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ABSTRACT:

In this paper, we show evidences of student engagement in an introductory, remote and
emergency Physics course. This experience occurred during the COVID-19 pandemic, in
a high school that provides professional education. We present the pedagogical challenges
faced by Physics teachers and justify their choice to evaluate student engagement. Our data
stemmed from a questionnaire answered by students after the end of the first module of the
course. We identified three engagement dimensions: cognitive-behavioral, emotional and
social. Our data show that there was engagement, predominantly, in the cognitive-behavio-

ral and emotional dimensions.

ENGAJAMENTO DE ESTUDANTES EM UM ENSINO REMOTO E
EMERGENCIAL DE FISICA

RESUMO:

Neste trabalho, mostramos evidéncias de engajamento de estudantes que participaram de
um curso introdutério, remoto e emergencial de Fisica. O curso foi realizado durante a
pandemia da COVID-19, em uma escola que oferece ensino técnico integrado e profis-
sionalizante de nivel médio. Apresentamos os desafios pedagdgicos enfrentados pelos pro-
fessores de Fisica e justificamos a escolha desses sujeitos por avaliar o engajamento de seus
estudantes. Os dados da pesquisa emergiram de um questiondrio que foi respondido pelos
estudantes apds o término do primeiro médulo do curso. A utilizagio do questiondrio nos
permitiu identificar trés dimensdes do engajamento: cognitivo-comportamental, emocio-
nal e social. Nossos dados mostram que houve engajamento das/dos estudantes, predomi-

nantemente, nas dimensdes cognitivo-comportamental e emocional.

PARTICIPACION DE LOS ESTUDIANTES EN UNA ENSENANZA REMOTA
DE EMERGENCIA DE FISICA

RESUMEN:
En este articulo mostramos evidencia del compromiso de los estudiantes que participaron
en un curso introductorio, remoto y de emergencia de Fisica, realizado durante la pande-

mia COVID-19, en una escuela secundaria que ofrece educacién profesional. Presentamos
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los desafios pedagdgicos que enfrentan los profesores de fisica y justificamos su eleccién ~ Educacién Remotay
para evaluar el compromiso de sus estudiantes. Los datos de la investigacién surgieron de un COVID-19;
cuestionario que fue respondido por los estudiantes una vez finalizado el primer médulo del Ensefianza de las Ciencias.
curso. Identificamos tres dimensiones de lo envolvimiento de los estudiantes: cognitivo-con-

ductual, emocional y social. Nuestros datos muestran que los estudiantes se involucraron,

predominantemente, en la dimensién cognitivo-conductual y la dimensién emocional.

INTRODUCTION

The research hereby disclosed was carried out in the capital of a Brazilian state. In this city, by deci-
sion of the Municipal Government, in-person classes were suspended in mid-March 2020, in all educational
institutions. This measure complied with the World Health Organization sanitary protocols to reduce the
spread of the COVID-19 pandemic.

The subjects of our research are students from a high school that provides professional education.
When this text was written, in-person classes remained suspended. To designate this reality, we make use
of the expression Emergency Remote Teaching (ERT) instead of Distance Education (DE), as proposed by
Arruda (2020), as well as by Saraiva, Traversini and Lockmann (2020).

On the one hand, Arruda (idem) differentiates DE from ERT in order to: (1) criticize what he con-
siders to be a prejudiced idea about DE, which stems from the misconception that this teaching modality is
inferior to traditional education; (2) highlight the precarious quality of many ERT experiences, which differ
from DE due to the absence of the required infrastructure or subjects with proper training.

On the other hand, Saraiva, Traversini and Lockmann (idem) differentiate DE from ERT based on the
different rationalities in which these teaching methods/modalities are grounded. The former is based on a goal-
-oriented rationality, with no regulation of time or space where students execute tasks. The latter inherited the
disciplinary rationality, which is characteristic of traditional education and, this way, transfers the responsibility
from the teachers to the families, who are now obliged to exert disciplinary control over the students’ behavior.

In our framework, ERT started in the school in August of 2020, five months after classes had been
suspended. Some public school students were unable to access the online environment due to social inequa-
lity and the absence of public policies regarding digital inclusion. The school under our investigation assisted
the students who could not pay for Internet service. Nevertheless, part of the students accessed the online
activities from smartphones. Subsequently, the school rented laptops and lent them to those students.

An almost entirely new course had to be conceived due to the establishment of ERT. The school’s
Physics teachers intended to evoke, evaluate, and sustain the students’ engagement. Such fact could be ack-
nowledged because one of the authors of this paper is part of this group of teachers. These teachers prepared
a self-administered and anonymous questionnaire in which students were invited to evaluate the first modu-
le of the course, in addition to their own engagement in the ERT teaching and learning activities.

Our research group decided to analyze the data collected from the questionnaire in order to answer the fol-
lowing questions: (a) was there student engagement with the course? (b) if so, how to characterize this engagement?

Besides this brief introductory section, this paper consists of four other sections. In Section II, there
is a description of the characteristics of the school and the Physics education provided to students before
and during the pandemic; in Section III, we present the research theoretical framework and methodology;
in Section IV, there is a description of the processes behind the construction of our data; in Section V, we
present a general discussion of the results and research limitations, as well as the possible contributions to
other teachers and researchers.
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RESEARCH CONTEXT

This research took place in a federal public school. Students join the school through a selection pro-
cess." The experience of two of the co-authors of this paper in class councils shows that teachers’ assessment
of the students’ involvement in different subjects is considerably varied. The performance of the students
on the proposed activities, as well as their grades, also varies significantly depending on the subject. These
findings indicate that student engagement in the school depends on the school subject.

