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Abstract

:

The intention of this article is to share research taken from the initial training of secondary education pre-service teachers, in which college professors from mathematics and social sciences education participate. There are numerous studies regarding curriculum integration. However, there is insufficient research that offers insight into how different forms of disciplinary thought may come together in the design and development in practice for an educational purpose. The research professors carried out a qualitative investigation, working with two pre-service teacher groups from the fields of mathematics and social sciences. We used a validated research instrument to analyze how interdisciplinary educational proposals are developed, and how said proposals can be used to understand our social reality. Through an integrated project, pre-service teachers addressed sexist hate speech taken from different contexts. They designed didactic proposals, with mathematical contents, which allow high school students to argue with data and create counter-narratives, which softened or eliminated the sexist hate speech Among the conclusions, we may emphasize the value of pre-service teachers identifying their strengths in order to use the mathematical and social thought processes in an autonomous and creative way, thereby developing the instrumental, functional, and formative character in mathematics education.
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1. Introduction


In general, education must allow for the student body to achieve a certain level of physical, personal, social, and moral autonomy [1]. One of its main tasks must be to create a socially responsible and sufficiently autonomous citizenry. Scientific education and, more specifically, mathematics education, must go beyond mere theoretical learning of decontextualized content. Mathematics and science curriculum should not only contain a cognitive aspect, but also highlight the formative value of mathematical teaching and its relation to the affective field [2]. It is necessary for any educational practice to contemplate the development of the mathematical competence of the student body. However, it is even more necessary to motivate students to develop their own autonomy and critical thinking skills, as well as their self-confidence in the learning process [3]. On the other hand, it is essential to always be aware that mathematical knowledge and education must be developed from real-life approaches, and correctly contextualize and solve real-life problems [4].



Mathematics is mainly an interdisciplinary subject. It is related to virtually all aspects of life, and goes far beyond the scientific-technological field, such as the social sciences, the arts, music, or politics. Moreover, it has a threefold nature: Instrumental, functional, and formative [3,5]. In other words, mathematics education cannot, and should not, consist of simply teaching formulas and procedures. It must go beyond this by making its functionality visible in most of the aspects of life. Moreover, it must foster its formative aspect and instill the fundamental characteristics of future societies: Responsibility, respect, and empathy, among others.



Although the formative character of mathematics is essential to fully educate a 21st century society, it is often neglected in the teaching-learning process. Legislative measures are now being seriously considered, however, in order to promote this formative role [6].



Once we are able to carry out activities which cultivate this threefold character of mathematics (instrumental, functional, and formative) [3,5], it will be more feasible to achieve the intellectual, moral, and social autonomies needed for a student body and a future society. We interpret these different autonomies according to [7] (p. 229), such as “The capacity to think for oneself and generate information in order to solve real life problems (intellectual autonomy); the ability to make decisions with a social conscience when faced with real life problems (moral autonomy); and the capacity to make decisions applying social abilities and skills (social autonomy)”.



The main focus of the activity carried out in the “Teaching Innovation and Introduction to Educational Research” course in the Masters in Secondary Education was to encourage the modeling of interdisciplinary tasks among teachers in training at the University of Malaga. It illustrated the need for a mathematical education with a formative role. It is especially important to advance this type of activity and practice in secondary schools, where different subjects are mostly taught separately from one another.



The aim of the training was for the pre-service teacher to design integrated mathematics and social science projects in high schools based on the identification of sexist hate speech, which then allowed his or her students to construct counter-narratives based on mathematical content.



1.1. The Interdisciplinary and Curricular Integration


In pedagogical literature, we find many references in favor of [8], and against [9], the importance of the disciplines in the organization of the curriculum. The bibliographic reviews which have focused on analysis of disciplinary knowledge observe that the terms multidisciplinary, interdisciplinary, and transdisciplinary are used equally. Scenarios in which these three concepts could be strategically combined and used to bring forward the practice of integrating knowledge were examines by [10]. Authors like [11] focus on educational practice from a historical approach, and use the term interdisciplinary and curriculum integration, as in our case, to refer to the connection between different disciplines with an educational purpose.



From our perspective, the interdisciplinary nature must not lose its character as a social democratic process. Instead, it should create the fundamental value of educational integration. This can be found in the implied ideology in disciplinary knowledge. In the same way, the influences which shape students’ representations must always consider the current social and scientific problems. In this way, we may identify with the original traditional mathematics teaching for the curricular integration, which emerged in the 1950s. This was organized around problems related to teaching content or real-life problems. The main idea revolves around the fact that learning in both science and math is a social process which is based on the social, human, and interpersonal nature of education. This is often ignored due to the centrality of teaching to acquire mathematical techniques and the desire to achieve an “efficient” scientific-mathematical education [12].



Some research carried out in the field of science uses art as an evaluation tool for scientific activities [13]. Other researchers have used the integration of biology and visual arts to assess the resistance that teachers experience in order to develop interdisciplinary educational proposals, and the capacity pre-service teachers have to make interdisciplinary connections [14].



