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Abstract

:

The aim of this work is to characterize the process of constructing mathematical knowledge by higher education students in a distance learning course. This was done as part of an algebra course within engineering degrees in a Colombian university. The study used a Transformative Sequential Design in mixed methods research. The analysis also determined the kinds of mathematical knowledge attained by the students and its relationship to the Colombian social and cultural context. The students acquired declarative, procedural, and conditional knowledge, while the learning strategies were often superficial. In a context where power is distant, students take on a passive approach to learning despite being highly respectful towards the educator. Thus, the educational system has the educator at the center.
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1. Introduction


Distance education has been one of the main alternatives for many people to access the educational system. At the writing of this article, worldwide educational institutions are facing preventive and mandatory closures due to the SARS-CoV-2 pandemic. In the educational sector, teachers from elementary schools to higher education levels have had to adapt to online learning settings as students have faced the closures of educational institutions [1]. This adaption has been incredibly challenging, especially in developing countries, where teachers and organizations, in some cases, do not have the proper means to implement distance education lectures effectively [2]. For example, a recent study that analyzed vital elements, from the instructor’s point of view, in the transition from face-to-face learning to online learning reported that traditional instructors have difficulties implementing the role of life skills promoter (relevant according to the UNESCO humanistic vision of universities) [3]. Following UNESCO’s suggestions, many institutions have taken advantage of the benefits provided by technologies common to distance education. This model has thereby taken on a new relevance.



However, it has faced a great controversy regarding its quality. The concept of quality in online learning has been measured from three different perspectives: quality control, quality assurance, and quality improvement [4]. There are several fundamental approaches to quantifying the quality of online learning programs in the online learning literature [5]. Among the vast number of studies, it is worth mentioning the 24 benchmarks for success in Internet-based distance education: Khan’s eight dimensions of e-learning framework, Sloan Consortium’s (Sloan-C) five pillars of quality, Osika’s concentric model, and Moore and Kearsley’s assessment recommendations [6]. According to Auster (2016) [7], an error is made when we compare and measure it by the same standards as regular education. The learning of students isolated from their teacher has also been put into question [8].



Another difficulty faced by distance education is the high student drop-out rate. The definition of dropout in online learning is very tough, as students enrolling in online learning programs are typically adult learners with work and family commitments (additional to those of continuing learning) and therefore with a natural tendency to take academic breaks [9]. As pointed out in Gomez-Rey, Barbera, and Fernández-Navarro (2016) [5], instructor interaction helps to reduce the high dropout rate in online learning and increases students’ motivation. This is a crucial component within the online learning scenario. In Colombia, the country where this research was done, according to figures from the Ministry of Education (MEN) for 2019, distance education programs have a 60% drop out rate. This is one of the main problems affecting the higher education system in the country (CEDE. (2014). Determinants of dropout. https://www.mineducacion.gov.co/sistemasdeinformacion/1735/articles-254702_Informe_determinantes_desercion.pdf, accessed on 10 July 2021).



According to Sweet (1986) [10], several models have been proposed and adapted from Tinto’s proposal to explain desertion in regular education: psychological [11], sociological [12], economic [13], organizational [14], and adaptation and integration [15] models. Numerous variables have been considered, such as personality traits, social integration, and work activity, to explain the high rates of course failure. Basic sciences (mathematics, physics, statistics, chemistry, etc.) are embedded in most adult education programs worldwide. These courses are the ones returning a larger number of failing grades and motivate a higher drop-out rate.



Parker (1999) [16] carried out their research specific to one of these variables. They argue that students required to have a high level of quantitative reasoning do not pass their first math courses. The National University of Costa Rica [17] showed in its report that 30% of the students who enroll in the subject of mathematics drop out, and 23% repeat it three or more times. In Colombia, a student can repeat this subject up to 11 times, according to a recent study [18].



“Learning”, as understood by Vygotski (1978) [19], is the process of building knowledge immersed in collective contexts and carried out by teachers and students in a specific environment. This approach has been a subject of great interest for many years in fields such as psychology, pedagogy, and didactics. Multiple publications characterize the types of knowledge common to mathematics. Although there are many studies for students in regular education at primary and secondary education levels [20,21,22], very few can be found for higher education and adults [23,24]. Particularly limited is the number of publications in the Colombian context.



