitate their study and answer the research question. This paper shows results from a descriptive, cor-
relational, and factorial analysis, validating the categories of  the instrument applied to the target pop-
ulation of  the study. 
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REVIEW OF THE LITERATURE 

ICT  USE IN HIGHER EDUCATION 
To study the integration of  ICT to the university context, the framework of  competencies, abilities, 
and attitudes considered by the M.E.N. (2013) is adopted. It incorporates pedagogical and technolog-
ical practices that provide a formative approach. These also help to consolidate the value of  perma-
nent, multidisciplinary, and long-life learning. In this regard, it is considered that the training of  the 
educator should be oriented towards the generation of  reflections on processes aimed at promoting 
the pedagogical use of  tools, resources, programs, services, and environments characterized by the 
appropriate use of  technology, and to produce processes of  pedagogical innovation (Cobo, 2011; Iri-
arte et al., 2017). 

The impact and trend of  ICT in higher education to identify and improve the professor competen-
cies have been a topic of  multiple research at international level (Carpenter et al., 2019; Dorfsmani, 
2015; Eshet -Alkalai, & Soffer, 2012; Voogt & Roblin, 2012) and in Colombia (M.E.N., 2013; J. E. 
Padilla et al., 2014; Rodríguez et al., 2014). They have defined guidelines to deal with the worry about 
ICT competencies as a complex process that depends on political, academic, social, and individual 
factors. In this process professors play an important role. However, this study focuses on identifying 
the trends of  ICT use of  professors in university classrooms.  

As regards to this, Qasem and Viswanathappa (2016) and Mahdum et al. (2019) state that the use and 
appropriation of  ICT in classrooms represent complex processes. They do not only depend on the 
quality of  the infrastructure and provision or the access to resources, but also on the interest and ap-
propriation of  professors to use them pedagogically to improve their classroom work, and thus to 
obtain students’ significant learning (Anaya et al. 2012; Morffe, 2010; Salinas, 2004). This requires the 
development of  detailed studies that give an account of  the context reality. Hence, the instrument 
used in this study included the characterization of  the target population and the identification of  
trends of  use grouped in three categories: hardware, software, and DER. 

HARDWARE   
This category deals with the identification of  hardware tools according to their characteristics and 
functions, such as touch devices and devices of  storing, audio, and video (Gallego, 2019; Ward, 
2011). The touch devices, recognized as recent technologies and adopted in educational contexts 
(Becker et al., 2017), include: 

● Digital boards, which allow interacting with digital contents during a projection, making it 
easy the handling of  educational resources (Marcelo et al., 2016; Ramos & Abad, 2016), and 
clickers, small devices that sends answers to a single receptor. Both devices make possible 
students’ improvement, motivation, and participation in the classroom (Camacho-Miñano & 
Del Campo, 2016).  

● Wearables, tablets, and smartphones, as supporting devices in the classroom, permit boosting 
professor-learning processes (Robles et al., 2012, 2019; Vázquez-Cano & Sevillano-García, 
2015). They offer a high variety of  interactions with academic environments enabling the 
learning, collaboration, and interchange of  ideas among those involved (Abascal & Moriyon 
2002; Al-Emran et al., 2016). HEIs are in a change of  paradigm from a model of  transfer-
ence of  knowledge to an active and self-directed collaborative model. The portability of  
these devices favor student independent study (Majeed & Ali, 2018; Mang & Wardley, 2019). 

The second group includes: 

● USB memory, which permits storing of  information in a portable way and access without 
the need of  connecting to the web. This is an advantage, particularly in those HEI that face 
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problems of  access to the internet due to different factors such as infrastructure or geo-
graphical location (Sánchez, 2015); 

● Video projectors and speakers for presenting visual material in the classroom, strengthening 
the interaction with contents developed in the class. Devices in this group are considered as 
basic and/or traditional tools in a university classroom because they permit the direct con-
nection with multimedia contents (Alvarado et al. 2013; Carvajal et al., 2018); 

● Desktop PC, considered as one of  the essential and pertinent tools to develop the professor 
pedagogical practice (Georgina & Hosford, 2009; Noriega et al., 2014); 

● Laptops (Bautista et al. 2013; Kay & Lauricella, 2016; Sáez-López et al., 2019);  
● Mobile devices (Crompton & Burke, 2018; Loague et al., 2018). 

SOFTWARE 
This category includes software tools proposed by authors such as Watson et al. (2015) who have or-
ganized them in sub-categories according to their functionality. Mirete (2016) states that according to 
the design of  educational situations, the variety of  software offers possibilities to generate new and 
diverse learning experiences. Nevertheless, it must be borne in mind that professors, in the educa-
tional activity, are becoming learning facilitators and students are playing a more active role in the 
construction of  their knowledge (Peeraer & Van Petegem, 2011). This feature leaves behind the 
merely informative function that some professors assume, and which is not as effective as more ac-
tive methods (Prendes, 2011). 

Recently, most HEIs have an essential infrastructure as a digital technological base (Tok & Sora, 
2013) where software has become an indispensable element to improve learning processes (Peeraer & 
Van Petegem, 2011). This implies an integrating vision of  ICT with educational strategies, contents, 
activities, and curriculum in general (Stensaker et al., 2007). 

Some sub-categories have been identified in this category. One of  them, tools to organize the 
agenda, which facilitate teamwork between professors and students. Another is software to create in-
teractive presentations. Although little is known about the professors’ experience regarding such crea-
tions, some authors have identified the professors’ work from the tools and preferences of  these ap-
plications in their pedagogical acts (Burke et al., 2009; Gupta, 2011; Hein, 2014). Another sub-cate-
gory considered refers to tools for: 

● creating and editing videos, 
● sharing, managing, and creating information, 
● editing images, 
● creating digital material such as stories, comics, books, or magazines.  

The production of  content by using these tools represents a significant advance in the generation of  
digital content by professors. This means greater university commitment and dedication providing 
tools that facilitate this work (Berenguer & Molina, 2016). 

Another group of  sub-categories involves tools or apps for: 

● creating mind maps and computer graphics,  
● boosting videoconferences,  
● boosting activities and exercises with gamification,  
● strengthening exercises with augmented reality,  
● detecting plagiarism.  