It is quite interesting to observe the work of [15], which investigate the application of a professional development model focused on the arts and sciences. This model can be used effectively for teachers in designing interdisciplinary practices, though most of the research has been done exclusively in secondary education.



It is pertinent to highlight the contribution of [16], who, without losing sight of the educational purposes and the cultural value of science and mathematics, has developed a model of five thematic categories: (1) Content integration, (2) facilitating knowledge building, (3) prejudice reduction, (4) social justice, and (5) academic development [16]. This model encourages pre-service teachers to create authentic and successful learning experiences, which reinforce interdisciplinary learning and teaching.



In the 1990s, the research of [17,18] emerged, pioneering the development of integrated learning. The emergence of these studies coincides with two elements: The educational reforms of the 1990s which supported an integrated curriculum in the USA and Canada (and later spread to Europe and the rest of the world); the STEM education movement, which is based on the idea of integrating the curriculum from concepts of science, technology, engineering, and mathematics [19]. Together these elements represent an important effort to broaden the theoretical framework, which interprets scientific learning in terms of conceptual and procedural understanding [20].



Works such as the progressive education theory by John Dewey address curricular integration regarding educational practice. Dewey organized the curriculum around social problems, in order to analyze and resolve them using disciplinary knowledge and methods. The idea is masterfully synthesized by [21]. The author defined the integrated curriculum as the application of the methodology and language of different disciplines, which can address a particular theme, question, problem, subject, or experience.



It is demonstrated how different beliefs and perceptions of curricular integration lead to different practices among teachers [22]. Therefore, the research carried out was deeply committed to knowing the various needs, challenges, and obstacles presented to each individual. Moreover, it looked for ways to overcome these obstacles. The results revealed that although many teachers had insecurities, they were interested in integrated approaches. Due to this, numerous researchers have made an appeal to introduce this type of education in teacher training [23].



One could argue that the educational reforms and learning standards of the 1990s had repercussions in the university and especially in interdisciplinary models of teacher training. In this sense, the initial research of [24] stands out, which was focused on teachers and students. The results coincided with other research in such a manner that integrated teaching was considered complex and difficult, albeit necessary [25]. In short, what it revealed was the need for a profound change in the university teaching culture and identity [26].



There is research in fields which rarely connect with one another such as philosophy and biology [27], or literature and mathematics [28]. However, the integration of forms of knowledge, such as science and mathematics, play an important role in research [29]. This has focused on shedding the light on the confusion generated by interdisciplinary approaches among teachers [30], on the mathematical reasoning formed through integration, as well as the need for literacy which improves reading and writing in mathematics [24].



Regarding the teaching of social sciences, with an eminently interdisciplinary curriculum, two models have been chosen for content integration. We find proposals around key concepts that structure the knowledge of various disciplines [31], following the North American tradition of social studies and, especially, the work of Hilda Taba or Richard Gross. On the other hand, there are researchers who support the integration of curriculum around problems, topics, or centers of interest which respond to social concerns. A formula inspired by [32] proposes methodological work projects which address problems and situations to solve in real life. These projects allow for learning in a procedural way, and interpret reality as active agents. This last formula has been the most accepted and is derived from a curriculum organized around relevant social problems [33] or socially relevant issues [34]; although both options integrate content for the understanding of social reality from a critical perspective.



Keeping the prior formula in mind, our study deals with how to bring together mathematical and social thought, or how to establish relationships between mathematical and social concepts which allow us to validate or reject reasoning from a critical perspective. Mathematical thinking should be understood as the ability to think in numerical terms to generate logical reasoning [3]. That is, to construct a concept and meaning of numbers to solve a problem. Social thought is difficult to define due to its nature and complexity of its conceptual diversity [35]. It is developed by enhancing skills, such as empathy, abstraction, inference, evaluation, and criticism, which can be used to judge social content and address moral dilemmas. According to [36], the variety of social disciplines, which could potentially contribute scientific knowledge to the school curriculum, can only be articulated by addressing the formation of social thought in the classroom. It becomes critical social thought when it contemplates the ideological nature of knowledge and questions its own beliefs. This is a fundamental part of social science teaching [37], but it is absent from the classroom due to resistance from teachers and the difficulty of its development [38].




1.2. Hate Speech and Sexist Hate Speech


In our research, we have promoted the integration of mathematical and social thought from projects that address sexist hate speech. Hate speech is used as a defense strategy with an ideological and political connotation that “constructs and locates the others out of the people by making them objects of discrimination and exclusion” ([39], p. 29). It is used to attack people and groups [40] based on their ethnic origin, religion or gender [41]. Liri Kopaçi-Di Michele notes that “sexist hate speech is a form of “social shaming” that aims to degrade women, instill fear and insecurity thus contributing towards maintaining and reinforcing a gender hierarchy and patriarchy in public places” [42]. It is complicated to make a full review of educational research in this field, but one can observe the most recent research done by [43] who, along with experts in citizenship education from four countries, investigate how digital hate speech is perceived.



