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Abstract: The incorporation of information and communication technologies (ICTs) in higher ed-

ucation has been carried out in a transversal manner within the curriculum, and the processes of

formative research in both face-to-face and virtual programmes are not an exception to this process.

In this context, it is recognised that students’ perceptions of the inclusion of technologies in the

classroom can influence their teaching and learning process; however, they have not been widely

addressed in multiple settings including research seedbeds. Thus, this paper aims to identify such

perceptions represented in the attitudes, knowledge and uses of ICTs in students ascribed to the re-

search seedbed in a virtual business administration programme of an Institution of Higher Education

located in Colombia. For its fulfillment, the ACUTIC scale was applied to a sample of 65 students in

order to identify these perceptions through a hierarchical cluster analysis, a single factor analysis

of variance (ANOVA) test, a post hoc Tukey method and a factor analysis. The main result is that

attitudes, knowledge and use of ICTs are varied and they can be represented in three clusters. In

general, the attitude towards the incorporation of technologies in the research seedbed is positive;

however, there is a gap in terms of knowledge and use, especially of those tools oriented to the

disciplinary field and research.
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1. Introduction

Institutions of higher education (IHE) in Colombia, under the regulatory framework of
Decree 1330 of 2019, are responsible for incorporating formative research in the curriculum
of undergraduate programs (or the degree as it is known in other Latin American countries),
in order to provide transformative responses to local, regional and global problems, and
investigate the social and environmental reality, among other things, by using knowledge
as a tool for development [1]. In this sense, for the undergraduate level, students are
expected to develop analytical and critical thinking by the end of their training process,
which will allow them to provide solutions to the problems of the productive sector
using research methods and information and communication technologies (ICTs). This
combination allows the development of both research and digital skills which are essential
in the context of future professional performance [2]. Thus, those programmes taught in the
virtual mode are not the exception, and IHEs have sought to implement formative research
through different pedagogical strategies such as degree work and research seedbeds in
these programmes.

The latter are conceived as an autonomous space for research training in which teach-
ers and students come together to develop and carry out research projects. In the specific
case of undergraduate programmes in the virtual mode, plans for actions are mediated
by virtual learning environments, which include resources and tools for the development
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and strengthening of competencies in research and the use of ICTs [3]. These resources
and tools, within the framework of the research seedbed, strengthen and autonomous and
collaborative work which promotes the virtual integration through activities for teaching
and learning concepts related to research methodology, information gathering, report
writing, research products, knowledge and the use of programmes related to the research
process, as well as web tools, among others [4,5]

Taking into consideration the nature of the seedbed in e-learning programmes, ICTs are
the cornerstone of the teaching and learning process of research as a teaching strategy [6], it
is necessary to recognise that the teaching and learning process of research is influenced, ei-
ther positively or negatively, by the students’ attitudes, knowledge and uses of ICTs [7–10].
In this sense, the literature reports that ICTs improve the educational experience [11–16],
increase student academic performance [17], and strengthen the teacher–student relation-
ship [18,19]. However, it is necessary to clarify that this research has been focused on the
scenarios other than the process of formative research that takes place in research seedbeds.
In this context, studies carried out regarding the attitudes, knowledge and use of ICTs
by students in relation to this educational process are limited. Nonetheless, those that do
exist report that the apprentices with little self-sufficiency in research have a low level of
knowledge of the tools and programmes that are fundamental for carrying out research
activities, in addition to having a negative attitude towards the processes that take place in
the seedbed [20].

Therefore, there is a gap in terms of analysing perceptions related to attitudes, knowl-
edge and uses of ICTs in formative research processes, specifically in research seedbeds.
Hence, assessing attitudes towards ICTs, knowledge of ICTs among seedbed students and
the uses of ICTs in research processes contribute to strengthening this type of pedagogical
strategy [21].

Thus, this paper aims to identify the attitudes, knowledge and uses of ICTs among
students enrolled in the research seedbed of a virtual business administration programme
at an IHE located in Colombia. It is divided into five main sections: the first provides
contextualisation of the use of ICTs in virtual mode programmes in Colombia and the
conceptualisation of attitudes, knowledge and uses of ICTs, as well as the progress made
in previous research; the second explains the methodology used in the development of this
analysis; the third presents the results in accordance with the defined methodology; the
fourth presents the discussion; and the fifth presents the conclusions.

