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ABSTRACT MOOCs (Massive Open Online Courses) and NOOCs (Nano Open Online Courses), which are
part of e-learning, are being incorporated into the online teaching strategies of higher education institutions
around the world. Research on the outcomes of their implementation has shown both their educational
potential and their limitations. However, little is known about the instructional effectiveness of these
courses and their potential contribution to the acquisition of specific competencies linked to the TPACK
(Technological Pedagogical Content Knowledge) model for the training of future Geography and History
teachers. To this end, this study examines perceptions regarding the instructional effectiveness of two
MOOCs and two NOOCs on geographical and historical education, through an analysis of the performance
in TPACK competency dimensions of future teachers (n = 1993). Based on a cross-sectional descriptive
approach, central tendency statistics analyses (mean and standard deviation) and inferential analyses (Mann-
WhitneyU test andWilcoxon rank-sum)were used. Participants reported optimal levels of satisfaction across
all competency dimensions of the model for their teacher training. Inferential statistical analyses further
revealed the existence of statistically significant differences depending on participants’ university and gender.
Both the instrument applied and the results obtained are of use in making educational decisions regarding
the design and implementation strategies of MOOCs and NOOCs specifically aimed at the professional
development of future Geography and History teachers.

INDEX TERMS MOOCs, NOOCs, educational technology, TPACK, teacher training, higher education,
Geography and History teaching and learning.

I. INTRODUCTION
The explicit recognition of the use of information and
communication technologies (ICTs) and the acquisition of
teachers’ digital competence (TDC) are reflected in the
guidelines of the European Higher Education Area, in the
2006 European recommendation [1], and, more recently,
as being among the priorities of the European Commis-
sion [2]. This reality implies a pedagogical shift capa-
ble of meeting the educational and technological training
needs of the future teaching body. In this regard, MOOCs
(Massive Open Online Courses) and NOOCs (Nano Open
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Online Courses), which are flexible in the setting of their con-
tent, resources, and timing [3], represent a clear step forward
in terms of access to open knowledge [4]. In MOOCs and
NOOCs, the user learns and internalizes skills and abilities
on a continuous and permanent basis in order to achieve their
qualification [5].

The Information and Knowledge Society (IKS) requires
the training of independent professionals in personal, social,
and professional digital competencies, with the ability to
adapt to new social demands. Current demands with regard to
personalised learning, connection and interaction with peers,
unlimited access to learning resources and sources of infor-
mation, and the availability of times and places for learning
in more natural settings of coexistence [6], [7] support the
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educational and social potential of online training, including
that offered by MOOCs and NOOCs [8], [9].

MOOCs and NOOCs, which are part of e-learning, have
been incorporated into the online educational strategies of
higher education institutions around the world [10]–[12],
at times resulting in effects that go against the true democrati-
sation of higher education and universal learning [13].
Research on the outcomes of their implementation has shown
both their educational potential and their limitations. Among
these limitations are the investment of resources and time; the
need for greater institutional support [14]; the need for greater
social-interactive engagement among participants [15]; high
dropout rates [16], [12]; and the aggravation of issues around
accessibility and exclusivity in developing countries [17].

As part of the Open Educational Resources (OER) move-
ment, MOOCs and NOOCs adopt alternative educational
designs to those used in traditional online courses, which
is crucial in participants’ mass motivation and perfor-
mance [18]. This type of course has been studied locally, both
in terms of the learning outcomes produced among university
and pre-university participants [19]–[22] and students’ socio-
digital reputation in virtual communities [23], as well as in
terms of their teachers’ perceptions and motivations in their
design [24], [25]. However, research into teachers’ profes-
sional development through MOOCs and NOOCs [26], [27]
has been particularly scarce. In this vein, little is known about
the acquisition of specific competencies associated with the
TPACK model, the influential variables in their acquisition
by future teachers, and the instructional effectiveness of these
courses [28]. Moreover, practically no MOOCs or NOOCs
intended for teacher training in Geography and History at
different educational levels, or for the acquisition of dis-
ciplinary content in these areas [29], [30], focus on the
TPACK technological/competency-based teaching and learn-
ing model.

