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ABSTRACT

This study elucidates the perceptions of a group of chemistry teaching undergraduates about the mobilization
of knowledge related to the seven bases of the Technological Pedagogical Content Knowledge (TPACK)
framework during intervention activities in the pandemic. The descriptive research, with a mixed approach
and Survey procedure, was based on observation and 29 Likert scale assertions in a self-report questionnaire,
where the nominal variables were reorganized into a scale. Statistical analysis via Statistical Package for the
Social Sciences software demonstrated data reliability and normality disparity; thus, parametric (two-way
ANOVA) and non-parametric (Kruskal-Wallis) tests were performed, considering a significance level of 5%
(p < 0.05). In the end, it was observed that among the 29 assertions, 5 exhibited a significant effect of some
group (Gender, Age Group, School Where They Work, Class They Attend, Time of Participation) based on the
Kruskal-Wallis test, demonstrating rejection of the null hypothesis (p < 0.05 # HO). Furthermore, the findings
indicate a strong need for more holistic initial teacher training, where the use of technology becomes an
integral part of Content Knowledge.

Keywords: Teacher Training. TPACK. Mixed Analysis.

RESUMO

Esse estudo elucida as percepgbes de um grupo de Licenciandos em Quimica sobre a mobilizagdo de
conhecimentos referentes as sete bases no framework Conhecimento Tecnoldgico Pedagégico do
Conteudo (CTPC) durante atividades de intervencdo na pandemia. A pesquisa descritiva, de abordagem
mista e procedimento Survey, constituiu-se a luz da observacdo e de 29 assertivas na escala Likert, em um
guestionario de autorrelato, onde as varidveis nominais foram reorganizadas em escala. A analise estatistica
via software Statistical Package for the Social Sciences, demonstrou confiabilidade nos dados e disparidade
de normalidade; logo, realizou-se testes paramétrico (Anova de duas vias) e ndo paramétrico (Kruskal-Wallis),
considerando nivel de significancia de 5% (p < 0,05). Ao término, percebeu-se que dentre as 29 assertivas,
5 delas exibiram efeito significativo de algum grupo (Género, Faixa Etaria, Colégio em que Atua, Turma que
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Atende, Tempo de Participagdo) a partir do teste kruskal-Wallis, demonstrando haver rejeicdo da hipotese
nula (p £ 0,05 # HO). Ademais, as constata¢des indicam que ainda ha fortemente a necessidade de uma
formacgdo docente inicial holistica, onde a utilizagdo da tecnologia torne-se apropriagdo em comunhdo ao
Conhecimento do Contetdo.

Palavras-chave: Formacgao Docente. CTPC. Analise Mista.

Main Ideas

In response to the demands of modern times, characterized by the use of Digital Information
and Communication Technologies (DICT) and an overwhelming influx of information, educational
institutions, especially teacher training programs, need to (re)think their teaching and learning
methods, modifying or adapting them at the intersection of different fields of knowledge. However,
it is important to emphasize that merely incorporating DICT into teacher training programs is not
enough to ensure the conscious pedagogical use of technological resources, nor does it support the
development of digital awareness.

In this regard, the shift towards pedagogical and scientific appropriation of DICT must occur
primarily with teachers in initial training. The lack of knowledge and mastery of DICT-related skills
presents a significant challenge, highlighting the inadequacies and limitations of the current training
process. Integrating DICT into teacher education, in the sense of both pedagogical and scientific
appropriation, is a daunting task for teachers, as it requires the activation and integration of a
wide array of knowledge, necessitating considerable adjustment, including by teacher educators
(Morales-Soza, 2020).

Considering the complexity of integrating DICT effectively in formative contexts, Mishra
and Koehler, in 2006, developed the TPACK (Technological Pedagogical Content Knowledge) model,
fundamentally based on Shulman’s (1987) work on Pedagogical Content Knowledge (PCK), to which
Technological Knowledge (TK) was added. The TPACK model has been explored and conceptualized
by various researchers in teacher education (Ortega, 2020; Cleophas; Bedin, 2022), and is “comprised
of a body of knowledge that teachers must put into practice to effectively integrate DICT into their
various subjects or courses” (Morales-Soza, 2020, p. 136).

Essentially, TPACK “is a conceptual model capable of identifying the types of knowledge a
teacher must master to effectively integrate DICT into their teaching and, in particular, to develop it”
(Cleophas; Bedin, 2022, p. 400). By proposing the TPACK model, Mishra and Koehler (2006) provided
a theoretical and epistemological framework that closely supports the integration of DICT into
teacher training curricula, offering an essential mechanism for understanding teachers’ perceptions
of teaching with technology (Ortega, 2020).

In this context, TPACK guides teachers toward a deeper understanding of the integration
of technological, pedagogical, and scientific knowledge, enabling the effective implementation of
key curricular elements (Siqueira; Bedin, 2023). This movement was especially evident during the
COVID-19 pandemic, which, according to Bedin and Cleophas (2023), brought significant changes
to society, particularly in how education is conducted. The authors highlight that these changes
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occurred regardless of teachers’ technological skills, revealing weaknesses in the use of DICT as
pedagogical tools to support scientific teaching and learning practices. Therefore, it is worth asking:
what perceptions do teachers in initial training reveal about the mobilization of TPACK knowledge
during the pandemic?