It is common in distance education to find students from different countries or regions. This may have an influence on how students learn or relate to each other and to their tutor. This is detailed in Hofstede (2001) [25], who made a model of six cultural dimensions that tries to identify the cultural behaviors of a country in order to better understand their culture. Bearing in mind that the academic success of students is closely related to the way students learn, we propose the following objectives:




	
Identifying the type of mathematical knowledge produced by students in higher distance education in Colombia.



	
Describing how students build mathematical knowledge in higher distance education in Colombia.








Additionally, the empirical results found in the study will be justified through Hofstede’s (2001) [25] model of cultural dimensions. These data will allow a better understanding of the learning process of mathematics learning in distance education, specific to Colombia. It will also provide guidelines to improve the desertion rates.




2. Literature Review


In educational mathematics, the social construction of knowledge incorporates four dimensions: its epistemological nature, its sociocultural dimension, cognitive development and modes of transmission [26]. This work will focus on sociocultural dimensions and cognitive planes to describe the construction process and the types of knowledge being made in mathematics learning. Although there is no consensus on the definition of different types of knowledge, there are several characterizations that are derived from the work of Johnson (2005) [27].



2.1. Types of Mathematical Knowledge


2.1.1. Declarative Knowledge


Declarative knowledge is generated by schemes that he calls presentative. These allow the understanding of underlying reasons. It is conceptual and is generally compared to deep, flexible, and highly connected knowledge. It is made of a set of concepts, principles, and theories, as well as the reasoning by which they were reached. For Johnson (2005) [27], this knowledge refers to a wide network of relationships between information units, a kind of normative knowledge. Star (2005) [28] states that “the term conceptual knowledge has come to encompass not only what is known (knowledge of concepts) but also one way that concepts can be known (e.g., Deeply and With Rich Connections)” (p. 408). Unlike previous authors, Baroody et al. (2007) [29] do mention that this knowledge is related. They consider it only as a knowledge of facts (generalizations) and principles. In mathematics, this type of knowledge is strongly related to its inner aspects and the representation and notation systems used to communicate ideas.




2.1.2. Procedural Knowledge


Procedural knowledge is generated by schemes that Johnson called procedures. It yields the means to do something. It is associated with an automated knowledge, poorly connected and shallow, as it comprises the procedures to address a problem situation (know-how). This knowledge uses various sequences of actions and operations according to an end that, depending on the complexity of the problem at hand, might turn into a set of procedural chains. For Johnson (2005) [27], this knowledge involves a formal language or representation system and rules or algorithms that guide the individual towards the solution of a problem. It is thus similar to a pragmatic type of knowledge. To Star (2005) [28], this knowledge is not superficial. Star maintains that by acquiring the procedures, they become routines. When fluently executed, a specific piece of knowledge has been automated, thus becoming deep in nature. Contrary to this position, Rittle-Johnson et al. (2015) [30] describes it as the ability of students to carry out actions that allow them to solve problems. Here, we have a knowledge that is linked to specific problems and not necessarily generalizable.



In mathematics, there are two types of procedures: algorithmic and heuristic. The former leads to the correct solution of an exercise when the pre-defined steps are followed. The latter does not guarantee a correct solution; it only systematically defines the steps to approach it.




2.1.3. Conditional Knowledge


Although there are only two cognitive subsystems (understanding and know-how) in mathematics according to Johnson (2005) [27], a third group of schemes called operative schemes is also commonly used. These schemes allow a presentative and procedural linking of knowledge items. Rittle-Johnson and Alibali (1999) [31] argue that declarative and procedural knowledge are not independently developed. They consider conditional knowledge as the kind linked by both declarative and procedural knowledge. It is part of a self-regulated learning, since the student demands to learn how to improve learning. This provides an indicator of how much the student knows and what the limitations are.



