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Abstract

The teaching of physics and its use as a means for developing different competencies
requires teachers with a professional profile and an ideal teaching profile for it. For the above,
it is necessary to have instruments to evaluate if the professional profile and the teacher’s
training allow them to reach the ideal profile to develop in the classroom the competencies
requested in the physics courses at different educational levels. This study shows the procedure
for designing, constructing and validating evaluation instruments for physics teachers, oriented
to three agents, directors, teachers and students. As a result, the instruments obtained are
shown, as well as the interpretation codes and peer validation carried out for these instruments.
Finally, application cases are mentioned where these instruments have already been
implemented in Mexico and Chile.

Keywords: Professional profile, teacher training, educational physics, competency-based
model

Introduction

The teaching of physics is an essential foundation in the basic knowledge that any
citizen should have as part of their competencies and skills for life; as mentioned by Noah
(2014), Physics is part of reality and is one of the sciences that presents greater difficulty in its
understanding by students, this difficulty is evident in the low pass rate of the discipline in
schools at different educational levels (Ramirez, 2010).

Several studies have been conducted on teacher training from initial and continuing
education on teachers’ disciplinary knowledge (Abell, 2007; Gess-Newsome and Lederman,
1999; Loughran et al., 2012). In particular, Shulman (2005) mentions that seven elements
distinguish teachers’ professional knowledge:

- Content knowledge.

- General didactic knowledge.

- Knowledge of the curriculum.

- Didactic knowledge of the content.

- Knowledge of the students and their characteristics.
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- Knowledge of educational contexts.
- Knowledge of the objective, goals, educational values and their philosophical and
historical foundations.

Shulman thus identifies the difference between a pedagogical teacher and a professional
teacher (content specialist). The teacher is not only the one who knows the contents of the
subject but also the one who has the competencies, skills and strategies to make students
develop competencies and skills simultaneously, based on the interest and abilities of the
students.

There is also research on how to teach science; for example, Lorenzo (2017) describes
the background that when a professional finished his career and wanted to be part of teaching,
he only needed to participate by supporting another teacher who had more experience and then
continued teaching, however, currently, it is necessary for the science teacher to develop his
skills both professional (chemists, engineers, physicists, mathematicians) or scientific research
and also acquire skills in the professional field of teaching (pedagogy).

On the other hand, Grossman (1990) mentions that the teacher possesses practical
knowledge because it guides educational action and from which practical experience arises;
practical knowledge originates from statements whose results are actions rather than
propositions. At the same time, he distinguishes the following components of practical
knowledge:

- Content and didactic knowledge.

- Knowledge of students and learning: knowledge of learning theories, student
development, motivation, diversity work and gender issues.

- General pedagogical knowledge: organization, management and teaching methods.

- Knowledge of the curriculum: the curriculum and its development.

- Knowledge of the context: knowledge of the contextual variables in which the teacher
operates.

- Self-knowledge: knowledge about beliefs and dispositions, as well as an educational
philosophy.

On this basis, in a case study, Arriaga et al. (2017) perform an analysis of the results
obtained by students in the Introduction to Physics course in the engineering faculty at a
Mexican university against teacher training, identifying that teacher training is an indirect
factor that influences student learning, in addition, that teachers possess minimal teaching
knowledge that they inherited from their stage as students and that the professional teaching
profile is a factor that significantly impacts student performance.

In reality, it is also necessary to consider the administrative situation related to
“measuring” the knowledge that teachers have, particularly in school physics (discipline) and
teaching skills; as an example, the work of Gomez et al. (2020) at the University of Guadalajara
mentioned that, in order to collect information where it is possible to know the student’s school
performance, the teacher’s knowledge and skills. Furthermore, since 2008, teachers have been
evaluated through the National Examination of Knowledge and Teaching Skills (ENCHD),
establishing the universal evaluation of teachers in Mexico, which is projected to be applied
every three years, this at the primary, secondary and preschool levels. However, in the case of
the university level, there is currently no “standardized” procedure or instrument that allows
institutions to objectively evaluate professional profiles and teacher training for the
development of competencies in general and in physics in particular.
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Based on the above, this paper shows the results of the development and validation of
instruments that evaluate the professional profiles and teacher training of physics teachers to
develop student competencies.

Methodology

Competency-based teaching establishes the possibility of organizing learning content
into units of complete meaning, solving one problem at a time, with solid interrelationships
among its components. This characteristic allows the design of sequenced and integrated
modules to develop competencies (Sanchez, 2012).

In this sense, efforts have been made to study the specific competencies developed in
different university programs by various bodies, such as the Tuning Project, both in Europe
and Latin America (Beneitone, 2007). In particular, the Tuning Latin America project studied
in chapter 4.6, the Physics degree programs in 12 countries, including Mexico. In this report,
22 specific competencies are reported for Physics programs, which were obtained by consensus
of professors from the 12 participating countries; however, the report itself comments that no
recommendations are made on how to develop them and even less on how to evaluate them
(Ramirez et al., 2013).

In the case of university education, there is no consensus on the general, specific, labor,
social and other competencies to be developed; moreover, depending on the program and
university, there are different evaluation models of these competencies. In the case of the
evaluation of the professional profile and teacher training of teachers in general, and physics
teachers in particular, in charge of developing these competencies, there are even fewer
proposals for instruments or procedures (Arriaga, 2017, Campos, 2020, Gomez, 2021).
Generally speaking, in the case of Mexico, study programs that have Physics courses require
personnel with an adequate profile for students to obtain the knowledge, skills and
competencies necessary for training; however, in the hiring of academic personnel, they only
consider the professional profile (Gomez, 2021).

The teacher profile is related to a series of personal behaviors that are rescued from the
diversity of skills, values, attitudes, behaviors and cognitive styles of the teacher, which have
an impact on the student’s life, hence the construction of the teacher profile must remain in
constant change (Alfaro and Gamboa, 2008). Furthermore, the characteristics of the teaching
profile should generate in the student the interest in learning so that he/she can discern how to
learn, as well as how to apply this knowledge daily, and thus have a transcendence through
practice so that they are not forgotten, leading the teaching role not only to the student acquiring
knowledge and having skills but also developing values for his/her personal and professional
life.

