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ARTICLE INFO ABSTRACT
Received: 22 Oct 2022 Research has proven that TPACK model can significantly contribute to teachers’ training in their
Accepted: 7 Apr 2023 educational work, along with the training context, as well as to contribute to their initial training.

The objective of this research is to analyze the level of teaching competence that teachers have
according to TPACK model, as well as the variables that influence the technological
implementation in the classroom. For the data analysis, we used a validated questionnaire
composed by 47 items divided into the seven dimensions of TPACK model. We performed a
stratified sampling by conglomerates in various stages, using public schools as a sampling unit.
The sample is formed by 825 teachers. This is a descriptive and non-experimental investigation,
where we performed a multivariate analysis of variance (MANOVA) test between the dimensions
of the diagnosis scale and the socio-demographic variables. The most significant results have
been the differences found regarding the educational stage and the age of the participants. It
should be noted that the organization of the two stages, although based in the same principles
and with common elements for the transition from one to another, is different. The study
presents some adapted and focused training proposals in order to alleviate the training
weaknesses of in-service teachers from TPACK model.

Keywords: TPACK, teacher training, primary education, child education, educational
technology, lifelong learning

INTRODUCTION

For a long time, the use of technology in the educational field ceased to be a simple choice and, instead,
became a reality. When including the digital competence as a key competence of the educational system, this
requires adapting to the new educational challenges and to adjust to educational politics (Aguaded et al.,
2015; Ortega & Gdmez, 2019; Tirado et al., 2016).

In this line, many studies have been published on the incorporation and use of information and
communication technologies (ICTs) in educational centers, as the creation of classrooms with technological
resources requires a very specific structure (Fernandez et al., 2018), but it does not mean a complete
integration of technology unless there are teachers with a high digital competence (Hernandez-Selles et al.,
2023). To this end, it is necessary that teachers improve their digital competence and integrate ICTs in the
teaching practice (Hannaway, 2019; Njiku, 2022).
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In the current educational context, teachers are transforming the educational process through ICTs
(Fathelrahman, 2019; Zhang et al., 2019) making a great effort and going beyond the use of simple
instrumental skills (Cabero & Barroso, 2016; Cabero & Gimeno, 2019). In fact, the use of such technologies is
transforming the management and implementation of teaching activities (Kwon et al., 2019; Shah & Cheng,
2019; Zhu et al.,, 2019). Therefore, it is necessary that teachers in service are able to value their training on
ICTs according to TPACK model, in order to use technology in a pedagogical and effective way, as TPACK model
facilitates the integration of digital media and tools in the teaching-learning process (Vaerenewyck et al., 2017).

The training of teachers is the aspect that makes the use of technology more difficult (Brinkley, 2020;
Gomez et al., 2019); this is why teachers with effective instruction and literacy skills have a greater training
level. This way, Chai et al. (2019) draw the attention on the training that the teachers received during their
pre-service period, which becomes decisive for the ulterior use of ICTs during their teaching practice. In
addition, if we analyze the training of teachers in service who develop the use of ICTs, it has a positive effect
in TPACK levels. Some of the obstacles that appear before the integration are the skills and the knowledge of
teachers regarding the use of technology (Paidican & Arredondo, 2022; Yildiz, 2019), as well as the
instrumental nature of the teaching action, which is exclusively focused on the instrumental manipulation of
technologies (Cabero & Gimeno, 2019). Under this conception, TPACK model was born (Mishra & Koehler,
2006), which is the combination of disciplinary and pedagogical knowledge that teachers should have,
including ICTs as an additional element.

TPACK model revolves around three basic components that, in turn, generate four intersections between
them, along with the training context, for the appropriate inclusion of ICTs in the classroom (Habibi et al.,
2022; Senol, 2020; Tseng et al., 2016, 2019). TPACK model is a solid diagnostic framework for the digital
teaching competence that teachers have according to the results of research carried out in this regard. Thus,
the three areas of TPACK model, if properly integrated, will result in an improvement in teacher quality. There
are many studies developed on this topic, which obtains favorable results in the application of TPACK model
both in the training of teachers in service and in the initial training of teachers (Garcia Aretio, 2020; Izgi-
Onbasili et al., 2022).

