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Abstract

:

This study was conducted among undergraduate students pursuing a Primary Education degree at the University of Zaragoza. Its primary aim was to enhance and elevate the quality of participation during theoretical sessions, thereby fostering meaningful learning that contributes to the improvement of academic performance among the participants. To achieve this objective, a quasi-experimental case study was meticulously crafted. This research design was structured to not only stimulate and augment participation but also to cultivate meaningful learning, ultimately enhancing students’ academic achievements. The study employed a comprehensive approach to monitor participation, utilizing observation records to track engagement levels, and anecdotal records to delineate the progression of sessions and the quality of responses. Through meticulous analysis, it can be deduced that the integration of thinking routines as a pedagogical tool in expository sessions significantly enhances student engagement. These routines effectively activate students’ prior knowledge, establishing meaningful connections with the subject matter at hand. Moreover, the incorporation of thinking routines has been observed to elevate the quality of student participation. By fostering reflective practices, aiding in the formulation of inquiries, promoting collaborative learning, and nurturing critical thinking skills, these routines play a pivotal role in enriching the educational experience and bolstering academic performance.
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1. Introduction


Today’s university students are accustomed to a dynamic and interactive teaching style, and teachers must adjust their practices accordingly. This means integrating curricular and methodological planning that supports active learning and the development of competencies, skills, and abilities that promote communication, collaboration, and engagement with problems. Therefore, it is essential for teacher education programs to give priority to the development of learning experiences that enable active student engagement and foster meaningful relationships within a specific context.



The classroom provides an environment conducive to engaging students in thinking and learning experiences, as well as promoting integration among them [1]. To achieve this, it is important to foster a culture where both individual and group thinking are actively manifested in everyday activities [2]. This educational approach is based on the premise that learning should not only focus on the acquisition of information but also on the development of skills to process and apply that information in meaningful ways. It also recognizes that learning goes beyond the mere accumulation of knowledge, and focuses on the development of skills to analyze, synthesize, and apply information effectively.



Therefore, it is crucial to design innovative curricula that encourage students’ active participation and help them deepen their understanding of fundamental concepts [3]. These curricula should go beyond the transmission of information and actively seek ways to engage students in activities that promote critical thinking, problem-solving, and the practical application of knowledge through the practical use of aesthetic knowledge [4]. In this way, students’ holistic development can be enhanced and they can be prepared to face the challenges of the real world effectively by fostering inquiry and suspicion through the presentation of imaginaries [4].



While active techniques are becoming more prevalent in higher education, it is essential to evaluate their efficacy. Currently, the academic literature does not have sufficient research that thoroughly assesses the efficacy of different thinking strategies and routines in promoting students’ critical thinking and profound comprehension, as well as their influence on the academic achievement of university students. Therefore, this study aims to explore the potential of thinking routines to promote meaningful learning through increased student participation in theory sessions.



Through this study, we seek to fill the gap in the research on the effectiveness of thinking routines as a tool for improving understanding and academic performance at the university level. By analyzing how the implementation of these routines in the classroom can influence student learning, we hope to gain valuable information that can inform future pedagogical practices and educational policies.



1.1. Theoretical Framework


Active student participation is a crucial component of the teaching–learning process and represents a central concern for a significant number of teachers [5]. We can distinguish two main approaches in the academic environment: one where students adopt a passive role and another where they take an active role in their learning, known as active learning. In the first, theoretical classes are characterized by the reduced presence of students and the prevalence of the figure of the teacher in what are known as master classes [6]. In contrast, active methodologies involve students in the learning process in a participatory manner, with their not being mere passive recipients of information imparted by the teacher. The basis of active learning is the idea that points to the relevance of the student actively seeking meaning related to the object of their learning, trying to relate it to their previous knowledge, reflecting on its consequences for what they already know, and, in short, thinking about it [7]. It is characterized by stimulating students to generate their own solutions and applying concepts and theories to different situations [8]. Learning with meaning, from what is known, in an active way, and with real tasks, will be the guarantee of authentic learning [8]. Instead of focusing solely on the transmission of knowledge, these methodologies encourage the development of skills such as critical thinking, problem-solving, teamwork, and effective communication, among others [9]. The protagonists of learning are the students.