In the Physics subject, most students attain satisfactory levels of academic performance, even though
many complex topics are included in the course.> We have carried out studies in which students were asked
to evaluate the first grade of the introductory Physics course in the school (Paula and Talim, 2012, 2015).
The strategy of having students rate the Physics course is a recurring practice in the school. Successive ratings
indicate that most students are interested in the course topics.

This history with several signs of student engagement in the Physics course did not give the team of
teachers good expectations in relation to the ERE, because the course underwent some profound changes.
In our subject school, students have four fifty-minute Physics classes a week, grouped in sets of two classes.
In one of the classes from the set, all students are gathered in a conventional classroom. In the other, students
are gathered in a lab where they form small groups. These groups sit at rectangular tables.

In both settings, students often gather in groups and handle experimental materials. All the concepts,
models and theories addressed in the course are presented as resources to the interpretation of experimental
results, technological devices or phenomena present in their daily lives. Mathematical formalism is employed
insofar as it contributes to these interpretations. Furthermore, there is a great rhetorical investment in the
proposal and justification of problems on which each activity is based. This orientation is coherent with the
epistemology developed by Bachelard (2001, p. 166), who states that all knowledge is the answer to a ques-
tion/problem, and that if there is no problem, there cannot be scientific knowledge.

In the course, there was a great deal of interaction between the students and the Physics teacher, and also
between the students and their peers. The interpretation of the phenomena discussed throughout the course is
done in a collaborative manner, through discursive interaction between teacher and students, as well as between
students and their peers. Activities assigned to be done at home are rare and structured so that they may be done in
little time. Hence, it s fair to say that the course is almost completely face-to-face and predominantly experimental.

Because of ERT, activities that had been refined over the years proved to be useless. Digital apps with
simulations of physical phenomena, which had previously been auxiliary resources in the “real lab”, turned
into the predominant mediational resources of the proposed activities. Furthermore, ERT eliminated the
possibility of a synchronous space where meaning could be negotiated through interaction between stu-
dents and teachers, because the pandemic and the available conditions for the continuity of the pedagogic
work demanded a predominantly asynchronous setting.?

This kind of ERT hampered the hearing and reception of the students’ contributions to the interpre-
tation of real events and phenomena (Freitas e Aguiar Janior, 2012), as well as the use of questions to guide
them through the scientific concepts, models, and theories (Chin, 2007). Since students spend half of the
course load inside the labs where they worked in small groups, peer interaction - whose importance to learning
has already been discussed by many researchers (Driver et al., 1999; Barbosa e J6fili, 2004) - was also restricted.

When ERT started, some teachers and school staff consulted all the teachers and decided to divide the
school subjects into two groups. The subjects were organized in modules. For most teachers, there is now an
interval of at least four weeks between two consecutive modules of interaction with students.

Before the pandemic, the school had already made an arrangement with Google and started to use the
GSuite platform.* At the beginning of the pandemic, the student council did a survey among the students
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and claimed for the utilization of a single platform for the Emergency Remote Teaching. Students predicted
that they would have difficulty learning how to use different platforms. The school’s previous agreement
with Google imposed an intensive use of the GSuite apps.’

Subject to this reality, the Physics teachers had to conceive a course fully held on this platform. For
each topic of the Physics ERT, an assignment was designed on Google Forms and a chat room was created
on Google Chat. The chat rooms associated with each assignment were the main channel of asynchronous
interaction between teachers and students. Synchronous interaction was restricted to weekly online mee-
tings through Google Meet. Attendance in these meetings or watching their recordings, however, was not
mandatory. The attendance rate in the synchronous meetings was low. For this reason, we believe that the
students’ course evaluation - which formed the research data - was focused on the asynchronous activities.

As far as possible, the online activities that were structured as forms followed some of the basic gui-
ding principles from the Physics pedagogical project. The progressive introduction of Physics concepts was
done through videos that presented either real experiments or explorations in virtual labs. In this manner,
the concepts continued being used as resources to the interpretation of experimental results and daily situa-
tions. Furthermore, students continued being requested to make predictions, formulate hypotheses, and
articulate explanations to physical phenomena to which they are exposed.

THEORETICAL FRAMEWORK AND RESEARCH METHODOLOGY

All Physics teachers in the school hold a PhD in Science Education and have research experience.
One of the first grade teachers, who did not participate in this research, investigated student engagement in
his former research and used Fredricks et al. (2004) as one of his main references.® This is relevant because it
allows us to understand the choice of this team of teachers towards developing a questionnaire to evaluate
student engagement in the course.

The research group is composed of one of the first grade Physics teachers, a retired teacher from the
same school, and two undergraduate students. The research group proposed modifications on the first ver-
sion of the questionnaire made by the first grade Physics teachers. The questionnaire is, therefore, a result of
cooperation between the research group and the teacher team.

The data analysis and discussion happened on online meetings with the members of the research
group. The undergraduate students attended all meetings and were partially responsible for the literature
review. Such review could not be presented in this article because the text reached the maximum size allowed
by this journal and we preferred to favor the exposition of the data and the details of our analysis procedures
in the available space. The second co-author conceived the architecture of the statistical analysis. The first
coauthor advised the undergraduate research students, was partially responsible for the questionnaire since
its first version,” and was the main writer of this paper.

