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Abstract  This research aims to identify the 
technological tools used by teachers in training processes 
to design a techno-pedagogical resource called 
Nano-MOOC to improve teaching and strengthen the 
academic performance in the Public Finance subject of the 
Technical University of the North (Universidad Técnica 
del Norte - UTN) located in the city of Ibarra-Ecuador. 
Research is an exploratory study, through a mixed, 
bibliographic, and documentary approach of a descriptive 
cross-sectional type, the relevance, and the need and 
importance of technology and techno-pedagogical 
resources in the teaching-learning process were 
demonstrated; statistical techniques were used as a 
methodology in RStudio; the additivity assumption was 
applied with the observation of the bivariate correlation 
matrix for a normal distribution of the data. Two variables 
were established: 1) The need to implement technology by 
teachers; 2) The importance of technology as a 
techno-pedagogical tool for improvement for students. The 
factor structure was excellent. An Anova of variable 1 was 
applied, which gave a p = value of 0.036 which considers 
students between 17 to 24 years who consider the 
implementation of a Nano-MOOC more necessary. The 
results show the validity and reliability of the construct that 
was demonstrated by the Confirmatory Factor Analysis 
that a Nano-MOOC as a techno-pedagogical resource is 

relevant for micro-learning. It is concluded that it is the 
digital natives who consider this implementation most 
necessary; teachers do not apply technological tools due to 
ignorance. A Nano-MOOC improves, feeds back the 
teaching-learning process, and is useful and sustainable to 
achieve successful professionals in academic and work 
performance. 

Keywords NOOC, Nano-MOOC, Learning 
Environment, Digital Native, Sustainable, 
Techno-Pedagogy-Learning Resource, ICT 

1. Introduction
Knowledge society tackles education actors towards 

co-creation approaches that have a positive impact on 
education so that we are capable of coping with changing 
contexts [9]; this characteristic corresponds to a rapid 
increase in knowledge production, innovation and the 
enhancing systematic use of technology [2]; in the midst of 
the XXI century, a technological paradigm evolves to build 
and acquire knowledge and better learning opportunities 
[16]; education, knowledge and research transform a 
technological society´s conduct [38]. 
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Technological evolution delivers educational innovation 
enabling apps, educational programs and software, massive 
online courses, online platforms virtual learning 
environments as well as virtual learning objects to enhance 
education and revolutionize traditional higher education 
settings. In this way, modern societies may offer online 
quality education available to everyone.  

In this scope, it develops abilities and micro-knowledge 
through effective activities in educational environments 
[18]; technological advances have made simple learning 
implying the redesign of traditional courses into online 
courses because its original model was not efficient [5]. 
Therefore, it is vital to innovate conventional online 
courses so that they become interactive and productive 
tools accessible to native and digital immigrants enriching 
learning solidly. 

Several authors state that learning technology improves 
the quality of instruction having a positive impact on 
academic performance, in addition, having expert faculty is 
key to this learning process [12],[33]. Information and 
Communication Technologies (ICT) evolve as sustainable 
agents in an innovative ecosystem together with web 2.0 
which support e-learning, b-learning and m-learning 
modes in learning environments where digital and 
immigrant natives generate knowledge [3],[13].  

E-learning contributes to university contexts, 
incorporating Web 2.0, 3.0 benefiting educational 
development evidencing high scores, turning into 
microecological knowledge [20],[39],[6]; blending 
innovating resources with technology and science solves 
problems and supports knowledge for future challenges [7]; 
promoting online education contributes to environmental 
protection since assignments are due on line. Therefore, the 
excessive use of paper is almost certainly eliminated. 

Authors confirm that environmental educations support 
sustainable development objective—ODS—since it 
protects the natural environment, creates awareness and the 
innovation of revolutionary technological resources and 
also the creation of new learning environments offering 
new learning opportunities so that formal and informal 
education is supported [31],[10],[23],[30]; microlearning is 
taught by technological resources including key-topic short 
video-clips having the potential to enhance professional 
development and the innovation of traditional 
methodologies to improve academic performance 
[8],[15],[11]. 

At this pace, MOOC--Massive Open Online 
Course—which tremendously helps traditional learning 
through efficient didactic methodology [34]; MOOC 
contains forums, chats, calendars and didactic resources to 
surf the world wide web [27]; vital for higher education 
although its quality and pedagogic design is somehow 
worrying because there is still systematization and error 
factors modification as well as content, timing and log out 
functions correction [28],[25],[1],[14]. 