Another aspect to take into account in this form of learning is that it has teachers engaging in a structured process of analysis and discussion with the goal of generating concrete outcomes. The teacher must teach students to construct mental schemas. Their role, in this type of methodology, is to accompany, guide, give feedback, and evaluate the students during the process. To understand this type of didactic methodology, it is also important to perceive the relevance of student activity in the processes of acquiring cognitive and skill development. New activity-based educational models demand that learners organize their work in a self-sufficient way, which implies a considerable change in the attitude and role of teachers [10]. It seeks to generate more meaningful, relevant and contextualized learning, in which students are the protagonists of their learning process and the teacher acts as a facilitator and guide [11].



Autonomous learning strategies for university students include the students’ contribution to the teaching–learning process, linked to their participation in the classroom [12]. However, it is important to bear in mind that class participation should not only be measured by the number of times a student speaks in class, but also by the quality of their interventions. Teachers should assess whether such participation is conducive to meaningful learning. For this long-term and lasting learning to take place, it is necessary to connect the teacher’s teaching strategy with the students’ previous ideas, presenting the information in a coherent and non-arbitrary way, “building” the concepts in a solid way, interconnecting them with each other in the form of a knowledge network [13].



Thinking culture is an educational approach that fosters the growth of critical and innovative thinking abilities in students, while also encouraging the establishment of a cooperative and introspective learning atmosphere. It promotes the creation of an environment where critical, creative, and reflective thinking is valued, encouraged, and practiced on an ongoing basis. It is based on the idea that learning goes beyond the mere acquisition of knowledge and focuses on the development of thinking skills that enable students to understand, analyze, and apply what they learn in meaningful ways in a variety of contexts. Learning thinking skills develops the deepening and extension of acquired knowledge and stimulates good-quality thinking [14]. Students are encouraged to ask questions, explore different perspectives, express their opinions, and justify their ideas through reasoning. Teachers play a key role in creating and maintaining this culture, using pedagogical strategies that promote reflection, dialogue, and collaboration among students. The aim is to cultivate a mindset of inquiry, analysis, and reflection that prepares students to meet the challenges of today’s world more effectively.



Thus, the boom in the development of a culture of thinking in the classroom has been realized through the design of a series of cognitive tools such as thinking routines, which have contributed to facilitating the acquisition of different types of learning [15,16]. Thinking routines are specific tools to help students develop critical thinking and metacognitive skills. They provide an opportunity to structure and reflect on the processes that take place when we think [17]. These routines provide cognitive structures and processes that guide students through different stages of thinking, such as observation, interpretation, reflection, and synthesis, thus facilitating deeper and more meaningful thinking.



They are presented as a very useful pedagogical resource for generating ideas, enhancing reasoning skills, encouraging reflection, and understanding school content more effectively [18]. In addition, they make the knowledge, ideas, reflections, and hypotheses that students carry out visible in that they favor the creation of reflective mental habits, the generation of ideas, the organization of mental actions, and the establishment of relationships, as well as the coherent structuring of content, something that will favor the future employability levels of a person in the productive fabrics. This is the way they are because, as Aguirre [19] points out, education aims to create free and creative subjects, something that modern society demands for any of its spheres.




1.2. Objective and Research Questions


This study aims to analyze the differential value of the teaching methodology of thinking routines, used in the subject of “Visual and plastic education” in the degree program for becoming a teacher in Primary Education, as a didactic tool that favors participation in the classroom and increases academic success.



Based on this objective, we posed the following research questions:



Q1: Is there greater student participation in the sessions carried out using thinking routines?