The fact that the data were collected from a questionnaire conceived and used by teachers as part
of their teaching strategy led us to believe that submitting this research to an ethics committee was not
necessary, although this would have been ideal. Since we committed to present the data and analysis to the
teacher team in order to make eventual changes in ERT that could evoke or sustain student engagement, our
research schedule was tight. Because of this agreement between the teacher team and the research group, the
research had to be done within a timespan of four weeks.

We decided to carry out the research without formal consent of an ethics committee because we took
into consideration the fact that our data were not collected solely for the research, and that the questionnaire
was optional and anonymous. Furthermore, the teacher team authorized us to do the research.
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Student engagement with the school and with specific school subjects became an eminent object of
research throughout the 1990s and the beginning of the 2000s. In spite of the great variety of conceptions of
engagement (Christenson, Reschly e Wylie, 2012), there is a certain consensus that it is a predictor of school
achievement. Similarly, disengagement is considered to be a predictor of school dropout and it is associated
with a series of behaviors and attitudes that precedes it, such as poor attendance, poor performance in tests
and exams, apathy, and disruptive behavior (Klem & Connell, 2004).

Another general agreement found in the literature (Christenson, Reschly e Wylie, 2012; Fredricks et al.,
2004; Fredricks et al., 2016) is the affirmation that the concept of engagement is multidimensional and that it in-
volves several factors (emotional, cognitive, behavioral, attitudinal, social, among others), though they can vary in
number and in the indicators of each dimension. In our research, we adopted the concept of engagement develo-
ped by Fredricks etal. (2016), for whom it involves four irreducible, interdependent and inseparable dimensions:
behavioral, cognitive, emotional and social. It is important to clarify that, although the concept of engagement
involves several dimensions - according to different authors - it should be interpreted as a single construct.

According to Fredricks et al. (2004), behavioral engagement refers to students’ compliance with
school rules and absence of disruptive behavior, as well as participation, attention, persistence, and effort in
the school activities. Emotional engagement concerns the affective reactions of students to teachers and acti-
vities, as well as the feeling of belonging and identification with the school. Cognitive engagement is related
to students’ investment in learning, which involves metacognitive strategies to solve problems and unders-
tand complex ideas. The social dimension of engagement, as described by Fredricks et al. (2016), refers to the
quality of the social interactions that are part of the learning and teaching environment.

Considering our collaboration with the group of teachers that created the questionnaire from which
we collected our data, we suggested the use of the concept of engagement described by Fredricks et al. (2016).
Besides these authors’ work, we found in the literature several other instruments for measuring engagement
via self-administered questionnaires (Wang et al., 2016; Gale et al., 2015; Wang et al., 2014; Wang etal., 2019;
Veiga, 2016). These instruments, however, were designed to be used in face-to-face courses. We found a small
number of works that involved Distance Education (Nasir et al., 2020; Dixson, 2012 and 2015).

Many of these authors carried out pilot studies with samples of students as a validation step to their
research instrument. Subsequently, these researchers interviewed the students in focal groups in order to
understand their interpretation of the questionnaire content. We did not apply these validation steps to our
instrument. Firstly, because it was not conceived solely for our research. Secondly, because we did not have
the time or the necessary conditions to do so. For these reasons, we did not completely validate our research
instrument, although we did carry out satisfactory procedures that allowed us to answer our research ques-
tions, as described in the next section of this paper.

Our questionnaire was inserted on a form entitled “Evaluation of the Module about Waves”. In its
introduction, all the three Physics teachers who were responsible for the course confessed the challenge of
transforming a course that was previously 100% face-to-face and predominantly experimental into a course
with asynchronous and online activities. In the same introduction, they also committed to improve stu-
dents’ experiences during the next ERT module. Finally, the introduction also informed students that all
collected data would be anonymous and that answering the questionnaire was optional, although of utmost
importance to help enhance the course.

Following the introduction, the form contained twenty-seven statements, which are listed in the
Appendix. They were divided into four sections themed as: Behavior and Attitude; Emotions and Feelings;
Learning Strategies; Interactions with the Teacher and Classmates. Students had to interpret the statements
and mark one of the numeric options of the following Likert scale: 1 - Strongly disagree; 2 - Partially disagree;
3 - Neither disagree nor agree; 4 - Partially agree; S - Strongly agree.
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An exploratory factor analysis was performed on the collected data in order to verify whether the
four dimensions of engagement (behavioral, emotional, cognitive and social) were supported by the factor
structure. We also evaluated the reliability of the total engagement scale and the individual scales for each
identified factor. The results of the analysis, performed by the software SPSS* (version 23) and JASP? (ver-
sion 0.13.1.0), are described in the following section.

The last section of the form was entitled “Open field for suggestions and comments” and requested
students to help the teachers improve the ERT imposed by the COVID-19 pandemic. This was the only

space for a discursive answer on the form.

CONSTRUCTION, PRESENTATION, ANALYSIS AND
INTERPRETATION OF DATA

Out of the 172 students regularly enrolled in six classes, only 99 answered the questionnaire, which
corresponds to about 58% of the students. In order to understand this rate of adherence to the evaluation
invitation for the first module, it is important to consider that: Ist - the students had already done twelve
ERT Physics activities; 2nd- both remote activities and research questionnaire were presented to students
through forms. Thus, the rate of adherence to the questionnaire may have been limited by: (a) the tiredness
of the students, who were demanded to answer successive forms; (b) the fact that the answer to the survey
questionnaire is presented as anonymous and optional; (c) the fact that the students had already started
studying a new group of subjects with which they were beginning to interact, for the first time, in the same
period in which they were invited to answer the questionnaire.