Hate speech, specifically sexist hate speech, is excessively normalized on TV, in the news, media, social networks, and in the professional and public lives of so many people. To some extent, it has found its way in all aspects of life, and has become a deep social problem to which we must find a solution. Raising awareness among students allows him or her to identify and counteract it by using critical thinking skills. The dducation system must provide tools to develop these kind of [6].



The issue must be addressed at the very beginning of teacher training. In this regard, we may consider courses such as “Teaching Innovation and Introduction to Educational Research”. This course may offer the appropriate framework to carry out innovative education promoting interdisciplinary training, which can be used to confront this social problem.



The training strategy starts by illustrating the need for teachers to integrate disciplinary ideas and concepts in order to build a collaborative knowledge base regarding curricular integration. They learn how to apply different methods and vocabulary from separate disciplines in order to confront social issues, such as sexist hate speech.





2. Materials and Methods


We carried out research of a qualitative nature, based on hermeneutic rationality, where a description is given of a training program from the group of research professors, and an analysis of the integrated design carried out by the participating pre-services teachers is made.



The thematic area is that of interdisciplinary scientific education in initial training for pre-service teachers of secondary education. We consider our study relevant to the extent that scientific knowledge in Spanish secondary education is organized around logocentric criteria and appears disconnected from social reality and its problems. The fragmentation of knowledge hinders collaboration between education professionals from different areas of knowledge. It prevents them from understanding reality from different points of view, as well as integrating different systems of thought for its analysis and understanding.



2.1. Objectives


The study aims to investigate how a pre-service teacher creates learning situations, which allow scientific and humanistic content to be associated with the development of integrated curriculum. From this premise, we asked ourselves the following research questions:




	
Is it possible to develop interdisciplinary education for understanding social reality that promotes intellectual, moral and social autonomy development?



	
Will the pre-service teachers organize an interdisciplinary curriculum in practice which gives meaning to our social reality based on democratic values?








The general objective linked to the first question is to discover if the pre-service teachers—regardless of their field of knowledge—share the opinion that teaching can be an activity aimed at analyzing our social reality in an ethical and moral way. The specific objectives would be to show how their knowledge and ways of thinking are modified by integrating models of scientific and humanistic rationality and, in turn, revealing if the educational objectives they set are the product of a process of dialogue and discussion.



The general objective linked to the second research question is connected with our intention to assess whether or not future teachers understand that the curriculum can indeed have a democratic dimension. The specific objectives are to show if they understand the integrated curriculum and the practice from their own social and cultural dimensions.




2.2. Participating Population


The participating college professors have experience in training for the integration of disciplinary knowledge in the areas of social and mathematical sciences in the Master’s degree in secondary education teachers [5].



Together with the three research professors, 80 pre-service teachers have participated from the university’s Master’s degree in elementary and secondary education, technical college, and foreign language teaching. Thirty-six participants are specializing in mathematics and 44 of them in social sciences.




2.3. Training Program


The training program is based on the idea that no curriculum development can occur without teacher development [44], which is organized around the design of an integrated project, based on mathematics and social sciences/philosophy curricula.



The research professors followed one of the ten models identified by [45]: The integrated model, in which interdisciplinary teams designed curricular proposals around different themes or concepts. Teams worked across disciplines to find equivalent concepts and ideas around which to plan units of study and implement them together. The strategy is common in high school education and university education, and often carried out with topics typically found in the humanities. Admittedly, we faced a more complex model of integration, in which interests of pre-service teachers shaped the learning experience. The research professors were facilitators and also supporters of the four phases of [46], which involves organizing the curriculum around problems and themes that have personal and social meaning for students



Pre-service teachers worked in project focuses on looking for a particular social problem, which involves the dissemination of current opinion in different media, including social networks and conventional media, in the form of sexist hate speech. The commemoration of the International Day for the Elimination of Violence against Women, was the chosen day to implement the designed projects.



The pre-service teachers were organized into twelve interdisciplinary groups. Each groups independently chose varied contexts, from which they identified certain sexist hate speeches. They designed integrated projects, with the aim of making an educational proposal which promotes the elaboration of counter-narratives. This allowed them to scientifically educate as an exercise towards achieving a critical and reflexive citizenship.



The process began with an integration session, in an attempt at professional socialization, which merged disciplinary work groups to make them interdisciplinary. For this, research professors followed the collaborative teamwork model which allowed the pre-service teachers to plan, teach and develop their ideas [27]. The procedure for integration was developed with the selection and organization of topics, brainstorming, guiding questions, and activities [21].



It was designed to be open rather than linear, which provided a framework for the groups to shape different ideas. It started with the presentation introduction in the form of a teaching problem [47]: How to merge mathematical and social thinking in order to interpret a relevant social issue, related to gender inequality. The task required a practical solution from a complex pedagogical approach such as that of curricular integration.