Q2: To what extent does the teaching methodology of thinking routines contribute to students’ meaningful learning and improve their academic performance in aspects such as the final grade of the subject, their exam grade, practical grade, and project grade?



Q3: Are there significant differences in students’ academic performance and participation according to variables such as gender and age?





2. Methodology


2.1. Sample


We present a convenience sample of N = 237 university students aged between 20 and 49 years, with a mean age of 20.90 years (SD = 3.46). Of these, 170 are female and 67 are male. They are divided into four teaching groups, the first two participating in the morning and the second two in the afternoon.




2.2. Teaching Approach


The subject in which the study was carried out is “Visual and plastic expression”, a compulsory subject in the second year of the Primary Education degree, with 6 ECTS credits.



Classes are structured in two sessions per week for each group, each lasting 110 min:




	
In the single-group theory sessions, where only one teacher intervenes, they correspond to the explanation of the theoretical concepts.



	
In the practical sessions, work is carried out by splitting the groups, with one teacher in each group. Due to the characteristics of the problem-solving and case-solving part of the course, eminently practical issues are dealt with.








The final grade for the course is made up of individual practicals, group projects, and a theory test (see Table 1).



The arrangement of the theoretical topics and their structure when they are taught are designed to have a direct relationship with the individual practices and group projects carried out in parallel with the practical sessions. Thus, the connection between theory and practice is perfectly interwoven to anticipate practical processes with theoretical knowledge.



The theoretical part of the course consists of a total of 9 sessions, 4 of which are structured through the methodology of thinking routines and the other 5 follow a traditional expository methodology.



In the sessions where the thinking routines were implemented, we tried to maintain the structure of the sessions. In each work session (four in total), three routines were developed: one at the beginning of the class to present and explore ideas; another after explaining the general presentation of the topic to synthesize the information; and the last at the end of the session to organize and deepen the concepts presented [20].



The thinking routines that were selected were more in line with the development of the conceptual content of the subject, each with a different objective (see Table 2).



Different methods were used to measure a student’s class participation:



	
Direct observation: The teacher observed and recorded in all theory sessions the frequency and quality of the students’ interventions in the class. This was recorded in a checklist.



	
Questions and answers: The teacher asked students questions during the theory classes where thinking routines were not used, and evaluated their answers. This allowed the level of understanding and participation of the students to be assessed.







2.3. Design and Procedure


This is a quasi-experimental research study since, due to the characteristics of the university classroom, it is not possible to apply random or stratified sampling, leading us to opt for a convenience sample. Thus, a case study (groups) is applied in which the teachers play a mixed researcher–teacher role. This research design aims to respond to two real classroom needs: (a) to encourage and increase participation and (b) to promote meaningful learning that improves students’ academic performance. In this way, participation was recorded using an observation register, and the quality of the responses was recorded using an anecdotal record in which the teacher explained the development of his or her sessions.



The procedure followed and previously described in Section 4.2 is shown in the following figure (see Figure 1).




2.4. Variables and Instruments


The following study variables were found:



Learning routines: teaching tools used to develop critical thinking skills and promote a reflective approach to problem-solving [17].



Expository methodology: an educational approach in which the teacher presents information in a direct and organized manner to students. It is a form of teaching in which the teacher conveys knowledge, concepts, or skills through verbal exposition, often supported by visual materials such as slide presentations, whiteboards, or multimedia resources [21].



Academic performance: refers to the level of success a student achieves in their educational activities, in this case, measured by continuous assessment work and an end-of-course exam [22].



Socio-demographics: gender (male, female) and age (year of birth) are considered.



In addition, the following methods were used as instruments to collect information:



Anecdotal recording: this is used to assess the quality of the evidence. It is a qualitative observation technique in which detailed and objective descriptions of specific student behaviors in the classroom context are collected [22,23]. To ensure the reliability and usefulness of the anecdotal record as a measurement tool, the following principles were followed [22,23].