Rittle-Johnson et al. (2015) [30] claim that it is not easy to separate the declarative knowledge from the procedural one. It is, however, very useful to differentiate them and distinguish their particularities in order to understand their interactions in a problem-solving scenario.





2.2. Process of Construction of Mathematical Knowledge


From a sociocultural viewpoint, the construction of mathematical knowledge requires specific contexts that allow interaction, negotiation and communication with others to construct meanings. This initially implies individual work in which the student faces a cognitive conflict, and then, through collective work where co-construction and participation is vital, the redefinition and validation of constructed knowledge is favored. Here, knowledge and communication are two inseparable and interdependent processes. In an educational context, the analysis of the interactions present in classrooms has been approached from the perspectives of sciences such as anthropology, sociology, didactics, linguistics, psychology, and others. This analysis has become a valuable instrument to study the teacher–student and student–student communication processes, where knowledge is built and validated.



Cubero and Ignacio (2011) [32] argue that the discourse present in interactions is not only the means by which messages are transmitted, but also the activity where meanings are constructed. Therefore, discourse analysis facilitates an approach to the reality of classrooms suitable to understanding the processes that take place there. According to Prados and Cubero (2013) [33], any classroom is a setting that allows the construction and validation of knowledge. These validations are not pre-established. They are generated and transformed via different interactions throughout the communication process. Each activity carried out in the classrooms is a process of creation of shared meanings. From this perspective, the teaching–learning process is a co-construction process. It involves conceptions, ideas, beliefs, and both personal and collective knowledge that facilitate the assimilation of new knowledge.




2.3. Hofstede’s Cultural Dimensions


Hofstede (2001) [25] defines culture in their work “The Consequences of Culture” as the collective programming of the mind that distinguishes the members of one group or category of people from another. His research on the differentiation between cultures led them to construct six cultural dimensions. In this section, Hofstede’s values for Colombia were analyzed. These were extracted from the Hofstede insights webpage (Hofstede insights webpage: https://www.hofstede-insights.com/, accessed on 10 July 2021), aiming to understand the cultural values associated with the participants involved in the study.



	
Power distance (PDI): this dimension indicates the degree to which a society accepts the unequal distribution of power in institutions and organizations. A high PDI indicates that inequalities are considered normal, while a low PDI indicates that society expects everyone to have the same rights. With a PDI of 67, Colombia scores high on the scale. It is therefore a society that believes that inequalities amongst people are simply a fact of life.



	
Uncertainty avoidance (UAI): this dimension indicates the degree to which members of a society feel uncomfortable in new, unclear, unknown, or unusual situations. A high UAI indicates that members of society have a low tolerance towards changes. This is when it becomes necessary to follow rules, laws and regulations. A low UAI indicates less concern about risks. Changes are easier to accept, and there is a greater tolerance to alternative opinions and behaviors. With a UAI of 80, Colombia has a high score on Uncertainty Avoidance. This means that, as a nation, they are seeking mechanisms to avoid ambiguity.



	
Individualism (IDV): this dimension indicates the degree to which the members of a society prefer to act as individuals rather than as members of a community. A high IDV indicates that individuality and individual rights are above the collective. A low IDV indicates that society is collectivist and that, if necessary, individual rights are waived for the collective well-being (family, friends, etc.). With an IDV score of 13, Colombia has one of the lowest Individualism scores. In other words, it lies amongst the most collectivistic cultures in the world.



	
Masculinity (MAS): this dimension indicates the degree to which the members of a society prefer values such as success, assertiveness, performance, and competence over quality of life, service, personal relationships, and solidarity. The first values are associated with male gender roles and the second with female. Thus, a high IDV indicates masculine society and a low IDV a more feminine one. With an IDV of 64, Colombia is a masculine society—highly success-oriented and driven. Colombians are competitive and status-oriented, yet rather collectivistic.



	
Long-term orientation (LTO): this dimension indicates the degree to which the members of a society orient their life in time. A high LTO indicates that society values long-term commitments where perseverance and persistence allow them to achieve goals. A low LTO indicates that society does not reinforce the concept of long-term orientation, preferring to maintain established traditions and norms. With a low LTO of 13, Colombian culture is classified as normative. They exhibit great respect for traditions, a relatively small propensity to save for the future, and a focus on achieving quick results.