According to Delors (1996), to achieve the teacher’s professional profile, the
conception of the learning process that facilitates the acquisition of skills provides general
strategies for problem-solving. It is required to develop socio-affective skills since this will
represent the most important point for achieving personal and professional competencies, both
for the teacher and the student.

Currently, teachers must teach content and transmit learning experiences to motivate
the students’ capacity for wonder (Araque, 2017). Teachers are faced with new demands and
challenges since, in addition to transmitting the knowledge of the curriculum, students must be
taught to be self-learners of their learning.
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Gimeno (1995) defines that the content of teaching is not something easy since it is
not a list of topics (theoretical knowledge) that students learn, but what teaching contains is
a series of data and information of various types, which also include behaviors, values,
attitudes and thinking skills that are part of the sense and meaning that the particular subject
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Figure 1. Dimensions of teachers’ practical professional knowledge (Cuevas, 2013).

Figure 1 shows the relationship between the dimensions of content knowledge and the
characteristics of teaching practice, identifying four types of subject matter knowledge
(Grossman et al., 2005; Lopez, 1999; Porlan and Rivero, 1998):

- Disciplinary knowledge of the subject: composed of the substantive knowledge that
includes the discipline's content and concepts that allow linking the knowledge with
other subjects; and the syntactic knowledge that are the means and procedures used in
the field of study in order to generate new knowledge.

- Knowledge of the subject matter that comes from practice: composed of the teacher’s
professional experience in the field he/she teaches, where there is teacher reflection on
the applicable knowledge of the subject matter under certain conditions.

- Belief about content: refers to subjective knowledge based on personal affective
evidence, which influences the selection and treatment of content.

- Pedagogical knowledge of the subject: refers to how the content to be taught is learned,
including identifying the topics, contents, and procedures that may present greater
difficulty to learn and adding the educational strategies that can be used for each
particular case.

When defining teaching competencies, Chan (2009) mentions that the teacher’s
responsibility is to “Manage the learning environment, interpret the expressions and behaviors
of the learner and communicate with him/her to support the learning process.” Based on this,
we can consider that it is attached to everything mentioned above, how the teacher has to be
involved in the student’s process, identify the body language and maintain that motivation and
interest in learning.

Figure 2 shows the relationship of training based on professional competencies to
teaching competencies.
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Figure 2. Competency-based training (Torres & et al. 2014).

How it is possible to identify how teachers manage to generate content knowledge in
their students, as well as the achievement of competencies, skills, attitudes and values during a
course, is through the evaluation of teaching performance, which has become an element to
ensure educational success, identifying the quality of teaching and creating in the teacher the
interest to improve.

Martinez-Chairez and Guevara-Araiza (2015) define the evaluation of teaching
performance as a systematic process of interest to make value judgments on the quality of the
fulfillment of teaching responsibilities in teaching-learning and the development of students
through ongoing monitoring.

For SEP (2014), teacher evaluation guidelines mean “to evaluate” the degree of

compliance with the functions and responsibilities established by the institution of belonging
and the quality with which the function is carried out in terms of performance and achievements
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obtained in a given time that allow an assessment to be made, as well as to make known the
strengths and areas of opportunity for the improvement of the function.”

Teacher evaluation should be a routine exercise based on the collection of evidence that
can help educational institutions to identify teachers’ work, their areas and areas of opportunity
for improvement.

When talking about carrying out a teacher performance evaluation, it is necessary to
define the profile that a good teacher should have within the school context, defining the
knowledge, skills and attitudes that a teacher should master, the evaluation needs, the
disciplinary conditions and the use that will be made of the results obtained from the process.
However, some common aspects when defining a good teacher (Dewar, 2002; Coe et al., 2014)
are the mastery of knowledge, teaching strategies and methods, educational commitment, and
the relationship they establish with students.

In order to carry out a teacher evaluation, it is necessary to have several evaluation
models, because none alone can offer concrete results of the multiple and varied activities that
a teacher performs in an institution and that he puts at risk to fulfill his pedagogical work
(Pacheco et al., 2018).

There are several models for carrying out teacher performance evaluations: peer
evaluation model, self-evaluation model, evaluation through student opinion, and model
through the evidence integration process. It is important to point out that the purpose of the
teacher evaluation process is to offer support to the processes, without limiting itself to
obtaining and accumulating evidence, but rather to transform it into decisions and actions that
ensure quality educational processes aimed at improving teaching (Darling-Hammond, Wise
and Pease, 1983; Howard and McColskey, 2001).

Based on the above, in this paper, the teacher profile is analyzed according to Shulman
(2005) based on the professional knowledge of teachers, which is distinguished by seven
elements:

Content knowledge.

General didactic knowledge.

Knowledge of the curriculum.

Didactic knowledge of the content.

Knowledge of the students and their characteristics.

Knowledge of educational contexts.

Knowledge of the objective, goals, educational values and philosophical and historical
foundations.

On the other hand, for the teacher evaluation, the teaching competencies established by
SEP (2007) were taken into account, which includes the following points:

. Continuous training: Organize continuous training throughout the career.

. Mastery of knowledge: Master and structure knowledge to facilitate meaningful
learning experiences.

. Process planning: Plans teaching and learning processes according to the competency-

based approach and places them in broad disciplinary, curricular and social contexts.
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Application of competency-based strategies: Effectively, creatively and innovatively
implements teaching and learning processes to their institutional context.

Process evaluation: Evaluates teaching and learning processes with a constructive
approach.

Autonomous learning environments: Build environments for autonomous and
collaborative learning.

Comprehensive training environments: Contributes to the generation of an environment
that facilitates students' healthy and comprehensive development.