	
Objective observation (based on observable facts, avoiding the inclusion of personal judgments or subjective interpretations).



	
A clear context (including details about the classroom, the activity, or any other relevant factor that may influence the interpretation of the observation).



	
Specificity (specific behaviors, avoiding generalizations).



	
Consistency (being consistent with the observation approach and criteria so that notes are comparable over time and between different observers).



	
Immediacy (annotations are made as soon as possible to ensure accuracy and avoid losing important details).



	
Periodic recording (records are made at each session, i.e., regularly, to assess the progress of and changes in the subject throughout the study).



	
Confidentiality and ethics (the anonymization and privacy of data being kept and following the ethical principles set out in the Helsinki Declaration) [24].






Observational recording: used to assess student participation. It is a data collection technique that involves the systematic and recorded observation of behaviors in the natural classroom environment [22,23]. To maintain the reliability and internal consistency of the instrument, the following principles were followed:




	
The clear definition of behaviors (student participation, considering its quality and frequency).



	
The training of observers and inter-observer reliability (observers are experienced teachers who have been teaching the subjects in a coordinated manner for more than 4 years).



	
The standardization of procedures (being held in the plastic education classroom, during practical and theoretical sessions throughout the whole subject).



	
The use of clear categories or codes (tips are used to indicate the number of times students participate, and written annotations are used to describe the quality of the intervention).



	
Real-time recording (while the session is taking place the teacher who is a participant observer keeps a record of everything).



	
Contextual recording (recording information about the classroom context)



	
Periodicity and duration (carried out during all theoretical and practical sessions throughout the semester) [22,23].










3. Results


3.1. Results regarding Question 1: Is There Greater Student Participation in the Sessions Carried out Using Thinking Routines?


Initially, the spontaneous participation of the students is practically nil during the sessions with expository methodologies, whereas, if the teaching methodology of thinking routines is used, the students increase their spontaneous participation (see Table 3). In this sense, 39.24% of the students participated in the sessions with routines. This affirmatively answers the first research question, Q1.



Furthermore, it is necessary to study the value of the socio-demographic variables of the students. The ANOVA test found no differences between groups, while the Student’s t-test did show significant differences between sexes, with males participating more. Finally, the ANOVA test did not show significant differences between age groups (ANOVA; F = 2.79, p = 0.096) (see Table 3).




3.2. Results regarding Question 2: To What Extent Does the Teaching Methodology of Thinking Routines Contribute to Students’ Meaningful Learning and Improve Their Academic Performance in Aspects Such as the Final Grade of the Subject, Their Exam Grade, Practical Grade, and Project Grade?


Consequently, it is necessary to verify, in the first instance, whether there are significant differences between the students who participate regularly in the routine sessions and the academic success variables by employing an ANOVA test (see Table 4). Thus, significant differences are found in favor of those who do participate in the assessments for the class practicals and projects, i.e., in the continuous assessment sections. The methodological change does not improve the final exam grade, or that of the subject.



Regarding the quality of the participation in the thinking routines sessions and the academic success variables, a series of simple forward stepwise regressions are performed (see Table 5). In this way, the effect of the quality of students’ responses in the routine sessions on each of the academic success variables is analyzed. In summary, it is found that 2% of the final subject grade, 3% of the practical grades, and 2% of the final project grade are significantly explained by the quality of the student’s answers in the routines (see Table 5). However, the routine methodology does not explain the final exam grade in percentage terms. Consequently, research question Q2 is partially affirmatively answered.



On the other hand, it is necessary to expose how the Student’s t-test shows no differences between sexes (F = 2.13; p = 0.14; t = −1.85; p = 0.06) except for their participation, where men stand out. However, the age variable is relevant. A simple regression analysis shows that 3.5% (R2 = 0.035) of the quality of the response is mediated by age (t = 2.92; p = 0.004), showing a positive relationship. In other words, as age increases, the quality of responses increases. Thus, Q3 is partially affirmatively answered given that, although there is no difference between the quality of the ratings, men participate to a greater extent than women, and that the quality of the responses in routines is mediated by age.