In this context, the present study has two objectives. On the
one hand, it aims to understand and assess the perception of
future teachers, enrolled in two MOOCs and two NOOCs,
of the proficiency obtained in Technological Pedagogical
Knowledge (TPK), in Technological Content Knowledge
(TCK), and in Pedagogical Content Knowledge (PCK) in the
fields of Geography and History. Therefore, the measurement
of learning obtained in this study corresponds to the perceived
learning, since the nature of data prevents its comparison or
correlation with standardized external measures of learning
achievement. On the other hand, it seeks to test whether there
are statistically significant differences between the TPACK
dimensions (TPK, TCK, and PCK), depending on gender
and university institution of origin. The following research
questions are put forward:

1) To what extent do MOOCs and NOOCs contribute
to the acquisition of competency-based learning under the
conceptual framework of the TPACK model?

2) Does geographical/institutional origin affect the assess-
ment of TPACK dimensions (TPK, TCK and PCK) after
taking teacher-training courses in Geography and History?

3) Does the gender of future Geography and History teach-
ers influence their self-perceptions of competency achieve-
ment in each TPACK dimension?

In keeping with these questions, the following hypotheses
are made: a) H0 (null hypothesis): There are no significant
differences between the TPACK dimensional variables and
the gender and institutional origin of participants, with a
Type I error of 0.05; b) H1 (alternative hypothesis): There
are statistically significant differences between the TPACK
dimensional variables and the gender of participants, with a
Type I error of 0.05.

II. METHOD
A. PARTICIPANTS
A total of 1993 undergraduate and postgraduate students from
Spanish universities (1036) and other universities around the
world (957) agreed to take part in the study. Their distribution
according to gender was 1390 women (69.7%) and 603 men
(30.3%). The age range goes from 20 years to over 40 years,
distributed in six subgroups (Table 1).

TABLE 1. Sample distribution by age and gender.

B. INSTRUMENT
We opted for a methodological design based on survey-type
studies, together with a cross-sectional quantitative method-
ology of a descriptive and inferential nature. The ques-
tionnaire used was designed ad hoc, based on that used
by Schmidt et al. [31] and Ortega-Sánchez and Gómez-
Trigueros [9], the content of which has been validated for
the present study by experts from four Spanish universities
(Alicante, Murcia, Illes Balears, and Burgos). The instru-
ment consists of 33 items measurable on a 5-point Likert
scale (from 1, Strongly disagree to 5, Strongly agree) and
organised into four study dimensions: 1. Socio-demographic
characteristics (items 1–3); 2. Technological Pedagogical
Knowledge (TPK) (items 4–15); 3. Technological Content
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Knowledge (TCK) (items 16–23); and 4. Pedagogical and
Content Knowledge (PCK) (items 24–33).

In order to verify the reliability of the question-
naire, we calculated Cronbach’s alpha. The result obtained
(α = .957) confirms the instrument’s high and adequate
internal consistency for the proposed study [32], [33].

C. PROCEDURE
The questionnaire was delivered by email upon completion of
the MOOCs and NOOCs, using the free application Google
Forms. Students received the questionnaire in their univer-
sity and/or personal email accounts and were informed of
the objective of the study, as well as the confidentiality
with which the answers given would be treated. The forms
remained open from the time the courses were completed
(February 2017) until December 2018.

The design of the courses was based on the systematic
review of the commonly accepted conceptual and procedural
curricular contents linked to the disciplines of Geography
and History. In this way, the relevant structuring contents
were selected for their ability to explain how Social Sciences
are built for teaching and learning. However, the lack of
similar digital courses in Geography and History prevented
the contrast and feedback of our formative decision through
valid referents.

The four courses are part of the same training unit, two
MOOCs dedicated to the teaching and learning of Geography
and History, and two complementary NOOCs dedicated to
the treatment, deepening and acquisition of specific procedu-
ral competencies in the geographical area. The participating
students were enrolled in the four courses, with the aim of
achieving comprehensive training in TPACK competencies
within the disciplinary field of Geography and History.

The MOOCs implemented (‘‘Course 0: Teaching Geog-
raphy using Google Earth’’ [http://cort.as/-MWAj]; ‘‘Course
1: Teaching Geography with Google Earth’’ [http://cort.as/-
MWAs]; and ‘‘New educational possibilities for learning
and teaching History in primary schools’’ [http://cort.as/-
MWAu]) were sequenced in six teaching modules, in keeping
with each of the study’s dimensions (TPK, TCK, and PCK).
Each module includes a section on disciplinary content in
Geography and History, presented in video format along with
its written transcript; a set of complementary texts, links, and
other secondary material to support the disciplinary content;
and a theoretical-practical test on issues related to the educa-
tional and conceptual content worked on in each course.