The pre-service teachers groups put disciplinary ideas and concepts into practice for five sessions, which acted as connection operators for the critical understanding of the issue at hand. The distinctive feature of the experience was that the integration did not occur by resorting to disciplinary methodological structures, nor among areas of similar epistemological conceptions, such as math and science. It was brought together by converging mathematical and social thinking skills, which were then used to address the spread of sexist hate speech in the media and online. Moreover, it recognized this as a relevant social problem [48].



The resulting projects identified discourses of this nature, and at the same time, pre-services teachers’ proposals promoted counteract hate speech by using different mathematical contents contextualized in these situations. Finally, they applied the integrated project into real-life educational contexts.




2.4. Evaluation Tool


We wanted to know if the pre-service teachers have developed an interdisciplinary educational proposal for understanding social reality that promotes the development of the differently defined autonomies. To analyze the results, we used a tool designed in the project framework called “Criteria and tools of evaluation, for analyzing the teaching and learning process”, where the analysis theory categories are defined [49].



According to the authors [49], the categories were designed to consider the aim of the teaching-learning process in secondary education. This process should encourage competence development, so that educational practices promote the decision-making ability to solve problems in everyday life.



The selection tool (see Table 1) provides a model of indicators, which determine whether or not the teaching-learning process encourages the acquisition of different autonomies. We were able to observe that the didactic proposal allowed for developing the formative character of the mathematical educational practice, and not just the instrumental and functional ones, as this is not normally applied.



By analyzing the tool, we can confirm that there remains a need to design activities which promote the development of the students’ attributes such as personal strategies, planning, observing, ability to model, and analyze situations. The latter attributes are related to the scientific practices of modeling, investigation, and argumentation [50,51,52]. Furthermore, these didactic proposals should encourage the development of moral and social autonomy. Examples of these could be empathy for others, respect, awareness of gender equality, etc.



From the categories that appear in Table 1, we carried out a deductive categorization of the didactic proposal, which pre-service teachers promoted and proposed [49]. Small expert research groups in didactics of mathematics carried out this categorization while doing so in the first phase as well. As detailed below, these research groups, reaching 92% agreement, made a comparison of the assigned categories.



Lastly, those specialized in didactics of social science made the same categorization process in their group, also reaching roughly 90% agreement. From this, the study is considered validated by experts in this field.





3. Results


Firstly, the research professors positively valued the work of the pre-service teachers groups, who were able to independently select the social contexts, in which hate speech of a sexist nature is habitually developed. The various selected contexts were Social Invisibility of Women, Women in Sports, the Role of Women in History, Microaggressions in Everyday Life, Stereotypes in Professions, Implicit and Explicit Hate Speech in Music and Dance, Toxic Relationships, Housework, and Advertising (Table 2). The description of the selected context and sexist hate speech chosen is shown below. Each group chose the theme independently, considering that the selected hate speech should be of sexist nature. The pre-service teachers designed a teaching proposal, to visualize hate speech, and help their pupils to develop a counter-narrative.



The mathematical content that was used to construct counter-narratives is highlighted in Table 3. It also briefly describes a summary of some of the activities carried out and the counter-narrative developed by the high school students. We stress that all projects have the potential to raise awareness around gender equality, which can occur while working on certain mathematical content [48]. As educators, we are fully aware of the difficulty that this proposed project entails to the pre-service teachers. Nevertheless, the participants successfully and independently developed innovative and interesting activities with mathematical content. Moreover, they demonstrated the formative and functional character of mathematics and were able to analyze its relevance and usefulness in today’s world.



The data shows that the pre-service teachers developed various methods, which included debates, research, the use of smartphone applications and social networks, the development of panels, and role-playing games, among other things. This may suggest that future teachers will already have developed some autonomy and creativity in these areas. It also should be noted that they were able to identify their strengths and how to utilize them in order to achieve a positive layout and implementation of the activity.



Once the process was finished, the pre-service teacher groups presented a report detailing the design and execution of the educational proposal, while critically reflecting on their work.



The categorization was carried out based on this report and on the analysis conducted by the research-educators throughout the entire process. The previously mentioned evaluation instrument was successfully used to achieve the results for a qualitative analysis.



The results of the categorization appear in Table 4, which shows how the attributes develop into the 12 designed and conducted projects. The first row shows the different didactic proposal groups, named by their group number. The first column shows the attribute with the code shown previously in Table 1. In the followings columns, a “1” is written if the project presents the attribute, and a “0” if the attribute was not. For instance, if we describe the categorization of G1 work, looking at its column, we could say that the pre-service teachers came up with 26 of 30 attributes in their project, which are all the attributes except “Sensible”, “Environment/Healthy”, “Value of the Importance of Cultural Heritage”, and “Justice/Impartiality”.



On the right of the table, there are another two columns. The “T At” column shows the total number of times this attribute appears among all the experiences developed. The maximum value could be 12 for each attribute—each row—would mean that all groups worked on this attribute. The column “T Au” shows the total result for each autonomy. The intellectual autonomy has 26 attributes associated, the social autonomy has six, and the moral one has eight attributes. Furthermore, at the bottom of the table one can see the total sums for each project of the developed and the total sum for all the projects.