Although MOOCs play an innovative role in virtual 

education offering lengthy courses containing immense 
amount of information, these courses drastically affect 
students learning and time management. Therefore, 
students experience feelings of uncertainty and anxiety 
resulting in course “drop-outs” and that’s when 
Nano-MOOC’s come in. These are short 10-15 min online 
courses taught in virtual environments providing objective 
content that support learning and create highly effective 
educator-student communication promoting educational 
success. 

Although Nano-MOOC—Nano Open Course 
Online—is uncommon, they provide micro-learning digital 
competencies that try to look into depth academic topics,  
because of time and space they are omitted [40],[32], [24]; 
the creation of pedagogic tools based on connectivity that 
acknowledges tectonic movements in society is imperative 
to obtain significative learning [37]. INTEF [17] reveals 
that MOOC takes in NOOC (Nano-MOOC) because they 
are valid and significative techno-pedagogical resources 
helpful in day-to-day education tasks. LOES Art. 08 
supports technological innovations that contribute to 
virtual learning models at UTN, seeking innovative 
sensible solutions to academic issues [29]; analyzed in this 
study. 

In this study, the implementation of technology and 
techno-pedagogical tools such as Nano-MOOCs helps to 
obtain content feedback by educators who cannot easily 
obtain it because of the lengthy and strict lesson plans and 
syllabus to be met. For instance, commonly used methods 
like dictation using paper and pencil in tests can be avoided 
by introducing suitable technological tools intended to 
familiarize native and immigrant digital students with such 
resources. 

As a consequence of educators’ minimum management 
of digital competences, they are highly likely to misuse 
technology, in addition to not being familiarized with an 
instructional design helpful in the planning of online 
courses so that these courses are implemented in the 
classroom. As a result, students certainly experience 
demotivation that may lead to low academic performance, 
which almost certainly may affect work performance, 
particularly in the area of Public Finance in case that 
students ever get to have a public position. 

According to what has been mentioned, the objective of 
this research is to identify the technological tools used by 
teachers in the training processes of the Public Finance 
subject in the Accounting and Auditing career at the 
FACAE faculty, of the Universidad Técnica del Norte, and 
carry out an analysis of the educational situation of the 
students to highlight the following questions: 1) Is there a 
need to implement technology and techno-pedagogical 
tools to improve the teaching-learning process of the Public 
Finance subject? 2) At what age will the implementation of 
a Nano-MOOC be more necessary? 3) Is it pertinent to 
carry out a Nano-MOOC as a techno-pedagogical resource 
in the Public Finance subject? 
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2. Methodology 
This investigation is an exploratory study using a 

quantitative-descriptive, bibliographic, documentary and 
field approach. Teachers and students were willing to 
collaborate in the study. This research work describes 
objective related components, frequency, average and 
parameters with confidence intervals [26]; For its effect the 
following phases were defined: state of the art; situational 
diagnosis of the sample; analysis and interpretation. 

Phase 1 – State of the art 

The data collection was carried out since May 2019, with 
bibliographic review in repositories and database of the 
UTN virtual library such as Springer, Scopus, SCimago, 
ProQuest, as well as in Google Scholar, Microsoft 
Academic. Fifty bibliographic references were obtained 
according to keywords such as educational technology, 
NOOC, digital natives and immigrants, technological tools, 
techno-pedagogical resources and ICT related to the 
problem of research and the search for solutions. 

Phase 2 – Situational diagnosis 

To unveil the actual situation in regards to educators’ use 
of technological tools when teaching the subject of Public 
Finance, an assessment matrix was developed including 
objectives, variables and indicators, techniques and 
population estimate as well with the purpose of 
establishing three basic components: learning process, 
techno-pedagogical resources and academic performance. 
Such components help obtain a solid data gathering process 
in the study. 

The survey technique was used with its instrument, the 
questionnaire, which was validated by four ICT experts. 
After several reviews, corrections, substitution of questions 
and the placement of sections, this instrument was 
specified with 17 multiple-choice questions on a Likert 
assessment scale presented in order and clarity. The 
instrument was carried out through Google forms and was 
applied to 73 students of Public Finance. Kalnow [19] point 
out that Google forms are a free online application to get 
immediate results of research data. In addition, two 
teachers who taught the Public Finance course were 
interviewed with 15 questions to collect information and 
learn about the current situation in which students are 
developing in terms of the use of techno-pedagogical 
resources in the classroom. Direct observation was 
essential in this study to verify how the teacher gives the 
classes. 

The research was carried out with 73 students and 2 
teachers in an empirical observation space that was UTN, 
FACAE, in the Accounting and Auditing degree program, 
located in the city of Ibarra-Ecuador, El Sagrario parish. 
This allowed collecting important information and 
constituting the total sample for the study. See Table 1. 