1.1. Contextualisation of the Use of Information and Communication Technologies (ICTs) in
Virtual Mode Programmes in Colombia

In Colombia, the IHEs with virtual programmes are autonomous regarding the incor-
poration of ICTs in their training programmes, however, they must be in line with the social
and economic realities of the students, thus the tools used have to allow the teaching and
learning process to take place on an equal footing with the programme being studied [1]. In
this sense, the Ministry of National Education recognizes that, although the programmes in
this modality are offered nationwide, one of the main challenges they face is to comply with
this condition of equality, due to the digital division in the country. Therefore, according to
the data from the Ministry of Information and Communication Technologies [22], there
is a marked gap in terms of access to internet-based technologies where, by 2019, only
7 million people (14% of the national population) had access to this service on a fixed basis,
4. 1 million in cable access, 1.6 million in xDSL, 1 million in fibre optics and 300,000 in other
technologies. On the other hand, the average connection speed was 14.5 Mbps, although in
the most rural departments (Vaupés, Guainía, Vichada, Amazonía and San Andrés) this
speed was not higher than 2 Mbps. In the case of mobile internet access, 1.3 million users
were connected via a 2G network, 8.2 million via a 3G network and 21.3 million via a 4G
network. In addition, there are also difficulties in accessing cutting-edge technology in
many areas, such as mobile devices and laptops, among others.

Faced with this disruptive panorama, the IHEs with virtual programmes have opted to
develop virtual learning environments based on technologies that allow them to overcome
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the digital division in terms of both, access to the internet and the technologies mediated by
it, in order to fulfil the condition of equality in the teaching and learning process described
above. In this way, technologies, resources and teaching materials designed for this reality
have been incorporated; however, they limit, to a certain extent, the implementation of
resources such as the use of mobile applications, 3.0 and 4.0 technologies, among others.

In the case of virtual training programmes in Colombia, various technologies have
been implemented in their virtual learning environments. Based on their benefits and
barriers, they seek to develop both disciplinary and transversal competences, the latter
including digital competences. From the students’ perspective, these skills are understood
as the computer skills required by professionals to perform their professional and social
roles [23].

Thus, through the development of pedagogical strategies in accordance with the
students, the IHEs expect them to know and use programmes on: office automation,
information search engines, communication systems, databases and digital libraries, 2.0
tools, social networks for professional purposes, programmes for the design and editing of
images and videos, learning and teaching platforms, specialised software for the analysis
of both qualitative and quantitative data, for the relationship and social link with academic
and professional networks, the creation of portfolios, educational material, blogs, as well
as systems for the creation of academic material, etc.

It should be noted that in the case of the research seedbeds, it is expected that ICTs
will be incorporated into their teaching strategies, both in the virtual learning environment
and in those that merit the development of research projects, respecting in all cases the
principle of equality in education [2].

1.2. Attitudes, Knowledge and Uses of ICTs

The incorporation of ICTs in higher education has changed the traditional paradigms
related to the teaching and learning process positioning them as one of the main tools for:
transmitting knowledge, generating interaction between teacher and student, expanding
educational coverage, among others. In this context, it is recognized that their integration
into undergraduate academic programmes, especially the virtual ones, is transversal to
the curriculum, which implies research processes as well. Taking into consideration the
previous idea, the literature shows that students’ perceptions are different in terms of their
implementation, which generates different attitudes, different levels of knowledge and
applicability, represented in their uses.

Thus, when referring to attitudes towards ICTs, these are understood as the ob-
servable information, either in a qualitative or quantitative way, behind the cognitive,
behavioural and affective responses of students in the incorporation of technologies in the
classroom [24–26]. Following the latter, the cognitive response refers to students’ beliefs
about ICTs [27,28]; affective response refers to students’ feelings about using ICTs (e.g., joy,
fear, anxiety, etc.) [26,28,29]; and behavioural response refers to the reinforcement or change
of students’ behaviour in relation to the technologies [27]. In this way, the attitude assumes
a predisposition of the student to be favourable or unfavourable to the incorporation and
use of ICT in their educational process [30].