Participation in projects: Participates in the school’s continuous improvement projects
and supports institutional management.

For this study, qualitative approach research, an exploratory, the descriptive,

descriptive, correlational and explanatory scope is contemplated, based on Hernandez-
Sampieri et al. (2018), as shown in Figure 3.

Descriptive » Correlational > Explicative
Research Research Research

g

Exploratory research
Generally, is before the
other type of research

Figure 3. Scope of the research (Hernandez-Sampieri et al., 2018).

In addition, it is based on the typology of Campbell and Stanley (1966 ), using the

symbology generally used in texts on experiments to identify each of the teachers, as shown in
Table 1.

Table 1. Basic symbology for experimental designs (Hernandez-Sampieri et al., 2018).

R
G
X
0

Random assignment. When it appears, it means that the subjects have been randomly
assigned to a group.

Group of subjects or cases (G1, group 1, G2, group 2, etc.).

Treatment, stimulus or experimental condition (presence of some level or modality of
the independent variable).

A measurement of the subjects of a group (test, questionnaire, observation, etc.).
Absence of stimulus (“zero” level in the independent variable). Indicates that it is a
control or control group.

The observer’s role is carried out by using interviews with various questions, as shown

in Figure 4.

Figure 4. Suggested order of formulating questions in a qualitative interview (Hernandez-

Sampieri et al., 2018).
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They are described below:

. General questions: They start from global approaches to address the topic of interest. Typical
of open-ended interviews.

J Exemplifying questions: These serve as triggers for further exploration. The interviewee is
asked to provide an example of an event, occurrence or category.

. Structural questions: The interviewer asks the respondent for a list of concepts as a set or
categories.

In addition, according to Mertens’ (2010) classification, there are opinion, expression of
feelings, knowledge, sensitive, background and simulation questions. While Hernandez-Sampieri et
al. (2018) maintain a suggested order for formulating questions in a qualitative interview.

For the elaboration of the interviews, a mixture is made between the types of questions
according to Grinnell et al. (2014) and the classification of Mertens (2010), so the following questions
are formulated: general questions to exemplify, structural, opinion, knowledge, sensitive and
background questions. Likewise, according to Sampieri et al. (2018), the order suggested for
formulating questions is used.

When using the interviews, a format will be applied to evaluate the qualitative interview
conducted, and as an instrument, the data collection of the evaluations and the student’s performance.

For data analysis, the Hernandez-Sampieri et al. (2018) proposal for choreography is
used (Figure 5).

.
* Primeros datos de la inmersion % Datos posteriores de la inmersion Datos obtenidos por medio de las
(observaciones generales, profunda (observaciones enfocadas, técnicas utilizadas (entrevistas, grupos
platicas informales, anotaciones, ®—% platicas dirigidas, anotaciones mas €«— deenfoque, observacion, recoleccion
etcétera) completas) de documentos y materiales, etcétera).

Preparacion de los datos
para el andlisis

- ? Andlisis detallado de los datos usando
- - Efectuar continuas reflexiones diferentes herramientas:
Efectuar continuas reflexiones durante |2 inmersion profunda en el = Teoria fundamentada
durante la inmersin inicial campo sobre los datos recolectados - Matrices, diagramas, mapas
en el campo sobre los datos +—— v las impresiones respecto del — conceptuales, dibujos, esquemas,
recolectados y las impresiones ambiente etcétera
iniciales respecto del ambiente - Analizar la correspondencia entre los Esta labor puede efectuarse con el
primeros y los nuevos datos apoyo de programas computacionales
de andlisis cualitativa

Recoleccion
de los datos

Tareas
analiticas

»
Encontrar similitudes y Encontrar categorias iniciales,
diferencias entre los datos, slgnl!ltados, patrones, relaciones, »
significados, patrones, hipdtesis iniciales, principios de
relaciones... teoria...

Generar sistemas de categorias,
significados profundos, relaciones,
hipdtesis y teoria

Resultados

Posibilidad de regresar al campo por mas datos

Cumplimiento de los propositos del andlisis

Figure 5. Proposed “choreography” of the qualitative analysis (guidelines of
potential tasks for the researcher).

Instruments

The instrument designs have different purposes, the first one being the interview with
the directors (career heads, school or faculty directors, and rectors, among others), which was
conducted to know the context of the school, the teachers and the physics academy, in all its
characteristics; the interviews with the teachers seek to identify the characteristics of the
teachers, such as teaching practice, the development of competencies and experiences in the
classroom. Finally, the student interviews seek to identify the competencies they developed in
the Physics subjects or learning units, how they observe the teacher, and the teacher evaluation,
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an instrument designed collegially to obtain information from the teachers by the students. The
instruments are shown below.

Table 2. Interview instrument for managers.

Context and Teaching Questions

Order of uestion .
interview QClass Question
General General How many students does the school have?
Complex Exemplify What are the physics subjects with the highest failure rates?
Complex  Opinion What do you think this is due to?
. Do they have a relationship with the teachers? Or is it just a student
Complex  Opinion oo
situation?
Complex Knowledge How many teachers do you haveplhnytsiiwgsgcademy/department in charge of
Complex Exemplify What is the failure rate in physics subjects?
Complex  Opinion Do you consider that the teachers have the right profile and why?
- Do you consider the profile related to the activities the teacher develops in
Complex  Opinion
the classroom?
Complex Exemplify Does the school/university propose an adequate academic profile for physics
subjects?
Complex  Opinion In your experience, which profile do you think is the most suitable?
Complex Knowledge Do you have any characteristics_ for t_he teaching profile of the
school/university?

- In hiring personnel nsider that mply with th
Sensitive Knowledge e ehcolumersty's egutonst
Sensitive  Opinion If you were to change anything in hiring academic staff, what would it be?
Sensitive Knowledge How do you evaluate teachers at school/university?