Table 1.  Sampling by gender. 

Gender Number Percentage 

Males 17 23,3 

Females 53 72,6 

LGBT 3 4,10 

Total 73 100 

Source: Public Finance Students at UTN 
Researcher: E. Janeth Ibadango.G. 

Phase 3 – Results analysis and interpretation 

At this stage, the statistical program RStudio was used to 
analyze the behavior of the data using the statistical 
technique for the assumption of additivity with the 
observation of a bivariate correlation matrix of 
combination of questions, where none reaches 0.95. The 
data come from a normal, linear distribution, and have 
homogeneity and homoscedasticity by means of the Scatter 
Plot analysis; the values are adjusted and the residuals are 
standardized, being observed as a Barlet cloud. 

Then, to answer the question: Is there a need to 
implement technology and techno-pedagogical tools to 
improve the teaching-learning process Public Finance 
subject? Two variables were established through a 
confirmatory factor analysis called; 1) Need to implement 
technology by teachers; 2) Importance of technology as a 
techno-pedagogical tool for improvement for students. 
Consequently, the structure was valid and reliable for this 
study, constituting according to the RMSEA indexes of 
0.000, SRMR of 0.022 whose values are minimal to 0.05. 
Thus, the construct is excellent because implementation 
improves the teaching-learning process. 

Subsequently, an ANOVA of variable 1 was applied 
with the three groups of students from 17 to 20, 21 to 24 
and 33 to 48 years of age; the p-value was 0.036 less than 
0.05. Notably, there is a significant difference between the 
three age groups. Finally, to corroborate the above, a 
Pairwise T test was applied to answer the question: At 
what age will the implementation of a Nano-MOOC be 
most necessary? Consequently, it is the digital natives 
between 17 and 24 years of age who consider it most 
necessary. Indeed, this implementation evidences the 
relevance of designing a Nano-MOOC as a 
techno-pedagogical resource in the Public Finance subject. 
This result answers the question: Is it pertinent to carry 
out a Nano-MOOC as a techno-pedagogical resource in 
the Public Finance subject? Afterwards, for its 
development, a specialized diagnosis must be carried out 
and the specific topic identified, where the student presents 
learning difficulties and the specific Nano-MOOC must be 
designed, which will be carried out in other investigations. 

The ANOVA statistical test was applied to compare the 
variable need to implement technology (variable) by 
teachers, within the strata that constitute the ages of the 
students between 17 to 20, 21 to 24 and 33 to 48 years old 
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who are studying Public Finance in the Accounting and 
Auditing program, FACAE of the UTN. 

3. Results 
Results were obtained in an Excel sheet for statistical 

testing using programming language RStudio 3.6.3. 
Initially, the parametric statistical technique for the 
additivity scenario was examined through a bivariate 
correlation matrix observation, specifically in a 
combination of questions. Results obtained for the 
correlation matrix showed that none of the values reaches 
over 0.95 and thus additivity is accepted. See Fig. 1. 

 

Figure 1.  73 Surveys’ Matrix Correlation Histogram Dispersion 

After that, normal assumptions of normality, linearity, 
homogeneity and homoscedasticity were verified. 
Moreover, a random value false regression “Chi Square 
Test” as a predicted deviation by all relevant values from a 
set of standardized for quantiles data was applied. 

 

 

 

Figure 2.  Histogram, QQ Plot, Scatter Plot 

Assumption normality is obtained by observing 
histogram regression quantiles near normal distribution. 
Frequency distributions show a central normal tendency 
from 2 to 2. Linearity was obtained from theoretical and 
predicted deviations. It is verified then, that quantiles 
appear along a straight line in a 2 to 2 intervals. Finally, 
homogeneity and homoscedasticity are obtained through a 
Scatter Plot analysis. Values are adjusted, residues are 
standardized, and quantiles distributed evenly—equal 
number—in the 4 quadrants which are not apart, nor do 
they take a set form. Similarly, quantile homoscedasticity 
path is interspersed in the quadrants in which there are no 
shapes or patterns. It is just seen as a Barlet Cloud. See Fig. 
2. 

In this scope, a confirmatory analysis is done and 
question 5 is eliminated resulting in 2 set variables. 

The need to implement technology by faculty members 
Q1-Do you think that faculty members are willing to 

help reinforce learning when you need to? 
Q2-Do you think that faculty members should look for 

virtual environments outside the classroom so as to 
promote learning to become efficient students?  

