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Abstract

:

The education system must respond to the demands and needs of today’s society. To meet this demand, teachers must identify the degree of cognitive skills that our students possess through digital learning strategies that encourage the development of these superior skills because of the impact of technological resources on student motivation. To carry out this assessment, two types of strategy tests were applied to evaluate cognitive skills, one determining the student’s ability to create an opinion of their own based on ideas and visions of other authors (perspective analysis) and the other strategy test to distinguish the main elements of an information, identifying a general pattern (abstraction), which were reviewed with a task performance instrument (rubrics). A mixed methodology was used through a case study, with a selected and intentional sample of 34 students of the Primary Education Grade. The results show that elaborating questions that go deeper into a topic and labelling contents is not an easy task and that abstraction is one of the most complex skills to develop in students. It should be noted that, in practically all areas, men’s averages exceed those of women. Finally, the use of digital strategies must be incorporated as permanent routines and the relationship between technology and pedagogy allows for the management of learning and therefore increases higher level cognitive abilities.






Keywords:


higher thinking; cognitive skills; perspective analysis; abstraction; ICT; digital












1. Introduction


If there is something that characterizes the society of the 21st century, it is the excessive load of information that we receive from numerous sources, mainly from the media; that is why, in the educational field, it is necessary to develop logical and abstract processes in students that allow them to acquire and reconstruct knowledge, with the objective of developing the necessary skills to know how to manage successfully in a world in which competitiveness prevails [1].



Developing skills at a higher taxonomic level during the training process in students who are trained in a specific knowledge area is one of the greatest challenges faced by universities at an international level [2,3], taking into account that we are facing a rapid expansion of students enrolled in Higher Education with heterogeneous profiles [4,5,6], a situation that is being accentuated by the evolution that current societies are experiencing, which are betting on an economy based on knowledge and globalization [7,8].



The idea of establishing a skill classification system came from Benjamin Bloom in 1948 [9]. The objective was to have a common document that would facilitate interaction between examiners, promoting the exchange of ideas on how to perform the assessment, types of examinations and sharing resources to perform the assessment. To this end, a “Taxonomy of Learning Domains” was developed, known as “Bloom’s Taxonomy”, which is identified as “The Objectives of the Learning Process”, that is, the knowledge and skills that learners must have acquired after going through a learning process [10].



More and more professionals are betting on the development of higher thinking skills [9], that is, the ability to interrelate the information stored in our memory with the information that reaches us newly, acquire a deep understanding of it and be able to apply it to different contexts [11,12] with the aim of finding solutions to complex problems that may arise [13]. An effective teacher, in addition to having the required knowledge, must have the ability to unravel what their students think and believe and how they accommodate new information [6].



Achieving the highest taxonomic level is possible through the application of strategies that encourage the development of superior thinking skills. This is a commitment that universities in today’s society must assume [7], and teachers must be prepared for it. The development of thinking skills depends on all professionals involved in the teaching and learning process [14]. Likewise, it is essential to know the characteristics of these students in order to define the strategies and actions that must be carried out to guarantee their permanence [15].



Within these strategies, we find the use of technological resources that encourage the development of these superior skills, because of the impact they generate in the motivation of students [16,17,18]. However, “research indicates that the pedagogies necessary for the effective integration of educational technologies are not yet evident among most teachers” [19] (p. 367). The study [6] indicates three main aspects that teachers must address: connection between students and teachers, interaction and collaboration between both parties by adapting the teaching process to the characteristics and needs of the learners, and feedback from students.



Following [20], learning is a system of interacting processes that include five types of thinking represented in five dimensions of learning. These dimensions refer to a complex model in order to define and respond to the student learning process and are as follows: Dimension 1: Attitudes and perceptions; Dimension 2: Acquiring and integrating knowledge; Dimension 3: Extending and refining knowledge; Dimension 4: Meaningful use of knowledge; Dimension 5: Mental habits.