As far as this perception is concerned, the literature shows that students generally
have a positive attitude towards the incorporation of ICT in the classroom, since they
consider that the latter has the capacity to make the training process dynamic in its different
elements [31,32]. In this sense, it is highlighted by students that the assessments made
using technological tools allow for rapid feedback, especially assessments. Furthermore,
they consider that these decrease the bias given by teachers’ judgements or values [33–35].

On the other hand, technologies applied to the classroom allow self-learning. Students
can explore other types of teaching resources which include software, videos, readings,
among others [35–37]. In addition, the studies refer to the fact that the use of multimedia
content allows the integration of some concepts that have already been explained by
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the teacher improving in that way the development of both disciplinary and transversal
competences [37,38].

In the necessity of facing the knowledge and use of ICTs, the analysis is now usually
carried out jointly, since the greater the knowledge of a technological tool, the greater the
probability of its use by the student. In the case of ICT knowledge, this refers to the skills
learned about specific technologies beforehand, while their use gives an account of the
applicability of these devices. In this sense, it is evident that ICTs as tools used by students,
within the framework of the subjects, facilitate the development and strengthening of
competences, make knowledge more accessible and concepts more appropriate [2,39,40].
Similarly, their frequent use allows them to structure new knowledge, based on access,
selection, organisation and interpretation of more complex information [28,29,40].

It is also evident from the bibliographic study that the students with a greater knowl-
edge of computer tools related to their field of training tend to give more efficient and
creative solutions to problems of a disciplinary nature [41–43], as well as focusing on
more complex or higher-level tasks, rather than those of an operational or manual na-
ture [44]. Additionally, the use of ICTs, especially those used for data analysis, enhance
the development of critical thinking. Thus, the study carried out by McMahon [45,46]
showed statistically significant correlations between the use of technological tools and the
development of this thought process.

Finally, as regards the integration of ICT in the classroom, it is recognised that students
may present certain difficulties associated with the use of ICTs. It has also been identified
that the mediation of technologies in certain activities of the teaching and learning process
can generate anxiety, especially in the case of assessments [47,48], which affects the attitude
to technologies. For that reason, Whelan [49] identified that the advanced use of certain
technological tools in the classroom, with which the student is not familiar, generates a
situation of uncertainty, and, consequently, an effect on their cognitive processes.

In summary, the previous research related to the attitudes, knowledge and use of ICT
by students shows that the integration of technologies in the classroom, in higher education,
can be positive or negative; and, for the specific case of aspects related to research processes
and more specifically to seedbeds, this type of perception has not been explored in depth.

Based on both the context given in the introduction and the previous literature review,
the following research question was addressed: what are the characteristics that students
enrolled in the research seedbed of a virtual business administration programme at an IHE
located in Colombia possess in terms of attitudes, knowledge and uses of ICTs?

2. Materials and Methods

In order to fulfil the proposed objective, this study is quantitative, exploratory and
transversal, using the hierarchical clustering statistical technique. This allows a group of
individuals to be subdivided by means of common characteristics [50]. This technique
analyses n observed variables with d descriptors, for which the use of discrete variables
such as the Likert scale is appropriate. In this sense, this type of analysis is part of the
automatic or unsupervised multivariate techniques, which is recommended when the way
in which individuals are grouped together is unknown due to the context in which the
study is carried out or due to the lack of literature on these groupings [50]. Having said this,
hierarchical clustering allows individuals to be characterised on the basis of observable
variables and, in the case of education, its use has been varied, focusing on learning styles,
attitudes and the development of competencies, among others.

In this context, the study was conducted with a sample of 65 students from a research
seedbed in a virtual business administration programme at an IHE located in Colombia.
This sample corresponded to the total number of students who participated in the pedagog-
ical strategy in the period 2018 to 2020 (first semester). The students were asked to complete
the “Scale for the study of attitude, knowledge and use of ICTs” (ACUTIC by its Spanish
acronym) [51], which is a self-report questionnaire that evaluates attitudes, knowledge and
uses of ICTs in higher education contexts. It consists of 31 items on a Likert scale as shown
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in Tables 1–3. Comparing the use of this scale in previous studies, Gámez et al. [52], Lopéz
et al. [53], Casillas et al. [54] and Figueroa et al. [55] stand out. It is important to recognise
that this self-reporting scale exemplifies some software tools which have been used since
the 1990s, and their validity lies in their updating and incorporation into virtual learning
environments, especially in the promotion and development of competences formative
research, as well as their easy adaptability to these environments. On the other hand, the
present instrument exemplifies some technological tools, which may not be in force at
the time of the application of the scale. However, the purpose of these examples in the
instrument is to relate the statement it assesses to some context close to the student, since
they may not have access to more recent tools, and therefore, this resource is used to find
out the perception of attitudes, use and knowledge of ICT.