1. Exploratory Factor Analysis

We decided to carry out an exploratory factor analysis of the data to assess whether the students gave
coherent answers to the questionnaire items and whether the correlations between the responses supported
a multidimensional conception of engagement. Our first step was to verify that our data met the necessary
conditions to implement a factor analysis (Hair et al., 2009). The first condition concerns the sample size,
which must be equal to or greater than 100. The 99 responses given to the questionnaire placed us at the
lower limit of the first condition for this type of analysis.

The second condition is the MSA index, which varies from 0 to 1. The MSA must show values above
0.8. This index assesses the degree of intercorrelations between the variables and the adequacy of the sample.
The MSA value for our data was 0.840. The third and last condition is that the correlations between the
variables must have a significant value with p <0.05. The verification of this last condition was done with
the Bartlett sphericity test, whose result was also shown to be adequate (X2 (351) = 1616.918; p <0.001).

Another important point of the exploratory factor analysis is the use of criteria to establish the num-
ber of factors or latent variables that adequately explain the correlations between the variables. Hair et al.
(2009, p. 114) state that an exact quantitative basis for deciding the number of factors to be extracted has
not been developed yet. For this reason, the decision on the number of factors maintained in a factor analysis
must combine: (1) a conceptual foundation (how many factors should be in the structure?); (2) empirical
evidence (how many factors can be reasonably sustained?). From this we conclude that the choice of the
number of factors is related to the interpretation given to these factors, as well as their relevance in explaining
the studied phenomena.

Not only from reading the bibliography on engagement, but also from following the process of de-
veloping the questionnaire, we expected to find four factors in the data analysis, but we knew that finding
evidence to support them was necessary.
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One of the criteria we used to find the number of factors was the parallel analysis. In the parallel
analysis, several simulations are carried out with random data holding the same characteristics as the real
data (same number of variables and subjects). A factor analysis is performed in each of these simulations
and the mean eigenvalues of the factors obtained with the random data are compared with the eigenvalues
of the factors of the analysis performed with the real data. The eigenvalues measure the percentage of va-
riance explained by each factor, which must be greater than the one obtained just by chance. Therefore, it is
considered that only factors with eigenvalues greater than those obtained from random data are significant.

Parallel analysis is usually more effective for identifying the number of factors than other methods
(Hayton, Allen and Scarpello, 2004). The JASP program does this type of analysis and, therefore, we used it
in our research. The result of this analysis showed that, in only three factors, the factorial analysis with real
data had eigenvalues greater than those obtained from random data.

This result contradicted our initial expectation that the four dimensions of engagement mentioned
in the work of Fredricks at al (2016) would emerge from an exploratory factor analysis. To interpret it, we
have two hypotheses. The first is that the size of our sample was not large enough to allow the differentiation
between the cognitive and behavioral dimensions of engagement that, in our data, appeared to be associated
with a single factor, as we will see below. The second is that students may have interpreted the questionnaire
items differently than we did. The first hypothesis is supported by the fact that the size of our sample was at
the lower limit of what is necessary for a factor analysis. The second hypothesis cannot be properly appre-
ciated, given that we did not conduct: (a) qualitative pilot studies whit focus groups; (b) interviews to assess
how students interpreted the questions or to ask them to explain their answers.

At this point in the analysis, it is very important to clarify that the sample size may be sufficient to
enable a factor analysis and, at the same time, not be large enough to allow a differentiation of all possible
tactors. This is a known fact in significance analysis: differences that are not significant in small samples can
become significant if the sample size is increased.

Factor1 Factor 2 Factor 3 Uniqueness

Q_01 0,663 0,45
Q_02 0,534 0.553
Q_03 0.645 0,502
Q_04 0.757 0,362
Q_05 0.779 0.363
Q_06 0.751 0.405
Q_07 0.51 0.597
Q_o08 -0.,497 0726
Q_09 0.623 0.564
Q_10 0.595 0.492
Q_1 0.58 0.542 0,281
Q_12 0.771 0,285
Q_13 -0,81 0.342
Q_14 -0,853 0.251
Q_15 -0,631 0,548
Q_16 0,758 0.374
Q_17 0.646 0,462
Q_18 0.654 0.446
Q_19 0.97
Q_20 -0.596 0.622
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Q_21 0,505 0,598

Q_22 0,565 0,633
Q_23 0,524 0,56
Q_24 0,547 0,546
Q_25 0,651 0,497
Q_26 0,754 0,421
Q_27 0,499 0.7

Table 1. Factor loadings
Source: Developed by the authors using data from the JASP program (version 0.13.1.0).

Table 1 shows the result obtained by the JASP program for the factor loadings. The texts of state-
ments Q_01 to Q_27 can be found in the Appendix. The exploratory factor analysis carried out by JASP
identified three factors with the Varimax rotation method. Only loadings greater or equal to 0.40 were con-
sidered significant, according to the standards that are used in this type of analysis (Hair et al., 2009). Q 11
has loadings in two factors. Another dissonant highlight is statement Q 19, which has no factor loading. We
decided to remove these two questions from our analysis.