This last group of  tools highlights digital competencies related to the production of  digital contents 
and learning environments that place the professor at an innovative level (M.E.N., 2013). In this way, 
the way to active learning and the intensification of  competencies for the students is widened (Tru-
jillo, 2014). 
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DIGITAL EDUCATIONAL RESOURCES 
This category includes Digital Educational Resources (DER), considered as flexible, usable, and 
granular digital materials in diverse formats with a pedagogical intention. They facilitate the achieve-
ment of  learning objectives and adapt to the needs, particularities, and interests of  actors involved in 
the educational activity (Iriarte et al., 2015; Kluzer & Pujol Priego, 2018; M.E.N., 2012; Zapata, 
2012). These DER have been grouped by Gallego (2019) according to their characteristic and func-
tionality, such as:   

● Digital repositories: involves virtual image database, virtual space with a database of  strate-
gies, resources, and digital walls.  

● Multimedia resources, Wiki, and LMS: include blogs, video, interactive virtual platforms, and 
social networks. 

According to Abella-García et al. (2019), Al-Azawei (2019), Sáez-López et al. (2019), Astorga et al., 
(2017) and Manca & Ranieri (2017), the DER:  

● facilitate the development of  pedagogical activities,  
● favor and reinforce learning and competencies, and enable their assessment,  
● foster content comprehension,  
● promote self-learning, teamwork, participation, attention, and critical attitudes, 
● offer the possibility to share and interact with others to generate networks.  

RESEARCH QUESTION 
This study aimed to answer the question: 

What is the trend of  use of  hardware, software, and Digital Educational Resources by higher 
education professors in the Antioquia region (Colombia)? 

METHOD 
The study has a quantitative approach, with a non-experimental design that allows observing and an-
alyzing the phenomena of  the study in the way they occur without any modification or manipulation, 
and co-relational because it aims at identifying the degree of  association of  the different variables 
and categories linked to the research (Hernández et al., 2014). The next sections describe the sample 
and identify details of  the instrument used.  

CONTEXT AND SAMPLE 
The socio-demographic characteristics of  the participating professors in the Antioquia region (Co-
lombian Andean region) are presented below. 

● Ninety-seven professors participated, of  whom 32 were women (34 per cent) and 65 were 
men (66 per cent).  

● Forty-two per cent of  the teachers were aged between 31 and 40, while 33% were aged be-
tween 41 and 50.  

● In relation to the area of  knowledge that the participants guide, 30% are in areas related to 
Economics, Administration, and Accounting, followed by Social and Human Sciences with 
24%.  

● In addition, years of  dedication to university teaching were identified, with 6 to 10 years cor-
responding to 27%, followed by 16 to 20 years with 18%.  

The sample was selected in a non-random way. The participants signed an informed consent form to 
participate in the study. In order to carry out the validity of  the scales through factor analysis, crite-
rion 8:1 was considered, that is, to have at least eight participants per item, as recommended by some 
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authors (Bishop, 2008; Kline, 2011; Thorndike, 1995) and applied by some studies (Bentler & Chou, 
1987; Costello & Osborne, 2005; Saunders & Huynh, 1980; Yurdugul, 2008).  

INSTRUMENT 
Participant professors answered an online questionnaire based on the one designed by Astorga and 
Ricardo (2014) and adapted from the M.E.N. (2013). It has been adjusted for use in this study. The 
questionnaire is divided into three categories whose response options are of  the Likert type and 
range from 1 to 5 (1=Never; 2=Seldom; 3= Sometimes; 4= Often; and 5=Always). These questions 
allow us to measure university professors’ level of  appropriation of  different ICT. One of  the cate-
gories of  the instrument (called Hardware) consists of  13 sub-categories; the second one (Software), 
of  17 sub-categories, and the third (Digital Educational Devices-DER), of  8 sub-categories. 

STATISTICAL ANALYSIS 
First, basic descriptive statistics were calculated. Similarly, the corresponding tables are presented to 
analyze the distributional behavior of  the data collected. Then, the correlation matrix of  the sub-cat-
egories of  the instrument was constructed to analyze the level of  association among them. As we 
have an instrument with ordinal Likert scales, the analyses developed were carried out with poly-
choric correlation matrixes (Domínguez, 2014; Freiberg et al., 2013; Lloret-Segura et al., 2014).  

Subsequently, an exploratory factorial analysis was applied to find the factors in which the sub-cate-
gories are grouped. To do that, we first tested the underlying basic assumptions (Bartlett’s sphericity 
and KMO test). It is important to mention that the Varimax rotation was used to find the factorial 
structure. Finally, the Cronbach alpha and Omega McDonalds were used for the internal consistency 
of  the survey items (Campo-Arias & Oviedo, 2008; Cortina, 1993; McDonald, 1999; Trizano-Her-
mosilla, & Alvarado, 2016; Ventura-León & Caycho-Rodríguez, 2017; Yang & Green, 2011).  

SOFTWARE 
The program R 3.5., in particular, the packages (1) likert, version 1.3.5 (Bryer & Speerschnei-
der, 2016), for the Analysis and Visualization of  Likert items; (2) psych, version 1.8.12 (Revelle, 2018),  
for the estimation of  internal consistency statistics, and (3) polycor, version 0.7-10 (Fox, 2019) for the 
calculation of  polychoric matrixes were used.  

RESULTS 

DESCRIPTIVE STATISTICS 

Descriptive statistics of  the Hardware category 
Table 1 shows the percentage distribution of  response levels in the Hardware category. The first col-
umn of  the Table corresponds to sub-categories and the code used in the program R; the next col-
umn shows cumulative response rates. 

The sub-categories with the higher cumulate percentage of  response “often” or “always” are, in or-
der, Laptop (Frec.TIC.P10.2, 86.60%), Desktop PC (Frec.TIC.P10.1, 76.29%), and Smartphone 
(Frec.TIC.P10.9, 76.29%). On the other hand, the sub-categories with higher cumulate percentage of  
response “never” or “seldom” are, in order, Clickers (Frec.TIC.P10.12, 82,47%), Smartwatch 
(Frec.TIC.P10.10, 74,23%), and Digital board (Frec.TIC.P10.8, 74,23%). It is worth noting that the 
sub-category “computer room” refers to a space organized with hardware mainly for the develop-
ment of  lessons. These spaces are assigned previously to classes developing practical activities. As a 
consequence, results show that a higher percentage of  response corresponds to “sometimes” with 
32%. 
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Table 1. Percentage distribution of  response levels in the Hardware category  

Sub-categories Percentage (%) 