Q3-Do you think face-to-face classes are enough to get 
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thorough knowledge of the Public Finance academic 
subject? 

Importance of technology as techno-pedagogic tool to 
enhance student learning 

Q7 Would you like to increase academic performance 
levels related to Public Finance through a 
techno-pedagogic resource? 

Q8 Do you think that the use of social networks is 
necessary to keep up-to-date in regards of homework and 
timetables so that organization of study time becomes more 
efficient?  

Q9 Do you think the use of Nano-MOOC is essential as a 
techno-pedagogic resource to enhance Public Finance 
academic performance? 

 

Figure 3.  Confirmatory Factor Analysis Chart 

Confirmatory factor analysis helps the validation of 
factorial structure showing adequate research rates [35]. 
Therefore, saturation for each question is over 0.5 and 
consequently, the final structure is valid and reliable. See 
Fig. 3. 

 

Eventually, saturation is over 0.5, which Trucker index 
and Lewis are 1.032 and 1.032 respectively. NNFI (Non 
Normed Fit Index) falls into the >0.95 index. CFI value of 
1.000 falls into the “excellent” category. On the other hand, 
RMSEA index (Root Mean Square Error of Approximation) 
and SRMR (Standardized Root Mean Residual) obtained 
values from 0.000 and 0.022 demonstrate the construct 
validity due to a 0.05 minimum value. See Fig. 4. 

The need of the implementation of Nano-MOOC density 
ponderation according to age 

Table 2.  Anova Results 

Effect DFn DFd F p p<.05 
Group  
Total 

2 
2 

15 
15 

4.17476 – 0.03619093 
4.17476 – 0.03619093 

0.3575885 
0.3575885 

Source: Public Finance Students UTN 
Researcher: E. Janeth Ibadango.G. 

ANOVA statistical tests applied to measure the variable 
in regards to the need for technology 
implementation—variable—from faculty members and to 
student groups between 17 to 20, 21 to 24 and 33 to 48 
years of age who are studying Public Finance in the 
Accounting and Auditing program, FACAE of the UTN. 
Saravia [36] mentions that ANOVA, created by Ronald 
Fisher in (1980 – 1962) verifies the differences between 3 
or more groups and determines whether there are 
differences among them showing a certain quality. 
Through this analysis, a p-value is 0.036 (p <0.05), See 
Table 2. It is notably verified a significative difference 
between the three age-groups thus the application of 
techno-pedagogic resources is critical for digital and native 
and immigrants Public Finance students. 

 

Figure 4.  Adjustment in positive index 
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Figure 5.  Boxed Chart 

Table 3.  Pairwise comparisons using t tests with pooled SD 

Age P Value method: bonferroni 

17 a 20  1.0000 

21 a 24  0.0051 

33 a 48  0.0062 

Source: UTN Public Finance Students 
Researcher: E. Janeth Ibadango.G.  

Finally, Pairwise T statistical test provides a P value in 
multiples comparisons using P values in a triangular matrix 
among the groups [4]. As observed in Table 3, there is a 
significative difference in regards to the need for 
implementation of a Nano-MOOC as a techno-pedagogical 
resource in the Public Finance, among the group of 17 to 
20-year-old’s. As far as the 33 to 48-year-old group 
showing a 0.0062 p-value, whereas as the 17 to 20-year-old 
group thinks the need for this implementation is greater. 
What is more, there is a significative difference between 21 
to 24 year-old students in contrast to the 33 to 48-year-old 
group, showing a 0.0051 p-value where the 21 to 
24-year-old group thinks the implementation is highly 
needed. See Fig. 5. 

Results and Discussion 

The results of this research stand out in that the 
application of a techno-pedagogical resource resulting 
from ICT provides quality in the learning process and it is 
successful to use the so-called Nano-MOOCs because they 
allow improving and supporting university training. 
Moreover, the research addresses issues that the teacher 
leaves out due to the lack of time and space; they are 
sometimes even taken into account in the planning but 
teachers cannot teach them. Therefore, students are left 
with gaps that they could get to learn, and those 

information gaps could even make a difference in their 
professional life, but due to ignorance and traditional 
methods teachers do not implement them. 

The results of Basantes [2] were successful because they 
took advantage of ICT as an innovation and since they 
strengthened the teaching-learning process. This agrees 
with this study because a Nano-MOOC is an educational 
innovation of micro-learning whose use allows solving 
academic difficulties and supports improving the academic 
performance of students. In a study from the Global South, 
its application improved learning with significant effects 
[22]. 