The NOOCs (‘‘Introduction to geographical ICT tools for
the Bachelor’s Degree in Primary Education and the Mas-
ter’s Degree in Secondary Education: Topographic sections’’
[http://cort.as/-MWBG] and ‘‘Initiation to geographical ICT
tools for the Bachelor’s Degree in Primary Education and
the Master’s Degree in Secondary Education: Choropleth
maps’’ [http://cort.as/-MWBP]), were structured around an
initial section about pedagogical and educational content in
video format and a PowerPoint presentation, a set of com-
plementary material (links and bibliographic references), and

a practical test with the purpose of confirming the knowledge
acquired throughout the course.

Both the MOOCs and the NOOCs offered spaces for social
interaction (forums), in which participants could raise ques-
tions, learn among peers, and propose training alternatives to
the topic addressed. The creation of these spaces aimed to
promote cooperative learning, understood in this training con-
text as an important element in the technological-interactive
construction of knowledge and in interactive social partici-
pation through group work [34], [15]. Recently defined pre-
dictive factors were considered in the design of the MOOCs
and NOOCs, such as the courses’ quality, accessibility, and
usefulness [35], [36], as well as meeting current educational
training requirements for the creation of digital material [18].

D. ANALYSIS OF DATA
In order to achieve the objectives of the study, both descriptive
and inferential analyses were performed, using the statistical
software programme SPSS v.23. To test the normality of
the data, the histograms of each of the items in the ques-
tionnaire were analysed, as well as the Q–Q plots. Non-
normality of values could be observed in all cases. Similarly,
the Kolmogorov-Smirnov test was applied, which produced
a level of significance below 0.05 (p < 0.05), confirming
the atypical distribution of the data. Following a descriptive
analysis of the items (mean and standard deviation), non-
parametric Wilcoxon rank-sum and Mann–Whitney U tests
were applied, equivalent to Student’s t test, but of great use
when dealing with independent samples with a non-normal
distribution.

III. FINDINGS
A. DESCRIPTIVE ANALYSES
Table 2 shows the values obtained from the descriptive sta-
tistical analysis (Table 2). These findings show the students’
positive perception of the usefulness of the MOOC and
NOOC training resource for their teaching work. As such,
we can observe high appraisal for these resources for their
training in the TPK1−12 dimension, with average values close
to 5 (M ≥ 4.75) and low dispersion responses (SD ≤ 0.645).

Participants also perceive that the MOOCs and NOOCs
they participated in have facilitated the technological-
disciplinary acquisition of social content (dimension
TCK1−4) (M ≥ 4.76, SD ≤ 0.978). Similarly, very positive
results are obtained when participants are asked about the
educational potential of MOOCs and NOOCs in the teaching
and learning of Geography and History (dimension TCK5−8)
(M ≥ 4.83, SD ≤ 0.572).

Finally, participants view the training possibilities of these
courses as appropriate for the acquisition of PCK6−10,
since they provide useful content for adapting curricular
content to the available teaching materials (M ≥ 4.84;
SD ≤ 0.811). Consistently, participants consider that the
MOOCs and NOOCs they have completed (dimension
PCK1−5) have allowed them to acquire knowledge to
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TABLE 2. Descriptive results.

adequately implement social science content in their teaching
work (M ≥ 4.81; SD ≤ 0.818). Consequently, the descriptive
results show in all its dimensions (M ≥ 4.75, SD≤ 0.978) an

optimal development and acquisition of TPACK competen-
cies within the specific area of Didactics of Geography and
History, main objective of the four digital courses design.
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TABLE 3. U of Mann-Whitney and W of Wilcoxon in TPACK dimensions
depending on the institution of origin.

B. COMPARATIVE ANALYSIS ACCORDING TO THE
UNIVERSITY INSTITUTION OF ORIGIN
According to the results obtained in the TPK dimension, and
in particular item TPK8, the scores given by participants of
other universities around the world are significantly higher
than those given by students of Spanish universities (U =
39139, W = 195659, z = −3.519, p = .000; Mex = 4.91,
SDex = 0.344; Mes = 4.62, SDes = 0.621) (Table 3).
Something similar occurs for the variables associated with

the TCK dimension, the results of which allow for the rejec-
tion of H0, confirming the presence of differences between
the various groups of students. Participants from non-Spanish
universities scored higher than Spanish students (TCK5:U =
39531,W = 196051, z = −3.421, p = .001; TCK6:
U = 37656.500,W = 194176.500, z = −4.378, p = .000;
TCK7: U = 37585,W = 194105, z = −4.398, p = .000)
(Mex ≥ 4.89, SDex ≤ 4.01; Mes ≥ 4.11, SDes ≤ 0.677).
Likewise, the findings for variables PCK1, PCK6, PCK7,