Name Code Never Seldom Sometimes Often Always 

1. Desktop PC Frec.TIC.P10.1 7,22 8,25 8,25 10,31 65,98 

2. Laptop Frec.TIC.P10.2 2,06 0,00 11,34 41,24 45,36 

3. Video projector Frec.TIC.P10.3 3,09 2,06 23,71 35,05 36,08 

7. Tablet/Ipad  Frec.TIC.P10.7 23,71 20,62 26,80 20,62 8,25 

8. Digital board Frec.TIC.P10.8 51,55 22,68 18,56 5,15 2,06 

9. Smartphone Frec.TIC.P10.9 6,19 8,25 9,28 21,65 54,64 

10. Smartwatch Frec.TIC.P10.10 64,95 9,28 12,37 8,25 5,15 

11. Computer room Frec.TIC.P10.11 16,49 20,62 32,99 20,62 9,28 

12. Clickers Frec.TIC.P10.12 69,07 13,40 13,40 4,12 0,00 

13. Photographic and 
video Camera Frec.TIC.P10.13 31,96 20,62 22,68 20,62 4,12 

14. Laser pointer for 
presentations Frec.TIC.P10.14 35,05 18,56 16,49 18,56 11,34 

15. USB memory Frec.TIC.P10.15 4,12 10,31 16,49 30,93 38,14 

16. Speakers Frec.TIC.P10.16 9,28 7,22 35,05 35,05 13,40 

 

Descriptive statistics of  the Software category 
Table 2 shows the percentage distribution of  response levels in the Software category. The first col-
umn of  the Table corresponds to sub-categories and the code used in the program R; the next col-
umn shows cumulative response rates. 

Table 2. Percentage distribution of  response levels in the Software category 

Sub-categories Percentage (%) 

Name Code Never Seldom Sometimes Often Always 

4. Web browser Frec.TIC.P10.4 1,03 0,00 2,06 30,93 65,98 

5. E-mail Frec.TIC.P10.5 1,03 0,00 1,03 17,53 80,41 

6. Instant messaging/chat Frec.TIC.P10.6 4,12 2,06 16,49 28,87 48,45 

17. Discussion forums Frec.TIC.P10.17 8,25 14,43 43,30 20,62 13,40 

18. Tools for organizing 
agenda (e.g., Google Calendar, 
Doodle) 

Frec.TIC.P10.18 7,22 5,15 19,59 28,87 39,18 

19. Tools for creating interac-
tive presentations (e.g., Socra-
tive, Mentimeter, Prezi, Wix) 

Frec.TIC.P10.19 24,74 16,49 26,80 18,56 13,40 
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Sub-categories Percentage (%) 

20. Tools for creating and ed-
iting videos (e.g., GoAnimate, 
Powtoon, Movie Maker) 

Frec.TIC.P10.20 26,80 26,80 31,96 10,31 4,12 

21. Tools for sharing, manag-
ing, and creating information 
(e.g., Google Drive, Dropbox) 

Frec.TIC.P10.21 2,06 4,12 21,65 37,11 35,05 

22. Tools for editing images 
(e.g., PicMonkey) Frec.TIC.P10.22 32,99 19,59 36,08 7,22 4,12 

23. Tools for creating digital 
material such as stories, com-
ics, books or magazines (e.g., 
Calameo, issuu, flipsnack, Sto-
rybird) 

Frec.TIC.P10.23 49,48 18,56 21,65 8,25 2,06 

24. Tools for creating 
mind/idea maps (e.g., Mind-
meister, Mindomo, 
BUBBL.US) 

Frec.TIC.P10.24 34,02 18,56 22,68 16,49 8,25 

25. Tools for creating com-
puter graphics (e.g., Canva, 
Piktochart, Easelly, Genially) 

Frec.TIC.P10.25 45,36 13,40 29,90 9,28 2,06 

26. Tools for boosting vide-
oconferences (e.g., Google 
Hangouts, Skype) 

Frec.TIC.P10.26 14,43 11,34 42,27 19,59 12,37 

27. App for boosting activi-
ties/exercises with Gamifica-
tion (e.g., Classdojo, Mine-
craft) 

Frec.TIC.P10.27 57,73 17,53 17,53 5,15 2,06 

28. App for boosting activi-
ties/exercises with Robotics 
(e.g., Scratch, Bee-bot) 

Frec.TIC.P10.28 74,23 15,46 7,22 2,06 1,03 

29. App for boosting activi-
ties/exercises with Aug-
mented Reality (e.g., Quiver, 
AR Flashcards Animal Alpha-
bet) 

Frec.TIC.P10.29 78,35 14,43 6,19 1,03 0,00 

30. Tools for detecting plagia-
rism (e.g., Turnitin) Frec.TIC.P10.30 20,62 10,31 29,90 23,71 15,46 

 

The sub-categories with higher cumulate percentage of  response “often” or “always” are, in order, 
E-mail (Frec.TIC.P10.5, 97,94%), Internet browser (Frec.TIC.P10.4, 96,91%), and Instant messag-
ing/chat (Frec.TIC.P10.6, 77,32%). On the other hand, the sub-categories with the higher cumulate 
percentage of  response “never” or “seldom” are, in order, App for boosting activities/exercises with 
Augmented Reality (Frec.TIC.P10.29, 92,78%), App for boosting activities/exercises with Robotics 
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(Frec.TIC.P10.28, 75,26%), and Tools for creating digital material such as stories, comics, books or 
magazines (Frec.TIC.P10.23, 68,04%). 

Descriptive statistics of  the DER category 
Table 3 shows the percentage distribution of  response levels in the Digital Educational Resources 
category. The first column of  the Table corresponds to sub-categories and the code used in the pro-
gram R; the next column shows cumulative response rates. 