Sensitive Knowledge How is it decided to allocate the workload?
Sensitive  Knowledge Do you have teacher training programs?
Complex Knowledge How do you choose these courses?
Complex Knowledge Who teaches them?
Complex Background Do you have a physics laboratory?
Complex Background Do you have personnel in charge of the laboratory?
Questions about students
General General How many students do you have per physics course?
Complex Know_lgdge How are students evaluated?
Sensitive
Complex Background Are there activities to support students in the learning units they fail,
specifically in physics?
Complex Background Avre there extracurricular courses to improve pass rates?
Complex Background If they exist, what are they and who teaches them?
Sensitive Knowledge How many students use them?
Sensitive  Knowledge Are there any physics clubs or workshops?
Complex Knowledge Do students compete in challenges, congresses, in Physics subjects?
Questions about the physics academy/department
Complex Knowledge How often do you evaluate physics learning unit/subject programs?
Sensitive  Knowledge What is the process like?
Sensitive Knowledge  Does the academy make presentations at the school on student projects?
Closing  Knowledge How is the linkage between the academies?
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Teacher Interview

Question Order of  Question Knowledge-based
. . Ask A
No. interview Class categorization
1 General General Full name. General Information
General General Career/Degree Content knowledge
General General Master’s Degree, Yes/No Which one?  Content knowledge
General General Doctorate Yes/No Which one? Content knowledge
. Do you have training courses on teaching  Knowledge of the
S Complex  Exemplify skills Yes/No Which ones? curriculum
Complex  Exemplify How many years 01_‘ teachlng experience do Knowle_dge of the
you have teaching physics courses? curriculum
Complex  Exemplify Do you also teach at the Higher/University Knowle_dge of the
level? curriculum
Complex  Exemplify How oftenfdo you receive tgacher training Knowle_dge of the
rom your institution? curriculum
Have you taken training on your own that
Complex Exemplify contributes to the teaching profile of Knowle_dge of the
. curriculum
physics courses?
Knowledge of the
Comolex  Opinion Do you consider that your academic profile objectives/
P P is adequate to teach physics? Why? Knowledge of the
curriculum
Do you consider that your academic profile Knowledge of the
Comolex  Obinion has a different impact on the knowledge objectives/
P P and skills of your students comparedto ~ Knowledge of the
other profiles? Why? curriculum
Do you consider the length of the semester General didactic
. knowledge/
Complex  Opinion to be adequate for the program contents?
Knowledge of
Why? L
objectives
Didactic knowledge
. Do you perform laboratory practices to of the content/
Complex  Opinion : . .
explain some physics topics? Knowledge of
contexts
Didactic knowledge
. of the content/
?
Complex Opinion How many per semester~ Knowledge of
objectives
Is the physics laboratory equipment Content knowledge/
Complex Background available at the school sufficient? Explain Didactic knowledge
your answer of the content.
i . General didactic
Sensible  Exemplify What strategies do you use in the knowledge/ Content
classroom? S
didactic knowledge
General didactic
. Are physics projects or competitions held knowledge / didactic
Complex  Exemplify at the school? Yes/No How often? knowledge of the
content.
Res Militaris, vol.13, n°2, January Issue 2023 3721
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Do you use the evaluation criteria
Sensible  Exemplify established in the Physics
academy/department? Why?

Complex Exemplify

The failure rate in its AU is: High 68% to

Do you liaise with other
academies/departments, and why?

General didactic
knowledge/ Content
didactic knowledge

Curriculum
knowledge/ didactic
content knowledge

Knowledge of the

students and their

Sensible Sensitive 100%, Medium 34% to 67%, Low 0% to characteristics/knowl

Sensible  Sensitive What is the intervening factor?

Complex Background

Complex Exemplify

Complex  Opinion For you, what is teaching?
Complex Knowledge What are your goals in teaching?
Complex  Opinion What is an apprenticeship for you?

Complex  Opinion

Complex  Opinion For you, what makes a good teacher?

Complex  Opinion What are the qualities of a good teacher?

Complex Exemplify

33%.

How do you know that your students
learned the Physics related topics?

What is the purpose of the evaluation for

you?

What are the actions you take to achieve

student learning?

edge of the
educational contexts.
Knowledge of the
students and their
characteristics/
Knowledge of
educational contexts
Didactic knowledge

Do you provide extracurricular activities of content/knowledge
for your students? Explain your answer

of educational
contexts.
Knowledge of the
students and their
characteristics/
Didactic knowledge
of the content
Knowledge of the
objectives/ didactic
knowledge of the
content.
Didactic knowledge
of the content/
Knowledge of
educational contexts
Didactic knowledge
of the content/
Target knowledge
General didactic
knowledge/
Target knowledge
Knowledge of the
objectives/ didactic
knowledge of the
content.
Knowledge of the
objectives/
Knowledge of the
curriculum
Didactic knowledge
of the content/
Target knowledge
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Knowledge of the
Complex  Opinion Which aspects of your job do you find objectives/
P P rewarding and which not? Knowledge of
educational contexts
Knowledge of the
. . What do you think is the main cause if your students and their
Sensible  Sensitive . -
students are not learning? characteristics/

Target knowledge
Knowledge of

. - Mention the causes or reasons why you are educational contexts/
Closing Opinion

a teacher. Knowledge of
objectives

Table 4. Codebook for the teaching interview
Variable Category Subcategory Code Questions

6
Professor Gl - (teachers) 0

General General 1
Information ~ CDidacticodeContent 2,34
CDidacticoGeneral
CdeCurriculo 16,17,18
5 5,6,7,8,9,19

Exemplify CDidacticodeContent

CdeAlumni 1 16,17,18,19,23,30
CdtheObjectives
idacti 12,227
Teacher CDidacticoGeneral 10,1129