	
Indulgence (IVR): this dimension indicates the degree to which the members of a society allow themselves the gratification associated with the basic and natural human impulses related to life and fun. A low LTO indicates that society suppresses the satisfaction of needs and regulates them through social norms. Scoring a very high 83 in this dimension, Colombia is shown to be an Indulgent country. They possess a positive attitude and have a tendency towards optimism. In addition, they place a higher degree of importance on leisure time, acting as they please and spending money as they wish.








3. Materials and Methods


3.1. Methodology


According to the objectives proposed, this research has been described with a mixed approach. According to Abowitz and Toole (2010) [34], descriptive studies aim to detail the properties, features and profiles of people, communities, objects, or processes that are put to the test. This is done in order to accurately show the different angles and dimensions of the phenomenon to be analyzed. Mixed methods incorporate a set of systematic, empirical, and critical research processes that involve the collection and analysis of quantitative and qualitative data. They make inferences about the product of all information collected and achieve a greater understanding of the phenomenon under study.



Since the theoretical types of mathematical knowledge were first characterized, it was possible to use the sequential transformative design [35]. These types allowed the identification of the kind of knowledge that students acquire.




3.2. Participants


The group studied was the distance learning students in their 3rd and 4th semesters at the Faculty of Science and Technology at Universidad Santo Tomás. These students were studying linear algebra during the second semester of 2020. A simple random population sampling was made, with a total of 61 students belonging to different regions of the country. Students were involved in both branches of the study (quantitative and qualitative). According to the student characterization carried out by the University’s Office of Well-being, these students belong to social strata 2 and 3. Colombians are stratified into six socio-economic layers, where number 6 is the highest layer. The student’s ages range between 17 and 38 years. Seventy-five percent of students in the sample are female. Participation was free and voluntary. The study is approved by the Ethics Committee of Universidad Internacional Iberoamericana.




3.3. Variables


The variables of the study were established in accordance with the bibliographic review and were grouped into three categories.



	
Production of Mathematical Knowledge: The learning that a student acquires in distance education does not correspond to the reproduction or memorization of content proposed by the institution. Instead, it requires a rehashing of such content by the student. Thus, the present category is understood as the process of reconstruction of the content, autonomously and independently done by the student.



	
Types of Knowledge: there are different classifications of the types of knowledge in mathematics. The classification that was used in this research was the proposal in [36].



	
Cultural Dimensions: The Model of Cultural Dimensions of Hofstede has already been applied to the educational field [5,37], where the characteristics of each dimension presented in the relationship between teacher and student and between student and student, types of teaching, and behavioral models present in classrooms and the function of each academic space inside the curriculum were established. The cultural dimensions were already defined on the previous section. All except Indulgence were used in this study.



	–

	
Power distance (PDI): in the educational context, it measures the distance between teacher and student, as well as the consequences in the learning process. It is also related to the type of communication (unidirectional, bidirectional) in class.




	–

	
Uncertainty Avoidance (UAI): measures the way in which conflicts in the classroom are solved, that is, the conflict-solving structure and planning.




	–

	
Individualism (IDV): measures levels of formality, group organization, student initiatives, and types of communication. Individualist cultures allow students to be free to speak before the class. In a collectivist culture, students speak upon the teacher’s request.




	–

	
Masculinity (MAS): measures competitiveness and solidarity amongst students. Focus is placed on performance and academic success. In Masculine cultures, students value the academic reputation of their teachers. Feminine cultures value kindness and sympathy.




	–

	
Long-term orientation (LTO): measures the importance given to studying as a tool for the future of a person or as an activity to enjoy. Analytical thinking is predominant in long-term-oriented cultures. Synthetic thinking is common in cultures lacking LTO.




	–

	
Indulgence (IVR): measures social and individual acceptance of fun and leisure. This index was not included in the present study.