Thus, this article aims to elucidate the perceptions of a group of chemistry teachers in initial
training about the mobilization of knowledge related to the seven knowledge bases intersected
within the conceptual framework of Technological Pedagogical Content Knowledge (TPACK) during
intervention activities in the pandemic. It should be noted that this research did not intend to assess
whether chemistry teachers in initial training understood the conceptual structure of TPACK. Instead,
the goal was to gather evidence of the possible domains of knowledge “acquired” in the intrinsic
fusion of technology, pedagogy, and science in pedagogical practices during the pandemic.

The objective is justified by the aim to encourage teachers in initial training to reflect on the
planning, adaptation, implementation, and evaluation of activities developed during the pandemic
and their influence on their own training. This reflection provides an opportunity to consider the
various knowledge bases they needed to master to promote a learning environment based on the
use of DICT, as proposed by TPACK. After all, it is crucial that teachers in initial training have the
opportunity to experience formative moments that effectively integrate DICT with scientific and
pedagogical knowledge, as it is the responsibility of the institution where they are trained to provide
such opportunities.

Theoretical Framework

The role of the teacher in appropriating Digital Information and Communication Technologies
(DICT) for effective use must go beyond that of a facilitator, transforming the teacher into an agent
who enhances a guided formative process. In this context, the student, embedded in a teaching and
learning system shaped by interaction and creativity, assumes an active role, becoming responsible
for their learning, which is grounded in autonomy and interest. The role of an empowering teacher
is essential in this scenario, as the efficient integration of DICT enables interactive, dynamic, and
reciprocal learning environments. The teacher must work alongside the student, sharing knowledge
and learning collaboratively, which requires both technological skills and competencies.

In this regard, the Technological Pedagogical Content Knowledge (TPACK) framework emerges
as a crucial structure. It offers a theoretical foundation that simultaneously and interdependently
integrates knowledge of content, pedagogy, and technology (Koehler; Mishra, 2009). This
framework helps teachers develop a deep understanding of how to actively and dynamically use
DICT in their pedagogical practices, promoting more technologically relevant teaching. Furthermore,
Cenich, Araujo, and Santos (2019) propose that TPACK can also be understood as a mechanism for
analyzing the relationships between different domains of knowledge: Technological Knowledge (TK),
Pedagogical Knowledge (PK), and Content Knowledge (CK). The aim is to characterize how teachers
use DICT in their methodological approaches.

Specifically, Cabero, Marin, and Castafio (2015) describe these types of knowledge as follows:
CK refers to the specific content of the subject; PK relates to the methods and processes of teaching
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and learning, from classroom management to instructional strategies; and TK concerns the use of
DICT, both in general and specific terms. The integration of these three knowledge bases forms
Pedagogical Content Knowledge (PCK), Technological Content Knowledge (TCK), and Technological
Pedagogical Knowledge (TPK).

Regarding these types of knowledge, Siqueira and Bedin (2023) define them as follows: PCK
involves teaching scientific content pedagogically, focusing on the learner; TCK refers to the use of
technology for personal scientific enhancement and updates; and TPK represents the intersection
between didactic strategies and digital technological tools, [...] this knowledge is essential for
developing the skills and competencies needed to teach specific content, considering the teaching
and learning processes.

The intersection of these three knowledge bases forms TPACK. According to Rolando, Luz,
and Salvador (2015, p. 176), TPACK is a type of knowledge “different from that of a technology expert
or a specialist in a specific area of human knowledge, and it also differs from general pedagogical
knowledge shared by teachers of different subjects.” In other words, the structure and composition
of the seven knowledge bases within TPACK, aligned with teachers’ domains of expertise, significantly
impact their teaching actions and behaviors, directly influencing student learning outcomes (Zhang,
2021).

Finally, by enhancing their practice through TPACK, teachers become capable of overcoming
various obstacles and challenges, particularly those related to the appropriation and integration of
DICT in their daily work. TPACK provides teachers with a rich way to reflect and think strategically
about their practice through the inclusion of technology, without offering rigid prescriptions on how
to integrate it into the classroom. Ultimately, TPACK requires an understanding of how to represent
concepts using technologies; pedagogical techniques that constructively employ these technologies
to teach content; and knowledge of what makes concepts difficult or easy to learn (Rolando; Luz;
Salvador, 2015).

Research Methodology

Study Participants

The study involved 28 undergraduate students from the Chemistry Education Program at the
Federal University of Parana (UFPR), a public institution located in Parand, Brazil. These students,
referred to as Pre-service Teachers (PST), represent a population composed of 35.72% (n = 10)
female, 53.58% (n = 15) male, and 10.70% (n = 3) non-binary participants. The age distribution of the
participants is as follows: 42.86% (n = 12) are 20 years old or younger, 42.86% (n = 12) are between
21 and 25 years old, and 14.28% (n = 4) are 26 years old or older.

The PSTs participated in the Institutional Program for Teaching Initiation Scholarships (PIBID),
which is part of the National Teacher Training Policy of the Ministry of Education, established by
Decree No. 7,219 (Brasil, 2010). The PIBID call for proposals, launched by CAPES (Coordination for
the Improvement of Higher Education Personnel) in partnership with Higher Education Institutions
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(HEIs), lasts 18 months and is aimed at undergraduate students who have completed no more than
60% of their program’s total credit hours. The participants in this research were involved in the
PIBID/Chemistry Subproject during the period from 10/2020 to 04/2022.