In the beginning, the investigations developed were of generalist nature on the use of ICTs, finding
differences between the different levels of knowledge (Castillejos et al., 2014; Max et al., 2022). In this line,
stand out the studies developed on the initial training of teachers (Kadioglu et al., 2023; Valtonen et al., 2018)
and on different educational levels and disciplinary contexts (Hsu et al., 2017). Yang et al. (2019) carried out a
study with teachers in service in levels K-12 taking TPACK as a reference.

In this study, we intend to examine the application of TPACK model in early childhood education and
primary education, and, to that end, it is necessary to establish beforehand the self-perceptions that teachers
in these educational stages have regarding the knowledge stated in TPACK model. The general objective of
the study is to analyze of knowledge that teachers have according to TPACK model, considering the variables:
educational stage; location province; and age of teachers. Those self-perceptions will serve as a guide to
answer the following questions:

1. Is it possible to identify any differences in the training of teachers in-service regarding the different
types of knowledge according to TPACK model?

2. Arethere any differences in the training of teachers in-service on ICTs in early childhood education and
primary education regarding TPACK model?

3. Are there any differences in the profile of early childhood education and primary education teachers
in-service in the dimensions of TPACK model?

MATERIALS AND METHODS

For the data gathering, a questionnaire method has been used, with an instrument designed by Schmidt
et al. (2012), adapted and translated by Cabero (2014), having received the permission to use the instrument
for the diagnosis of TPACK model. This is a non-experimental investigation of descriptive nature. The
population is composed by teachers at the public schools of early childhood education and primary education
of the Region of Andalusia (Spain), with n=49,495. We carried out a stratified sampling by conglomerates,
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using public schools as a sampling unit (1,751 schools of early childhood education and primary education).
The strata were defined according to age, educational stage and geographic area, where teachers carry out
their teaching practice. The sample is composed by 825 teachers in service.

The data were analyzed using SPSS statistical program (v. 24 for Mac). We performed an analysis to collect
the main statistical measures; and, in order to determine the existence of statistically significant differences
between the self-perception of teachers regarding their training from TPACK model, it has been made a
multivariate analysis of variance (MANOVA) based on the general linear model and considering the variables
of age, province and educational stage. Kolmorogov-Smirnov and Levene contrast tests were used to verify
the assumptions of normality and homoscedasticity.

Instrument

Questionnaire is composed by 47 items, divided in the seven dimensions, where TPACK model lays.
1. Technological knowledge (TK) with seven items.

2. Content knowledge (CK) with 12 items, divided between CK in science (CK-S: three items), CK in reading
and writing (CK-RW: three items), CK in mathematics (CK-Mat: three items), and CK in social sciences
(CK-Soc: three items).

3. Pedagogical knowledge (PK: seven items).

4. Pedagogical content knowledge (PCK: seven items).

5. Technological content knowledge (TCK: four items).

6. Technological pedagogical knowledge (TPK: five items).

7. Technological pedagogical content knowledge (TPACK: eight items).

The reliability of the questionnaire, obtained on the basis of the calculation of Cronbach’s alpha, is .955,
which indicates a strong internal consistency. Regarding the dimensions, the following values were obtained:
CK=.884; PK=.90; PCK=.822; TCK=.883; TPK=.844, and TPACK=.916.

Participants

The sample comprises 825 teachers of early childhood education and primary education from public
schools. According to gender, 57.8% of the sample are women and the 42.2% are men. Most of the teachers
are in the age range of 50-59 years old (33.9%), followed by teachers between 40-49 years old (31%), and a
26.7% who have between 31 and 39 years old. Teachers aged 60 and older, represent the 3.3% and those with
30 or under, represent a 5.1%. Regarding educational stage, where they develop their professional practice,
teachers of primary education represent a 62.1%, and teachers of early childhood education a 37.9%.