3.4. Instruments


There were three instruments obtained by a participating observer:




	
Instrument 1 (linear algebra exercises). This test was described by the authors. It contains exercises on specific topics of linear algebra. It was presented to students after the first synchronous meeting, when the students completed their first four weeks of work. It was an autonomous and independent activity. The questionnaire contained 13 exercises. Five were used to collect information about declarative knowledge, five for procedural knowledge, and six and twelve for conditional knowledge. Each exercise was designed for a specific purpose. A heading showed the types of knowledge associated with each. The test was validated, obtaining a Cronbach’s alpha of 0.958. This indicated that the instrument had a high level of reliability.



	
Instrument 2 (Inventory of Learning Strategies). The questionnaire of 55 items was adapted for Chile [38] from the Inventory of Learning Strategies [39]. It allows the identification of learning strategies that students use with ad hoc questions. Each question describes their perception of the construction of knowledge and how it is validated.



The questionnaire has four groups of questions: deep processing (6 questions), elaborative processing (5 questions), surface processing (4 questions), and methodical study (2 questions). The average time needed by the students to answer was 20 min. To validate these data, the Cronbach alpha obtained was 0.936, indicating that the instrument had a high level of reliability.



	
Participant observation. The students gave their consent to freely participate in an attempt to be observed without affecting their spontaneous behavior. In accordance with the objectives proposed, the specific elements observed were the social and human environment (interactions and their frequency), individual and collective activities (what they do, how they do it and when), and the artifacts that the participants use (functions), based on the ideas proposed in Angrosino and Rosenberg (2012). Since students are the protagonists of their learning in this educational modality, at each synchronous encounter, broad and descriptive answers were consistently given to questions asked by the tutor. As Cubero and Ignacio (2010) mention that the speech present in classroom interactions not only transmits messages but also describes the activity where meanings are built. Recordings of synchronous-type tutorial meetings scheduled by the institution through video conference were made in order not to lose the observer approach. Each meeting had an approximate duration of two hours. The student–teacher and student–student interactions were specifically transcribed.









3.5. Data Analysis


The mixed approach to this research included the following approaches to data analysis:




	
Participant observation: analysis units were established according to the Sam Leles (1967) [40] interaction analysis system. This is a very popular system thanks to its reliability and validity. The units of analysis are detailed in Table 1.



	
Objective test: The categories proposed by Fernandez-Plaza and Simpson (2016) [41] were used for the analysis of these data. It uses a rubric (Table 2) that contemplates the levels of scope and development of the types of declarative, procedural, and conditional knowledge. The presence of the categories was coded according to a scale from 0 to 4 points, where four corresponds to the highest evaluation, and zero is the lowest.



	
Inventory of learning strategies: since this instrument used a Likert-type scale, scores were calculated for each student and each item. Later, a descriptive statistical analysis of frequencies was carried out. Since in a normal distribution 68.26% of the data are found within a standard deviation, we proceeded to divide the data distribution into three segments. These will correspond to levels weak, medium, and solid, which are used to classify the students.










4. Results and Discussion


The construction of knowledge is not a dichotomous variable but part of a process. Thus, we will discuss whether a student has reached different phases of the developement of comprehension. The results below describe how students develop the construction of knowledge. It bears in mind the kind of knowledge produced by students in higher distance education considering the cultural characteristics of the country.



4.1. Development of the Construction of Mathematical Knowledge


During the synchronous meetings, the majority of tutor–student and student–tutor interactions were observed. Converging and diverging questions were formulated by the tutor, followed by the questions or conversation initiatives by students. Figure 1 shows how many times these interactions took place (horizontal axis) for each one of the analysis units (vertical axis) mentioned in Table 1. This count of analysis units applies to each of the three tutoring sessions that took place. This shows how the frequencies did not vary significantly from session to session. Analysis unit 7 (Students answer converging questions made by the tutor) and 4 (Tutor asks converging questions about content or procedures) clearly dominate the sessions.



Within the observed interactions, several moments and/or actions that show the processes and/or reflections of students were identified. First, the students face a cognitive conflict between their prior and new knowledge. When asking students about the periods of silence that were generated through specific questions about the proposed theme, most mentioned that they did not know what to do and felt confused. Next, some of their answers and expressions were:




Student 5: I do not know what to do, I do not understand.