. . CdeCurriculo
Interview Opinion CDidacticodeContent > 13,14,24,26,28

. 1 13,31,32,33
Cde'oé(é?r:‘etgxgjoescfi‘i‘ézat"’os 10,11,12,14,24,26,27,28,29.3
1,32,33
Background CDidacticodeConten_t 15,22
CdelosContextosEducativos
CdeAlumni 20,21,32
Sensitive CdelosContextosEducativos 1 20,21
CdtheObijectives
CDidacticodeContent
Knowledge

CdelosContextosEducativos

For the development of the teacher evaluation instrument, we worked during the summer of
2019, taking as a sample authority from the University of Guadalajara, the National Polytechnic
Institute (both from Mexico) and the Austral University of Chile (Chile) since there was no
instrument to evaluate the teacher in both institutions, so it was made based on the information of the
teaching competencies of the agreement 447 of the Ministry of Public Education in Mexico (SEP,
2007). Furthermore, the expert validation methodology (Hernandez-Sampieri et al., 2018) was used
for the validation and reliability process of the instrument; the group of experts was made up of 7
doctors in educational physics, two from the University of Guadalajara, one from the National
Polytechnic Institute, one from the Autonomous University of the State of Hidalgo, one from the
Polytechnic University of San Luis Potosi (all in Mexico), one from the Austral University of Chile
(Chile), one from the Universidad de La Sabana (Colombia), as well as a Doctor in International
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Education expert in research methodology and a Doctor in Advanced Technology expert in physics
teaching at the high school level, both from the Instituto Politécnico Nacional (Mexico).

Table 5. Interview instrument for students taking Physics.
Interview with students

Order of Question

interview  Class Question
General  General Full name
General  General Physics subject(s) taken

General  General  Your physics teacher takes you to the lab to do practical exercises.

Complex  Opinion Do you consider that the internships you have completed are

sufficient?
. Your physics teacher takes you to do activities outside the lab and
Complex Sensitive
classroom.
Complex  Opinion Your teacher has told you about the importance of physics.
Complex  Opinion It has told you examples of its impact on society.

Do you think that the strategies your teacher uses in the classroom

Complex  Opinion help you learn?

Complex  Opinion Why?
Complex  Opinion Does your teacher check that you are learning in class?
Complex  Opinion What does he do?

Do you consider that your teacher prepares his class and organizes it
according to the syllabus?
Does your teacher perform a diagnostic test to identify your prior

knowledge?

Sensitive Background Did you link the course topics to activities in your daily life?

Did your professor request the development of projects during the
semester?

Complex Opinion  Does your teacher use technological tools to achieve your learning?

Did your professor present the framework to you at the beginning of

the semester, to let you know how he/she would evaluate you?

Complex Knowledge

Complex Knowledge

Complex Knowledge

Complex  Opinion

Complex Knowledge Does your teacher meet the evaluation criteria?

C What does your teacher do that you consider important for student
omplex Knowledge learning?

Complex  Opinion Does the school have physics advisories?

Complex Opinion Have you participated?

Complex Opinion Why?

Closing Opinion Do you like physics?

This instrument (Table 7) is proposed to be applied at the end of the semester to a
sample of students per group, where each professor who taught the physics courses during that
period is evaluated; in this survey, questions are asked about the work of the teachers, their
didactic characteristics and teaching-learning techniques.

The teaching performance evaluation instrument is detailed in a format with 25
questions on the Likert scale. The objective of this evaluation is to identify points of
improvement in the teaching-learning processes for physics courses.

In the interpretation scale, according to the points obtained quantitatively, a qualitative
evaluation is obtained, giving the following ranges of values as shown in Table 6:
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Table 7. Table of interpretation of the teaching evaluation for each competency (Source:

Prepared by the authors).

Interpretation scale

Teaching competencies desl?ll?z:ble Regular  Good Verygood Excellent
1 Continuous training. 0-5 6-10 11-15 16-20 21-25
Mastery of knowledge. 0-3 4-6 7-9 10-12 13-15
Process planning. 0-7 8-14 15-21 22-28 29-35
Application of competency- g 9-16  17-24 2532 33-40
based strategies.
5 Process evaluation. 0-6 7-12 13-18 19-24 25-30
Autonomous learning 0-10 1120  21-30  31-40  41-50
environments.
Comprenensive training 0-7 814 1521 2228  29-35
environments.
Participation in projects. 1 2 3 4 5
Final result 0-47 48-94  95-141  142-188  189-235

The questions are as follows (Table 8):

Table 8. Instrument of questions to students about their Physics Il teacher (Source: own

elaboration).

1. Did the activities proposed by your teacher promote the use of new technological tools

(prezi, virtual platforms, etc.) and traditional ones (Word, PowerPoint, etc.)? Reply
A. Always B. Almost always C. Sometimes D. Almost never  E. Never
2. Did he ask for your opinion regarding his way of developing the class and consider it in Reol
an evident way? Py
A. Always  B. Almost always C. Sometimes D. Almost never  E. Never
3. Did the way in which your teacher explained and developed the topics demonstrate his or Reol
her mastery of them? Py
A. Always B. Almost always C. Sometimes D. Almost never  E. Never
4. In each topic, did it clearly explain its application in everyday life and related to what Reol
you learned in other courses? Py
A. Always  B. Almost always C. Sometimes D. Almost never  E. Never
5. Did the activities you carried out have a logical sequence and went from the most basic
: - Reply
to the most complex, according to the characteristics of your group?
A. Always  B. Almost always C. Sometimes D. Almost never  E. Never
6. For each activity, did you clearly explain the competencies and purposes of the topic and
; o Reply
the evaluation criteria to be developed?
A. Always  B. Almost always C. Sometimes D. Almost never  E. Never
7. Throughout the course, did the professor favor your learning through collaborative Reol
strategies such as problem-based and project-based learning? Py
A. Always  B. Almost always C. Sometimes D. Almost never  E. Never
8. In each module, did the teacher identify what you already knew about the topic and what
. e . , Reply
you had learned in other courses to apply activities appropriate to the group's needs?
A. Always  B. Almost always C. Sometimes D. Almost never  E. Never
9. Did the activities motivate you to learn and promote your personal development in terms
. . M i L Reply
of practice of values, achievement of your aspirations and attention to your training needs?
A. Always  B. Almost always C. Sometimes D. Almost never  E. Never
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10. Did your teacher propose creative activities, using the resources available at the school,
that helped you to reflect and deepen the topics and competencies developed?