Regarding program participation, considering the 18-month duration, 21.42% (n = 6) of the
PSTs remained in the program for 6 months or less, 25% (n = 7) participated for a period of 7 to
12 months, and 53.58% (n = 15) stayed for 13 months or more. The PSTs were assigned to three
distinct public high schools in Curitiba, PR, associated with the PIBID/Chemistry Subproject: 32.14%
(n =9) worked at DB High School, 35.72% (n = 10) at PM High School, and 32.14% (n = 9) at SC High
School. The PIBID/Chemistry Subproject focused on both high school and technical education, with
17.86% (n = 5) assisting 1st-year classes, 14.28% (n = 4) supporting 2nd-year classes, 53.58% (n = 15)
contributing to 3rd-year classes, and 14.28% (n = 4) working with technical education classes.

Data Collection Instrument

The PSTs were invited to answer a questionnaire divided into two complementary sections.
The first section addressed the participants’ profiles, including data on gender, age, duration of
participation in the program, the school where they worked, and the grade levels they taught. The
second section focused on their actions in the PIBID program during the pandemic and consisted
of 29 statements based on the 7 knowledge domains of TPACK (Technological Pedagogical Content
Knowledge). These statements were expanded and adapted from the TPACK questionnaire proposed
by Mishra and Koehler in 2006, validated by Koh, Chai, and Tsai (2010), and adapted into Portuguese
by Rolando (2017). The questionnaire was self-reported and composed of statements to which the
PSTs responded by indicating their level of agreement using a Likert scale, as shown in Chart 1.

Chart 1: Statements provided to the research participants and their corresponding codes

During PIBID activities during the pandemic, I...
developed sufficient knowledge of chemistry. CK1
thought about chemistry content like an expert in the subject. CK2
deeply understood the chemistry content. CK3
expanded students’ thinking ability by creating challenging tasks for them. PK1
guided students to adopt appropriate learning strategies. PK2
helped students monitor their own learning. PK3
helped students reflect on their learning strategies. PK4
guided students to discuss effectively during group work. PK5
without using technology, addressed the most common conceptual errors students have in chemistry. PCK1
without using technology, selected teaching approaches to guide students’ learning in chemistry. PCK2
without using technology, managed to help students understand chemistry knowledge in various ways. PCK3
developed technical skills to effectively use computers in chemistry classes. TK1
learned to use technology easily. TK2
solved my own technical problems related to technology. TK3
stayed updated on new and important technologies. TK4
created websites on the Internet. TK5
used social media (e.g., Blog, Wiki, Facebook). TK6
used technology to introduce students to real-world situations TPK1
(Continue)
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Chart 1: Conclusion

During PIBID activities during the pandemic, ...
helped students use technology to find more information on their own. TPK2
helped students use technology to plan and monitor their own learning. TPK3
helped students use technology to construct different forms of knowledge representation. TPK4
helped students collaborate with each other using technology. TPK5
used computer programs specifically created for chemistry (e.g., ChemSketch, Chemistry LabEscape, etc.). TCK1
used technology to research chemistry and/or chemistry teaching. TCK2
used appropriate technologies (multimedia resources, simulators, etc.) to represent chemistry content. TCK3
managed to teach by effectively combining chemistry content, technologies, and teaching approaches. TPACK1
selected technologies to enhance what | taught, how | taught, and what students learned. TPACK2
used strategies that combined chemistry content, technologies, and teaching approaches. TPACK3
acted as a leader, helping schools articulate chemistry content, technologies, and teaching approaches. TPACK4

Source: the authors, 2022

When analyzing the data presented in Table 1, it is evident that for each of the knowledge
bases that intersect to form the TPACK framework, there are three to six assertions that prompted the
pre-service teachers (PSTs) to reflect on their actions during their participation in the PIBID program,
as well as the impact of this period on the mobilization of knowledge about content, pedagogical
processes, and technologies. This design is important because “the way the attribute is expressed
may reflect the respondent’s attitude toward each proposition” (Nogueira et al., 2017, p. 4). For
data collection, the questionnaire, made available online through a link sent via WhatsApp, was
hosted on Google Forms, chosen for its practicality and efficiency in allowing asynchronous storage
of responses and enabling the download of data in Excel spreadsheets.

Data Treatment and Analysis

The data were analyzed using the software SPSS (Statistical Package for the Social Sciences),
version 20, due to its user-friendly interface. For this, the Cronbach’s Alpha and Data Normality values
were identified, as well as the descriptive analysis of the data. Based on the analytical data related
to normality, considering p < 0.05 as significant, the type of test to be performed was determined;
the p-value is “the probability of observing a test statistic greater than or equal to the one found”
(Ferreira; Patino, 2015, p. 485), leading to the rejection or acceptance of the null hypothesis.

Thus, the Likert scale assertions, originally nominal variables, with definitions of: (SD) strongly
disagree; (D) disagree; (PD) partially disagree; (PA) partially agree; (A) agree; and (SA) strongly agree,
were reorganized into a scale with scores from 1 to 6, corresponding to the levels of agreement:
(SD) 1; (D) 2; (PD) 3; (PA) 4; (A) 5; and (SA) 6. For assertions where the distribution did not reject the
null hypothesis (p > 0.05), interpretation was performed using the two-way ANOVA parametric test,
checking whether the dataset had equal means; for assertions where the distribution rejected the
null hypothesis (p < 0.05), interpretation was performed using the non-parametric Kruskal-Wallis
test, estimating whether the dataset had equal rank distributions or not.