Table 1. Factor attitudes towards information and communication technologies (ICTs) 1.

Id Item 1 2 3 4 5

Attitude_1 ICT encourages involvement in the teaching and learning processes.
Attitude_2 Teachers must use ICT to improve the quality of learning processes.
Attitude_3 It is essential to incorporate ICT into university classrooms.
Attitude_4 Classes improve as ICTs are incorporated.
Attitude_5 ICT facilitates the development of classes.
Attitude_6 ICT enables the achievement of skills.

Attitude_7
ICT provides flexibility of space and time for communication between

members of the educational community.
1 Question: Attitudes towards the use of ICTs. Response options: 1 (totally disagree), 2 (disagree), 3 (indifferent), 4 (agree) and 5 (totally
agree). Source [51]. The translation was performed for information purposes, the instrument was applied in Spanish.

Table 2. Factor ICT knowledge 1.

Id Item 1 2 3 4 5

Con_1 User tools and basic programs such as Word, Power Point, etc.
Con_2 Network information search tools such as Google, Yahoo!, Bing, Lycos, etc.
Con_3 Communication systems. For example, e-mail, forum, chat, videoconference, etc.
Con_4 Digital libraries and databases.
Con_5 2.0 Tools. For example, YouTube, Slideshare, Picasa, Flickr, Blogger, Wikispaces, etc.
Con_6 Spaces for social interaction, such as Tuenti, Facebook, hi5, Pinterest, etc.

Con_7
Software for image, audio and video editing, such as Photoshop, Pixelmator,

Audacity, Power Sound Editor, Windows Movie Maker, iMovie, etc.
Con_8 Virtual teaching-learning platforms, e.g., Sakai, Moodle, Suma, etc.
Con_9 Software for data analysis, such as SPSS, Mystat, Nud.ist, Atlas.ti, etc.

Con_10
Networked educational resources, such as translators, courses, podcast, repositories

of learning objects, etc.

Con_11
Creation of virtual materials and networked resources for teaching and learning

such as the e-portfolio, educational website, Wikis, video games, etc.
Con_12 Author’s educational software. Such as Clic, JClic, Hot Potatoes, NeoBook, etc.

1 Question: Identify the level of knowledge you have as regards the following technologies. Response options: 1 (None), 2 (Low), 3
(Medium), 4 (High) and 5 (Very high) Source [51]. The translation was performed for information purposes, the instrument was applied
in Spanish.
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In order to determine the clusters, the items that in the factor analysis developed by
the authors of the instrument [51] had values lower than 0.5 were eliminated, and were not
included: Con_4, Con_10, Usage _3, Usage _4 and Usage _7. After this, the hierarchical
cluster analysis was carried out using Wald’s method with Euclidean distance squared
and without value transformation. To determine the difference between them, for each
one of the variables that the ACUTIC scale evaluates, an analysis of variance (ANOVA) of
a factor was developed followed by Tukey’s post hoc statistician. Both the single-factor
ANOVA and Tukey’s post-hoc test was considered statistically significant when p was
lower than 0.05, identifying in that way the difference between the clusters and the items of
the instrument. As regards the use of the ANOVA statistic, it allows the comparison of H0
where the averages of the clusters or conglomerates are the same, so its use is limited when
there are at least k independent groups greater than two. In the case of the Tukey post
hoc test it is usually used to determine differences between independent groups, where k
is greater than three, it is usually after the use of the ANOVA analysis of a single factor,
evidencing punctual differences between the variables under study from the means of the
variables in the groups.

In addition, an exploratory factor analysis was carried out on the variables using the
main method, with the extraction of three factors (corresponding to those evaluated by the
ACUTIC scale) to identify the relationship of the clusters with these factors, in addition to
analysing specific characteristics of the students. A 95% reliability interval was defined for
all the statisticians.