RESULTS

It can be observed how the perception of the teachers regarding PK is the most positive one of the seven
dimensions (Xpx = 4.11,SD = .481). In addition, the positive constant remains regarding TPK (X7px = 3.85,SD =
.581), where the value close to four indicates a perception relatively positive of teachers regarding the
technology potential within the educational context. Nevertheless, this does not indicate a successful
development of the educational work of the teachers in service through TPACK model, as shown by the low
scores in some of the dimensions, like TK (X, = 3.44,SD = .746), something that draws special attention, since
it follows that people interact with technology in multiple contexts and yet teachers perceive that their TK is
not as extensive as it should be (Table 1).

Regarding TK dimension, teachers perceive that the opportunities to work with different technologies were
not many (X = 3.18). Teachers also state that they do not know much about the variety of technologies that
exist today (¥ = 3.28), which can be due to the subject’s disciplinary content itself. In fact, in TCK dimension it
can be observed how the knowledge on technologies focused to understand and develop reading and writing
content is much higher in mathematics or social sciences (Xrcx—gw = 3.70 = Xrcg—soc = 346 = Xrck—pmar =
3.42). Regarding TPK dimension, teachers perceive themselves positively to adapt the use of the technology
to teaching activities (x = 4.01), but trend changes when that use refers to teaching lessons (¥ = 3.64).
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Table 1. Means & standard deviations (SDs) of most representative items of technological dimensions of
TPACK model*

Dimension Iltems Mean SD SEM
TK | have had enough opportunities to work with different technologies 3.18 1.044 .042
| know many different technologies 3.28 1.037 .039

| often play and test with technology 3.44 1.037 .042

| assimilate technological knowledge easily 4.00 .789 .025

TCK | know technologies that | can use to understand and elaborate mathematical content 3.42 .863 .035

| know technologies that | can use to understand & elaborated reading & writing content 3.70 .811 .033
| know technologies that | can use to understand & elaborated reading & writing content 3.46 .813 .033

TPK I know how to select technologies that improve teaching approaches for lessons 3.64 .797 .032
| can adapt the use of technologies to different teaching activities 3.94 .734 .030
| assume critical thinking about how to use technology in the classroom 3.97 .648 .026

My training as a teacher has made me reflect more carefully on how technology can  4.01 .737 .030
influence the teaching approaches, | use in the classroom
TPACK | can guide & help others coordinate use of technology & teaching approach in school 3.43 955 .039
| can use in my classroom teaching materials that combine content, technologies and 3.88 .684 .028
teaching approaches that | have learned about
| know how to select technologies to use in the classroom that improve the content!  3.80 .721 .029
teach, the way | teach it and what the students learn

| can adapt the use of technologies to different teaching activities 4,01 .727 .030

Note. *For choice of most representative items, criterion of selecting those with a value greater than 3 has been followed

Table 2. Multivariate analysis of intersection*age, intersection*province, & intersection*educational stage

Multivariate analysis F p 3 1-B
Intersection*age (A Wilks'=.945; p-value=.195; n2=.014; & 1-$=.912)
Technological knowledge (TK) 1.565 .182 .010 485
Content knowledge (CK) 2.978 .039* .020 .800
Pedagogical knowledge (PK) 931 446 .006 297
Pedagogical content knowledge (PCK) 1.925 105 .013 .582
Technological content knowledge (TCK) 480 .750 .003 165
Technological pedagogical knowledge (TPK) 912 456 .006 291
Technological pedagogical content knowledge (TPACK) .822 512 .005 .264
Technological knowledge (TK) 1.565 182 .010 485
Intersection*province (A Wilks'=.899; p-value=.079; ;=.015; & 1-p=.965)
Technological knowledge (TK) 2.003 .056 .023 .783
Content knowledge (CK) 1.671 113 .019 .691
Pedagogical knowledge (PK) 1.449 183 .017 .616
Pedagogical content knowledge (PCK) 924 488 .01 403
Technological content knowledge (TCK) 1.602 132 .018 .669
Technological pedagogical knowledge (TPK) 2.129 .051 .024 .789
Technological pedagogical content knowledge (TPACK) 2.008 .052 .023 .784
Technological knowledge (TK) 2.003 .056 .023 .783
Intersection*education stage (A Wilks'=.841; p-value=.004"; np=.61*; & 1-$=1.000)
Technological knowledge (TK) 8.381 .004* 610%* 1.000
Content knowledge (CK) 2.477 116 .000 .824
Pedagogical knowledge (PK) .099 753 .000 762
Pedagogical content knowledge (PCK) .250 617 .000 .690
Technological content knowledge (TCK) 3.152 .014* .021 .821
Technological pedagogical knowledge (TPK) 2.637 105 .004 .368
Technological pedagogical content knowledge (TPACK) 8.481 .002* .030 .978
Technological knowledge (TK) 8.381 .004* .610** 1.000