However, learning does not end with the acquisition and integration of knowledge but, as a result, students develop a better understanding through the refinement of their knowledge, that is, they come to identify different perspectives that will help them to seek and apply solutions to mistakes made and reflect on their experiences, drawing conclusions that will help them with future situations [20]. Some of the reasoning processes that students use to extend and refine knowledge are: comparison, classification, inductive reasoning, deductive reasoning, support construction, error analysis, abstraction and perspective analysis [21].



In accordance with the objective of this study, we will focus on the last two reasoning processes: abstraction processes and perspective analysis.



1.1. Perspective Analysis


Perspective analysis is defined as the process in which students have the ability to examine and compare different positions on the same issue and understand the various reasons behind them in order to arrive at an opinion or position of their own [20].



Perspective analysis is an intellectual skill that helps us understand that all perspectives, both our own and others’, have their share of truth because it teaches us how to contrast our opinions by comparing them with those of others [22] According to [23], it is important to teach students to analyze perspectives because it helps us to know others better and to know ourselves more deeply, while respecting the ideas of others.



There is no standardized model for this process [24], but experience suggests that the following steps should be taken: examine the information as a whole and identify the main idea of the text, note the opinions expressed in reference to the central idea, and differentiate between facts and opinions [20].



To sum up, we can say that a perspective analysis will help us to be critical, to form our own opinion, to respect what others think and to base our thinking.




1.2. Abstraction


Abstraction is understood as the process that builds on the student’s ability to identify patterns [25]. Recognizing these patterns is essential in order to respond effectively to the different stimuli that bombard us in a world saturated with information [26]. Abstraction allows us to organize and use that information with alacrity [20]. In this line, [27] states that abstract thinking offers the possibility of changing from one position to another voluntarily, dividing the whole into certain parts and analyzing different perspectives of the same situation.



According to [28], abstraction focuses on two aspects: the suppression of unnecessary information and the generalization of content and the search for patterns. The difficulty in developing it lies in the fact that students have divergences in order to achieve it, because abstraction is in itself an abstract process [29].



The application of abstract processes ensures the promotion of reasoning skills and the development of meaningful thinking [1,30]. If there is something that characterizes abstract thinking, it is the speed, which our cognitive capacities operate with [31]. Abstract thinking processes have already been studied by well-known philosophers such as Pythagoras, Plato, Parmenides, Aristotle, among others. This type of thinking reflects the world in a fuller and deeper way, constituting the most complex form of knowledge [32]. According to [33], formal or abstract thinking begins around the age of 11 and settles down at approximately 15 years old.



“In the process of abstraction, thought is not limited to highlighting and isolating some property and relationship of the object accessible to the senses…, but it tries to discover the hidden and unreachable nexus to empirical knowledge” [34] (p. 106).



Abstraction is a very powerful tool to extend and refine knowledge as it allows students to relate content that seems different. This makes students analyze differences and similarities between concepts they are studying by helping them recognize similar patterns between unknown information and information that is familiar to [20]. Based on the above, [20] propose different activities that can be carried out in class to develop abstraction skills:



	
“Help students understand the process of abstraction”. We will begin the process by presenting the student with content that is familiar to them; then we will show them content that is unfamiliar, ask them to identify similarities and, from there, to make connections.



	
“Give students a model for the process of abstraction and create opportunities for them to practice using the process”. After providing the students with the steps to follow to carry out the process of abstraction we will give them specific information, then we will express our opinion about it and, finally, they will have to be the ones to carry out the abstraction of this information from the given model.



	
“As students study and use the process of abstraction, help them to focus on the critical steps and difficult aspects of the process”. Three key points will be considered: identification of the literal information, translation from the literal to the abstract, and making connections.



	
“Provide students with graphic organizers or representations to help them understand and use the process of abstraction”. The graphic organizer will be divided into three parts: two will record the literal information of the contents that are associated and the third will record the abstract pattern that connects them.



	
“Use tasks structured by the teacher and structured by the students”. The teacher will provide information to the students and follow their steps. As the students become more fluent in the process of abstraction, they will be given more freedom to structure the task themselves. The teacher will have to supervise them while they work but gradually increase their freedom so that they feel more and more confident at each step of the process.