Note that despite the difficulty and lack of familiarity with the proposal, the pre-service teachers were able to structure activities which would indeed foster the main desired attributes of their future high school students.



In this study, 27 of the 30 attributes defined by [49] can be seen. The three attributes that did not appear are no less important such as “Generosity”, “Sustainable/Commitment” to the Environment/Health” and “Value of the Importance of Cultural Heritage”. In this case, the characteristic of the activity itself, focused on other attributes.



For these 12 groups, the total sum of attributes were 295. The mean is 24.6 attributes per group, that is, between 24 and 25 attributes. There was a minimum of 21 and a maximum of 27 of attributes developed.



Notice that in all of the projects brought up by the pre-service teachers, at least 21 of the 30 attributes appear in every didactic proposals. We may consider this to imply that the goal was met at a highly satisfactory degree. Those involved were able to design interdisciplinary didactic proposals which encouraged intellectual, social, and moral autonomy. To this, we must add that more than 25 of the desired attributes in the didactic proposals appear among seven of the 12 projects. This exceeds even the expectations of the professors, regarding the set objectives.



Of these attributes, 17 appear in all of the proposals: “Capacity to Form Questions”, “Logic-Reasoning”, “Interpreting”, “Technology-Manipulation”, “Observation”, “Modeling-Representing”, “Analysis-Synthetic”, “Criticism”, “Curiosity-Thought Flexibility (related to divergent thought)”, “Self-Esteem and Self-Confidence”, “Sensible”, “Adaptable”, “Ethics Criticism”, “Comprehension”, “Awareness of Gender Equality”, “Empathy”, and “Respect”.



The attributes named “Strategy-Organization-Planning”, “Rigorous-Demanding-Thorough (related to rigor and honesty)”, “Creativity (related to divergent thought, and “Communication-Descriptive”), appear in 11 of the 12 proposals.



In two of the projects, 27 of 30 attributes emerged. One of them, the G9 group, dealt with gender-based violence and analyzed press clippings, using percentages of women who have been murdered by their partners. The other group, G10, used and analyzed social networks and press headlines, to make analogies with integers, classifying the comments as positive or negative.



We may observe that from the 295 attributes that appeared in the proposals designed by pre-service teachers, 177 attributes (60%) corresponds to intellectual autonomy, 51 attributes (17.29%) to social and 67 attributes (22.71%) to moral autonomy. Usually, in a traditional proposal, 100% of the attributes promoted in educational practices focus solely on the development of intellectual autonomy. With this kind of experiment, we may note that important progress is being made in regards to a notable increase in the appearance of attributes corresponding to social and moral autonomy taken from integrated projects.



Another notable find from the study is how the pre-service teachers themselves have developed an exceptional capacity to carry out actions which have facilitated curricular integration. It is clearly evident that the pre-service teachers have been able to understand and interpret the situation presented to them. Even more so, they have questioned their own beliefs and those of other people involved in the activity. They have also recognized the implicit ideologies in the used disciplinary content and have built a social and scientific representation of reality. This created a situation of social and democratic development, which was achieved by the elaboration of integrated conceptual structures.




4. Discussion and Conclusions


Regarding the first research question, we asked ourselves if the pre-services successfully developed their intellectual, moral, and social autonomy based on the design of integrated projects. Specifically, we wanted to know if they understood teaching as an ethical and moral activity which commits itself to analysis of our social reality. In this sense we show with our analysis that they successfully designed and carried out integrated projects regarding sexist hate speech. They modified their knowledge and ways of thinking to integrate models of scientific and humanistic rationality. Our observation throughout the process of the integrated projects has indicated to us that this achieved thanks to the process of dialogue and democratic discussion among the work groups, which was done in order to find a common ground between both rationalities. In this way, they discovered the democratic value and meaning in mathematical learning.



We are aware that there remains a tendency to avoid controversial social and political issues in the classroom [53]. Resistances are overcome when we address these issues from the contributions of disciplinary knowledge when working with a curriculum organized around social issues which supports exploring more practical sources of knowledge.



In general, the results show the pre-service teachers promptly and fluency merged different conceptual structures. On the other hand, we must value the clarity with which it was demonstrated in the experiment that a cumulative or stereotyped conception of content is not necessary for the integration of disciplinary knowledge [54].



This leads us to highlight the benefits and needs of this type of practice, since we have shown that it is possible to acquire training which allows one to achieve a more than adequate development of intellectual, moral, and social autonomy. All of this is summed up in terms of the acquisition of attributes which make it possible to understand the present, and conceive the future [49], with the aim of adapting to the environment, organizing it, and transforming it. This creates alternatives which allow for a scientific literacy of citizens while at the same time improving the individual and collective situation from moral/social actions. This in turn will lead to complete social and human development [7].