Student 23 (repeatedly asked): What do I have to do?






Student 41: Where do I start?





While a few students searched for individual or collective guidance, the majority initiated conversation in the video conference with investigative questions and reflections, seeking approval by the tutor and colleagues:




Student 51: The order must be correct to do the calculation, right?






Student 17: I wrote the exercise on my notebook and realized that these [matrices] cannot be added.





The actions and behaviors observed at this point can be explained with Hofstead’s cultural model. With a 67-point PDI, there is a wide distance of power. Students expect the tutor to be in charge of the learning process. Thus, they assume a passive role. This also explains the high tendency towards unidirectional interactions over bidirectional or multidirectional ones. Similarly, with an indicator of 80 points, Colombia has a strong UAI. This shows that students do not feel comfortable in open situations and group discussions. They expect structured learning settings, and their concern is focused on obtaining and, upon request, providing correct answers.



When students expand their ideas, some resort to different means to validate them. When asking specifically what they did, what information they took into account, or what they plan to do when solving an exercise, many resorted to definitions, properties, or previously worked processes. This is a fragmented way of identifying the necessary elements to achieve their objective.




Student 5: They are of the same order, so now we just need to calculate






Student 23: In the exercise we did before we said that the columns here should be the same as the rows there






Student 17: I multiplied and got equations, but in the book there are no similar examples. Am I doing it right?





There are two different actions here:




	
Exploration by describing which elements should be taken into account.



	
The identification of what it takes to solve the exercise.








These actions sought the validation of the tutor first, then that of other classmates. The interventions of the students in this phase were more spontaneous. Those students who spoke were competitive about providing fast answers to the questions posed. These behaviors can also be explained with the UAI dimension, as it refers to how the sensation of uncertainty, and ambiguity is related to the behaviors of the students towards the construction of knowledge by focusing directly on the constant validation of the tutor to obtain correct answers. The competition amongst those giving answers is better explained under the MAS dimension. When students manage to relate prior knowledge with new knowledge, some of them express the satisfaction akin to reaching their goal:




Student 3: The equal sign means that I can equate, and then I have equations.






Student 10: I place the problem data in a matrix and then I can calculate them.






Student 28: I understood, the right must be equal to the left, to do as we did before.





Encouraging certain behaviors from the students and using their proposals to solve situations favored a friendly learning environment. Only 20% of students freely expressed themselves when they were invited and contributed to the collective construction of knowledge. This percentage coincides with the Colombian characteristic of being collectivist. Students are generally not keen to participate in class. Since there is consensus in the group, they try to acquire knowledge that improves their social status.




4.2. Types of Mathematical Knowledge Acquired by the Students


Taking the learning strategies of students and the fact that in a normal distribution 68.26% of the data are within a standard deviation a three-interval segmentation is done. Thus, students are classified into three levels: weak, medium, and strong. The items related to deep processing an average of 192,787 with a standard deviation of 308,292. A 75% adjustment was made to the standard deviation, and 17 students were classified as weak, 33 medium, and 11 strong. For items related to elaborative processing, with an average of 236,230 and a standard deviation of 381,298, a 75% adjustment was made to the standard deviation yielding 17 weak students, 31 at average, and 13 strong.



For items related to surface processing, with an average of 113,770 and a standard deviation of 224,473, a 75% adjustment was made to the standard deviation, yielding 21 weak students, 31 average, and 9 strong. For items related to methodical study, with average of 12 and a standard deviation of 208,167, a 75% adjustment was made to the standard deviation yielding 16 weak students, 35 average, and 10 strong.



A joint classification when contemplating the three processing factors was carried out. Fifteen students are classified as surface processing, thirty-four as elaborative processing, and twelve as deep processing. This shows a preference towards the learning strategies based on how the information is processed in order to be more specific and relevant. In relation to Hofstede’s cultural dimensions, these preferences can be explained via the UAI. Students feel more comfortable in structured and non-open contexts. Their ability to personalize, visualize, and specify the information takes precedence over their abstraction skills. Likewise, the low score in the long-term dimension explains why students do not focus on future goals but on immediate ones. The fact that Colombia is a collectivist country explains why students feel that the purpose of education is to know how to do something.