Bearing in mind that we are in the digital age, these activities could be carried out through technological resources, which, as we mentioned before, encourage the motivation of students. By way of example, it is worth highlighting Storyboard to carry out activity four. Storyboard is a graphic organizer, a novel way of visually presenting certain information [35]. On the other hand, the application of Cmaptool, a tool that teachers can use to make analysis of perspectives by means of videos of different themes, to show the positions through graphic organizers; on the other hand, the Word processor, which gives the option of counting words to make summaries, decreasing the characters without losing the central ideas, are simple tasks that manage to increase the abstraction skill. Therefore, it is the teacher who must consider different digital resources and become aware of the skills he or she wants to develop in order to select the most relevant ones when joining digital and cognition.



Technologies are advancing rapidly, becoming a growing trend in education, fostering the development of problem-solving skills, collaborative work, critical thinking and even the resolution of complex social dilemmas [36].



All educational institutions should consider the development of higher thinking skills as one of their strategic objectives, in line with UNESCO’s competencies for the 21st century [2,5].





2. Materials and Methods


2.1. Population and Sample


A mixed study with a descriptive design was implemented on a non-probabilistic sample, selected for convenience, and a validated strategy test [1] was applied to 34 students of the Primary Education Teaching Degree of the University of Granada, during the 2019/20 academic year, asynchronously via google form. The students are all Spanish nationals and are in their second academic semester. The distribution of the sample is shown in the following table (Table 1):



The sample consists of 34 people, 23 women (68%) and 11 men (32%), a very common trend in educational qualifications, where the presence of women is usually much higher than that of men. The age range fluctuates between 19 and 28 years, with the average age being 20 years.



The sampling was for convenience, following the criteria of access and availability of the respondents. It is necessary to mention that there are other studies that have used small samples [17,18,37,38]; what is relevant are the results and conclusions that have emerged to continue research and move towards a collective construction of knowledge.




2.2. Instruments


The test evaluates two skills: perspective analysis and abstraction. The first part gives two authors’ definitions of critical thinking, in which the student is asked to analyze each position independently. When developing the perspective analysis, they should do it in their own words, use synonyms, and not copy the textual words of the text. In this part of the test the student describes the opinions of others and his/her own perspective on the subject, i.e., evidence of perspective analysis.



In the second part of the test, they must make a synthesis for each perspective, that is, reduce the content, and leave the essence of the analyzed text, without losing the central idea.



They must create a general title on the subject in question and synthesize the ideas of the two authors worked on previously and the position they themselves have developed. They must then formulate questions, which should not be literal, but rather create a question for each perspective with the aim of broadening the subject matter addressed. Finally, they must label, that is, put a brief title, of two or three words, that transmits the main part of the content. In this part of the test, they demonstrate the ability to suppress meaning by carrying out each of the actions mentioned above, therefore, in the end, managing to give meaning to the definition by means of labelling.



The method that was implemented was initially to download the answers from the form, then proceeded to analyze the tests qualitatively by means of criteria, which have four levels of execution (4, 3, 2, 1) to measure the capacity of perspective and abstraction of the students. Then, a database was created in the Excel program by variables that includes each of the strategy tests, to make a descriptive analysis with the SPSS program and correlate the gender variables of the test.





3. Results


This section describes the results of the strategy tests, which have been analyzed from two perspectives, quantitative and qualitative.



3.1. Perspective Analysis


Within this analysis of perspectives, three different categories are presented and analyzed through a heading with four levels of assessment, these are: Optimal, Good, Satisfactory and Deficient.



The following table (Table 2) shows the different perspectives with the different results obtained



With regard to author’s perspective 1, 19 students obtained the optimal level, that is, these students were able to understand and identify the author’s ideas; on the other hand, in the good and satisfactory levels, six students obtained these levels respectively in each one; however, only three students have obtained scores regarding the deficient level. Author 1′s delivered definition of critical thinking is reflected in the score obtained, i.e., they were able to use synonyms and use their own words.