Regarding the second question, we wanted to know if the pre-service teachers designed an interdisciplinary curriculum which gave meaning to the social reality from democratic values. In this sense, we wanted to know if, by introducing social and cultural content, linked to environmental problems, he or she understood that the curriculum can indeed possess a democratic dimension.



In general terms, our results brought us closer to the traditional interpretation regarding the integrated curriculum which sees education as a democratic process [55]. More recently, ideas are changing from social vocation to being presented with theories of learning and neuroscience, which are more concerned with understanding how the brain works and more focused on student-centered learning [56]. Our research shows that the implementation of processes that encourage the development of critical thinking, creative thinking and skills such as observation, deduction, classification, analysis, decision-making, and communication. By implementing these elements and joining different subjects, the thought process is shown as a complex, relational and interconnected experience [57], insofar as it addresses environmental problems, such as sexist hate speech.



Pre-service teachers-in-training acted as critical curricular agents [58] whose ideas and experience with other pre-service teachers from different areas of knowledge in the planning and development of educational practice, developed a more holistic understanding of reality.



We agree with [59] in pointing out that research regarding curriculum integration should be directed, among other aspects, to examine what pedagogical knowledge is necessary to develop the ability to integrate the curriculum. It also should indicate around what themes, and with what practical experiences, this should occur. We believe that our work offers key elements to start on that path. More research is needed to know how other pre-service teachers may develop the ability to promote educational experiences, which integrate knowledge into practice.



The main limitation or weakness of this research may be found in its need for introducing other variables. We could have expanded the lines of our research, or analyzed different topics and used different analysis variables. One of those variables could have been to observe the interaction between the participating pre-service teacher groups and the evolution of their thoughts. In the same way, we could have analyzed the same variables for high school student groups. We will keep this idea in mind for future lines of research.



We also understand that this type of practice can help pre-service teachers to become aware of the need to adopt a social approach in the classroom, always from an interdisciplinary perspective. In this way, pre-service teachers could develop the instrumental, functional and, about all, formative character that a quality mathematics education entails [6]. We want to insist on the potential of humanities, science, and mathematics teaching to achieve scientific and technological literacy of the citizenry from a social and human approach.



Ultimately, it proved to be a relevant experience not only for curricular integration, but also insofar as a mathematical enculturation experience. Math was used as a vehicle for understanding sexist hate speech and to obtain personal meanings that encourage the critical awareness of pre-service teachers regarding these issues [12]. Mathematical reasoning has been successfully determined as a fundamental cultural value as it provides a more complete understanding of relevant social problems.
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Table 1. Instrument selected for analysis.






Table 1. Instrument selected for analysis.





	
Categories

	
Sub-Categories

	
Indicators






	
Intellectual Autonomy

	
Attributes for Recognizing Actions Related to Scientific Practices of Modeling and Investigation

	
Related to Investigation

	
Capacity to Form Questions. (II1)




	
Logical Reasoning. (II2)




	
Strategy–Organization–Planning. (II3)




	
Interpreting. (II4)




	
Technology–Manipulation. (II5)




	
Observation. (II6)




	
Prediction. (II7)




	
Initiative–Exploration. (II8)




	
Related to Modeling

	
Modeling–Representing. (IM1)




	
Analysis–Synthesis. (IM2)




	
Attributes Related to Scientific-Mathematical Behaviors

	

	
Criticism (IAC1)




	
Constant: Perseverance–Persistence (related to divergent thought) (IAC2)




	
Rigorous: Demanding–Thorough (related to rigor and honesty) (IAC3)




	
Creativity (related to divergent thought) (IAC4)




	
Curiosity: Thought Flexibility (related to divergent thought) (IAC5)




	
Self-Esteem–Self-Confidence (IAC6)




	
Social Autonomy

	
Attributes Related to the Scientific Reasoning Experiences

	
Related to Reasoning

	
Sensible. (SA1)




	
Analog–Cooperative (SA2)




	
Communication-descriptive. (SA3)




	
Other Social Attributes

	

	
Generosity. (S1)




	
Collaboration. (S2)




	
Adaptable. (S3)




	
Moral Autonomy

	

	

	
Ethics Criticism. (M1)




	
Comprehension. (M2)




	
Awareness of Gender Equality. (M3)




	
Moral Attributes

	

	
Sustainable/Commitment to the Environment/Healthy. (M4)




	
Empathy. (M5)




	
Respect. (M6)




	
Value of the Importance of Cultural Heritage. (M7)




	
Justice/Impartiality (M8)








Source: Adaptation of the Evaluation Tool of [49].
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Table 2. Group, context, and identified sexist hate speech.






Table 2. Group, context, and identified sexist hate speech.





	Group
	Context
	Identified Sexist Hate Speech





	G1
	Social Invisibility of Women: Throughout history and among various cultures, women have been—and still are—made invisible and devalued in their important achievements in numerous fields such as science, art, and culture. In recent history, and indeed in some cultures of today, women are exclusively confined to domestic and care duties and are looked down upon and criticized when they make any attempt to engage in a different activity
	Phrases such as, “You are not useful”, “you don’t know how to do anything”.