Table 3. Percentage distribution of  response levels in the DER category 

Sub-categories Percentage (%) 

Name Code Never Seldom Sometimes Often Always 

1. Video (e.g., youtube, educa-
tube.es) Frec.RED.P11.1 1,03 4,12 23,71 41,24 29,90 

2. Virtual image database (e.g., 
Pinterest, Freepik). Frec.RED.P11.2 16,49 13,40 29,90 27,84 12,37 

3. Interactive virtual platform 
(e.g., Webquest, Edmodo, Edu-
caplay, Geogebra, Quizizz, 
Jclic, Kahoot!)  

Frec.RED.P11.3 28,87 16,49 25,77 13,40 15,46 

4. Wikis (e.g., Wikia) Frec.RED.P11.4 37,11 17,53 25,77 13,40   6,19 

5. Social networks (e.g., Insta-
gram, Twitter, Facebook) Frec.RED.P11.5 19,59 16,49 25,77 21,65 16,49 

6. Blogs (e.g., WordPress) Frec.RED.P11.6 34,02 24,74 18,56 13,40   9,28 

7. Virtual space with database 
of  strategies, resources, and 
others (e.g., REDEI, au-
laPlaneta) 

Frec.RED.P11.7 46,39 17,53 16,49 13,40   6,19 

8. Digital walls (e.g., Padlet, Mu-
rally, Lino, Symbaloo) Frec.RED.P11.8 62,89 15,46 12,37   5,15   4,12 

The sub-categories with the higher cumulate percentage of  response “often” or “always” are, in or-
der, Video (Frec.RED.P11.1, 71,14%), Virtual image database (Frec.RED.P11.2, 40,21%), and Social 
networks (Frec.RED.P11.5, 38,14%). On the other hand, the sub-categories with the higher cumulate 
percentage of  response “never” or “seldom” are, in order, Digital walls (Frec.RED.P11.8, 78,35%), 
Virtual space with a database of  strategies, resources, and others (Frec.RED.P11.7, 63,92%), Blogs 
(Frec.RED.P11.6, 58,76%). 

CORRELATIONS BETWEEN CATEGORIES  
As there were ordinal polychoric responses in the sub-categories, the correspondent matrixes were 
calculated. In the figures, the squares representing very low correlations fade out as the value ap-
proaches zero. The results for each category are presented below. 

Correlations between Hardware sub-categories 
Figure 1 shows the correlations between the sub-categories of  the Hardware category and the heat 
map for them. The sub-categories Desktop PC (Frec.TIC.P10.1), Laptop (Frec.TIC.P10.2), 
Smartphone (Frec.TIC.P10.9), Computer room (Frec.TIC.P10.11), Photo and video camera 
(Frec.TIC.P10.13), and Laser pointer for presentations (Frec.TIC.P10.14) have very low (less than 
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0.3) polychoric correlations between them and between the others. For this reason, only the results 
related to the rest of  the sub-categories are presented. The corresponding correlation matrix and the 
respective heat map are shown below. 

 

Figure 1. Heat map of  polychoric correlation matrix between Hardware sub-categories 

In Figure 1, we can observe that the sub-categories that have positive correlations (greater than 0) are 
grouped into two factors.  

The first corresponds to touch and/or wireless devices, made up of  the sub-categories Tablet/Ipad 
(Frec.TIC.P10.7), Digital board (Frec.TIC.P10.8), Smartwatch (Frec.TIC.P10.10), and Clickers 
(Frec.TIC.P10.12). The second group, identified as storage, display and sound devices, includes Video 
projector (Frec.TIC.P10.3), USB memory (Frec.TIC.P10.15), and Speakers (Frec.TIC.P10.16). Ac-
cording to the percentage distribution shown in Table 1, the sub-categories of  the first group can be 
identified as those that are little used by professors, and the ones of  the second group are those fre-
quently used. 

Correlations between Software sub-categories 
Figure 2 shows the correlations between the sub-categories of  the Software category and the heat 
map for them. For the factorial analysis, the “Tools for detecting plagiarism” sub-category 
(Frec.TIC.P10.30) was not taken into account since its correlation with the others is small (less than 
0.30). 

In this case, it can be observed that the sub-categories of  this instrument can be grouped into three 
factors. The first factor, called Tool for creating and editing educational materials would be made up 
of  Tools for creating and editing videos (Frec.TIC.P10.20), Tools for editing images 
(Frec.TIC.P10.22),  Tools for creating digital material such as stories, comics, books or magazines 
(Frec.TIC.P10.23), Tools for creating computer graphics (Frec.TIC.P10.25), App to boost activi-
ties/exercises with Gamification (Frec.TIC.P10.27), App to boost activities/exercises with Robotics 
(Frec.TIC.P10.28), and App to boost activities/exercises with Augmented Reality (Frec.TIC.P10.29). 
The second factor, understood as Interaction, messaging and network storage tools, is made up of  
Internet browser (Frec.TIC.P10.4), E-mail (Frec.TIC.P10.5), Instant messaging/chat 
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(Frec.TIC.P10.6), Tools for organizing the agenda (Frec.TIC.P10.18), and Tools for sharing, manag-
ing and creating information (Frec.TIC.P10.21). The third one, conceived as Tools for the organiza-
tion, presentations, and collaborative work, is made up of  the sub-categories Discussion forums 
(Frec.TIC.P10.17), Tools for creating interactive presentations (Frec.TIC.P10.19), tools for creating 
mind/ideas maps (Frec.TIC.P10.24), and Tools for boosting videoconferences (Frec.TIC.P10.26). 
Considering the percentage distribution described in Table 2, the sub-categories of  the first factor 
can be identified as those that are little used by professors, and the ones of  the second factor are 
those frequently used.  There is no strong correlation between the sub-category Tools for detecting 
plagiarism (Frec.TIC.P10.30).  

 
Figure 2. Heat map of  the matrix of  polychoric correlations between Software sub-catego-

ries. 

Correlations between DER sub-categories 
Figure 3 shows the correlations between the sub-categories of  the DER category and the corre-
sponding heat map for them. The Social networks sub-category (Frec.TIC.P11.5) is identified as one 
of  the sub-categories that were not considered given the low correlations with others.  
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Figure 3. Heat map of  the matrix of  polychoric correlations between DER sub-categories.  

In Figure 3 it can be observed two factors that group the seven sub-categories of  this instrument 
whose correlations within each group are positive (greater than 0). The first one, called Digital repos-
itory, would be made up of  Blogs(Frec.TIC.P11.6), Virtual spaces with strategy and resource bank, 
and others (Frec.TIC.P11.7), and Digital walls (Frec.TIC.P11.8);  and the second one, called Multime-
dia resources, Wiki and LMS, is made up of  Video (Frec.TIC.P11.1), Virtual image 
bank(Frec.TIC.P11.2), Interactive virtual platform (Frec.TIC.P11.3), and Wikis (Frec.TIC.P11.4). 
From the percentage distribution described in Table 3, it is mentioned that the sub-categories that are 
part of  both factors are identified as those little used by the professor; except for the video that is the 
most used.  