In the Appendix, both are highlighted in gray lines, and they do not contain information in the cells
presented in the third column. The discard of only two statements, coupled with the presence of twenty-five
others that have a significant factor loading and are associated with only one of the three factors, evinces the
existence of a consistent factor structure in the correlations. Together, the three factors identified in Table 1
explain 51% of the data variance. Although it seems low, this percentage is considered fully satisfactory for
this type of analysis (Veiga, 2016; Gunuc and Kuzu, 2015; Nasir et al., 2020).

Our analysis allowed us to associate the factors identified in Table 1 with the dimensions of engage-
ment proposed by Fredricks et al. (2016), although we found only three factors in our data. Factor 1 includes
nine statements: Q_01, Q_07,Q_08,Q_10,Q _12,Q 13, Q_14, Q_15and Q_20 (see Table 1). A careful
reading of these statements, listed in the Appendix, shows that Factor 1 is related to the students’ feelings
and emotions and, therefore, we associate it with Emotional Engagement.

A new query to Table 1 and to the Appendix shows that Factor 2 includes nine statements: Q_04,
Q _05,Q _06,Q _09,Q 22,Q 23,Q 25,Q 26and Q_27, and that they are all related to student interac-
tion with the teacher or with their peers. For this reason, we associate Factor 2 with Social Engagement.
Finally, Factor 3 contains seven statements: Q 02, Q_03,Q_16,Q_17,Q 18, Q_21 and Q_24, which are
related to the students’ behaviors or their learning strategies. For this reason, we denominate Factor 3 as
Cognitive-behavioral and interpret it as a combination of the behavioral and cognitive dimensions proposed
in the literature on engagement.

The names of the three factors found in our factor analysis were introduced in the fourth column of
the Appendix. It is this new denomination, and not the original classification of the statements, that must be
taken into account in the continuation of this section dedicated to the presentation and analysis of the data.

2. Student engagement in all three dimensions

In the second stage of the statistical analysis, we added up the numerical values of the twenty five sur-
vey items provided by the students who remained after the discard of statements Q 11 and Q_19. To carry
out the sum, we were careful to invert the values of the five survey items that corresponded to low engage-
ment for values near 5. The items with this feature are shown in the penultimate column of the Appendix
with an asterisk, in addition to being succeeded by the word Inverted between parenthesis. From this adjust-
ment, the value obtained by the sum of the twenty five items validated by the factor analysis varied between
25 and 125. We used that value to establish a general student engagement scale.
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After obtaining this general engagement scale, we started the third stage of the statistical analysis. This
time, we gathered the seven survey items identified with the Cognitive-behavioral dimension and performed the
same kind of sum as described above. We repeated this set of operations for the nine items associated with the
Emotional dimension and for the nine items interpreted as an expression of the Social dimension of engagement.

In order to facilitate the comparison between the sums for the Cognitive-behavioral, Emotional and Social
dimensions, we averaged the scales, that is, we divided the value of each scale by the number of items of each dimen-
sion in that scale. This way, we ensured that the value obtained for each factor or dimension lied within 1 and 5.

Table 2 presents the resulting general engagement scale mean and the three arithmetic means from the
Cognitive-behavioral, Emotional and Social engagement scale dimensions.

1- General 2- Cognitive-behavioral 3- Emotional 4- Social
Mean 3,42 3,75 3.45 316
Std. Deviation 076 0.83 094 1,06
Minimum 1,68 1,57 11 1
Maximum 4,88 5 4,89 5

Table 2. Statistics of engagement scales

Source: Developed by the authors using data from the SPSS program (version 23).

Besides the mean values, Table 2 presents the standard deviation and the maximum and minimum
values of each measurement. Since numbers between 1 and 5 refer to a Likert scale, we decided to interpret
the obtained values the following way: (a) values below 3 indicate low engagement, which is as lower as how
close the value is to 1; (b) values above 3 indicate engagement, which as higher as how close the value is to 5.

To evaluate the reliability of the general engagement scale, as well as the engagement profile scales in
each of the three dimensions shown in Table 2, we resorted to the calculation of Cronbach’s a coefficient
(Hair et al., 2009). The result of this calculation, which measures the internal consistency of each scale, is
shown in Table 3.

Scale Number of items Cronbach’s coefficient
Total 25 092
Cognitive-behavioral 7 0,86
Emotional 9 0.89
Social 9 0.89

Table 3. Reliability of the scales

Source: Developed by the authors using data from the SPSS program (version 23).

Values for the Cronbach’s a coefficient above 0.8 indicate a consistent and highly reliable scale. There-
fore, from Table 3 it is possible to see that the scales we have built are reliable and trustworthy.

3. Data and research questions

At this point of the analysis, we can go back to our research question. The data presented in the pre-
vious subsections are evidence of the reliability of the scales that we created to assess student engagement in
the course, and also helped us qualify this engagement.

Considering the data in Table 2, we see that the mean values for Cognitive-behavioral, Emotional
and Social engagement are different. Before interpreting these differences, we decided to check whether they
were statistically significant. To achieve this, we performed the ANOVA test of repeated measures in SPSS,
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as well as a post hoc Bonferroni test, in the same program. Combined, these tests showed that all differences
were significant [F(1.72; 168.63) = 17.57; p < 0.001]. Table 2 shows that Cognitive-behavioral engagement
was the highest, followed by Emotional and Social.

The mean values of the answers given to each of the twenty-five statements collected by our instru-
ment allow us to better understand how student engagement varied. If we consider that values greater or
equal to 4.0 indicate high engagement, we see that there are: (a) three statements of high engagement (Q _17,
Q_18 and Q_21) in the Cognitive-behavioral dimension (43% of the items);'* (b) two statements of high
engagement (Q_08 and Q_20) in the Emotional dimension (22% of the items); (c) no statement of high
engagement in the Social dimension.