Inany case, for both tests, using independent groups: Gender, Age Group, School of Operation,
Classes Attended, and Duration of Participation, a p-value of < 0.05 was used as significant, leading
to the rejection of the null hypothesis. Similarly, “when significance has a value lower than 0.05, it is
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assumed with 95% confidence that the alternative hypothesis is statistically significant, indicating an
effect of the category on the assertion” (Bedin, 2021, p. 1644). Furthermore, based on the analytical
elements, a qualitative discussion of the data was conducted through an interpretative-inductive
analysis (Fonseca, 2002), considering observations of the PSTs’ actions in the activities developed.

Research Approach, Objective, and Procedure

This descriptive survey-based research presents a mixed-methods approach, extending from
the measurement of qualitative elements based on findings in the quantitative approach. Therefore,
it is a basic analytical research study using statistical data analysis. In other words, the research
is descriptive, as it describes results based on the characteristics of a specific group, without
intervening in them (Trivifios, 2011), where the data are based on percentages, averages, indicators,
and normality curves, correlating variables such as gender, age group, background, and education
level, among others.

Moreover, as the data emerged from a determining sample population in the UFPR PIBID/
Chemistry subproject, the procedure is survey-based, as it constituted quantitative data from a
“representative sample of a specific population, which are described and analytically explained”
(Cenddn; Ribeiro; Chaves, 2014, p. 24). Thus, the results are generalized to the sample universe of
this population. Lastly, it is worth noting that since the qualitative approach was conducted based on
the interpretation of analytical data from quantification, which allows the calculation of indices and
statistical description of the data, the approach is mixed, as it enables the inference of conclusions
from both quantitative and qualitative elements separately (Creswell; Clark, 2015).

Results

Normality Test: Identifying the Type of Statistical Test

To appropriately select the statistical test to be used in the analysis, data distribution was
evaluated using the Kolmogorov-Smirnov (K-S) normality test at a 95% confidence level (significance
level (a) of 5%) (Table 1). This test provides the p-value, understood as “the measure of the degree
of agreement between the data and the null hypothesis (HO), with HO corresponding to the Normal
distribution” (Lopes; Branco; Soares, 2013, p. 60). The results in Table 1 indicate that the null
hypothesis was rejected for almost all the assertions, as the p-value was less than 0.05 (p < 0.05 #
HO). However, for assertion PCK2, parametric statistical tests should be used, given the normality in
data distribution (p > 0.05, p = 0.063).
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Table 1: Normality Test

Kolmogorov-Smirnov - K-S

Statistic Sig. Statistic Sig. Statistic Sig.

CK1 0,316 0,000 PCK3 0,195 0,008 TPK4 0,225 0,001
CK2 0,286 0,000 TK1 0,179 0,021 TPK5 0,313 0,000
CK3 0,302 0,000 TK2 0,204 0,004 TCK1 0,181 0,019
PK1 0,292 0,000 TK3 0,246 0,000 TCK2 0,212 0,002
PK2 0,332 0,000 TK4 0,232 0,000 TCK3 0,201 0,005
PK3 0,268 0,000 TKS 0,204 0,004 TPACK1 0,221 0,001
PK4 0,274 0,000 TK6 0,188 0,013  TPACK2 0,228 0,001
PKS 0,232 0,000 TPK1 0,221 0,001 TPACK3 0,285 0,000
PCK1 0,200 0,005 TPK2 0,197 0,007 TPACK4 0,238 0,000
PCK2 0,160 0,063 TPK3 0,307 0,000

Source: Research data via SPSS software, 2022.

Cronbach’s Alpha: Identifying the Reliability of the Data Instrument

In mixed-methods research, validating the data collection instrument is essential to ensure
its reliability. For this, Cronbach’s Alpha coefficient was used via SPSS, one of the most widely
used scale reliability indices (Streiner, 2003). The literature indicates that the minimum acceptable
value for Cronbach’s Alpha is 0.700, assuming that the data collection instrument is reliable. The
guestionnaire used in this research presented a Cronbach’s Alpha value of 0.833, indicating reliable
data (internal consistency), considered “almost perfect” (Landis; Koch, 1977, p. 165).

Descriptive Statistics

The questionnaireappliedtothe PSTs contained two sections, as described inthe methodology.
The first section investigated the participants’ profiles, while the second section analyzed, through 29
self-reported assertions, the participants’ perceptions of the seven TPACK knowledge bases. There
were 3 assertions for Content Knowledge (CK), 5 for Pedagogical Knowledge (PK), 3 for Pedagogical
Content Knowledge (PCK), 6 for Technology Knowledge (TK), 5 for Technological Pedagogical
Knowledge (TPK), 3 for Technological Content Knowledge (TCK), and 4 for Technological Pedagogical
Content Knowledge (TPACK). Using SPSS software, a descriptive analysis of the assertions was
performed, deriving the minimum and maximum values, mean, and standard deviation, as shown
in Table 2.
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Table 2: Descriptive Data Analysis