3.3. Results regarding Question 3: Are There Significant Differences in Students’ Academic Performance and Participation According to Variables Such as Gender and Age?


It is necessary to test the holistic relationship between the methodology of routines and the academic success variables together with the moderating variables in such a way that a comprehensive model is obtained by using moderation analysis [25] (see Table 6).



This model reaffirms the results found, as there is a direct effect of the quality of participation in routines on the final grades for the subject, the practical and project grades (see Table 7).



Furthermore, this allows us to rule out age as a moderating variable through its indirect effects (see Table 8). In other words, in the overall analysis of the subjects’ evaluations, age is not significant.



However, the residual effects (see Table 9) show how the grades for the project and the practical exercises have a very strong and positive effect on the final exam grade. In short, improving the performance in internships and projects increases the excellence in the objective assessment of the examination. In other words, continuous assessment leads to better learning.



Gender is a determining factor in the quality of the contributions in the routine sessions and the continuous assessment grades. Thus, the female gender plays a certain role in the practical (–0.56) and project (–0.86) grades, but not in the final and exam grades, where the values are very low. Consequently, the reason for these differences should be further explored, as the evolutionary stage of university students does not justify such differences. Finally, it should be noted that research question Q3 is partially affirmatively answered, since gender plays a determining role while age shows very weak values.





4. Discussion


This study analyses student participation from a pedagogical perspective, considers the characteristics of the participants, and is conceived as a tool for developing attitudes, regulating procedures, and learning strategies [25]. Different research reveals how the learning strategies of university students are related to their academic results [26,27], and this link is associated with individual variables such as age, gender, and learning style [28,29,30]. All of this establishes a relationship between learning approaches and the self-regulation that students develop, concretized in better planning and control of execution [31,32], favoring deeper learning, and observed in greater planning and behavior through self-regulatory strategies.



Thinking routines are shown to encourage engagement in learner interventions. This is an effective tool for learning, given that knowledge is acquired through the involvement of student activity [33,34,35,36,37]. We can affirm that it is more complex to encourage participation in a classroom where theoretical concepts are developed, and the teacher controls the speaking time to a greater extent [38].



It is important to remember that participation is not innate and is learned through practice, which makes it even more important to try to educate with it [39]. Considering the good of Dewey’s principle [40] of learning-by-doing, there is also doing-by-learning. Among the main findings, in this respect, is the foundation of active methodologies in constructivist theory. These focus the teaching–learning process of the students, as well as their uniqueness in favoring active participation and cooperative working relationships, having the resolution of real problems as a didactic-methodological resource, rejecting the rote process, and pursuing creativity and critical reflection [6]. This undoubtedly requires changes in the forms of planning with the design of didactic activities that promote student participation and evaluation in such a way that the learning process responds to a constructivist perspective [41].



From this conviction, the didactic strategies available to teachers which are valuable tools for transforming teaching and the teaching–learning process aim to put the student at the center of the process, where teaching does not revolve around the teacher and the content, but rather around the student and the activities they carry out to achieve learning [41]. In this sense, we have found that active methodologies lead to greater student participation and interest. These didactic methods have some characteristic features such as promoting the construction of meaningful learning, bringing specific student skills into play, and stimulating critical thinking and creativity to make predictions [42]. Thinking about the training process from these active methodologies does not mean incorporating isolated activities that promote participation, but rather it implies thinking about teaching at the service of the student [41], with these strategies, such as thinking routines, being an ideal ally for the promotion of critical thinking and reflection through iconic discourses.