Table 3. Factor use of ICT 1.

Id Item 1 2 3 4 5

Usage_1 User tools and basic programs such as Word, Power Point, etc.
Usage_2 Network information search tools such as Google, Yahoo!, Bing, Lycos, etc.
Usage_3 Communication systems. For example, e-mail, forum, chat, videoconference, etc.
Usage_4 Digital libraries and databases.
Usage_5 2.0 Tools. For example, Youtube, Slideshare, Picasa, Flickr, Blogger, Wikispaces, etc.
Usage_6 Spaces for social interaction, such as Tuenti, Facebook, hi5, Pintest, etc.

Usage_7
Software for image, audio and video editing, such as Photoshop, Pixelmator,

Audacity, Power Sound Editor, Windows Movie Maker, iMovie, etc.
Usage_8 Virtual teaching-learning platforms, e.g., Sakai, Moodle, Suma, etc.
Usage_9 Software for data analysis, such as SPSS, Mystat, Nud.ist, Atlas.ti, etc.

Usage_10
Networked educational resources, such as translators, courses, podcast, repositories

of learning objects, etc.

Usage_11
Creation of virtual materials and networked resources for teaching and learning

such as the e-portfolio, educational website, Wikis, video games, etc.
Usage_12 Author’s educational software. Such as Clic, JClic, Hot Potatoes, NeoBook, etc.

1 Question: Identify the usage that you have of the following technologies. Response options: 1 (None), 2 (Low), 3 (Medium), 4 (High) and
5 (Very high) Source [51]. The translation was performed for information purposes, the instrument was applied in Spanish.

3. Results

Regarding the data collected in the sample, 98.4% were valid for the analysis of the
hierarchical cluster, only 1.6% was erased. Therefore, the new sample under study was
made up of 64 students. Figure 1 shows the three clusters that were formed by cutting the
distance in the scale 10. Hence, the first one was composed by 6 cases equivalent to 9.5% of
the sample (2, 6, 3, 7, 1 y 4); the second, 27 cases (42.29%) (18,19, 37, 16, 54, 34, 20, 41, 25, 32,
59, 45, 31, 53, 9, 36, 5, 8, 10, 43, 61, 46, 35, 58, 17, 29 y 13); and the third 30 cases (46.9%) (50,
57, 52, 28, 47, 48, 11, 33, 12, 62, 26, 30, 44, 21, 22, 42, 27, 63, 15, 30, 49, 51, 40 55, 14, 23, 24, 56,
60 y 64).

In the case of the variables that made up the factor called attitudes towards ICTs,
statistically significant differences were evidence through the ANOVA analysis in the items
of Attitude_1 (F(2, 60) = 27.85, p = 0.00), Attitude_2 (F(2, 60) = 31.78, p = 0.00), Attitude_3
(F(2, 60) = 21.05, p = 0.00),Attitude_4 (F(2, 60) = 22.64, p = 0.00), Attitude_5 (F(2, 60) = 30.79,
p = 0.00), Attitude_6 (F(2, 60) = 29.85, p = 0.00) and Attitude_7 (F(2, 60) = 31.78, p = 0.00). As
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a result, Tukey ‘s post-hoc test revealed that such differences occur between cluster one
and cluster two and three averages. Thus, for the case of Attitude_1 the difference was
−3.33 ± 0.67 with p = 0.00 and −3.33 ± 0,63 with p = 0.00 respectively; Attitude_2 was
−3.44 ± 0.68 with p = 0.00 and −3.40 ± 0.65 with p = 0.00; Attitude_3 was −2.83 ± 0.62
with p = 0.00 and −2.73 ± 0.58 with p = 0.00; Attitude_4 was −2.90 ± 0.31 with p = 0.00 and
−2.80 ± 0.28 with p = 0.00; Attitude_5 was −0.37 ± 0.36 with p = 0.00 and −3.36 ± 0.33
with p = 0.00; Attitude_6 was −3.29 ± 0.24 with p = 0.00 and −3.33 ± 0.24 with p = 0.00;
finally, in the case of Attitude_7 was −3.44 ± 0.31 with p = 0.00 and −3.40 ± 0.31 with
p = 0.00. In the case of clusters two and three no statistically significant differences were
established. The above is summarized in Figure 2.