A. Always  B. Almost always C. Sometimes D. Almost never  E. Never
Did he/she ask you to read articles, books and websites related to the course topics and
encourage you to reflect on them critically?

A. Always B. Almost always C. Sometimes D. Almost never  E. Never
12. Did he/she guide and motivate you to use information technologies to find, classify,
compare, organize and exchange information to complement your learning?

A. Always  B. Almost always C. Sometimes D. Almost never  E. Never
13. Did your teacher promote activities for you to self-evaluate or evaluate your peers,
inviting you to be proactive and respectful of their achievements?

A. Always B. Almost always C. Sometimes D. Almost never  E. Never
14. Through dialogue, did your teacher encourage and respect your opinion and those of
your classmates when doing the activities and receiving your evaluation?

A. Always  B. Almost always C. Sometimes D. Almost never  E. Never
15. Did you promote activities that fostered your civic, ethical and ecological awareness in
the classroom or through school projects?

A. Always B. Almost always C. Sometimes D. Almost never  E. Never
16. Through class activities or participation in school events, did your teacher promote a
taste for reading and the correct way to write down your ideas?

A. Always  B. Almost always C. Sometimes D. Almost never  E. Never
17. Did he/she evaluate your learning based on clear criteria and give you the necessary
feedback so that you could overcome your mistakes?

A. Always B. Almost always C. Sometimes D. Almost never  E. Never
18. Did you identify and address your questions in a clearer and clearer manner and allow
your peers to help you better understand the subject?

A. Always  B. Almost always C. Sometimes D. Almost never  E. Never
19. Did your teacher motivate you to overcome learning deficiencies or strengthen your
competencies through remedial activities?

A. Always  B. Almost always C. Sometimes D. Almost never  E. Never
20. Through the evaluation instruments used (rubrics, checklists, portfolios), did your
teacher promote your self-reflection and that of your classmates?

A. Always  B. Almost always C. Sometimes D. Almost never  E. Never
21. During the activities, did your teacher motivate the construction of rules for the healthy
coexistence of the group and helped to comply with them through dialogue with those who
did not follow them?

A. Always  B. Almost always C. Sometimes D. Almost never  E. Never
22. Did your teacher promote your participation and that of your classmates in school
campaigns focused on developing life skills, healthy habits and social participation?

A. Always B. Almost always C. Sometimes D. Almost never  E. Never
23. Throughout the course, did your teacher ask you to review and analyze materials or
sites written in a second language, making it clear which competencies you should
develop?

A. Always B. Almost always C. Sometimes D. Almost never  E. Never
Did your teacher propose innovative activities that were contextualized to the needs of your
group and allowed you to comment on their effectiveness and relevance?

A. Always  B. Almost always C. Sometimes D. Almost never  E. Never
25. Through classroom activities, did your teacher promote your sense of belonging to the
school and help you generate an awareness of its care and cleanliness of areas?

A. Always B. Almost always C. Sometimes D. Almost never ~ E. Never

Reply

Reply

Reply

Reply

Reply

Reply

Reply

Reply

Reply

Reply

Reply

Reply

Reply

Reply

Reply

Reply
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The work is done in a codebook with a Likert-type attitude scale, as shown in Table 9,
where each question is assigned the category as appropriate, based on the heteroevaluation
instrument by students of Rosario et al. (2016).

Table 9. Codebook for teacher evaluation.

Variable Category Subcategory Code Questions
Professor X1 - 25 (students) 0
Always 5
Continuous Almostglways
- Sometimes 1,2,23,24,25
training
Almost never
Never 1
Always 5
Almost always
Mastery of Sometimes 3,45
knowledge
Almost never
Never 1
Always 5
Almost always
Process planning  Sometimes 4,7,8,10,18,23,24
Almost never
Never 1
Always 5
Application of Almost always
competency- Sometimes 1,4,5,6,9,10,11,12
based strategies Almost never
Never 1
Teacher Always 5
evaluation Almost always
Process .
- Sometimes 6,13,17,18,19,20
evaluation
Almost never
Never 1
Always 5
Autonomous  Almost always
learning Sometimes 1,7,9,10,11,12,13,16,19,20
environments  Almost never
Never 1
Always 5
Comprehensive Almost always
training Sometimes 9,13,14,15,21,22,25
environments  Almost never
Never 1
Always 5
Participation in Almost a_llways
orojects Sometimes
Almost never
Never 1
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Conclusions

This paper has shown the trajectory of the design and construction of evaluation
instruments for both profile and teacher training for teachers of physics areas, particularly in
the environment of Mexico, but not limited exclusively to this country. The instruments shown
and validated are fundamentally qualitative; hence the validation processes also shown are
fundamentally in that paradigm, specifically validation by experts (Hernandez-Sampieri,
2018),

However, any instrument beyond the formal validation must be applied to determine its
viability. In this sense, this battery of instruments has already been applied as a sample of its
usefulness, the first case of which is its use in the baccalaureate system at the University of
Guadalajara (Gomez, 2021, Gémez et al., 2020). In this sample application, reported in detail
by Gomez et al. (2021), it can be seen that from the information obtained from the interviews
with the director (administration), teachers and students of a high school at the University of
Guadalajara, the Ven diagram (Figure 6) is obtained, where the logical relationships between
the three agents involved in the teaching-learning process are graphically observed:

Administracion

T

Estudiante

Docente

13

Figure 6. Venn diagram of the logical relationship of the interviews.

s
o0
D
=
D

Mastery of knowledge. Suitable profile.
Adequate laboratories to carry out practices.
Conduct olympics.

Institutional training.