Regarding the types of knowledge, in the declarative type of knowledge, it was found that 67% of the first, second, third, and sixth variables obtained a score equal to four points. The fourth variable obtained in 69% of cases a score equal to or greater than 3.6 points, while the fifth variable obtained in 66% of cases a score equal to or greater than 3.6 points. The variables that presented greater dispersion in their scores were the third and fifth, which was mainly due to arithmetic difficulties and the difficulty relating arithmetic concepts with algebraic ones. Scores equal to or greater than 3.6 points were distributed in 79% in the first level, 70% in the second level, and 85% in the third level. In terms of student classification, 69% of the participants obtained a score equal to or greater than 3.6 points.



Regarding procedural knowledge, it was found that 33% of the first and fifth variables obtained a score equal to four points, 31% of the second and fourth variables obtained a score equal to four points, and 18% of the third variable obtained a score equal to four points. This type of knowledge compared to the declarative one shows greater dispersion in each of the variables. Scores equal to or greater than 3.5 points were distributed in 39% in the first and second level and 34% in the third level. In terms of student classification, 39% of the participants obtained a score equal to or greater than 3.5 points, while 27% obtained a score between 0.5 and 2.4 points.



Regarding conditional knowledge, it was found that variables 12, 13, 14, and 20 obtained a score equal to four points corresponding to 70% of the observations; variables 15, 16, 18, 19, and 21 obtained a score around 50% of the observations; and variable 17 obtained the lowest percentage in this score (39%). This type of knowledge versus the declarative and procedural show a great concentration around a score of two points.



In terms of student classification, 49% of the participants obtained a score equal to or greater than 3.5 points, while 32% obtained a score between 0.5 and 2.4 points. In short, students build declarative knowledge more easily. This, associated with Hofstede’s cultural dimensions can possibly be explained by the high score in the UAI dimension, since students do not feel comfortable with open situations and require training, norms, or rules that allow their answers to be justified. It is also directly associated with normative knowledge. Likewise, it is possible that the development of procedural and conditional knowledge is affected by the discomfort that the different routes to solve an exercise brings.





5. Conclusions


This article characterized the mathematical knowledge acquired by higher distance education students in a Colombian institution during the development of a linear algebra course. It was possible to identify how students develop the construction of mathematical knowledge, as well as what type of mathematical knowledge they produce from a referential framework built from the works of Johnson (2005) [27] and its relationship with the cultural characteristics of Colombia from the Hofstede model [25].



Faced with the question of how students build knowledge and taking into account Cubero and Ignacio (2011) [32], we were able to identify, through the analysis of the interactions observed in synchronous encounters, several in-class events that interdependently influence each other. The first event was characterized by the cognitive conflict that students face between prior and new knowledge. The students hope that their tutor remains in charge of their learning and guides them in the steps to follow. They also assume a not very participatory attitude. The second event happens when students manage to expand their constructs and use different sources that allow them to validate their ideas. They use the exploration and identification of the necessary and sufficient elements to answer a question. Many of the students look to their conceptual prior knowledge for these elements (definitions, properties, theorems) and constantly seek the validation of their tutor, whom they deeply respect. In the third event, students are able to relate previous knowledge with new. Upon reaching this phase, they express satisfaction. Here it was very important to review the environment as a means to promote a friendly and collective construction of knowledge setting. This coincides with Prados and Cubero (2013) [33].



Regarding the learning strategies that students used consciously, a great inclination was found towards those based on the way in which information is processed. These strategies relate to an elaborative process where students build from examples that they manage to express in their own words and not in a formal language. Under these strategies, the ability to personalize, specify, and visualize information is more important than the ability to abstract. Comparing this with the study carried out by Acevedo et al. (2009) [42] in Chile, the learning strategy prioritized by university students corresponds to deep processing, while elaborative processing is almost absent. From Hofstede’s model, these two countries differ in the cultural dimension of masculinity/femininity, since in Chile the dominant values are caring for others and quality of life.