However, it is important to develop theoretical content oriented to the application of the necessary knowledge for the solving of practical problems [9]. Therefore, from the experiences generated by thinking routines, it is possible to stimulate students and, at the same time, give value to what they discover through their interpretations [42]. A student’s participation in class is a didactic strategy for learning from challenges, making it an enjoyable learning practice and fostering many interpersonal skills and abilities [43]. In our results, these skills and abilities are associated with an improvement in the quality of practices and projects. Students acquire a higher level of commitment to what they have studied, favoring autonomy, and generating competencies for learning to learn in collaboration with peers [41].



For example, for future professional student teachers, it is important to increase their communication skills, but these are skills that are not usually given enough attention and are always addressed transversally [44]. Using thinking routines, participation is stimulated with the use of questions and reflections in an oral form, leading to the development of effective communication strategies. These allow students to develop the higher-order skills, such as collaboration and self-learning, that are demanded by society and are useful not only in their academic life but also in their professional life [45].



Moreover, since reflection is carried out in groups, students are allowed to share, contrast, and discuss their ideas with their classmates, as well as with teachers, in a relaxed atmosphere, with very positive effects on learning [7]. By using thinking strategies and routines, the culture of thinking in the classroom encourages reflection and the analysis of concepts. Students are challenged to think deeply about concepts, consider different perspectives, and evaluate evidence before reaching conclusions.



Through the implementation of thinking routines in a university classroom, we have observed an enhancement in the cultivation of consideration and respect for a diversity of opinions. By creating an environment where the expression of different points of view is valued and respected, the thinking culture in the classroom promotes an openness to diversity and a respect for the opinions of others. A culture of thinking encourages students to consider and explore different perspectives on a given topic. Through discussion and debate, they are challenged to critically examine their own beliefs and consider new ideas. Exposure to different points of view enriches learning by providing students with a more complete and nuanced understanding of an issue. It helps them develop flexible thinking skills and appreciate the complexity of issues from multiple perspectives.



Exposing students to different points of view and encouraging them to consider diverse opinions fosters critical thinking and enriches learning, which is an original contribution to students’ development as global citizens and independent thinkers. Contributions related to the culture of thinking in the classroom are effective because they focus on the development of thinking skills, promote an environment of inquiry and exploration, use innovative thinking strategies and routines, and value diversity in perspectives as an integral part of the learning process.



In the present study, participation was analyzed considering the promotion of learning situations involving subject concepts to promote the construction of significant learning from a theory test, practicals, and projects [46].



Regarding the academic performance demonstrated in the results of the theory test, we cannot confirm that the use of routines was effective, unlike in the cases of the practicals and projects. As in other studies [47] where tools to encourage participation, such as digital questionnaires designed with SOCRATIVE, were used, no improvement in academic results was observed since the concepts had not been adequately assimilated.



The effectiveness of the methodological proposal used in this study corresponds to the model designed at Harvard University [5], where the content developed in the projects is learned using a methodology based on learning and not so much on teaching. In other words, the teaching work is present in the design of the routines, their monitoring, and their sharing so that the content that the students develop practically in the projects is learned through participatory and reflective strategies. The work was based on a process guided by the teachers to promote spaces for autonomous work, the social construction of knowledge, and critical participation, thus favoring the desired cognitive, procedural, and attitudinal development of the students [48].



The students who participated in the study, during the internships and projects, worked actively and contributed to the group work in a representative way, which can be considered to be participation in class. The thinking culture encourages the development of critical thinking skills, such as analyzing, evaluating, and synthesizing information. These skills are essential for students to understand and question the world around them in a deeper and more meaningful way. The thinking culture focuses not only on understanding concepts but also on applying them in practical situations. Encouraging students to think critically about how they can use concepts in real life helps them to develop knowledge-transfer skills.