	G2
	Women in Sports: Women have been displaced in the world of sports, and are only allowed to participate in those which are considered less important and less valuable.
	Those who play any sports which are deemed as “masculine” are even insulted. “Run like a girl” is an insult, whereas “run like a boy” is a compliment.



	G3
	Women Mathematicians Hidden from History: Women mathematicians have been repeatedly hidden and brushed aside. Their work is neither taken into account nor do they receive any recognition. Their intellectual property is even stolen in some cases, and their work in general is belittled.
	For example, Hypatia, one of the first women mathematicians ever recorded in history, suffered a smear campaign which ultimately triggered her brutal murder.



	G4
	Microaggressions in Everyday Life: Many women experience socially-normalized microaggressions in everyday life.
	For example, in family gatherings they are often told that they know nothing about politics, sports or any other related matters, “Shut up, you don’t know anything about politics”. They are often catcalled in the streets, and used as commodities or methods of attraction in order to fill pubs—where much of this disrespect takes place (“You’re dressed like a prostitute”).



	G5
	Women in Professional Sports: All female athletes are paid less than their male counterparts and are considered less important in general. In advertisements and commercials, they are used as sex objects. In the press, more attention is paid to their physical appearances and their private lives than their athletic achievements, and rude and humiliating comments are often made about them in interviews or articles
	We found an article titled: “The List of International Hotties at the Rio Olympics”.



	G6
	Stereotypes In Music: Songs are full of humiliating expressions towards women—treating them like objects and inciting violence.
	Some of these lyrics are extremely explicit and evidently sexist, like “Grab her, hit her, spank her, hit her, take her out to dance ‘cause she’s down for anything. Hit her, spank her, grab her ‘cause she’s down for anything. Grab her, hit her, spank her” (Trebol Clan, “Grab her”).



	G7
	Toxic Relationships: Emphasis is placed on those relationships in which a woman is spoken to in a derogatory way—humiliated and insulted by the man
	Jealous men may often destroy a woman’s self-esteem, among other numerous examples. (“You are too stupid to think”, “you are too fat to wear those clothes”).



	G8
	The Role of Women in Music and Dance: Far too often, women in entertainment are portrayed as sex objects, and in secondary roles accompanied by male protagonists. In sexually explicit dances, the man is always in the dominating position. On the other hand, in music festivals of any genre their presence is seen as ridiculous
	We found an article titled “Maluma Appears with a Group of Hotties on Stage.”



	G9
	Gender Violence: Gender violence is a reality, which can be seen on the news on a daily basis. We are constantly given details of how men exercised psychological, verbal, or physical violence on women. Verbal violence is full of hate speech and is the precursor to femicide
	“If you talk to me like that again, I’ll kill you”, “You’re insane, I’m going to take your children away”



	G10
	Comments in Press Headlines and Social Networks: Headlines can often be found in which women are despised.
	For example, the following adage was used in an attempt to humiliate the president of Spain, in an interview: “Don’t cry like a woman what you weren’t able to defend as a man”. Other more explicit written remarks can be seen such as “Mayor of Barcelona Will Not Abort Her Child: Ada Colau Announces She is Pregnant at 42 Years of Age”, “The Sexually Frustrated Slut of CUP Says Children Should Be Raised in Tribes” or “Porn, Feminazis, Lesbians, Chapel-Raiding...The New Left”



	G11
	Career and Job Stereotypes in Advertising: News articles have appeared in which certain jobs were seen as inappropriate for women.
	Potential negative effects which are unfounded were attributed such as “The Murder of Maria Lage in Vigo, Outcome of the Feminization of the Military and Police Services.” In general it is often suggested that women are unable to carry out certain professional activities, or do them correctly.



	G12
	Housework: Many women are left to do various domestic duties and are not paid or adequately valued within the family unit. Housework is still carried out mostly by women, and is not accounted for in the family finances.
	The work carried out by these women is almost entirely undervalued. One man who works outside of his home said to his wife who stays and works at home, “You don’t do anything, I am the one who does the real work, who earns the money.”
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Table 3. Group, context, mathematical content, proposed activities, and counter-narrative.
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	Group/Context/Mathematical Content Used
	Brief Description of the Proposed Activities by the Pre-Service Teachers for the Development of a Counter-Narrative
	Developed Counter-Narratives by High School Students





	G1/Social Invisibility of Women/Graph Theory
	Multiple questions are raised to generate debate around what is the invisibility of a collective group, specifically that of women. The responses are gathered with Post-it notes and a graph is made using the ONODO application.
	History is full of important women in science, art or culture. Women are useful, and they play a really important role in our history. Knowing our history will allow us to value these women and their works.



	G2/Women in Sports/Percentages and Bar Graphs
	The students analyzed different sport activities using percentages and bar graphs. They addressed the different kinds of sports in which they and their peers participate, clearly indicating certain patterns among girls and boys in this field.
	They discovered that some of their classmates play soccer, handball and practice athletics. Women can play whatever they want.