Note. *p<.05 & **Medium effect size (n2=.060-.139).

Multivariate Analysis

MANOVA allows to select two or more dependent variables simultaneously assuming the correlation
between variables and if these are significant, avoiding type | errors. MANOVA test is more potent when the
samples are relatively extensive. Therefore, meeting the necessary principles to perform parametric tests and
with a sample extensive enough, the multivariate analysis of variance has been used with the variables of age,
province and educational stage (Table 2).
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Table 3. Inter-subject effect tests, univariate F, & significance of teachers’ self-perception of CK

Dimension ltems F p 1B
CK | have enough knowledge about mathematics (CK-Mat) 2.875 .022* .020 .780
| have different methods & strategies to develop my knowledge about mathematics 2.813 .025* .020 .770

(CK-Mat)
| know how to apply a scientific way of thinking (CK-S) 2.836 .050* .015 .765
| know how to apply a literary way of thinking (CK-RW) 2.596 .035* .017 .731

Note. Only the most statistically significant differences are shown: *p<.05

Table 4. Post-hoc test for multiple comparisons (Tukey's test)

Items Age (1) Age () Mean MD (1)) p

I have enough knowledge about mathematics > 60 (X = 4.10) <30 3.45 .65 .008*
31-39 3.56 .54 .007*
40-49 3.74 .36 .070
50-59 3.70 40 .045*

| have different methods & strategies to develop my > 60 (x = 4.00) <30 3.32 .68 .004*

knowledge about mathematics 31-39 3.50 .51 .009*
40-49 3.64 .36 .064
50-59 3.60 40 .040

| know how to apply a scientific way of thinking) = 60 (X = 4.05) <30 3.64 .40 .060
31-39 3.55 .50 .005*
40-49 3.62 43 .014*
50-59 3.70 .36 .040*

| know how to apply a literary way of thinking <30(x=4.03) 31-39 3.70 -33 .025*
40-49 3.69 .24 .021%*
50-59 3.86 A7 .250
=60 3.80 .23 .286

Note. MD: Mean differences; Statistically significant differences are shown; & *p<.05

The multivariate test will be performed with every one of the items of this dimension, as well as post-hoc
tests like Tukey's, adjusting the confidence interval between the means with Bonferroni, in order to know such
inter-group differences. The most significant results appeared in the intersection with the educational stage
variable. To delve into these differences, being a dichotomic variable, we followed the same procedure,
comparing the main effects with Bonferroni.

Multivariate results of intersection*age

Inter-subject effect tests (Table 3) show statistically significant differences between the age variable and
four of the twelve items of CK dimension, two of them belong to CK-Mat dimension (F2.s75, p=.022; F2.813,
p=.025); and other two are part of the sub-dimensions CK-S and CK-RW. After verifying the dependency ratio
between variables, the results of the inter-group multiple comparisons are shown through Tukey's post-hoc
test (Table 3).