The three statements of high engagement in the Cognitive-Behavioral dimension indicate that the
majority of students: (a) tried to relate what they were studying with what they had learned from previous
remote activities. (b) tried to understand their mistakes when they realized that they had made them; (c) stri-
ved to perform tasks and learn, even when they had difficulty. These statements are clear examples of what
Fredricks et al. (2004) consider to be expressions of cognitive engagement and, more specifically, of meta-
cognitive strategies to understand complex ideas. The two statements of high engagement in the Emotional
dimension, in turn, indicate that most of the students: (a) were interested in the subjects; (b) did not give up
on dealing with subjects that are difficult to understand or abandon them to perform other tasks.

We can interpret these findings as an indication that the activities of the Physics ERT allowed students
to: (a) maintain their interest; (b) overcome the obstacles that they were faced with; (c) establish relationships
between the studied phenomena and the concepts introduced to understand them.

A second way of interpreting the same findings, which does not contradict the previous one, concerns
the students’ characteristics. In the section devoted to describe the research context of this manuscript, we
drew attention to the fact that the students join the school through a selection process. This type of process
tends to select students who have managed to remain engaged in their previous school experiences and who,
for this reason, probably have the necessary conditions to learn Physics in the unfavorable conditions of the
ERT provided by the school where we conducted the research.

Once we have addressed, in the previous paragraphs, our interpretation of the evidence of cogniti-
ve-behavioral and emotional engagement, we decided to end this section focusing on the evidence of low
student engagement in the Social dimension. Only one statement associated with this dimension (Q_27)
had a value significantly greater than three (average value of 3.84 in the Appendix). This is the statement in
which students say they have used “other communication resources (WhatsApp, for example)” to interact
with their peers. In a complementary way, statements Q_05 and Q_06, which have the two lowest averages
among all items in the questionnaire, are precisely those that express teachers’ insistence on the use of chat
rooms as an asynchronous interaction channel.

Data obtained in the discursive question of the questionnaire - which have not yet been mentioned in
the analysis so far carried out - help us complement our interpretation of student engagement in the course.
Thirty-three of the ninety-nine students who responded to the form used the “Open space for suggestions
and comments”. We carefully read the responses whose content could be summarized in the following ca-
tegories: positive and negative highlights of the course, suggestions, complaints and compliments. We shall
focus on the most frequent instances.

Ten out of the thirty-three responses referred to the use of explanatory videos about the contents of
the activities. The answers varied among: (a) compliments about the introduction of these resources from
the middle of Module I on, as a result of a claim made by many students; (b) complaints about the absence
of this resource at the beginning of the Module. Seven students used different words and language resour-
ces to ask teachers to “teach the subject” before asking questions. Ten other discursive responses presented
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suggestions or complaints on how teachers chose to interact with the classes: Google Chat. Six students
addressed this issue by directly criticizing the mandatory use of the Chat. Four other students requested the
use of WhatsApp instead of Chat.

In the presentation text of the second ERT Physics module, the teachers responded to some of the
students’ requests in the open response questionnaire item. The teachers committed to adopt some of the
suggestions and presented justifications for declining two specific requests. The first request refused was that
to “explain the subjects before asking questions.”

As a justification for this refusal, teachers said it was important for students to understand how to
answer questions about subjects that they do not fully comprehend yet because: (a) dealing with the discom-
fort provoked by this type of situation is an important part of the scientific learning process; (b) in order to
study a science, it is necessary to learn how that science works and how scientists produce knowledge; (c) it is
very common that, when studying science, there is a need to live with only partial answers to questions and
to have to reason from questions, rather than from answers and reliable information. Although it is not our
objective, in this paper, to analyze this pedagogical discourse of teachers, it is important to emphasize that it
reveals important aspects of the conception of science teaching and learning in this group of teachers.

The second refusal from the teachers concerned the suggestion of using WhatsApp instead of Chat.
The teachers stated that they had removed the mandatory use of Chat, but reiterated that the creation of a
Chat room for each activity was the best way to allow students to count on their help in case of questions.
To justify, they said that: (a) on Chat, it is possible to start a new conversation for each new question; (b)
those who access the Chat and find conversations that have already been started can insert their question or
comment in these conversations or start a new conversation with a different question; (c) in Chat it is easier
to find answers to questions already addressed by the teacher; (d) none of these features exist on WhatsApp,
where it is difficult to locate and resume an issue previously discussed.

CONCLUSION

The research hereby disclosed presented evidence of the engagement of students who attended an
introductory, remote and emergency Physics course in adverse conditions. The results of the survey help to
understand which aspects of the course elicited greater and lesser engagement.

Instead of the four dimensions of the engagement construct validated in the work of Fredricks et al. (2016),
our exploratory factor analysis showed the behavioral and cognitive dimensions merged into a single factor.

This result can be interpreted not only as an effect of our sample size, but also as a result of the fol-
lowing limitations of our research: (a) we did not involve independent experts in the development of our
construct;'! (b) we had a short time to perform the research and this made it impossible to carry out quali-
tative pilot studies with focus groups and/or interviews to assess how students interpreted the questions or
to request explanations for the answers that these subjects gave to the instrument; (c) we did not triangulate
our data with other sources of information (recordings of meetings held on Meet or analysis of interactions
on Chats created for each activity, for example).