The implementation of Nano-MOOCs certainly 
reinforces ODS by proposing the creation of a Public 
Finance techno-pedagogical resource as well as e-learning 
with the aim to protect the natural environment. In support 
to ODS, a proposal for the creation of a Public Finance 
techno-pedagogic resource and online learning apt to 
protect the natural environment is proposed [31],[10],[23]. 

Results based on micro-learning practices were key to 
the traditional classroom innovation. In this context, 
Nano-MOOC innovates traditional processes for enhanced 
academic performance [15],[11]; findings regarding the 
importance of learning environment designs from 
university students perspective validated the concept for 
better learning competencies applied to formal and 
informal educational processes [30]. 

There are a number of courses in virtual learning 
environments, but many times they lack an optimal and 
well defined instructional design (ID) due to the teachers’ 
ignorance. The content is extensive it takes them months, 
the student gets tired and drops out of the course without 
achieving solid knowledge. Therefore, the need to 
implement technology and techno-pedagogical tools to 
improve the learning process of Public Finance is valid and 
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reliable. 
To confirm this research studies addressed in the 

pedagogic quality MOOCs and the design showed that they 
do not tackle lateral issues, nor focus on the 
acknowledgment of micro-learning practices since these 
tools only focus on course finalization not on the 
strengthening of acquired knowledge, and certainly, they 
lack of learning feedback and lengthy content has caused a 
high level of MOOC course drop outs [28],[21]. 

Therefore, a proposal for the creation of Nano-MOOC as 
a techno-pedagogic resource that enhances micro-learning 
practices allowing a 15-minute Nano-MOOC 15 instead of 
a months-long MOOC would certainly become an 
attractive academic offer that may well benefit students 
learning. Unfortunately, this offer needs further scientific 
research.  

Consequently, with Fermín [14] pilot result for the 
adoption of a Nano-MOOC at Chile University, INACAP 
provided a flexible model to tackle research-action topics 
and competences which outcome was attractive and 
motivating because it decreases MOOC dropout rates. 
Therefore, research done at Universidad Técnica del 
Norte—FACAE, the Accounting and Auditing department 
in Ibarra-Ecuador, provides results that evidence the need 
for designing a Nano-MOOC to be implemented to the 
subject of Public Finance so that the learning process is 
enhanced by strengthening knowledge firmly and in turn, 
improve academic performance so future professionals do 
their jobs efficiently. 

Results from Pérez [32] confirm this study since the 
implementation of nine Nano-MOOC courses to enhance 
students training, resulted in a low-information-concrete 
and defined learning strategy providing learning feedback 
as this study suggests by looking into previously ignored 
topics vital for future Public Finance professionals’ higher 
education. 

INTEF [17] confirms that online studying enhances 
concrete profound learning related to efficient professional 
development, therefore this study is considered innovative 
for the training of successful professionals.  

Creating a Nano-MOOC requires the establishment of 
an exceptional instructional design formed in a virtual 
environment where there is no educator present. 
Additionally, the content should be specific within a time 
limit so as to significatively contribute to digital natives 17 
to 24 year-olds micro-learning processes aiming to lower 
course drop-out statistics by Nano-MOOCs utilization. 

To sum up, Public Finance students and faculty were 
motivated by these new ways of learning and innovating 
learning processed. Furthermore, this research confirms the 
need and importance to implement technological learning 
tools so that university students benefit from feedback and 
self-online learning. 

4. Conclusions 
The following conclusions were obtained from the 

results: 1) Through the carried-out study, it is concluded 
that students between 17 to 24 years of age consider the 
implementation of a Nano-MOOC more necessary, 
because they positively perceive innovating with 
educational technology as they are digital natives; 
therefore, they should take full advantage of academic 
offerings online that provide ICT in the educational field. 2) 
With the results obtained and direct observation in class, it 
was shown that teachers practically do not apply 
technological tools and the level of use of ICT is very low; 
thus, it is valid and pertinent to carry out a Nano-MOOC as 
a techno-pedagogical resource in the Public Finance 
subject to innovate university education based on the need 
and importance that these resources focus. This can 
contribute to academic performance and to strengthening 
the construction of significant knowledge for the students’ 
future performance as successful professionals. 3) The 
relevance of creating a Nano-MOOC in the Public Finance 
subject was confirmed and it is concluded that it can be 
used to improve and provide feedback to the 
teaching-learning process because the face-to-face hours 
are not enough. 4) The Nano-MOOC is a sustainable 
educational techno-pedagogical resource that supports the 
SDGs in protecting the natural environment, does not use 
paper or polluting ink, has online activities that promote 
micro-learning and contributes to the virtual educational 
model of the UTN. 
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