PCK8, and PCK10 (p<0.05) on Pedagogical Content Knowl-
edge also confirm the existence of statistically signifi-
cant differences between groups of students (PCK1: U =
40685,W = 197205.500, z = −2.652, p = .008; PCK6:
U = 39764,W = 196284, z = −3.158, p = .002;
PCK7: U = 40809.500,W = 201013.500, z = −2.651,
p = .008; PCK8: U = 40857,W = 197377, z = −2.662,
p = .008; PCK10: U = 32772,W = 189292, z = −6.779,
p = .000), with higher values obtained by non-Spanish

TABLE 4. U of Mann-Whitney and W of Wilcoxon in TPACK dimensions
depending on the gender.

universities (Mex ≥ 4.75, SDex ≤ 0.503; Mes ≥ 4.09, SDes ≤

0.710).
This data therefore allows us to confirm the existence of

differences in the scores given by participants to their teacher
training experience after taking MOOCs and NOOCs based
on the TPACK model. As a result, the findings allow for
acceptance of H1, which states that participants’ institution
of origin influences the scores achieved.

C. COMPARATIVE ANALYSIS ACCORDING TO GENDER
A statistically differential appraisal, according to gender, of
the educational potential of MOOCs and NOOCs in the
acquisition of the competencies of the TPACK model can be
observed (table 4).

The values obtained allow for the rejection of H0 in the
case of variables related to Technological Content Knowl-
edge, with a Type I error of 0.01 (TCK1: U = 28611,
W = 39489, z = −7.108, p = .000; TCK2: U = 32937,
W = 43815, z = −4.893, p = .001; TCK3:U =

29271,W = 40149, z = −6.678, p = .000; TCK4:
U = 31386,W = 42264, z = −5.633, p = .002; TCK5:
U = 30025, W = 40903, z = −6.709, p = .001;
TCK6: U = 30148, W = 41026, z = −6.617, p = .000;
TCK7: U = 29623,W = 40501.500, z = −6.873, p =
.000; TCK8: U = 35098.500,W = 45976.500, z =
−3.825, p = .000). In this dimension, women have higher
scores than men (M+◦≥ 4.86; SD+◦≤ 0.598; M

�
≥ 4.08;

SD
�
≤ 0.898).
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Finally, the variables related to Pedagogical Content
Knowledge conclude with the rejection of H0, since there
are significant differences between the genders regarding
the practicality attributed to the MOOCs and NOOCs taken
for acquiring this type of TPACK knowledge (PCK7: U =
35001.500,W = 45879.500, z = −3.893, p = .009; PCK8:
U = 34217,W = 45095, z = −4.323, p = .010; PCK9:
U = 34664.500,W = 45542.500, z = −4.073, p = .025;
PCK10: U = 30383.500,W = 41261.500, z = −6.370, p =
.009). In the case of these variables, women have higher
scores than men (M+◦≥ 4.71; SD+◦≤ 0.497; M

�
≥ 3.98;

SD
�
≤ 0.851).

IV. DISCUSION AND CONCLUSION
The importance of training future teachers in TPACK
model competencies as part of their professional develop-
ment [8], [37], [38] must be based on the knowledge of their
perceptions of the educational potential of the most widely
available online courses. In view of the findings obtained,
we can observe that participants in the MOOCs and NOOCs
implemented—Geography and History teachers in training—
positively value the usefulness of these digital media for their
professional training. These findings are consistent with pre-
vious studies [39]–[41] that confirm the educational benefits
of technology in the acquisition of technological, disciplinary,
and pedagogical competencies. However, the absence of a
control group and, therefore, an intergroup comparative anal-
ysis, motivates the acceptance of these results with caution.

The specific training provided by MOOCs and NOOCs
in TPK, TCK, and PCK for teacher training is clear from
the positive appraisal of each of the TPACK model’s dimen-
sions. These findings are in line with those obtained in recent
studies [9], [42] that show that MOOCs and NOOCs help in
disciplinary content training [8], [43] and in the development
and acquisition of teachers’ digital competence [44], [45]. It
was found that all participants highly value the technological,
disciplinary, and pedagogical knowledge provided by these
online courses, with equivalent levels across all three types
of knowledge.