Following the same line, in the author’s perspective category 2, the results are disparate. At the optimal level, 14 students obtained this level, followed by the good level with 12 members. On the other hand, in the case of the deficit level, again three students were evaluated in this level, that is, they used the same words of the author and were not able to contribute with the author’s point of view using original words.



As far as the personal perspective is concerned, the results are more positive. A total of 20 people obtained the optimal level and only 2 students were evaluated in the deficit level, that is, they were not able to elaborate an idea with the authors’ points of view. Generally, when students analyze two or more perspectives, they undoubtedly improve their own view of a topic, that is, they manage to integrate visions of others in order to elaborate their own construction.



At the optimum level, considering both perspectives, it was found that they concentrate the best results of the sample; although the perspective of Author 1 (55.9% of the sample) predominates at this level, as opposed to the perspective of Author 2 (41.17%).



In general, the results show how the students of the Primary Education degree have a good development of the capacity to analyze the positions of the authors and to contribute with their own vision of critical thinking based on both definitions; however, those in the deficit level made a literal copy of the positions of the authors. In short, these students require more practice in this strategy and feedback.




3.2. Abstraction


In this second part of the test, three categories of analysis are established: synthesis, question creation and labelling.



With regard to the synthesis category, Table 3 shows the results of the participants. It is possible to extract with these results that it is within the subcategory of author 1 where there is a greater number of students who have obtained a deficient level in terms of not managing to synthesize with their own words the ideas of the text of this author. On the contrary, it is the own synthesis that obtains better results at the optimal level, the students that have managed to synthesize all the information being 18. If we compare the data, author 1’s synthesis has 26.4% in the satisfactory level and 14.7% in deficient, that is to say, there is a greater percentage of students who do not manage to synthesize this definition.



The creation of questions is the next category analyzed. Thus, it is necessary to emphasize that the questions must be related to the reduction of the content and focus on the main aspects of the text. This category is, on a general level, the one with the worst results, as it can be seen in Table 4. The highest values are concentrated in the central levels (good and satisfactory), while the optimal level is only reached by four students for author 1, five students for author 2 and six students for own question. Likewise, the deficit level is the one that obtains the highest values when compared to the same level in the other categories within the abstraction. Students tend to ask literal questions that are easier to elaborate on than questions that go deeper into a topic.



Although at the optimal level in both perspectives the results were not as expected; when observing the results in the Good and Satisfactory levels, both in perspective 1 and 2, it can be stated that in general the students are able to create questions according to the given parameters. (67.6%). However, the result obtained in the deficit level of the question itself (32.35% of the sample) is very striking.



Finally, in the creation of questions (Table 5), the percentage of students who achieve the optimal level is low; in general, the great majority develop literal questions on critical thinking. The highest levels are those corresponding to “satisfactory” in all subcategories, which means that students do not manage to abstract the essential ideas of the definition, a product that this description has unusual and familiar vocabulary for the student. One aspect to highlight is that this category of abstraction is the one that gets the lowest levels within the deficit level, which means that most students are not able to create titles that contain essential elements of the content in three words. That is to say, they do not manage to abstract the definitions of the authors and their own interpretation of critical thinking, being reflected in the labelling, that they do not have this ability developed. This is reflected in perspective 1, 2 and in the own one, with the low percentages achieved in Optimal (29.4% and 32.3%).




3.3. Comparison by Sex between Study Categories


In this point, the results obtained after comparing, between sexes, the different categories of analysis concerning the analysis of perspectives and abstraction are shown (Table 6).



In this table, if we look at the level of bilateral significance, we can see that there are no significant differences in any of the cases, since all the values exceed 0.05. However, trends are found with respect to sex; that is, in practically all areas the averages for men are higher than those for women are. Only in the areas of asking questions about one’s own perspective, labelling author 2 and labelling one’s own perspective are women’s averages higher than men’s are.



Similarly, it can be seen how the values fluctuate with respect to the average in a homogeneous way (SD) in both sexes.