Min. Max. Med. SD Min. Max. Med. SD

CK1 2 6 4,21 0,833 TK5 1 6 3,38 1,315
CK2 1 6 4,00 1,155 TK6 2 6 4,54 1,319
CK3 2 6 4,36 0,870 TPK1 2 6 4,64 1,096
PK1 4 6 4,79 0,833 TPK2 2 6 4,68 1,090
PK2 4 6 4,57 0,690 TPK3 2 6 4,79 0,917
PK3 2 6 4,32 0,772 TPK4 2 6 4,64 1,193
PK4 2 6 4,29 0,854 TPK5 2 6 4,75 1,005
PKS 1 6 4,36 1,254 TCK1 1 6 4,00 1,466
PCK1 1 6 3,93 1,438 TCK2 2 6 4,86 1,079
PCK2 1 6 3,79 1,424 TCK3 2 6 4,86 0,970
PCK3 1 6 3,82 1,389 TPACK1 1 6 4,75 1,266
TK1 1 6 4,50 1,374 TPACK2 2 6 4,29 1,213
TK2 2 6 4,39 1,315 TPACK3 2 6 4,75 0,928
TK3 2 6 4,50 1,106 TPACK4 1 6 4,00 1,333
TK4 2 6 4,57 1,034

Source: Research data via SPSS software, 2022.
Legend: Minimum (Min.); Maximum (Max.); Median (Med.); Standard Deviation (SD)

Parametric and Non-Parametric Tests: Statistical Data Analysis

Since the normality test (K-S) accepted the null hypothesis for assertion PCK 2 (Table 1), a
univariate analysis was conducted using the two-way ANOVA parametric test. Assertion PCK 2 was
considered the dependent variable, while Gender, Age Range, School of Work, Number of Classes,

and Participation Time were considered independent variables, as shown in Table 3.

Table 3: Parametric Two-Way ANOVA Test

Source Sum of Squares df Mean Square F Sig.

Gender 9,325 2 4,663 1,097 0,477
Age Range 3,991 2 1,995 0,469 0,681
School of Work 8,167 2 4,083 0,961 0,510
Number of Classes 4,500 1 4,500 1,059 0,412
Participation Time 7,187 2 3,594 0,846 0,542

Source: Research data via SPSS software, 2022.

However, for the other assertions, where the normality test indicated the rejection of the
null hypothesis, the data were analyzed using a non-parametric test. In this case, since the number
of participants is less than 30, and the sample distribution is neither normal nor homogeneous,
the Kruskal-Wallis test for independent samples was used. This test compares independent
measurements of more than two groups, verifying: i) null hypothesis (p > 0.05), all groups show the
same distribution function for the assertions; or ii) alternative hypothesis (p < 0.05), at least two
groups analyzed have different distribution functions. Table 4 presents the data analyzed using the
Kruskal-Wallis non-parametric test for the groups Gender, Age Range, School of Work, Number of
Classes, and Participation Time.
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Table 4: Kruskal-Wallis Test for Different Analysis Groups

Gender Age Range School of Work Number of Classes Participation time
X? df p X? df p X? df P X? df p X? df P
CK1 0,507 2 0,776 | 0,456 2 0,796 | 0,866 2 0,648 4,741 3 0,192 1,086 2 0,581
CcK2 2874 2 02382295 2 0,317 | 0,097 2 0,953 | 0,309 3 0,958 3,695 2 0,158
CK3 0,174 2 0,917 | 0,111 2 0,946 | 4,228 2 0,121 2,709 3 0,439 4,422 2 0,110
PK1 0,314 2 0,855 | 0,720 2 0,698 2,22 2 0,330 1,939 3 0,585 1,331 2 0,514
PK2 1,284 2 0,526 | 0,745 2 0,689 | 1,889 2 0,389 6,576 3 0,087 0,933 2 0,627
PK3 0,208 2 0,901 | 0,264 2 0,876 | 2,582 2 0,275 4,109 3 0,250 2,378 2 0,304
PK4 0,627 2 0,731 | 0,598 2 0,741 | 4,687 2 0,096 6,414 3 0,093 4,022 2 0,134
PK5 1,331 2 0,514 | 1,049 2 0,592 | 1,809 2 0,405 4,782 3 0,188 6,410 2 0,041
PCK1 1,970 2 0,374 | 6,157 2 0,046 | 3,798 2 0,150 2,977 3 0,395 0,628 2 0,731
PCK2 1,937 2 0,380 | 4,375 2 0,112 | 2,462 2 0,292 4,889 3 0,180 2,805 2 0,246
PCK3 0,801 2 0,670 | 0,719 2 0,698 | 1,214 2 0,545 2,936 3 0,402 5,035 2 0,081
TK1 2231 2 0328|2469 2 0,291 | 2,553 2 0,279 | 5,314 3 0,150 0,413 2 0,813
TK2 2,056 2 0,358 | 2,781 2 0,249 | 1,366 2 0,505 3,495 3 0,321 0,507 2 0,776
TK3 2,355 2 0,308 | 1,138 2 0,566 | 0,988 2 0,610 2,805 3 0,423 2,888 2 0,236
TK5 5,895 2 0,052 | 1,556 2 0,459 | 0,477 2 0,788 4,865 3 0,182 0,301 2 0,860
TK6 1,014 2 0,602 | 0,637 2 0,727 | 1,525 2 0,466 2,174 3 0,537 3,035 2 0,219
TPK1 1,375 2 0,503 | 0,510 2 0,775 | 7,253 2 0,027 7,264 3 0,064 2,337 2 0,311
TPK2 1,753 2 0,416 | 2,913 2 0,233 | 4,126 2 0,127 5,863 3 0,118 7,881 2 0,019
TPK3 6,791 2 0,034 | 1,273 2 0,529 | 1,358 2 0,507 1,823 3 0,610 5,283 2 0,071
TPK4 3,347 2 0,188 | 2,279 2 0,32 1,807 2 0,405 4,248 3 0,236 3,429 2 0,180
TPK5 4,262 2 0,119 | 1,558 2 0,459 | 3,347 2 0,188 0,777 3 0,855 3,190 2 0,203
TCK1 1,409 2 0,494 | 1,718 2 0,424 | 2,583 2 0,275 3,094 3 0,377 1,375 2 0,503
TCK2 1,036 2 0,596 | 2,548 2 0,280 | 1,084 2 0,582 1,849 3 0,604 0,102 2 0,950
TCK3 5,962 2 0,051 | 1,324 2 0,516 | 3,762 2 0,152 5,088 3 0,165 1,496 2 0,473
TPACK1 3,050 2 0,218 | 0,193 2 0,908 | 2,292 2 0,318 0,512 3 0,916 1,067 2 0,587
TPACK2 1,108 2 0,575 | 1,219 2 0,544 | 1,171 2 0,557 1,102 3 0,777 2,309 2 0,315
TPACK3 4,373 2 0,112 | 0,647 2 0,724 | 0,476 2 0,788 1,170 3 0,760 1,682 2 0,431
TPACK4 4,217 2 0,121 | 0,659 2 0,719 | 1,197 2 0,550 1,525 3 0,677 0,936 2 0,626