In terms of the TCK dimension of MOOCs and NOOCs,
the appraisals given by participants from non-Spanish uni-
versities are found to be higher than those given by partici-
pants from Spanish universities, and the results in the PCK
training dimension are also higher among participants from
non-Spanish universities. It does not seem, therefore, that
the language of instruction (Spanish language) influenced
the differential results obtained. This circumstance could be
explained by the lack of tradition of using this type of dig-
ital courses in Spain and by some distrust of its evaluation
procedures. However, more research in this area would be
necessary.

This data shows the positive international appraisal
enjoyed by these courses, their acceptance as technological
tools related to pedagogy and content, their importance in
the constant updating of teachers’ professional development,
the relevance to teaching of the exchanging of experiences

and knowledge [46], and their power as a training tool for
teachers’ digital competence [8], [9].

When the three dimensions of the TPACK model are
analysed according to gender, differential appraisals are also
obtained based on this variable. As in other studies [47]–[50],
significant differences are identified according to gender:
women being the ones who attach greater importance to
their teacher training in digital skills, in this case, for the
teaching of historical and geographical contents. Specifically,
the findings related to TCK show that the responses given
by women are more positive, as they confer greater impor-
tance to MOOCs and NOOCs as technological means to
acquire technological-disciplinary knowledge in the teaching
of specific content. This data may be related to the different
self-perceptions that men and women have of their abilities
regarding the manipulative use of ICTs [51]–[53].

These differences have recently been confirmed by studies
such as that of Flores-Lueg and Roig-Vila [54], which shows,
in a sample of 175 future teachers, that men obtained higher
results in their self-perceived level of digital competence
and, in particularly, in the technical, didactic, social, ethical
and legal dimensions; or that of Cabezas et al. [51], which
demonstrates significant differences in digital competence
perceptions in favor of men. A reality that is corroborated
in Primary School teachers [53]. However, there are a few
studies that begin to show the existence of a reduction of the
digital gender gap in the use of social networks [55], [56], and
in other digital competencies [57]– [62].

Similar findings can be seen in the case of variables related
to the perception of PCK, as women express a more positive
appraisal than do men in this dimension. These findings
relate to the organisational importance given to MOOCs and
NOOCs in the ordered presentation of teaching resources
and material [43] and to the different self-effectiveness that
the genders express with regard to their use of teaching
technologies [37], [63].

In future research, we consider it interesting to delve into
these possible differences in order to evaluate the educa-
tional implications that might arise. Likewise, it should be
completed, also from qualitative approaches, assessing the
potential incidence of age, teaching experience, knowledge
of ICT and the attitude towards them of the future teach-
ers, factors set forth in other works [61], [64]. In this line,
although statistically there is a lower probability of generating
solid results due to a greater number of categories, in future
studies it would be interesting to address a specific compar-
ative analysis of TPACK dimensions based on the participat-
ing age groups. The perceptions of the participants—future
teachers—are positive regarding the educational potential
of MOOCs and NOOCs for their training in technological,
pedagogical, and disciplinary competencies. These results are
consistent with previous studies, which have identified the
significant contribution of these courses in the acquisition of
knowledge, attitudes, skills, and aspirations among student
participants [22]. However, despite the initiative of educa-
tional authorities to make progress in terms of technological

4040 VOLUME 8, 2020



D. Ortega-Sánchez, I. M. Gómez-Trigueros: MOOCs and NOOCs in the Training of Future Geography and History Teachers

enhancement, training, and curricular inclusion, there are
practically no open and online courses in Geography and
History that encourage flexibility in terms of time and that
free students from location dependency [65], [66].

This study reveals an intimate link between the acquisition
of digital competencies and pedagogical-technological com-
petencies and the proper digital training of trainee teachers.
There is no doubt that a shift in education will be possible
by first transforming the mentality of university teaching
staff regarding the educational potential of ICTs and their
operational inclusion in various training contexts.

In future research, it would be of interest to delve further
into the differences observed according to gender among
MOOC and NOOC participants, in order to assess their edu-
cational implications in the classroom and in the acquisi-
tion of teachers’ digital competence. In the spirit of recent
qualitative studies that have focused on the voices and emo-
tions of MOOC participants [21], [67], applying qualitative
research techniques, such as interviews or participant or non-
participant observation, may lead to important findings in
terms of the interpretation of these differences.
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