FACTORIAL ANALYSIS 
As there are three categories with ordinal Likert scales, the analysis developed was carried out with 
polychoric correlation matrixes. Considering that the two basic assumptions (Bartlett’s Sphericity test 
and significance of  KMO) are always fulfilled, it can be concluded that there is a sufficient level of  
multicollinearity between the corresponding sub-categories and the analysis can be carried out for 
each scale. To determine the factorial models, the varimax rotation was applied.  The factorial anal-
yses performed for each category are detailed below. 

Factorial structure for the set of  Hardware sub-categories  
It was found that seven sub-categories of  the Hardware category can be grouped into the two factors 
shown in Table 4. 
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Table 4. Factorial analysis of  Hardware sub-categories 

Factors Sub-categories Factor 1 Factor 2 Communalities 

Factor 1 – Touch and Wireless 
devices 

Frec.TIC.P10.7 0.42 0.29 0.26 

Frec.TIC.P10.8 0.67 -0.24 0.50 

Frec.TIC.P10.10 0.78 0.02 0.61 

Frec.TIC.P10.12 0.69 0.00 0.47 

Factor 2 – Storage, display and 
sound devices 

Frec.TIC.P10.3 0.03 0.63 0.40 

Frec.TIC.P10.15 -0.03 0.48 0.23 

Frec.TIC.P10.16 -0.01 0.67 0.45 

          

Percentage of  Variance explained 24% 17% Total= 41% 

 

Table 4 shows that Factor 1 (Touch and Wireless devices) explains 24% of  the variance, and the sub-
categories of  the instrument Tablet/Ipad (Frec.TIC.P10.7), Digital board (Frec.TIC.P10.8), Smart-
watch (Frec.TIC.P10.10), and Clickers (Frec.TIC.P10.12) are part of  this factor. Factor 2 (Storage, 
display and sound devices) includes the sub-categories of  the scale Video projector (Frec.TIC.P10.3), 
USB memory (Frec.TIC.P10.15), and Speakers (Frec.TIC.P10.16), and it explains 17% of  the vari-
ance. In total, the percentage of  variance explained by the two factors is 41%. As mentioned above, 
the sub-categories Desktop PC (Frec.TIC.P10.1), Laptop (Frec.TIC.P10.2), Smartphone 
(Frec.TIC.P10.9), Computer room (Frec.TIC.P10.11), Photographic and video camera 
(Frec.TIC.P10.13), and Laser pointer for presentations.TIC.P10.14) showed very low correlations be-
tween them and the others. For this reason, they do not appear in this factorial structure. These re-
sults correspond to those found through polychoric matrixes (see Figure 1). 

Factorial structure for the set of  Software sub-categories  
It was found that the 17 sub-categories of  the Software category can be grouped into the three fac-
tors shown in Table 5. 

Table 5 shows that Factor 1(Tools for creating educational materials) explains 24% of  the variance, 
and the sub-categories of  the instrument: Tools for creating and editing videos (Frec.TIC.P10.20), 
Tools for editing images (Frec.TIC.P10.22), Tools for creating digital material such as stories, comics, 
books or magazines (Frec.TIC.P10.23), Tools for creating computer graphics (Frec.TIC.P10.25), App 
to boost activities/exercises with Gamification (Frec.TIC.P10.27), App to boost activities/exercises 
with Robotics (Frec.TIC.P10.28), and App to boost activities/exercises with Augmented Reality 
(Frec.TIC.P10.29) are part of  this factor. Factor 2 (Tools for interaction, messaging and network stor-
age) includes the sub-categories of  the scale, Internet browser (Frec.TIC.P10.4), E-mail 
(Frec.TIC.P10.5), Instant messaging/chat (Frec.TIC.P10.6), Tools for organizing the agenda 
(Frec.TIC.P10.18), and Tools for sharing, managing and creating information (Frec.TIC.P10.21), and 
explains 14% of  the variance. Factor 3 (Tools for organization, presentation and collaborative work) 
explains 13% of  variance and includes the sub-categories Discussion forums (Frec.TIC.P10.17), 
Tools for creating interactive presentations (Frec.TIC.P10.19), Tools for creating mind/ideas maps 
(Frec.TIC.P10.24), and Tools for boosting videoconferences (Frec.TIC.P10.26). In total, the percent-
age of  variance explained by the three factors is 51%. As mentioned above, the sub-category Tool for 
detecting plagiarism (Frec.TIC.P10.30) shows a very low correlation with the others. For this reason, 
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it does not appear in this factorial model. These results correspond to those found through poly-
choric matrixes (see Figure 2). 

Table 5. Factorial analysis of  Software sub-categories 

Factors Sub-categories Factor 1 Factor 2 Factor 3 Communalities 

Factor 1 – Tools for creating 
educational materials 

Frec.TIC.P10.20 0,61 0,04 0,33 0,481 

Frec.TIC.P10.22 0,70 0,03 0,21 0,533 

Frec.TIC.P10.23 0,85 -0,06 0,23 0,787 

Frec.TIC.P10.25 0,76 -0,10 0,27 0,661 

Frec.TIC.P10.27 0,83 -0,05 -0,02 0,689 

Frec.TIC.P10.28 0,78 -0,06 0,04 0,61 

Frec.TIC.P10.29 0,59 -0,11 0,00 0,359 

Factor 2 – Tools for interac-
tion, messaging and network 

storage 

Frec.TIC.P10.4 -0,08 0,80 0,09 0,656 

Frec.TIC.P10.5 -0,16 0,68 0,02 0,482 

Frec.TIC.P10.6 -0,16 0,68 0,19 0,526 

Frec.TIC.P10.18 -0,07 0,49 0,39 0,391 

Frec.TIC.P10.21 0,22 0,60 0,32 0,516 

 

Factor 3 – Tools for organi-
zation, presentation and col-

laborative work 

Frec.TIC.P10.17 -0,06 0,32 0,62 0,493 

Frec.TIC.P10.19 0,15 0,24 0,53 0,362 

Frec.TIC.P10.24 0,36 -0,09 0,77 0,727 

Frec.TIC.P10.26 0,17 0,16 0,61 0,432 

Percentage of  Variance explained 24% 14% 13% Total= 51% 

Factorial structure for the set of  DER sub-categories 
For the seven sub-categories considered in the DER category, a final 2-factor factorial model was 
found, as indicated in Table 6.  