When faced with the question of the type of knowledge that students build, a trend towards declarative knowledge was found. When related to the interactions observed in synchronous encounters, it shows correspondence with the characteristics of the second event. The next type of knowledge developed is the procedural one, which has a close relationship with the means of validation that students use when searching for videos that allow them to understand the algorithmic way of solving proposed situations. Finally, there is the development of conditional knowledge, which is also related to the silent times of synchronous encounters, the types of videos that students use for validation, and the learning strategies they use.



The way in which students build knowledge and the type of knowledge built is related to the cultural characteristics of Colombia as it is a nation with a wide distance of power. This indicates a passive attitude of the students and great respect for the tutor. Thus, the educational system revolves around the tutor. The high degree of collectivism explains why students only participate when they feel that they have the approval of the group. They do not show individual initiative and are grouped according to their interests or regions. Colombia is a masculine society, which implies the presence of competitive students who seek to excel in the group. School failure is synonymous with something disastrous. On the other hand, the strong avoidance of uncertainty manifests when students are not open to discussions or debates. They are not receptive to tutorials with a flipped classroom model. The orientation towards the short-term goals explains the preference for traditional tutorials. Students prefer the development of a synthetic thought over an analytical one. Success is attributed to elements unrelated to effort.



This study has provides a snapshot of the construction of mathematical knowledge in the higher distance education setting, although the findings should be viewed with some caution. The study’s findings were obtained from an open university sample with a video- and text-based learning model and both synchronous and asynchronous communication between the main actors (students and instructors). Therefore, the results may be specific to this type of environment. Conclusions drawn from the study may be used to improve teaching and learning practices in similar learning contexts. Results are, however, coherent with the social and cultural context in which this learning takes place.



Subsequent studies should bear in mind that direct control over distance education students is not the same as that in regular education. The design of instruments must consider the cultural characteristics of the population as it has direct implications in the way in which the social construction of knowledge develops. Although this study expanded our knowledge about the production of mathematical knowledge, we must recognize that the lockdown of the SARS-CoV-2 pandemic affected all educational systems. Furthermore, the data of this article were obtained at a private institution. Results specific to this environment may also affect the data. Future research should take advantage of this study and expand the educational contexts (private and public) and the sample size.
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Figure 1. Graphical representation of the interactions per unit (colors represent types of tutoring (1, 2 and 3)). 
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Table 1. Interaction analysis units.






Table 1. Interaction analysis units.





	
Category

	
Subcategory

	
Analysis Units






	
Interactions

	

	
(1) Tutor encourages actions or behaviors of students




	

	
(2) Tutor accepts or uses ideas suggested by students.




	
Tutor–student

	
(3) Tutor answers questions asked by students.




	

	
(4) Tutor asks converging questions about content or procedures.




	

	
(5) Tutor asks diverging questions about content or procedures.




	

	
(6) Students initiate discussions or ask questions.




	
Student–Tutor

	
(7) Students answer converging questions made by the tutor




	

	
(8) Students answer diverging questions made by the tutor




	
Student–student

	
(9) Students respond to each other, correct each other, or reach agreements.




	

	
(10) Silences
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Table 2. Reach and development levels rubric.






Table 2. Reach and development levels rubric.





	
Type of Knowledge

	
Levels

	
Categorires






	
Declarative Knowledge

	

	
Terminology




	
First Level

	
Notation




	

	
Results




	
Second Level

	
Concepts




	
Relationship between concepts




	
Third Level

	
Mathematical structure




	
Procedural Knowledge

	

	
Operations




	
First Level

	
Rules/properties




	

	
Algorithms




	
Second Level

	
Reasoning




	
Third Level

	
Strategies




	
Conditional Knowledge

	
First Level

	
Terminology




	
Notation




	
Conventions




	
Operations




	
Rules/properties




	
Algorithms




	
Second Level

	
Concepts




	
Reasoning




	
Third Level

	
Mathematical structure




	
Strategies
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