Being fully aware of those limitations, we consider that it is important to state that our research ins-
trument: (a) was not submitted to a strong and complete validation; (b) cannot be used to measure student
engagement in remote classes in other contexts. Even with those limitations, our research built evidence of
student engagement and allowed us to qualify that engagement.

In addition, we would like to say that we work in cooperation with the team of teachers responsible
for the course and that part of our data has had a significant and immediate impact on improvements in the
following modules of the course. Accordingly, the main merit of our research is pedagogical and not theo-
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retical or methodological. It is difficult for teachers to carry out research with short deadlines and in time
for their results to interfere with planning and pedagogical practice. Hence the importance of collaboration
between teams of teachers and researchers, whenever possible.

A featured characteristic of several engagement measurement or assessment instruments that we fou-
nd was the adjustment of those instruments to the specificities of academic activities to which the students
would or would not be engaged. This is a characteristic that hinders a complete and unadapt reuse of pre-
viously validated instruments in new contexts.

The evidence we found came from statistical analysis procedures accessed at two complementary
programs: SPSS and JASP. The procedures used were presented and described at the fourth section of this
paper. Our results indicate that a significant amount of students present engagement at essential aspects of
learning associated with the Emotional and Cognitive-behavioral dimensions.

That is a remarkable result when considering the adverse conditions in which the ERT was instituted
at the school.”” Regarding it, in the introduction of this paper we draw attention to the fact that several stu-
dents accessed the proposed activities from their cellphones. On the other hand, in the section dedicated to
present the theoretical framework and describe the methodology, we said that teachers had acknowledged
their difficulty for turning a 100% face-to-face and strongly experimental teaching approach into a course
mediated by asynchronous and remote activities.

As Dixson (2015), we believe that the engagement evaluation of distance or online courses can guide
teachers to promote the required adaptations aiming to raise or increase the students’ involvement with their
own educational experiences. Unlike this author, though, we believe that face-to-face courses have more and
better resources than distance courses. Particularly, in our case, we consider that the context experienced by
the students at the ERT were exceptionally unfavorable.

Thus, in spite of the enormous pedagogical effort undertaken by the teachers: (a) there was a sudden
transformation from a 100% classroom-based and predominantly experimental course to a remote course;
(b) laboratory classes with real equipment have become unviable, which has resulted in an impoverishment
of the mediational resources used in the course; (c) the interpretation of phenomena and the use of ideas
from the sciences could not continue to be carried out collaboratively through synchronous discursive inte-
ractions between the teacher and the students, and the students and their classmates; (d) there was a drastic
reduction in the possibilities of students’ social interaction with their teachers and peers.

Thinking about the relevance of the work that we present here to the research community, we be-
lieve that one of its positive points was the consequent use of the possibilities offered by statistics for the
understanding of educational phenomena, even in situations where it is not possible to carry out a metho-
dologically robust research. Finally, we also believe that our research contributes to a new field of research
dedicated to study the impacts of the COVID-19 pandemic on school education.

Considering the fact that we are still amidst a pandemic and the production and publication of re-
search requires time help us understand the limitations of the quantity and quality of the works available
on the topic when our paper was finalized. Some articles are experience reports (Barbosa, Ferreira and Kato,
2020; Hoffmann et al., 2020; Silva and Ramos, 2020; Piffero et al., 2020), others have methodological flaws
that compromise the work (Médici et al., 2020). There are also those who present the imposition of remote
education as an opportunity for “innovation towards education” without, however, displaying consistent
data to corroborate this claim (Carneiro et al., 2020; Bezerra et al., 2020).
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NOTES

1 The vacancies in the selection process that allows students to join the school are divided into three parts. A part of
the vacancies complies with the ethno-racial quota policy regulated by the Law. A second part is reserved for students
from public schools and the third part is for students from private schools. The number of places reserved for these last
two audiences is proportional to the number of entries in the selection. Historically, there are many more entries in the
selection for students from public schools. As a result, there are more openings for these students.

2 Inthe firstyear of the course, for example, students study alternating voltage circuits and notions of quantum physics.

3 A significant part of the students did not have a computer, tablet or cell phone for exclusive use to access the ERE
at predetermined times, as was the case in classroom teaching. For this reason, there was a need for the ERE to be
predominantly asynchronous. This situation improved after the school helped students with difficulties accessing
equipment or the internet.

4 The school principals were probably unaware of the warnings offered by authors like Parra et al. (2018) about the
risks of the phenomenon of over-concentration of information in digital technology giants. In addition, most teachers
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only learned of the school decision to join the Google Classroom too much later. Companies like Google have long
invested “heavily” in developing applications for education. Travested as “free” software or maintained as proprietary
software “borrowed” from schools and universities through agreements, the increasingly widespread use of these
applications has been yet another source of profitable data for these companies. Authors such as Amiel, et al. (2020)
and the Monitored Education report (2020) alert us that “free” software collects users’ personal data. The data is then
sold to other companies and used to predict and induce behavior. This sustains the profits of the digital technology
giants, while placing them as underpinnings of true surveillance capitalism.

S This intensified the transfer, to this private company, of personal data of teachers and students and data resulting
from their academic activity. In addition, Google becomes the main form of access for students to a social right:
education under the responsibility of a public school. This contradiction bothered several teachers at the school with
whom the research team had contact through informal conversations. We did not refer to these conversations in the
paper because they were not related to our research problem.

6 The teacher’s master’s thesis is not included in the bibliographic references because such inclusion would imply the
identification of the teacher and the school.