Regarding the results of the inter-group multiple comparisons (Table 4), we observe how in the three first
items analyzed, teachers over 60 years old claim to have a more positive self-perception about having enough
knowledge on mathematics (¥ = 4.10), as well as having a diversity of methods and strategies to develop their
knowledge about mathematics (x = 4.00) and knowing how to apply a scientific way of thinking (x = 4.05).
Regarding the first item, the differences between teachers over 60 and under 30 stand out with more than
half a point in the mean difference (p=.008), much like it happens with teachers between 31 and 39 years old
(p=.007), the difference of means with the age group of 50 to 59 years old is lower, but there are inter-group
differences as well (p=.045).

In the second item, the perception about having multiple methods and strategies to develop knowledge
on mathematics, teachers over 60 only show differences with younger age groups, finding the greater mean
difference with teachers under 30, reaching almost 0.7 points (p=.004), surpassing the half a point with the
age group of 31 to 39 years old (p=.009).

Regarding the third item, it is noteworthy that teachers with 60 years old or more do not present
differences with teachers younger than 30, but they do with the rest of the age groups, being the higher mean
difference with teachers from 31 to 39 and 40 to 49 years old (p31-39=.005; p4o-49=.014). Lastly, regarding the
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Table 5. Inter-subject effect tests, univariate F, & significance of teachers’ self-perception of TK

Dimension ltems F p ns 1B
TK | usually play or test with technology 10.539 .001* .020 .900
| know a lot of different technologies 9.639 .002* .016 .873
| have all the technical knowledge that | need to use the technology 6.228 .013* .010 .803
TCK I know technologies that | can use to understand & elaborate content about 7.523 .006* .015 .882
sciences
| know technologies that | can use to understand & elaborate content about social 5.321 .021* .010 .802
studies
TPACK | can guide and help others to coordinate the use of technologies and teaching  4.500 .034* .010 .800

approaches in my center
Note. Only the most statistically significant differences are shown: *p<.05

knowledge on how to apply a literary way of thinking, teachers under 30 are the ones with a greater
confidence in themselves and with a positive self-perception (x = 4.03), presenting differences with teachers
from 31 to 39 (p=.025), and from 40 to 49 years old (p=.021).

These results indicate that the experience is important regarding CK and its evolution from the teaching
practice. Everything seems to indicate that as more experience is gained in the classroom, and therefore over
the years, teachers are more decisive when applying multiple methods and strategies to teach the content of
the subject.

Multivariate results of the intersection*educational stage

Table 5 shows the inter-subject test between the educational stage variable and the items referring to TK,
TCK, and TPACK dimensions, establishing a dependency ratio with them. With respect to TK dimension, there
are statistical differences regarding the frequency of the experience with technologies (Fio.s39, p=.001), the
knowledge on the multiplicity of existent technology (Fss3s, p=.002) and having enough knowledge at a
theoretical level to use the technology (Fe.228, p=.013). If we pay attention to TCK dimension, where the content
of the disciplines and the technology already intervenes, it can be observed that the differences in the self-
perception of teachers, according to the stages, happen when referring to sciences (Fz.s23, p=.006) and social
sciences (Fs321, p=.021), and both items are about the comprehension and elaboration of contents for the
subjects.

Table 6 shows the results obtained according to the pairing comparison test with Bonferroni correction
for the educational stage variable. In the items belonging to the TK dimensions, we can observe that the
incidence among the differences of the means is much higher compared with the rest. Primary education
teachers are the ones who experiment more with technology, and they also claim to have more knowledge
on this. Regarding the knowledge on different technologies the previous trend is followed, being early
childhood education teachers those who seem to have a lesser knowledge.

Early childhood education teachers have a more positive perception regarding TCK dimension, regarding
the knowledge they have on the proper technologies for the comprehension and elaboration about sciences
(x = 3.41); in the rest of the items the scores are lower. Focusing on primary education teachers, in TPCK
dimension, they stand out regarding the knowledge on technologies that they can use for the comprehension
of contents about sciences (X = 3.60) and social sciences (¥ = 3.52).