4. Discussion and Conclusions


Developing higher thinking skills should be one of the objectives of all educational institutions, taking into account the competencies set by UNESCO for the 21st century [2,5] along with the use of technology as a regular tool for generating skills, through digital strategies.



From the above, the interest in carrying out this study arises, in order to check the level presented by students in the Primary Education Degree in relation to the perspective of analysis and the process of abstraction.



With regard to the analytical perspective, the results show that most of the participants present an optimal level, that is, they have very well acquired their capacity to analyze the positions of various authors, contributing critical thinking based on their definitions, in line with other research [22,23]. These results are similar to those obtained in research in Chile [2] and Spain [39]; this means that the ability to analyze other people’s positions is achieved without major cognitive problems.



With regard to the synthesis category, it should be noted that the greatest number of students (5) are in the deficit level with respect to author 1, since they have not managed to synthesize the ideas in the text in their own words. On the contrary, most of the participants (18) in the synthesis itself is where they have obtained optimal results, managing to synthesize all the information, coinciding with [25,27,29].



In the creation of questions, one aspect to highlight is that this category of abstraction is the one that obtains the lowest levels within the deficit level, which means that most students are not able to create titles that contain essential elements of the content in three words, according to [20].



Finally, and taking into account the level of bilateral significance, it can be seen that there are no significant differences in any of the cases. However, gender-related trends are found; that is, in practically all areas men’s averages are higher than women’s are. Only in the areas related to asking questions about one’s perspective, labelling in author 2 and labelling one’s perspective are women’s averages higher than men’s are. 64.0% of men have the ability to look ahead and women 60.9%. In the ability of abstraction, men achieve 27.3% and women 26.1%.



In the capacity of synthesis, to manage to elaborate a better synthesis of the text in its own perspective at the optimal level, on the contrary in the synthesis author 1, there are 14 students classified in the concepts of satisfactory and deficient.



Authors such as [40], focus on strategies to increase the ability of abstraction, which is why teachers must implement actions to develop it both inside and outside the classroom. A concrete example is the elaboration of summaries in 300 words that can be asked to the students, then, to be diminishing to 200 and finally, the same summary to leave it in 100 words, with the purpose of extracting the essential of the text. Another effective strategy is the labelling of the content [41], which can be worked on in paragraphs, so that the synthesized ideas of the text are expressed in one, two, or even three words.



In summary, we can say that a perspective analysis will help us to be critical, to form our own opinion, to respect what others think and to base our thinking. This process is one of the most powerful of thought since it requires great skill and discipline to make a reflection on a particular content from the opinion of oneself and others. Likewise, abstraction is a very powerful tool to extend and refine knowledge since it allows students to relate contents that seem different, analyze differences and similarities between concepts they are studying, helping them to recognize similar patterns between unknown information and information that is familiar to them [20]. It should be noted that abstraction is one of the most complex skills to develop in students, so further work should be done on the subject in question and use free programs, such as: cmaptool, to elaborate concept maps, word cloud, to capture group ideas to demonstrate abstract ability and GoConqr, to elaborate mind maps to extend knowledge, among others. In the case of video games of action, sports, science, history, among others, several studies highlight them as a way of generating learning, solving problems and developing logical thinking [17,18,38]. Abstraction can also be worked on, students can analyze what the video game is about, and then synthesize the essence of the contributions it delivers, then they can ask questions that go deeper into the subject and finally, in a word, label the essence of the video game.



Finally, the use of digital strategies must be incorporated as common practice within the learning process. Because of the pandemic, it has become evident that technology is necessary to work in a synchronous and asynchronous manner and, finally, teaching can be provided both in the classroom and virtually. In other words, the digital era, if it had already transformed the way of teaching and learning, today a reality has come to be established above all in times of crisis.



One of the limitations of this study is the application of the test to a small sample; however, these results are the starting point for further implementation of the test in other careers in education and other disciplines, in order to generate knowledge in this area and design strategies to develop thinking with the use of digital media or others.
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Table 1. Sample distribution.