 

− −
− − −

− − −
− −

Figure 1. Dendrogram for cluster determination.
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Figure 2. Average attitude factor towards ICTs by cluster.

Regarding the factor called ICT knowledge, it was identified that there are statisti-
cally significant differences between the items Con_5 (F (2, 60) = 10.66, p = 0.00), Con_6
(F(2, 60) = 13.67, p = 0.00), Con_7 (F(2, 60) = 5.78, p = 0.00), Con_8 (F(2, 60) = 11.28, p = 0.00),
Con_9 (F(2, 60) = 7.60, p = 0.00), Con_11(F(2, 60) = 12.91, p = 0.00) and Con_12 (F(2, 60) = 4.09
p = 0.02); therefore, at least one of the clusters presented divergent averages in some of
them. Under this scenario, it was determined that for Con_5 the difference is between
cluster two and three with 0.76 ± 0.17 and p = 0.00; Con_6 between cluster one and three
with 0.76 ± 0.31 and p = 0.01, and between cluster two and three with 0.95 ± 0.18 and
p = 0.00; Con_7, Con_8, Con_9 and Con_ 12 between cluster two and three with 0.91 ± 0.27
and p = 0.00, 1.25 ± 0.25 and p = 0.00, 1.02 ± 0.22 and p = 0.00 and 0.80 ± 0.29 and p = 0.02
respectively; and, Con_11 and cluster two and three with −1.27 ± 0.38 and p = 0.00 and
cluster two and three with 0.80 ± 0.24 with p = 0.02. These differences are presented in
Figure 3.
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Figure 3. Medium factor ICT knowledge by conglomerate.

In relation to the variables that evaluate the use of ICT, significant differences were evident
between at least one of the clusters for the following items Usage_5 (F(2, 60) = 10.29, p = 0.00),
Usage_6 (F(2, 60) = 18.59, p = 0.00), Usage_8 (F(2, 60) = 20.04, p = 0.00), Usage_9(F(2, 60) = 4.53,
p = 0.01), Usage_10 (F(2, 60) = 13.80, p = 0.00), Usage_11 (F(2, 60) = 19.06, p = 0.00) and
Usage_12 (F(2, 60) = 9.82, p = 0.00). Thus, in Tukey’s post-hoc test it was identified that for
Usage_5the difference was between cluster two and three with 0.95 ± 0.25 and p = 0.00;
Usage_6 between one and three with 1.23 ± 0.42 and p = 0.01, also, between two and three
with 1.50 ± 0.23 and p = 0.00; Usage_8, Usage_9 and Usage_10 between cluster two and
three with 1.50 ± 0.23 and p = 0.00, 0.66 ± 0.24 and p = 0.02 and 1.18 ± 0.22 and p = 0.00
respectively; Usage_11 and Usage_12 between cluster one and two with −1.05 ± 0.36 y
p = 0.01 y −1.03 ± 0.38 and p = 0.02, finally, for these same items, differences were also
related between cluster two and three with 1.32 ± 0.21 and p = 0.00 and −0.97 ± 0.22 and
p = 0.00. They are represented in Figure 4.
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Figure 4. Average use of ICT factor by cluster.

In summary, through the ANOVA analysis of a single factor and the Tukey post
hoc statistician, it became evident that the students associated with cluster one were
characterised by a negative attitude towards ICTs, since they considered that they do not
encourage the teaching and learning process, do not improve the quality of this process, are
not essential both for their development and that of the class, do not allow the achievement
of skills, and do not provide flexibility in space–time for communication with teachers and
peers. On the other hand, this conglomerate was self-perceived as having high knowledge
in the handling of social networks and low knowledge in the creation of multimedia
material in relation to the teaching and learning process. In the case of cluster three,
they presented high positive attitudes towards ICT, but with the lowest levels in terms of
knowledge and use of these tools. This highlighted their low self-perception with regard to
their knowledge of the software used in the research (e.g., SPSS and AtlasTi), a situation
which was reflected in their use of these, a similar situation being presented with regard to
teaching and learning platforms such as Learning Management Systems. Finally, in cluster
two, all the students were grouped together that they consider having positive attitudes,
high knowledge and frequent use of ICT.