It should be noted that the organization of the two stages, although based in the same principles and with
common elements for the transition from one to another, is different. Early childhood education is structured
around areas for the development of abilities, while primary education is organized in areas addressed to the
acquisition of competences, therefore, training is constructed around subjects that are transversely related.
On the contrary, in the early childhood education stage the work is done in a global manner.

DISCUSSION

The general results of the study show a positive trend regarding PK, PCK, and TPK dimensions, but, on the
contrary, the dimension in which teachers seems to have the least mastery is that of TK. Teachers consider
themselves self-effective regarding the mastery of content, both on the specific content of the disciplines they
teach, or on PK for the development of the teaching-learning process. These results partially match with the
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Table 6. Pairing comparison test with Bonferroni correction

Dimension Items Stage () Mean Stage(J)) Mean MD(l-)) p
TK | usually play or test with technology ECE 3.27 PE 3.41 -.280 .001
| know a lot of different technologies ECE 3.13 PE 3.37 -245 .002
| have all technical knowledge that | need to use technology  ECE 3.33 PE 3.53 -197 .013
TCK | know technologies that | can use to understand and ECE 3.41 PE 3.60 -191 .006

elaborate content about sciences
| know technologies that | can use to understand and ECE 3.36 PE 3.52 -156 .021
elaborate content about social studies

TPACK | can guide and help others to coordinate the use of ECE 3.32 PE 3.50 -18 .034

technologies and teaching approaches in my center
Note. ECE: Early childhood education; MD: Mean differences; PE: Primary education; & Only most statistically significant
differences are shown: *p<.05

ones obtained by Chen and Jang (2018) and Nilsson (2022), in their studies, concluded that teachers in service
have a higher self-perception regarding TPK and CK dimensions, being the self-efficacy lower in TK and TPACK
dimensions.

In a different vein, teachers perceive that their basic training allows to value and reflect on how the
technology affects the teaching approaches and how to integrate it in the classroom (TPK), this dimension
could be determining to know how teachers make decisions regarding the use of technology in the classroom
(Sofyan et al., 2023; Yeh et al., 2017). In this sense, Taimalu and Luik (2019) and Tondeur et al. (2016) relate
this fact with a constructivist pedagogical perspective, where the teachers who had this approach were the
ones who obtained positive results regarding TPK dimension. Also, variables like motivation and confidence
also affect CK and TCK dimensions in particular (Kong et al., 2020).

In addition, after the multivariate analysis, it was proved that, in general, the age of teachers does not
seem to have any influence on TPACK model, and those results were partially similar to those of other studies
(Silva & Morras, 2019; Yang et al., 2019). However, after observing the univariate results it was proved that
there was in fact a relation between this variable and CK dimension, where senior teachers presented a higher
confidence regarding the mastery of the content in mathematics and sciences (Backfish et al., 2020), defend
the idea that this is because, historically, the disciplines that were rooted in sciences and mathematics had a
clearer connection with technology (Kulaksiz & Karaca, 2022). However, younger teachers present a better
knowledge on CK-RW dimension. In this respect, Alabbasi (2018) developed research, which confirmed that
the storytelling, mediated by technology, allowed to increase the efficacy of teachers in this sub-dimension
specifically, but also in the rest of dimensions.

Lastly, regarding the incidence of the educational stage, where teachers develop their teaching practice, it
is observed a relation with TK, TCK, and TPACK dimensions, where primary education in-service teachers
achieve better results, especially regarding TK, and so they tend to have a higher confidence. It must be
considered that primary education teachers organize their teaching practice by disciplinary areas, while early
childhood education teachers organize it in a more global way for the development of abilities, therefore,
Primary education teachers need to generate a greater integration between the content knowledge and the
technology (TCK) (Jung et al., 2019; Kong et al., 2022).

New investigations advocate for the inclusion of another dimension in TPACK model, in order to address
the requests of the knowledge society (Kali et al., 2019; Lai et al., 2022) advocate for a re-conceptualization of
the model, integrating the space/context as a dimension, promote the Al teaching competence (Celik, 2023;
Sun et al., 2022) and incorporating student participation as a key element in the pedagogical development of
teachers (Karlsson & Nilsson, 2023; Zhou et al., 2023).