Source: Research data via SPSS software, 2022.

Discussion

According to the data in Table 2, the PFIl (pre-service teachers) believe that, during the
activities in the PIBID program during the pandemic, they were able to carry out the various actions
that comprise the seven knowledge bases of the TPACK, as the assertions showed average levels of
agreement. However, there is a noticeable predominance of agreement in some specific statements
over others, as in the pandemic context, “teaching practice was rethought and shaped, requiring
creativity, effort, and, above all, time from teachers to develop and adapt new teaching methods”
(Bellardo et al., 2021, p. 2). In other words, although the statements had maximum scores of 6, only
those related to the Pedagogical Content Knowledge (PCK) base had minimum scores of 1, which
was not the case for the Technological Pedagogical Content Knowledge (TPACK) base, where the
minimum score was 2.
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In this regard, it is inferred that the PFlI found more difficulty in the intersection of the
Content Knowledge (CK) and Pedagogical Knowledge (PK) bases than in the relationship between
the Pedagogical Knowledge and Technological Knowledge (TK) bases. Thus, it can be concluded that
the PFI, during their activities in the PIBID program in Basic Education amidst the pandemic, found it
easier to relate the pedagogical base with the technological base than with the scientific base. This
may result from the practical context, as most PFl were beginners in their undergraduate programs,
indicating a low level of scientific knowledge. Furthermore, they had to rely on the technological
base for planning.

In support of this, Bueno Cafion (2016) reinforces that teachers need to make a direct
decision when using technology to develop a specific scientific content, based exclusively on TPACK,
prioritizing content, pedagogy, and technology, respectively. Cabero (2014) supports this sequential
approach, arguing that it is necessary to prioritize the selection of objectives related to scientific
content, then select appropriate teaching methodologies and activities, and finally choose the
suitable technologies to promote these activities.

During the PFI activities in the PIBID program amid the pandemic, it was necessary to
rethink the theoretical and epistemological studies related to the project, with a greater emphasis
on technologies. Additionally, planning, organizing, and adapting activities for Emergency Remote
Teaching (ERT) was required, which significantly affected the PFI’s practices and the structure of the
schools they served. However, this was “fundamental for the incorporation of creativity, innovation,
and cultural and scientific awareness in the organization of pedagogical actions, enabling not only
the mobilization of competencies and the development of skills and attitudes regarding the effective
use of technology” (Bellardo et al., 2021, p. 17), but also the awakening of technological awareness
and possibly a digital culture among the PFI.

Moreover, the PFl showed lower agreement with the idea that, during the PIBID activities,
they created web pages (TK5 — M = 3.39). On the other hand, they agreed more strongly with the
statements that they used technology to research chemistry and/or chemistry teaching (TCK2 — M =
4.86) and to represent chemistry content using technologies suitable for students (e.g., multimedia
resources, simulators, etc.) (C3 — M = 4.86). These data support the previously mentioned findings,
showing that the PFl used technology both for learning about chemistry and for the pedagogical
aspect of representing the content. This need arose from the importance of “reviewing and
reinventing pedagogical action, mobilizing different technological tools and teaching practices to
maintain the quality of lessons, students’ attention, and attendance” (Bellardo et al., 2021, p. 17).

Regarding descriptive analysis, it is important to note that some assertions present the same
average but different standard deviations. For example, assertions CK2 and TPACK4, which belong
to different knowledge bases, have the same average (M = 4.00), but different standard deviations,
1.155 and 1.333, respectively. This indicates greater uniformity in the data distribution for assertion
CK2 compared to assertion TPACK4, suggesting a higher concentration of responses with the same
level of agreement for CK2. Therefore, although the assertions have the same average, CK2 shows a
tighter grouping of data around the mean.