Table 6. Factorial analysis of  DER sub-categories 

Factors Sub-categories Factor 1 Factor 2 Communalities 

Factor 1 – Digital repositories 

Frec.RED.P11.6 0,49 0,35 0,43 

Frec.RED.P11.7 0,94 0,04 0,89 

Frec.RED.P11.8 0,79 -0,11 0,60 

Factor 2 – Multimedia re-
sources, Wiki and LMS 

Frec.RED.P11.1 -0,27 0,68 0,46 

Frec.RED.P11.2 0,11 0,67 0,49 

Frec.RED.P11.3 0,19 0,58 0,42 

Frec.RED.P11.4 0,34 0,37 0,30 

Percentage of  Variance explained 29% 22% Total= 51% 



Trends in Using ICT Resources by Professors in HEIs 

410 

RELIABILITY ANALYSIS 
Internal consistency was analyzed using Cronbach’s Alpha (α) and Mc Donald’s Omega (ω). The re-
sults are summarized in Table 7. 

Table 7. Validation of  the instrument categories by Cronbach’s Alpha (α)  
and Mc Donald’s Omega (ω).  

Categories Factors Sub-categories α ω 
global 

α  
global 

ω  

Hardware 

Touch and Wireless 
devices 

Frec.TIC.P10.7, 
Frec.TIC.P10.8, 
Frec.TIC.P10.10, 
Frec.TIC.P10.12 

0.72 0.73 

0.61 0.62 

Storage, display and 
sound devices 

Frec.TIC.P10.3, 
Frec.TIC.P10.15, 
Frec.TIC.P10.16 

0.62 0.62 

Software 

Tools for creating ed-
ucational materials 

Frec.TIC.P10.20, 
Frec.TIC.P10.22, 
Frec.TIC.P10.23, 
Frec.TIC.P10.25, 
Frec.TIC.P10.27, 
Frec.TIC.P10.28, 
Frec.TIC.P10.29 

0.80 0.82 

0.80 0.82 
Tools for interaction, 
messaging and net-

work storage 

Frec.TIC.P10.4, 
Frec.TIC.P10.5, 
Frec.TIC.P10.6, 
Frec.TIC.P10.18, 
Frec.TIC.P10.21  

0.81 0.81 

Tools for organiza-
tion, presentation and 

collaborative work 

Frec.TIC.P10.17, 
Frec.TIC.P10.19, 
Frec.TIC.P10.24, 
Frec.TIC.P10.26 

0.75 0.76 

DER 

Digital repositories 
Frec.RED.P11.6, 
Frec.RED.P11.7, 
Frec.RED.P11.8 

0.79 0.81 

0.74 0.75 
Multimedia resources, 

Wiki and LMS 

Frec.RED.P11.1, 
Frec.RED.P11.2, 
Frec.RED.P11.3, 
Frec.RED.P11.4 

0.68 0.68 

 

It was found that globally Cronbach’s Alpha (α) and Mc Donald’s Omega (ω) have values greater than 
0.6, highlighting the indices corresponding to the Software category, where these values are greater 
than 0.80. The consistency indices for the subscales (factors) also have similar behavior. In general, 
the values found are within the range allowed by the scientific community (to be greater than 0.6).  
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DISCUSSION 
The fundamental findings of  this study focused on showing the trends of  ICT use by professors, in-
cluding relevant elements within the framework of  these trends due to their relevance in the peda-
gogical implications of  ICT use in university education scenarios.        

From this perspective, in the hardware category there is a trend to greater use of  a laptop (86.6%) 
and desktop PC (76.29%), which is consistent with similar findings in other studies such as those by 
Bautista et al. (2013), Kay and Lauricella (2016), Loague et al. (2018), and Sáez-López et al. (2019). 
This preference of  professors makes evident how, amidst the accelerated pace of  technological de-
velopment characterized by innovative mobile options, the desktop PC continues holding an im-
portant place in the professors’ working environment (Noriega et al., 2014). This is significant be-
cause it reveals that the disappearance of  desktop computers would not be a process as fast as antici-
pated by other trend analyses that predicted their early replacement (Ward, 2011). 

In this regard, the findings of  this study indicate that desktop computers still maintain a significant 
percentage of  use in professor trends. The explanation for this trend could be found analyzing the 
specific features of  the university context in our regions, still characterized by scenarios where com-
puters remain important compared to mobile devices (Adell & Castañeda, 2012). On the other hand, 
this trend could also be understood from the findings of  similar studies with student population (Ro-
bles et al., 2012; Sáez-López et al., 2019) that showed that students did not use their mobile devices 
so often to review activities and other academic resources, but preferred to use their computers.  

The trend in mention coincides with the percentage of  use by mobile devices such as Smartphones 
(76.29%), a relevant position presented in Crompton and Burke (2018). They emphasize the use of  
mobile devices to complement learning processes beyond the classroom. However, the high fre-
quency of  use of  smartphones by professors (76.29%) may or may not be focused on the educa-
tional environment because the use of  apps (gamification, robotics, augmented reality) to boost class-
room activities has a low grade of  acceptance. 

The previous findings in this first category raise the need for broader analyses that include other ele-
ments present in the dynamics of  the educational processes mediated by the ICT use. Among these 
elements could be contemplated the interaction styles that, as Abascal and Moriyon (2002) point out, 
correspond to certain paradigms of  human-computer and multimedia interaction. Here can be found 
aspects related to virtual reality, ubiquitous computing and augmented reality, which allow us to un-
derstand the low acceptance that professors still have regarding the use of  certain apps to boost ac-
tivities (gamification, robotics, augmented reality) such as the usability linked to productivity and user 
satisfaction. For this reason, the age of  the professors and the years of  performance of  their work 
are important factors to be included in this discussion, since the professor role involves reinventing 
his or her teaching practice to adapt to new forms of  pedagogical interactions mediated by ICT. In 
this study, the age group in which most of  the participants were located is between 30 and 50 years 
of  age (75%), and they have been teaching at university level largely between 6 to 10 years (27%) and 
from 16 to 20 years (18%). According to these data, we are facing a population that has experienced 
the dizzying technology transition. Most of  them surely used the old mechanical typewriter devices, 
saw the arrival of  the first, huge, and heavy computers, and had barely managed to learn the word 
processors basics, when quickly they faced the arrival of  the first cellular phones and internet in Co-
lombia (J. E. Padilla et al., 2014; Rodríguez et al., 2014). All this helps to understand aspects of  the 
trends of  use of  ICT revealed by the findings in the participating professors, whose process of  
adapting to the new ways of  assuming their pedagogical role has involved a whole itinerary of  fasci-
nating and challenging metamorphosis.  