CONCLUSIONS

This study analyzed the self-perception of early childhood education and primary education teachers in
service regarding their technological training from the model's point of view. This kind of studies are fewer in
number than the ones developed with teachers under training. The results allow us to explore the reality of
the educational practice of teachers on a daily basis, as well as detecting the weak points in their training
through TPACK model. Then the main findings, based on research questions addressed are summarized.
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1. Is it possible to identify any differences in the training of teachers regarding the different types of
knowledge according to TPACK model?

In a previous analysis, it has been observed that the dimension of TPACK model, where teachers are
perceived with a higher level of competence has been that related to PK. Therefore, teachers claim to be more
trained in the set of pedagogical and didactic knowledge, the core of their training process. Similarly, this
trend remains, albeit with a slightly lower score, compared to TPK dimension.

However, if we move to the dimensions including knowledge and use of technology at a higher level, the
perception of teachers begins to decline. That is the case of TK dimension, where the lowest scores are
obtained. It must be borne in mind that the evolution of technology does not stop; it grows exponentially and
there is a great diversity of tools and resources, so it is complicated to be able to access all the available
technology. It is significant that teachers perceive that they have not had significant opportunities to work
with different technologies, as well as to have extensive knowledge about them. However, they do perceive
an ease in acquiring knowledge about them.

2. Are there any differences in the training of teachers on ICTs in early childhood education and primary
education regarding TPACK model?

These differences have been found in TK, TCK, and TPACK dimensions. Significantly, primary education
teachers have carried out a high degree of experimentation with technology, possess greater technical
knowledge about it, and seem to know more about its diversity. On the one hand, early childhood education
is structured under the imprint of a global training focused on the development of student capacities, where
knowledge is organized in three main areas, such as autonomy, knowledge of oneself and of the environment,
and language. On the other hand, primary education focuses on a structure based on competency education,
where knowledge is structured in various areas that are normally integrated into subjects with their own
entity.

3. Are there any differences in the profile of early childhood education and primary education teachers

in-service in the dimensions of TPACK model?

Regarding whether the sociodemographic variables have an influence on the dimensions of TPACK model
in teachers, no relationship of dependency has been found with respect to the province, where all the teachers
carry out their professional work, so there is a similarity in all the geographical areas of the region. However,
age seems to be an influential variable in teachers’ knowledge based on TPACK model. It is regarding CK
dimension, where the clear influence of the age variable is seen, as teachers who are 60 years old or older
are those who have a greater knowledge of mathematics, as well as the ability to use various methods and
strategies for the development of their mathematical knowledge. Something similar occurs with the ability to
apply scientific modes of thought. It may be argued that the experience becomes a component of great
importance and in constant evolution from the teaching practice. These results indicate that, as more
experience is achieved in classrooms and, therefore, there is an increase in age, teachers increase their ability
to solve problems, as well as their creativity in applying different strategies and methods in the classroom, all
aimed at teaching content in their classes.

Main Contributions

This study is part of a larger investigation developed through a research project that aims to determine
the degree of digital competence of teachers in public schools in the region, using TPACK model as a frame
of reference. The main contributions provided by this investigation refer to the differences established
regarding the educational stage, where teachers are ascribed, as well as their age, which enables the
educational administration to develop training proposals focused and adapted to alleviate the weaknesses of
teachers.

Concluding, the study presents certain limitations to be considered. Firstly, the investigation was carried
out only with teachers in service of the region of Andalusia, so they might not be generalizable to other regions
or countries, due to the particular characteristics of this one. On the other hand, our analysis is based on an
instrument that evaluates the self-perception of teachers, so there might be biases in the answers regarding
the real technological integration from TPACK model. Adopting qualitative methodologies, like interviews and
discussion groups in future works, the results of this study could be strengthened.
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