Extra-institutional training.

Teacher training.

Classrooms with projector and material for the teaching-learning process.
Laboratory practices

Teacher evaluation.

10.  Teaching-learning process.

11.  Collegiate work.

12. Didactic planning

13. Didactic strategies.

14. Evidence of learning.
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15.  cross-cutting tests

16. Attrition rate

17. Influence on Motivation
18.  Traditional class

19.  Competency-based class

With this application, it was possible to show that these findings are related to the
research on the teacher's impact on student results, specifically in Physics (Arriaga et al., 2017).
They mainly identify the need for the teacher, in addition to his academic profile (which is the
selection to teach), to perform updates at least in the disciplinary, technological and
pedagogical areas; how pedagogical and technological tools for the development of
competencies to students, participation in physics seminars, forums of experience in the
physics classroom, the use of simulators for physics practices, to generate in students the
interest, restlessness, motivation, the ability to be amazed and get hooked by learning in
science, in addition to how to apply such knowledge to their lives (Araque, 2017) since it is
observed in the results that these strategies generate a positive effect on students; however, it
IS necessary that this can be reflected in the classroom, and can be evaluated by teacher co-
evaluation (among peers) with a checklist and at the same time feedback on the process is
provided.

Thanks to the use of the designed instruments, in the application at the University of
Guadalajara, it was possible to confirm that the teacher’s profile is fundamental to ensure that
the student is capable (at the end of his training) of demonstrating the level of competencies
acquired, obtaining the manifestation of theoretical and conceptual mastery. Furthermore, this
allows identifying that the teacher should not only know the profession but should also acquire
knowledge about pedagogy, which will have an impact on the student by taking into account
the competencies, skills and strategies that are required so that they, in turn develop an interest
in learning and develop the necessary competencies (Gémez, 2021).

With this, the design of the questions for teacher evaluation at the campus was
developed based on the competencies; and the student competency evaluation instrument was
adopted as part of the teacher evaluation process.

In addition, it should be noted that the implementation of these processes was carried
out for the entire high school, both for the hiring of teachers and the application of the teacher
evaluation by students. The University’s Departmental College approved these processes.

On the other hand, the use of these instruments has begun to be used to analyze teacher
training and the profile of physics teachers at the Universidad Austral de Chile (Ramirez and
Medina 2022), where at the moment (the application and analysis of the instruments continue)
it has been possible to intuit that the physics teacher, in general, requires continuous training,
both disciplinary and teaching. The profile of the physics teacher in Mexico is more
disciplinary, while in Chile, it is closer to the teaching profile and, therefore, the training
options have a different orientation.

References
Abell, S. (2007). Research on science teacher knowledge. In S. Abell & N. Lederman (Eds.),

Handbook of research on science education (pp. 1105-1149). Mahwah, NJ: Lawrence
Erlbaum.

Res Militaris, vol.13, n°2, January Issue 2023 3729



ﬁm RES MILITARIS Social Science Journal

Alfaro, M., y Gamboa, A., et. al. (2008). Construccion del perfil profesional docente de sétimo
afio: respuesta a una necesidad actual. Revista Electronica Educare, XII (2), 31-45.
https://doi.org/10.15359/ree.12-2.2

Araque, A. (2017) El docente asombroso. TEDx UCundinamarca. Disponible en:
https://www.youtube.com/watch?v=A-nw5eDP3DE

Arriaga, C. (2017). Impacto de la formacion y acompafiamiento académico de profesores de
introduccidn a la fisica, en el rendimiento escolar de los alumnos. Tesis de grado de
doctorado en ciencias en Fisica Educativa, IPN.

Arriaga, C., Mora, C. y Ramirez, M (2017). Impacto del perfil profesional de los profesores en
los resultados académicos de los estudiantes de nuevo ingreso en el curso de
introduccién a la Fisica. Lat. Am. J. Phys. Educ. Vol. 11, No. 4. 4305-1-7.

Beneitone, P. /2007). Reflexiones y perspectivas de la educacion superior en América Latina,
Informe Final Proyecto Tuning para América Latina 2004-2007. Bilbao, Publicaciones
de la Universidad de Deusto.

Campbell, D. y Stanley, J. (1966). Experimental and quasi-experimental designs for research.
Chicago, Ill.: Rand McNally & Company.

Campos, M. (2020). Interpretacion de graficas de variables cinematicas y formacion de
profesores: un acercamiento a través del Conocimiento Didactico del Contenido. Tesis
de grado de doctorado en ciencias en Fisica Educativa, IPN.

Chan, M. E., y Delgado, L. (2009). Principios de complejidad aplicados al disefio curricular
por competencias. Ponencia presentada en el V Congreso Internacional sobre el
Enfoque Basado en Competencias. Bogota, CO: CIEBC.

Coe, R., Aloisi, C., Higgins, S., y Major, L. (2014). What makes great teaching? (Review of
the underpinning research, Project Report). London: Sutton Trust.

Darling-Hammond, L., Wise, A. y Pease S. (1983). Teacher evaluation in the organizational
context: a review of the literature. Review of educational research, 53, 285-237.
Delors, J. (1996). Informe a la UNESCO de la Comision sobre Educacion para el siglo XXI.

La educacion encierra un tesoro. Madrid: Santillana. Ediciones UNESCO.

Dewar, K. (2002). On Being a Good Teacher. Journal of Hospitality, Leisure, Sport & Tourism
Education, 1 (1), 61-67.

Gess-Newsome, J., & Lederman, N. (1999). Examining Pedagogical Content Knowledge (Vol.
6). The Netherlands: Springer Press.

Gimeno, J. (1995). (Qué son los contenidos de la ensefianza? En Gimeno, J. y Pérez Goémez,
A. Comprender y transformar la ensefianza. Madrid: Morata

Gomez, I. (2021). La influencia de los perfiles docentes de la academia de fisica para el logro
de competencias en los estudiantes. Tesis de grado de doctorado en ciencias en Fisica
Educativa, IPN.