7 Itis worth remembering, in this respect, that this teacher also belongs to the team of teachers.
8 SPSSisapackage of statistical programs developed and marketed by the Statistical Product and Service Solutions Company.

9 JASP is an open source statistical programs package developed and continuously updated by researchers at the
University of Amsterdam.

10 The statement Q 19, whose average also indicates high engagement, cannot be considered in this calculation,
because it was not validated by factor analysis.

11 Two PhD in Science Education, who were not part of the research group, participated in the development of the
questionnaire. However, they cannot be considered independent experts because they are part of the team of teachers
who used the questionnaire for educational purposes.

12 The general conditions offered for teaching and learning in the public school where we carry out the research are
quite favorable. These are better conditions than those found in most similar institutions and well above the reality of
all public high schools. Most of the teachers in this school hold PhD degrees and work exclusively at there. In addition,
most of them teach a maximum of twelve class hours per week. If these favorable and adequate working conditions do
not guarantee the quality of education offered by the school, there is no doubt that they favor this quality.
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APPENDIX: QUESTIONNAIRE ITEMS, ORIGINAL CLASSIFICATION,

NEW CLASSIFICATION GENERATED BY FACTOR ANALYSIS AND

MEAN RESPONSE VALUES

N° Classif. Orig. Classif. EOSt Statement Mean
analysis.
. . In most of the remote Physics activities from the module that
Q01 Behavioral Emotional just ended, | was able to stay focused on what | was doing. 528
Coanitive- In most of the remote Physics activities from the module that
Q_02 Behavioral gnit ended, | wrote down doubts and comments in order to consult 31
behavioral
them later.
Cognitive- In most of the remote Physics activities from the module
Q_03 Behavioral gnit that ended, | studied my notes and other materials to better 3,65
behavioral .
understand the subject.
Q_04 Behavioral Social In most Chats created for remote Physms activities from the 314
module that ended, | placed my questions.
In most of the Chats created for remote Physics activities
Q_05 Behavioral Social from the module that ended, | commented on my colleagues’ 2,51
questions.
In most of the Chats created for remote Physics activities from
Q_06 Behavioral Social the module that ended, | made comments on the teacher’s 2,22
answers.
In most of the remote Physics activities from the module that
Q_07 Emotional Emotional ended, | was able to understand the importance of the subject 3,62
for my life.
. . *In most remote Physics activities from the module that
Q_08 Emotional Emotional ended, | had no interest in the subjects covered (Inverted). 4.01
In most remote Physics activities from the module that ended,
Q_09 Emotional Social | enjoyed participating in Chats to interact with colleagues and 3,36
the teacher.
Most of the time, | kept a good expectation regarding the
Q_10 Emotional Emotional remote activities that would be proposed in the following 3,09
weeks.
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In most of the remote Physics activities from the module that
Q_n Emotional | ------------- ended, | looked forward to the remote activities that would be 3,94
proposed in the following weeks.
Q_12 Emotional Emotional In most remot.e Physms actlvme.s' from the module that ended, 3.06
| felt good while doing the activities.
. . *In most remote Physics activities from the module that
Q13 | Emotional Emotional ended, | felt frustrated while doing the activities (Inverted). 326
. . *In most remote Physics activities from the module that ended,
Q14 Emotional Emotional | felt discouraged while performing the activities (Inverted.) 517
. . *In most remote Physics activities from the module that
Q_15 Emotional Emotional ended, | felt bored while doing the activities (Inverted). 341
Cognitive- In most remote Physics activities from the module that
Q_16 Cognitive gni ended, | studied the subjects covered to try to ensure a better 3,91
behavioral . f
understanding of the subject.
Coanitive- In most remote Physics activities from the module that ended,
Q_17 Cognitive gni | tried to relate what | was studying to what | learned from 417
behavioral . R
previous remote activities.
Cognitive- In most remote Physics activities from the module that ended,
Q_18 Cognitive beEavioraI | tried to understand my mistakes when | realized that | had 415
given a wrong answer.
In most remote Physics activities from the module that ended,
e | | preferred to receive the answers to the Physics questions
0=t SRR from my colleagues or the teacher than to find them on my D
own (Inverted).
In most remote Physics activities from the module that ended,
Q_20 Cognitive Emotional | gave up on dealing with difficult subjects to understand and | 4,2
started to do the following tasks (Inverted).
Coagnitive- In most remote Physics activities from the module that ended,
Q_21 Cognitive gni | strived to perform the tasks and learn, even when | had 4,38
behavioral .
difficulty.
In most remote Physics activities from the module that ended,
Q_22 Cognitive Social | tried to work with my colleagues because | believed it would 3M
help me learn.
In most remote Physics activities from the module that ended,
Q_23 Cognitive Social | used my colleagues’ ideas, questions or comments, which 37
were posted on Chat, to better learn the subjects.
i, Cognitive- In most remote Physics activities from the module that ended,
Q24 Cognitive behavioral | tried to learn more and go beyond what was taught. 2.89
In most remote Physics activities from the module that ended,
Q_25 Social Social | reached my teacher through Chat, E-mail or the Classroom 318
Panel.
In most remote Physics activities from the module that ended,
Q_26 Social Social | tried to help my colleagues who were having difficulties in 3,35
learning.
In most remote Physics activities from the module that ended, |
. . used other communication resources (WhatsApp. for example)
Q-27 Social Social to interact with my colleagues, in addition to the Chat rooms 384
created for each activity.
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