	G3/Women Mathematicians/Hidden from History/Irrational Numbers
	The activity was carried out by the first high school course students, who had yet to learn irrational numbers. They were given an analogy between women hidden in the history of mathematics and the existence of irrational numbers. This awoke a sense of awe and curiosity from the students (in both a mathematical and historical sense) and encouraged them to continue research on the life and work of these women.
	They mostly knew of only male mathematicians before this experience. They then discovered many women mathematicians, and were shown how important women and their works were in this particular field.



	G4/Microaggressions in Everyday Life/Mathematical Modeling
	The students were faced with a “modeling” problem regarding the economic benefits—which may be subtle and difficult to notice at first—of a bar or club that uses the strategy of free admission for women.
	They became aware that using women as an advertisement turns women into objects. “I don’t want to be an object, I don’t go into a bar under those conditions. Nobody has to say anything about me as an object.”



	G5/Women in Professional Sports/Statistics
	A statistical survey was carried out which revealed, through numerical evidence, the hate speech that is generated day after day in the media and social networks, regarding the role of women in professional sports.
	The list of tennis players in history with the most titles starts with Margaret Cour, followed by Serena Williams and Stefanie Graf. No men.



	G6/Stereotypes in music/Normal Distribution
	The students classified the lyrics of several songs as “sexist content”, “romantic myth” and “healthy”. This classification was then analyzed and observed according to Gauss’ normal distribution or bell distribution. This in turn generated a debate which revealed that many of us “normalize” negative gender stereotypes in our daily lives and in our emotional-personal relationships.
	They clearly identified aggressive letters. They looked for other kinds of songs without this content.



	G7/Toxic Relationships/Integer Numbers
	The activity is carried out with students who are working on integer numbers. Its aim is to draw an analogy between the positive and negative numbers with toxic or positive behavior in a relationship.
	Be aware of how many relationships are toxic, and avoid those types of relationships. “You are not going to tell me how I have to dress and how I have to behave”.



	G8/The role of women in Dance/Statistics
	The presence of women in major music and dance festivals is statistically analyzed. It shows that the role of women is almost nonexistent, and mostly presented in a degrading way that generates further hate speech.
	Students changed the press headlines, writing “A Spectacular Choreography group accompanies Maluma on Stage”. Nobody focuses attention in their bodies.



	G9/Gender Violence/Percentages
	Press clippings are analyzed which show the percentages dealing with women who have been murdered by their male partners.
	Percentages amazed the students. They said, “You never have to speak to a woman like this.”



	G10/Comments on Press Headlines and Social Networks/Integer Numbers
	The words that appear in press clippings or found online in social networks are classified as positive or negative. An analogy is then made using integer numbers.
	Students changed the press headlines, for instance writing, “Mayor of Barcelona Ada Colau, Announces the Happy News That She Will Give Birth to a Baby in a Few Months”.



	G11/Career and Job Stereotypes in Advertising/Percentages.
	Advertising clippings are shown which detail various job stereotypes as well as the percentage, which corresponds to professions that are seen as either masculine or feminine.
	Students showed real women in professions usually associated with men. “Women can work in whatever they want”.



	G12/Housework/Monetary Value.
	A graph with the monetary value of different household tasks is shown. Students are asked to fill out another graph by gathering specific information of the tasks that are performed in their households. Lastly, a debate is generated after sharing the results.
	Students discovered the monetary value of work at home. They finished saying “You can’t put a price on the work my mother does at home”.
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Table 4. Categorization results of the didactic proposals.
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	Attrib.
	G1
	G2
	G3
	G4
	G5
	G6
	G7
	G8
	G9
	G10
	G11
	G12
	T At
	T Au





	II1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	12
	



	II2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	12
	



	II3
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	11
	



	II4
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	12
	



	II5
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	12
	



	II6
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	12
	



	II7
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	0
	1
	6
	



	II8
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	0
	0
	8
	177



	IM1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	12
	



	IM2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	12
	



	IAC1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	12
	



	IAC2
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	10
	



	IAC3
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	11
	



	IAC4
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	11
	



	IAC5
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	12
	



	IAC6
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	12
	



	SA1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	12
	



	SA2
	1
	1
	1
	0
	0
	1
	1
	0
	1
	1
	1
	0
	8
	



	SA3
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	11
	51



	S1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	



	S2
	1
	1
	1
	0
	0
	1
	1
	0
	1
	1
	1
	0
	8
	



	S3
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	12
	



	M1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	12
	



	M2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	12
	



	M3
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	12
	67



	M4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	



	M5
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	12
	



	M6
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	12
	



	M7
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	



	M8
	0
	0
	1
	1
	1
	0
	1
	1
	1
	1
	0
	0
	7
	



	TOTAL
	26
	25
	26
	23
	21
	26
	26
	23
	27
	27
	23
	22
	
	295
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