Gobmez, I., Ramirez, M. y Arriaga, C. (2020). El perfil del docente de fisica como factor en el
desarrollo de las competencias del estudiante en el bachillerato. Revista Iberoamericana
para la Investigacion 'y el Desarrollo Educativo, 11(21), 1-30.
https://doi.org/10.23913/ride.v11i21.762

Grinnell, R., Unrau, Y. & Williams, M. (2014). Research Methods for Social Workers an
Introduction. Editorial: Pair Bond Publications.

Grossman, P. L. (1990). The making of a teacher: teacher knowledge and teacher education.
New York: Teachers College Press.

Grossman, P., Wilson, S. y Shulman, L. (2005). Profesores de sustancia: el conocimiento de la
materia para la ensefianza. Revista de Curriculum y Formacion del Profesorado, 9 (2),
1-25.

Hernandez-Sampieri, R., Fernandez, C., y Baptista, M. (2018). Metodologia de la
Investigacion. McGraw Hill Education, México.

Res Militaris, vol.13, n°2, January Issue 2023 3730



https://doi.org/10.15359/ree.12-2.2
https://www.youtube.com/watch?v=A-nw5eDP3DE
https://doi.org/10.23913/ride.v11i21.762

WIRES MILITARTS Social Science Journal

Howard, B. y McColskey, W. (2001). Evaluating Experienced Teachers. Educational
Leadership. Evaluating Educators, 58 (5), 48-51.

Lopez, J. (1999). Conocimiento docente y practica educativa. Malaga: Ediciones Aljibe.
Loughran, J.J., Berry, A.K., & Mulhall, P. (2012). Understanding and Developing Science
Teachers’ Pedagogical Content Knowledge. The Netherlands: Sense Publishers.
Lorenzo, M. (2017) Ensefiar y aprender ciencias. Nuevos escenarios para la interaccion entre

docentes y estudiantes. Universidad de Buenos Aires. Educ. Vol. 20. No. 2.

Martinez-Chairez, I., & Guevara-Araiza, A. (2015). La evaluacion del desempefio docente. Ra
Ximhai, 11(4),113-124. https://www.redalyc.org/pdf/461/46142596007.pdf

Mertens, D. (2010) Transformative Mixed Methods Research. Gallaudet University, VVol.6 (6).

Noah, Y. (2014). De animales a dioses, breve historia de la humanidad. Penguim Random
House. México.

Pacheco, M., et al. (2018) La evaluacion del desempefio docente en la educacion superior.
Revista Digital Universitaria, 19 (6).
http://doi.org/10.22201/codeic.16076079e.2018.v19n6.a2

Porlan, R. y Rivero, A. (1998). El conocimiento de los profesores. Sevilla: Diada Editorial

Ramirez, M. (2010). Aplicacion del sistema 4MAT en la ensefianza de la fisica a nivel
universitario. Revista Mexicana de Fisica, 56 (1), 29-40.

Ramirez, M., Méndez-Sanchez, A, Pérez-Trejo, L. y Olvera, M. (2013). Jerarquizacion de
Competencias especificas en el programa de Fisica de la Escuela Superior de Fisica y
Matemaéticas del IPN-México utilizando la matriz de Morganov-Heredia. Formacion
Universitaria, 6(5), 21-28. doi: 10.4067/S0718-50062013000500004

Ramirez, M. & Medina, J. (2022). Estudio comparativo de los perfiles profesionales y
formacion docente de profesores de fisica entre Chile y México, In J. Slisko (Ed.).
Proceedings of XXIX Workshop New Trends in Physics Teaching (pp. 53), Benemeérita
Universidad Auténoma de Puebla.

Rosario, V., Zaragoza, O. y Elicerio, D. (2016) La evaluacion del desempefio docente en la
educacion media superior: el caso de la Universidad de Guadalajara, México. Revista
Latinoamericana de Politicas y Administracion de la Educacion, 3(4), 42-52.

Sanchez, 1. (2012). Evaluacion de una renovacién metodoldgica para un aprendizaje
significativo de la Fisica. Formacion Universitaria, 5(5), 51- 65,
http://dx.doi.org/10.4067/S0718-50062012000500006

SEP (2007). Acuerdo 447 por el que se establecen las competencias docentes para quienes
impartan educacién media superior en la modalidad escolarizada. Recuperado de:
https://transparencia.info.jalisco.gob.mx/sites/default/files/u149/ACUERDO%20447.
pdf

SEP (2014). Perfil, Parametros e Indicadores para Docentes y Tecnicos Docentes y Propuesta
de etapas, aspectos, métodos e instrumentos de evaluacion. https://upn099.mx/wp-
content/uploads/2020/07/perfiles-par%C3%Almetros-e-indicadores-SEP.pdf

Shulman, L. (2005). Conocimiento y ensefianza: fundamentos de la nueva reforma. Revista de
curriculum y formacién del profesorado, 9, 2. Stanford University.

Torres, A., Badillo, M., Valentin, N. y Ramirez, E. (2014). Las competencias docentes: el
desafio de la educacion superior. Revista Innovacion Educativa, 14 (66), 129-145.

Res Militaris, vol.13, n°2, January Issue 2023 3731


https://www.redalyc.org/pdf/461/46142596007.pdf
http://doi.org/10.22201/codeic.16076079e.2018.v19n6.a2
http://dx.doi.org/10.4067/S0718-50062012000500006
https://transparencia.info.jalisco.gob.mx/sites/default/files/u149/ACUERDO%20447.pdf
https://transparencia.info.jalisco.gob.mx/sites/default/files/u149/ACUERDO%20447.pdf
https://upn099.mx/wp-content/uploads/2020/07/perfiles-par%C3%A1metros-e-indicadores-SEP.pdf
https://upn099.mx/wp-content/uploads/2020/07/perfiles-par%C3%A1metros-e-indicadores-SEP.pdf