In this context of  transformation and challenges, professors demonstrate a process of  gradually ap-
propriating the new tools that can support their teaching work, and, in this sense, the findings show 
that the basic elements to prepare presentations using a computer (Laptop, Desktop computer, Video 
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projector, speakers, USB memory) are the most frequently used (Table 4). This result is in line with 
the study carried out by Carvajal et al. (2018) in which the frequent use of  the video projector for the 
visualization of  materials is evidenced. This is understood from the facility and multiple possibilities 
that offer the elaboration of  presentations through a computer, which today replace the classic post-
ers previously used by professors to present to their classes and that required certain psychomotor 
skills in their elaboration (Adell & Castañeda, 2012). 

On the other hand, results show that some resources that require a greater infrastructure and/or ad-
ditional investment, such as Clickers, digital board, and laser pointer, are less frequent elements. This 
low trend in the use of  these resources would be linked to issues of  investment in technological in-
frastructure to support teaching in the HEI in which the professors participating in the study work 
(Barroso-Osuna et al., 2019; Marcelo et al., 2016). This poses a challenge because it involves issues of  
managerial willingness to make decisions about the investment in these resources, which would also 
be permeated by the perception of  cost-benefit of  using these new tools. According to Salinas 
(2004), without the existence of  clear strategic lines regarding the infrastructure, there is little that 
can be done on ICT-based teaching. Therefore, it is important that HEIs have a technological plan 
for the successful implementation of  these changes that require an adequate infrastructure. However, 
this approach differs somewhat from other authors such as Vázquez-Cano and Sevillano-García 
(2015) have pointed out. In their work on the smartphone in higher education, they highlight the 
emergence of  what is called ubiquitous learning as a new paradigm that is emerging and where the 
physical space is not a determinant variable in the process because the new smartphones allow other 
forms of  interaction to learn from anywhere and from a global perspective that does not require a 
localized technological infrastructure.  

Nevertheless, this would be the object of  a broader discussion since the issue of  the existence of  ad-
equate technological infrastructure is not limited only to the presence of  a series of  equipment lo-
cated on the physical plant of  educational institutions (computer rooms, digital boards, videoconfer-
ence rooms), but also to a whole process of  adaptation of  the new digital scenarios where the new 
learning interactions take place, which implies curricular adjustments, technical support, and didactic 
accompaniment for the design of  new virtual environments, permanent training of  professors partic-
ipating in the process, collaborative and networked work, among other aspects that become part of  
this new educational reality mediated by ICT. 

Under this same perspective, in the software category, there is a trend towards a more frequent use 
of  interaction, messaging, and storage tools (e-mail, internet browser, instant messaging/chat, tools 
for sharing, managing and creating information) (Table 5, Factor 2). This places us in a communica-
tive context that goes beyond the instrumental use of  messaging tools. In this regard, Sánchez-García 
et al. (2015) highlight the democratization and expansion role of  the Internet that requires the devel-
opment of  new competencies, but which also implies continuing to develop reading comprehension. 
In the face of  this, we could add the necessary attention to other aspects of  this same communicative 
process, among them the ethical and attitudinal ones. As stated by Engen (2019), the use of  ICT, in 
the beginning, has to do with instrumental skills; the second aspect is much more complex and must 
include pedagogical, ethical, and attitudinal dimensions.  

In this regards, the findings call attention to the low trend of  use of  tools for detecting plagiarism 
(Frec.TIC.P10.230) (Table 2 and Figure 2), which raises new questions about the factors associated 
with this low trend of  use of  tools relating to the ethical care of  the intellectual property of  what the 
students consult and what they share in their communications and works. This is worrying as there is 
evidence that the level of  plagiarism in students is related to the level of  Internet knowledge: the 
higher the level of  plagiarism, the higher the level of  Internet knowledge (Torres et al., 2018). How-
ever, this low trend of  use of  tools for detecting plagiarism by professors may not be associated with 
a lack of  concern in this very delicate issue in educational terms; it probably may be explained by the 
gradual process professors are going through to get to know and appropriate the effective use of  the 
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tools offered by ICT to address these ethical issues, while students generally have a greater mastery 
and knowledge of  the Internet. 

Another important aspect is one found in the DER category: the greater use that professors make of  
video as an online educational resource (Table 3). This shows a preference for the audiovisual format 
that can also be found in different online platforms, which is consistent with other studies’ findings 
that confirm the need to exploit the resources available on the Internet to promote learning from dif-
ferent kind of  devices (Astorga et al., 2017; Sáez-López et al., 2019). On the contrary, results show 
little use of  Wiki and Digital walls that have the possibility of  free and online access but are interac-
tive resources that enable the social construction of  knowledge (Table 3). The above raises the con-
cern for collaborative work in networks and the use of  multiple tools available online to favor inter-
action by using the potential offered by ICTs. It again reveals that the availability of  multiple tools 
offered is not enough; it also requires a process of  professor training in the use of  new technological 
alternatives to support his/her pedagogical work (Iriarte et al., 2015), which includes the creation and 
editing of  educational materials (tools for the creation of  computer graphics, images, and videos) 
that was another of  the sub-categories with less frequent use. Nevertheless, findings also show the 
interest of  participating professors to be open to try to make incursions into those processes of  crea-
tion of  digital materials. This is made evident when they show their preference to use videos and im-
ages banks, essential resources for the construction of  educational materials. In this regards, similar 
studies on ICTs in higher education (Al-Azawei, 2019; Iriarte et al., 2017) have shown experiences on 
the creation of  different educational materials with these digital resources.   

In relation to emergent technologies, among the participating professors there is a low trend of  use 
of  apps to boost activities with Gamification. This result coincides with the findings of  Almeida and 
Simoes (2019) who, by an analysis of  projects of  didactic innovation in higher education, identify a 
low acceptation of  the so-called “serious games” and of  gamification practices; besides, they recog-
nize that the use of  these tools requires a change of  roles, attitudes, and beliefs by both professors 
and students. In a similar way, among the less used tools, it is also found the apps to boost activities 
with Augmented Reality, which, according to Barroso-Osuna et al. (2019), is related to the difficulties 
identified for implementing Augmented Reality in the university context such as lack of  experience 
with this technology, conceptual foundations, and support by the institution for the appropriation of  
new technologies. 