Regarding the factorial analysis, the Kaiser–Meyer–Olkin (KMO) statistic was 0.74,
so the variables were partially and totally strongly correlated. In addition, the Bartlett
sphericity test (BTS) had a Chi-square approximation of 1131.92 with p of 0.00, so the
variables under study were explained by the factors extracted. Thus, as shown in Table 4,
the three factors of the instrument explain 56.80% of variation.
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Table 4. Total explained variation of ACUTIC factors.

Component

Initial Self-Values Sums of Loads Squared from the Extraction
Total % Variation % Accumulated Total % Variation % Accumulated

1 6.87 26.42 26.42 6.87 26.42 26.42
2 4.90 18.86 45.29 4.90 18.86 45.29
3 2.99 11.50 56.80 2.99 11.50 56.80
4 1.68 6.49 63.29
5 1.30 5.03 68.32
6 1.12 4.32 72.64
7 0.99 3.84 76.48
8 0.78 3.02 79.51
9 0.74 2.84 82.35
10 0.58 2.26 84.62
11 0.54 2.09 86.71
12 0.49 1.91 88.63
13 0.46 1.77 90.41
14 0.38 1.47 91.88
15 0.36 1.38 93.26
16 0.31 1,20 94.47
17 0.26 1.01 95.48
18 0.24 0.93 96.42
19 0.19 0.75 97.17
20 0.18 0.71 97.89
21 0.13 0.52 98.41
22 0.11 0.44 98.85
23 0.10 0.41 99.26
24 0.08 0.30 99.57
25 0.06 0.24 99.81
26 0.04 0.18 100.00

From the three factors, it was determined that for the case of cluster one (see Figure 5)
in terms of the use and knowledge of ICT, subject number three had similar characteristics
to the subjects of cluster two. In the case of attitude and knowledge of ICT, subject four
had similar characteristics to cluster three, and in addition, subject three gave a negative
assessment of the implementation of ICT but stated the fact of having extensive knowledge
of them. Finally, with regards to the attitude and use of ICTs, no particularities were evident
in the cases.

On the other hand, subjects 61 and 43 belonging to cluster two, perceived themselves
as non-ICT students with low ICT knowledge; and subject 54, for these two factors, had
similar characteristics to subjects belonging to cluster three. In terms of attitude and use
of ICT, student 13 stood out, as he tended to make frequent use of the technological tools
assessed by the instrument, in addition to having positive attitudes, which were above
average for his cluster. In the case of attitudes and knowledge of ICT, it was evident that
subjects 59, 20, 41, 25, 32, 31, 58 and 45 considered that they had greater knowledge of these,
while students 61 and 43 had positive attitudes in between, but with a low self-perception
regarding technological knowledge. Figure 6 shows the relationship of this cluster for each
of the factors.

In the case of cluster three, for attitude factors and use of ICT, no particularities were
identified in the cases. On the other hand, student 47, who perceived himself as having low
knowledge in the use of this type of tool, stood out; while subject 52 considered himself to
have knowledge above the average of the cluster. This is represented in Figure 7.
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Figure 5. Cluster cases one per factor.

Figure 6. Cluster two cases per factor.
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Figure 7. Cluster three cases per factor.

4. Discussion

In the area of results, the perceptions of the attitudes, knowledge and use of ICTs
by students involved in training research processes, and more specifically in the research
seedbed of a virtual programme, showed that these are varied, which is in line with what is
expressed in the literature in other training scenarios [11,31,56,57]. Therefore, the majority
of students showed a positive attitude towards the use of technological tools in the teaching
and learning processes that take place in the seedbeds, and related their use to the improve-
ment of the quality of this process. Taking into consideration the nature of education in
the virtual modality, the students considered that it was essential to incorporate various
ICTs in the virtual learning environment in which this pedagogical strategy is developed,
since they facilitate the development of the class, allow the achievement of competences
in this case of research, and provide flexibility in space and time for the development of
training activities. This is related to the principle of self-learning that occurs in this study
modality, in which the student is the one responsible for managing his or her own learning,
so that positive attitudes towards the use of ICT in the classroom reinforce this concept, and,
consequently, he or she is capable of developing more complex tasks autonomously [56,58],
as well as changing behaviour in the use of ICT [33,59]. On the other hand, it is necessary
to highlight that in the case of cluster one, students with low self-perceptions regarding
attitudes towards ICT were concentrated. Therefore, they considered that technologies do
not encourage the teaching and learning process, and do not represent an improvement in
its quality; additionally, they considered that technological tools hinder the development
of classes, the achievement of skills, and do not provide flexibility in time.