Table 1. Sample distribution.





	Sex
	Sample Frequency
	Percentage Distribution





	Male
	11
	32%



	Female
	23
	68%
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Table 2. Sample distribution.






Table 2. Sample distribution.





	Levels
	Author 1 Perspective
	Author 2 Perspective
	Personal Perspective





	Optimal
	19
	14
	20



	Good
	6
	12
	6



	Satisfactory
	6
	5
	6



	Deficient
	3
	3
	2



	Total
	34
	34
	34
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Table 3. Summary of content. Distribution.






Table 3. Summary of content. Distribution.





	
Summary




	
Levels

	
Author 1

	
Author 2

	
Own






	
Optimal

	
15

	
12

	
18




	
Good

	
5

	
15

	
8




	
Satisfactory

	
9

	
4

	
5




	
Deficient

	
5

	
3

	
3




	
Total

	
34

	
34

	
34
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Table 4. Ask questions. Distribution.






Table 4. Ask questions. Distribution.





	
Ask Questions




	

	
Author 1

	
Author 2

	
Own




	
Levels

	
Question

	
Question

	
Question






	
Optimal

	
4

	
5

	
6




	
Good

	
12

	
12

	
10




	
Satisfactory

	
11

	
11

	
7




	
Deficient

	
7

	
6

	
11




	
Total

	
34

	
34

	
34
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Table 5. Label. Distribution of the sample.






Table 5. Label. Distribution of the sample.





	
Label




	
Levels

	
Author 1

	
Author 2

	
Own






	
Optimal

	
10

	
10

	
11




	
Good

	
2

	
9

	
3




	
Satisfactory

	
21

	
14

	
15




	
Deficient

	
1

	
1

	
5




	
Total

	
34

	
34

	
34
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Table 6. Sex comparison.






Table 6. Sex comparison.





	
T de Student




	
Area

	
Sex

	
N

	
Media

	
SD

	
t

	
gl

	
p-Value *






	
Perspective 1

	
F

	
23

	
3.04

	
1.107

	
−1.335

	
32

	
0.191




	
M

	
11

	
3.55

	
0.820




	
Perspective 2

	
F

	
23

	
2.96

	
1.022

	
−1.157

	
32

	
0.256




	
M

	
11

	
3.36

	
0.809




	
Own Perspective

	
F

	
23

	
3.17

	
1.029

	
−1.046

	
32

	
0.303




	
M

	
11

	
3.55

	
0.820




	
Summary Author 1

	
F

	
23

	
2.74

	
1.176

	
−1.053

	
32

	
0.300




	
M

	
11

	
3.18

	
1.079




	
Summary Author 2

	
F

	
23

	
2.96

	
0.928

	
−0.937

	
32

	
0.356




	
M

	
11

	
3.27

	
0.905




	
Own perspective synthesis

	
F

	
23

	
3.04

	
1.022

	
−1.376

	
32

	
0.178




	
M

	
11

	
3.55

	
0.934




	
Questions Author 1

	
F

	
23

	
2.22

	
0.998

	
−1.484

	
32

	
0.147




	
M

	
11

	
2.73

	
0.786




	
Questions Author 2

	
F

	
23

	
2.35

	
1.027

	
−1.080

	
32

	
0.288




	
M

	
11

	
2.73

	
0.786




	
Own Perspective Questions

	
F

	
23

	
2.39

	
1.158

	
−0.504

	
32

	
0.618




	
M

	
11

	
2.18

	
1.079




	
Label Author 1

	
F

	
23

	
2.57

	
0.945

	
−0.458

	
32

	
0.650




	
M

	
11

	
2.73

	
1.009




	
Label Author 2

	
F

	
23

	
2.87

	
0.920

	
0.424

	
32

	
0.674




	
M

	
11

	
2.73

	
0.905




	
Label Own Perspective

	
F

	
23

	
2.70

	
1.105

	
0.816

	
32

	
0.420




	
M

	
11

	
2.36

	
1.120








* In all cases p > 0.05, two tails.
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