Another element that stands out in the findings is that of  social networks, which professors identify 
with less or very little use, even though many researches recognize the benefit of  using them in the 
development of  the teaching practice (Abella-García et al., 2019; Astorga et al., 2017; Manca & Rani-
eri, 2017). This low frequency of  use pointed out by professors could be related to age factor, since 
of  the total of  respondent more than 50% are older than 41 years, and according to the study carried 
out by M. T. Padilla et al. (2016) adults over 40 tend to use this type of  network less in comparison 
with the younger population. However, this may differ in the case of  the professors participating in 
this study, where a strong correlation with the other sub-categories of  digital educational resources is 
not observed (Figure 3), so it could be more related to an unfavorable perception of  the pedagogical 
use that professors consider social networks may have, an issue linked to the image built around the 
specific use of  these interaction scenarios. 

Regarding this, in the Colombian regional context where this research is located, social networks have 
been generally used for informal and personal interaction with the circle of  friends of  their users and 
have also been scenarios where issues of  regional socio-political polarization are frequently reflected, 
with the circulation of  unverified contents or fake news, as confirmed by a study from the University 
of  Oxford that makes an inventory of  the organized manipulation by social networks in 2019 at a 
global level, placing Colombia among the countries that spread political disinformation by social net-
work (Bradshaw & Howard, 2019). This fact, as is understandable, generates a certain skepticism in 
professors of  HEI to consider social networks as an academic scenario or a source of  reliable and 
rigorous information for educational purposes, a perception related to the opportunity doors opened 
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by Internet that democratizes the production of  contents, but at the same time constitutes a risk with 
the type of  content produced and the responsibility that this entails, as stated in the Sánchez-García 
studies (2015), by having available the tools and spaces to publish our own information, we are all 
potential producers of  content and are no longer simple consumers of  information.  

Then the challenge is to discover and take advantage of  the pedagogical potential that this makes 
possible. This is where the pedagogical reflection takes on greater meaning and relevance to trans-
cend the dangers of  a techno centrism that converts technology into the main axis of  education. 

CONCLUSION 
This study has proposed to know the tendencies of  use of  ICT by the teachers of  the universities in 
the context of  Antioquia region, from the categories of  hardware, software, and digital educational 
resources, as a strategy that makes it possible to understand and describe the preferences with respect 
to the use of  the digital technologies addressed. All this with the purpose of  generating reflections, 
analysis, and inferences regarding the studied reality. As well as, to glimpse and favor in the future the 
integral understanding of  the digital competence of  professors. 

IMPLICATIONS OF THE STUDY  
In this context, the trends of  use of  ICT that were evidenced by the study place a greater preference 
of  professors for storage, display, and sound devices (USB memory, video projector, speakers), and 
where the computer, both desktop and laptop, remains a basic tool for their teaching, now enriched 
by tools for interaction, messaging, and network storage. In the same way, the use of  smartphones 
was highlighted, which does not show any relationship with their pedagogical or academic use. The 
analysis of  this first group of  trends allowed concluding that ICT, in the context of  higher education, 
has become a natural part of  the formative dynamics of  university life and therefore it allows track-
ing skills and competences in terms of  activities and specific uses that will help to discover innovative 
ways to develop the educational work. 

Within these trends, those that showed a low level of  use were also relevant; among them are tools 
for detecting plagiarism, social networks as a pedagogical resource, and apps to boost activities or ex-
ercises (gamification, robotics, augmented reality). The analysis of  this low trend of  use and its re-
lated factors allowed us to  conclude that, although professors have managed to adapt quickly to the 
new dynamic mediated by ICT, the accelerated pace of  technological advances and developments 
that are appearing overwhelms them. This poses a series of  challenges not only for professors but 
also for HEI and the state entities that regulate education in the region and the country. 

Based on the trends of  ICT use, opportunities can be suggested for HEI to ongoing professor train-
ing by taking actions and targeting issues such as the following:  

- The training of  professors in emerging digital technologies and tools and their potential pedagogical 
use in the educational context. In this sense, the need to strengthen the didactic use of  technologies 
with new approaches is highlighted, based on constant updates according to the described trends of  
use and the levels of  competences of  higher education professors. 

- Adequate technological infrastructure in the HEI, which not only refers to issues of  localized physi-
cal infrastructure, but also to other elements necessary for the operation of  digital scenarios, which 
involve elements such as curriculum design, didactic accompaniment for the new interaction dynam-
ics in virtual environments, networking, technical support, and other important aspects in this ICT-
mediated reality. Therefore, it is recommended that HEI provide professors with the technological 
resources and connectivity relevant to educational innovation, and facilitate the use of  the various 
ICT tools (hardware, software, DER) in the development of  their professional practice, taking ad-
vantage of  all the pedagogical potential they offer.    
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- An interdisciplinary and collaborative work that promotes new technological developments relevant 
to the pedagogical work, which strengthens the educational mission developed by the HEI. Here the 
studies of  trends that analyze the relationships with other factors associated to the preference of  use 
in concrete contexts and in specific regional scenarios, which also consider the cultural elements that 
give it meaning, take on importance.   

- A broad framework for reflection on ICT in higher education, involving pedagogical, ethical, and 
attitudinal dimensions and, in general, innovative pedagogical approaches (focused on the collabora-
tive, authentic, project-based learning) could be the most appropriate to develop important compo-
nents of  digital competence such as critical awareness and capacity for evaluation of  data, infor-
mation and digital content, problem solving and creativity (Kluzer & Pujol Priego, 2018). 

FUTURE STUDIES 
From this study it is possible to glimpse other paths and research lines that establish bases for the de-
velopment of  future proposals that explore the realities of  professors in other regional contexts to 
carry out comparative studies that make possible to contrast results and a greater understanding of  
this topic. On the other hand, from the methodological point of  view, the relevance of  carrying out 
mixed studies that provide a greater level of  understanding of  the associated factors and of  the com-
plex context where the interaction of  the participating population takes place is highlighted. 

LIMITATIONS OF THE STUDY 
Within the limitations of  this study, consideration would be given to evaluating the extent of  ques-
tionnaires covering categories needed to be addressed in detail because of  the relevance of  their 
component. In this sense, for subsequent studies that had the objective of  broadening or deepening 
these categories, the instrument could be enriched by including other relevant questions that were 
identified in the analysis. However, in such a case, it is suggested to segment the instrument into sep-
arate sessions and at different times. This would facilitate its application and not generate fatigue in 
the study participants because of  the extension of  the instrument. Without a doubt, the topic of  ICT 
and its multiple applications in the educational scenario, in its different levels and contexts, opens up 
a panorama of  possibilities to continue researching and generating new developments that favor the 
educational quality of  present and future institutions.  
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