Regarding the knowledge and use of ICT, the students enrolled in the seedbed gener-
ally reported that they know and use desktop and office automation tools, network tools
such as search engines (e.g., Google, Yahoo!, Bing), communication systems such as emails
or forums, web 2.0 and social networks. The common factor they have is that they are
usually used in the students’ daily lives and are not exclusive to the training or research
process. Therefore, when they use them frequently, they can explore new functionalities
or improve their knowledge of these tools. However, with regard to ICT-related fields,
whether disciplinary or research, students in clusters one and three expressed that they
do not have high levels of knowledge or use. In line with the above, a representative
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fraction of students linked to the cluster do not know or use audio, image or video editing
programs, tools integrated in virtual learning environments, creation of virtual materials or
educational programs. Otherwise, students in cluster two reported extensive knowledge
or frequent use of the tools described above. Regarding software specialized in research
processes such as Atlas Ti, SPSS, R-Studio, among others, the sample of students believed
that they did not have sufficient knowledge or frequent use of them. Based on the above,
the results reflect similarities with the findings of Castro and Castro [40], who detailed that
the students tend to make frequent use of those technologies with which they are familiar,
but in contrast to others, they tend to consider that they do not have the appropriate level
of knowledge to make use of them.

However, in view of the limitations of this study, both the results and the scope of
the discussion and conclusions must be interpreted based on the size of the sample, so
that they cannot be generalized to the student population linked to research seedbeds,
business administration programmes or the national education system. On the other hand,
given the convergence and accelerated evolution of ICT the scale used presents some
examples, which may not be applicable in contexts where state-of-the-art technologies
have been incorporated into the teaching and learning processes (e.g., technologies 3.0
and 4.0), so it is necessary to eliminate the biases of development and appropriation of
technologies for the analysis of the present, since the programmes in virtual mode in
Colombia usually have students with varied profiles ranging from urban to rural, with
employment to unemployment, with access to the internet at home or at work to not
having it directly, among others [60]. Hence, the incorporation of ICT in the learning
classrooms of virtual programmes does not depend only on the intentions of the IHEs
or the teacher, but on the technological realities of the country, region, and especially of
the student, which in many cases are adverse and the use of robust technologies does
not mean a greater experience in the teaching and learning process. Having said that,
if state-of-the-art technologies are implemented in the research seedbeds in the virtual
modality programmes, it is necessary to analyse the attitudes, knowledge and uses of this
type of ICT by the students. Finally, it is necessary to undertake deeper research into the
changes of perceptions in front of other variables that can have an impact on these such as
rural and urban, access to technology, etc.

5. Conclusions

The work presented here fulfilled the objective set out, identifying the attitudes,
knowledge and uses of ICTs by students attached to a research seedbed in a virtual
business administration programme. In this sense, the findings allow us to conclude
that the incorporation of ICTs in training research scenarios has the capacity to improve
teaching and learning processes, which is perceived by students as positive while this is
reflected in their attitudes. In the case of knowledge and use of technologies, IHEs should
design and implement modules to strengthen such knowledge, especially in those of a
disciplinary nature or aimed at research, this would allow students to develop their critical
thinking, and remove barriers to the use of technologies derived from lack of knowledge of
specific tools.

Taking into consideration the latter, the present study enriches the literature regarding
such perceptions in specific scenarios, such as research seedbeds, specifically those in the
virtual modality. In this sense, research related to attitudes, knowledge and uses of ICTs
should be further expanded with the ultimate aim of providing tools to IHEs, and more
specifically to teachers on how technologies should be successfully incorporated into the
research processes developed by undergraduate students. Finally, the results and findings
presented must be interpreted from the limitations of the study, such as the size of the
sample or the number of seedbeds analysed, since perceptions may vary by variables such
as the student’s social context, age, gender, among others.
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