We can conclude that, if we want to encourage participation in classrooms to improve academic performance and achieve meaningful learning, the choices will range between teacher-centered and student-centered teaching methods. Between these two methodological assumptions, it is possible to establish a continuum of combinations with differential participation being one of the extremes. Concerning learning, the choice would fluctuate between favoring rote, reproductive, and superficial learning, or meaningful learning through understanding, investigation, and in-depth knowledge [43]. We have been able to confirm that spending time in theoretical classes to mobilize students’ prior knowledge promotes the integration of new knowledge effectively into the practical part of the subject [49].



Through this study, we have found a correlation between encouraging the development of tools that foster a culture of thinking in university classrooms and promoting a focus on deeply understanding concepts rather than simply memorizing information. By encouraging students to think critically about concepts, you help them better understand the concepts’ meaning and applications.



A culture of thinking in the classroom can lead to better academic performance by students. By promoting more active and reflective thinking, students can improve their understanding of concepts and apply them more effectively in various academic situations. Furthermore, in an increasingly complex and changing world, critical, creative, and reflective thinking skills are increasingly important. The culture of thinking in the classroom helps prepare students to face real-world challenges by fostering the ability to solve problems, make informed decisions, and communicate effectively. By promoting an environment where active and reflective thinking are valued and encouraged, a classroom’s thinking culture can increase students’ participation and commitment to the learning process. Students feel more motivated and engaged when they are allowed to think critically and actively contribute to classroom discussions.



It can be stated that teaching methods with student participation, where the responsibility for learning depends directly on students’ activity, involvement, and commitment, are more formative than merely informative, generate deeper, more significant, lasting learning, and facilitate the transfer of knowledge to more contexts heterogeneously [43].



The present study is in line with previous research where socio-demographic variables have some moderate power. Regarding the relevance that the students’ genders may have on their participation, there are many studies on the subject that describe a broad panorama of their differences in the use of learning strategies and styles [28]. Focusing on the Spanish territory and the university students of a Primary Education degree, in a teaching innovation experience of the faculty of education of the Complutense University of Madrid [50], they have identified that men, despite being fewer in number, tend to intervene in all classes. This same report highlights that the participation of female students is lower, although their contributions are more argumentative. The present study coincides with studies where no significant differences were found in terms of the quality of participation [44].



There is little theoretical foundation to justify the age differences in the study processes of higher education students. It has been found in this research that older students develop higher-quality strategies than younger students do through their participation in thinking routines. These results are in line with the findings of Richardson [51], whose research has shown that older students tend to use a deeper approach, while younger students adopt a more superficial approach. In contrast, other authors [52] consider that the mere fact that students in higher education reach a certain age does not mean that they have mature learning strategies. Considering the above, it can be justified that older university students have a higher level of personal and/or professional responsibility, which results in greater class participation, which leads them to develop their university studies more successfully due to their degree of involvement and performance in them.



Beyond the age and sex of the students, we consider that participation improves coexistence and the transformation of educational practices towards democratic models and equity [25].



In short, the mere participation in the sessions with thinking routines means that the students who have participated in the study earned better grades on the practicals and in the projects of the subject, that is, in the sections of continuous assessment.



4.1. Limitations and Prospective Studies


This study is subject to some limitations. Specifically, since it is a quasi-experimental study involving only 237 students from the Education department at the University of Zaragoza, it may be difficult to generalize the findings to other samples. This raises several important questions that demand further investigation: Are there differences in participation rates between students from different university degrees or branches of knowledge? Do students from private and public universities behave differently? How do intrinsic and extrinsic motivation impact student participation? Is the teaching vocation a critical factor? What role do socio-demographic variables play?



To address these issues and to expand the scope of this study, we plan to broaden the sample to include students from other fields and disciplines. We also plan to compare the adoptions of these strategies across students enrolled in different universities (public and private). Additionally, we will examine the impact of motivation and the teaching vocation and explore in greater depth the significance of socio-demographic variables such as gender and age. The current scientific evidence suggests discrepancies that require further analysis.