Regarding statistical analysis, particularly for assertion PCK2, where normality and
homogeneity of variances were evidenced, the parametric two-way ANOVA test showed no statistical
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evidence of differences between group means on the statement that, during the PIBID activities
during the pandemic, the PFI selected teaching approaches to guide students’ thinking and learning
in chemistry without using technology. In other words, with p > 0.05 (Table 3), the two-way ANOVA
test indicated no effect of the groups Gender, Age Range, School of Activity, Classes Taught, and Time
of Participation on the assertion, respectively [F(2) = 1.097; p > 0.05]; [F(2) = 0.469; p > 0.05]; [F(2) =
0.961; p > 0.05]; [F(1) = 1.059; p > 0.05]; [F(2) = 0.846; p > 0.05].

On the other hand, for assertions where the data did not show normality and homogeneity
of variances, the non-parametric Kruskal-Wallis test was used, which, besides being based on a
Chi-square (X?) statistic, is classified as non-parametric, free from the distributions estimated by
the means or sample variances. When a significant difference in data treatment between groups
is detected, a more in-depth analysis through different tests is indicated. In this case, statistically
significant differences were found for some assertions in the groups Gender, Age Range, School of
Activity, and Time of Participation (Table 4), with the Kruskal-Wallis one-way ANOVA test for multiple
pairwise comparisons (MCFP) being customized.

For the Gender group, statistically significant evidence was found for assertion TPK3 [X? (2)
= 6.791; p < 0.05]. However, when applying the MCFP test to identify which category (Female,
Male, Non-Binary) in the group influences the assertion, no statistically significant effect of any
Gender category on the assertion was found. This suggests that the p-value, close to the threshold
for rejecting the null hypothesis, was recalculated in the MCFP, showing no abnormality in data
distribution for this assertion in this group, as shown in Graph 2.

Graph 2: MCFP Test for Assertion TPK3, Gender Graph 3: MCFP Test for Assertion PCK Age Group
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Source: Research data via SPSS software, 2022
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For the Age Group, statistical evidence of an effect was also found in the Kruskal-Wallis test,
specifically for assertion CPC1 [X? (2) =6.157; p < 0.05]. However, as shown in Graph 3, when applying
the MCFP test to identify which category (20 years or younger, between 21 and 25 years, 26 years
or older) within the group influences the assertion, it was found that no significant effect of any Age
Group category on the assertion was present. The p-value was recalculated in the MCFP test, with no
abnormality in the data distribution for this assertion in this group, as shown in Graph 3.

When analyzing Table 4, in the column related to the Kruskal-Wallis test for the School of
Activity group, statistically significant evidence was found for assertion TPK1, indicating an effect
of the School of Activity group on the statement that, during the PIBID activities, the PFl used
technology to introduce Basic Education students to real-world situations [X? (2) = 7.253; p < 0.05].
Upon performing the MCFP test, a statistical effect was observed between the PM School and DB
School categories, as shown in Graph 4.

Itis believed that the effect of using technology to introduce students to real-world situations
arises when considering the classes in which the participants were involved. At the DB School,
there was a higher percentage of involvement in 2nd and 3rd-year classes, while at the PM School,
involvement was stronger in 1st-year and Technical classes. The chemistry content taught in the 2nd
and 3rd years, according to the State of Parana High School Curriculum Framework (Parand, 2021),
directly relates to students’ daily lives, covering concepts of physical chemistry in the 2nd year and
organic chemistry in the 3rd year, requiring greater use of technology by participants at the DB
School, as shown in Graph 5.

Graph 4: MCFP Test for Assertion TPK1, School of  Graph 5: Comparative Results between DB and PM
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Source: Research data via SPSS software, 2022

In summary, Graph 5, created from a non-parametric boxplot test, shows that, in addition
to having minimum values of 4, where the first quartile is located, and maximum values of 6, next
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to the third quartile, for PFl working at DB School, the median (M = 5.6) is well above the median
for PM School (M = 4). In other words, the median for PM School, which represents the central
tendency (50%) of the responses for the assertion, is located in the first quartile for DB School (25%).
Additionally, the PFI at PM School show both agreement and disagreement, with a minimum score
of 2 and a maximum of 6.

This effect is supported by Hernandez and colleagues (2014), who state that the benefits
obtained from the effective use of digital technologies and communication (TDIC) depend mainly
on how the lesson is planned and executed, the ability of those involved to take advantage of
opportunities, and the attitude of both teachers and students toward teaching and learning.
Therefore, it is understood that the actions of the PFI during the pandemic, in addition to impacting
the education of Basic Education students, influenced the development of a technological identity
integrated with pedagogical and scientific aspects, by adapting, innovating, and transforming
scientific activities using technologies to achieve pedagogical objectives.

Further analyzing the data, Table 4’s column related to the non-parametric Kruskal-Wallis test
for the Time of Participation group shows statistically significant evidence for assertions PK5 [X? (2)
=6.410; p < 0.05] and TPK2 [X? (2) = 7.881; p < 0.05]. Thus, the MCFP test was performed to identify
which category (6 months or less, 7 to 12 months, 13 months or more) influences the assertions.
According to Graphs 6 and 7, the MCFP test confirms a statistical effect between the categories 6
months or less and 7 to 12 months for assertion TPK2, which does not occur for assertion PK, where
the recalculated p-value in the comparison confirms no statistically significant evidence.

Graph 6: MCFP Test for Assertion PK5, Time of Graph 7: MCFP Test for Assertion TPK2, Time of
Participation Group Participation Group
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In Graph 7, where there is an effect of the Time of Participation group on the idea that,
during their involvement in PIBID during the pandemic, pre-service teachers helped students use
technology to find more information on their own, Graph 8 was created. This graph highlights a
variation between the responses of pre-service teachers who participated in the program for 6
months or less and those who participated for 7 to 12 months. This difference can be attributed
to the fact that teachers with more time in PIBID interacted more with Basic Education students,
strongly agreeing with the idea of helping them use technology to find information independently.

Graph 8: Comparative Results between DB and PM Schools for Assertion TPK1
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Source: Research data via SPSS software, 2022

Analyzing the data in Graph 8, it is clear that the pre-service teachers (PFl) who participated in
the program for 7 to 12 months show minimum scores of 5 and maximum scores of 6, revealing that
100% of participants agree with the assertion at the highest levels of agreement. However, when
examining the responses of PFls who participated in PIBID for less than 6 months, the minimum score
is 3, located at the first quartile, and the maximum score is 4, at the third quartile. This indicates that
the concentration of agreement with the idea of helping Basic Education students use technology
to search for information on their own stabilizes at scores of 3 and 4 for at least 75% of participants.

Additionally, it is important to remember that the PIBID program lasted 18 months, beginning
in October 2020 and ending in April 2023. Thus, PFIs who participated in PIBID for 6 months or less
likely had little or no interaction with Basic Education students, as schools went on vacation starting
in December 2022, and in the final four months of PIBID, there was no interaction between PFls and
students.

Finally, it is reasonable to state that it is not enough to enrich an environment with internet
access and technological resources if these tools are not adopted by teachers or if they do not
understand the benefits they provide when used pedagogically to teach chemistry. Therefore,
the integration of digital technologies (DICT) into teacher education needs to be thoroughly
reconsidered, especially in relation to teacher education curricula, as “it still faces great challenges;
empirical experience has shown that its implementation is mostly through routine practices, where
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the technical aspect is prioritized over the pedagogical” (Hernandez et al., 2014, p. 3). Furthermore,
teacher education must offer technological training opportunities that help incorporate science
through technological resources, encouraging teachers to learn chemistry and integrate it with TDIC
to teach effectively.

Conclusion

Considering that this research aimed to understand the perceptions of pre-service chemistry
teachers (PFl) regarding the mobilization of the different types of knowledge that make up the
seven bases of the TPACK theoretical model during their participation in the PIBID program in Basic
Education during the pandemic, it is emphasized that any results reflect the lived moment. The
pandemic context required PFIs to seek, and perhaps appropriate, new technological tools that
would enable the pedagogization of chemical content.

To make findings based on different groups, a self-report questionnaire with 29 statements
was applied, branching into the seven knowledge bases that underpin the TPACK. Statistical analysis
revealed that, among the 29 statements, five showed a significant effect in some group, according
to the non-parametric Kruskal-Wallis test, rejecting the null hypothesis (p < 0.05 # HO). However,
the Kruskal-Wallis 1-way ANOVA test for multiple pairwise comparisons (MCFP), when seeking to
identify the group category that exerted influence, demonstrated statistically significant evidence
only for the School of Action group in the TPK1 statement, especially between the DB and PM
Schools, and for the Participation Time group in the TPK2 statement, between PFls who participated
in the program for six months or less and those who participated for a longer period, from seven to
twelve months.

Additionally, the descriptive analysis (Table 2) showed that the knowledge base requiring a
strong pedagogical relationship with scientific knowledge (PCK) deserves greater attention, making
it necessary to encourage and foster the training of these teachers at the intersection of pedagogical
knowledge and content knowledge. Supporting this result, the knowledge base grounded in the
intersection of technological and pedagogical knowledge (TPK) stood out for the confidence in the
actions evidenced in the statements among the PFls, suggesting that they developed skills and
competencies not only in TPK but also in TK and PK. This effect derives from the practice of PFls
during the Covid-19 pandemic when they had pedagogical contact with Basic Education students via
technology, developing skills and attitudes centered in these areas.

In light of the above, it is believed that this research significantly contributed to chemistry
teacher education by highlighting the importance of the intersection between pedagogical,
technological, and scientific knowledge. Furthermore, in addition to showing that PFIs developed
skills and competencies in these areas, the research indicates that, despite the agreement and
prevalence in the use of technologies during the PFIs’ actions in the program during the pandemic
(TK, M = 4.31; TCK, M = 4.57; TPK, M = 4.70), there is still a strong need for holistic training, where
the use of technology becomes an integrated appropriation with Content Knowledge (CK, M =
4.19). In other words, it is necessary for these PFls to significantly know, both interdisciplinarily and
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intradisciplinarily, the scientific knowledge objects related to their field of expertise, to improve the
pedagogical and technological ways of working with them.

Finally, the research presents some limitations, including the influence of the pandemic
context, which may have compromised the generalization of the results, and the short duration of
participation in the program for some participants, which limited the time available for interaction
with students and the practical application of new methodologies. For future research, it is hoped
to explore teacher perceptions in light of the TPACK model in non-emergency contexts, allowing
for a more accurate and representative evaluation of teaching methods and pedagogical practices.
Additionally, it is important to investigate more deeply the relationship between pedagogical and
scientific bases in chemistry teaching, to better understand how these bases interrelate for the
improvement of educational practices and teacher training.
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