4.2. Practical Applications


Due to the limited knowledge base in the early stages of higher education, incorporating thinking routines can enhance active participation and reflection during practical sessions. These routines can also be useful for subjects that rely heavily on memorization. To fully benefit from these routines, a strong understanding of the subject matter is necessary. Thinking routines provide invaluable tools to comprehend theoretical concepts across various fields of knowledge, not just in university courses, but also in secondary education. By encouraging participation and promoting meaningful learning, thinking routines can offer benefits to students in all subjects.





5. Conclusions


Through this work, we can conduct a preliminary analysis of the efficacy of thinking routines in promoting student engagement and facilitating meaningful learning among university students. This insightful research brings university educators one step closer to comprehending the factors that encourage students to participate actively in class, thanks to the implementation of this effective pedagogical tool that enhances training activities.



The findings of this study validate the value of learning routines in substantially enhancing both teaching and learning processes:




	
They develop reflection: Thinking routines encourage students to reflect on their learning, enabling them to think critically about the concepts they are being taught. This can improve their ability to participate in the classroom because they are more engaged with the content and have a better understanding of it.



	
They help to formulate questions: Thinking routines help students formulate questions about content, allowing them to participate more actively in the classroom. By asking questions, students can deepen their understanding and get answers to their concerns.



	
They promote collaboration: Thinking routines drive collaboration among students, which enhances student engagement. When students work together to apply a thinking routine, they can discuss their ideas and build knowledge together.



	
They increase critical thinking skills: Thinking routines are designed to develop critical thinking and metacognition skills in students. When students use these skills, they are better equipped to actively engage in learning and question what they are being taught.



	
They encourage the exploration of multiple perspectives and solutions to complex problems and encourage students to question assumptions and consider the consequences of their decisions and actions. They also emphasize the importance of effective communication, active listening, and collaboration in learning.








Routines increase spontaneous participation in the classroom. They are a good strategy to actively involve students by motivating them using images and their verbalization. The aim is to get students out of passivity and to make them aware of the process of the self-regulation of their learning. We consider that through this didactic tool, they can develop thinking habits that improve the quality of their participation in the classroom and they can apply them to practical problem-solving situations. In terms of socio-demographic factors, our findings indicate that there are significant differences in participation based on gender and age. Specifically, men tend to be more participative than women, and older students tend to be more active than younger ones.



Furthermore, even though we did not observe any individual exam success, we found that students who participated in sessions through learning routines showed greater academic success, particularly in their individual practicals and group projects. This highlights the significant impact of using routines in theoretical classrooms, leading to better practical academic performance.



Through the space for reflection that is established by learning routines, students develop a deeper understanding and sense of project work. This has led to improved creativity, a better comprehension of objectives, and a greater involvement in proposals.







Author Contributions


Conceptualization, N.R.-V.; methodology, N.R.-V. and R.L.-B.; software, R.L.-B.; validation, N.R.-V., V.M.-L. and R.L.-B.; formal analysis, R.L.-B.; investigation, N.R.-V., V.M.-L. and R.L.-B.; resources, N.R.-V. and V.M.-L.; data curation, R.L.-B.; writing—original draft preparation, N.R.-V. and V.M.-L.; writing—review and editing, N.R.-V., V.M.-L. and R.L.-B.; visualization, N.R.-V.; supervision, N.R.-V.; project administration, N.R.-V.; funding acquisition, N.R.-V. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Ethical review of and approval for this study have been waived because the participants are of legal age, as indicated by the ethics committee of our university.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data are contained within the article.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Ramos-Vallecillo, N. Cultura de Pensamiento. Las Rutinas de Aprendizaje en Educación Artística. Perspectivas Contemporáneas de la Educación Artística: Métodos, Creación, Investigación y Buenas Prácticas Docentes; Universidad de Zaragoza: Zaragoza, Spain, 2023; pp. 137–150. [Google Scholar]

	



Ritchhart, R.; Church, M.; Morrison, K. Hacer Visible el Pensamiento Cómo Promover el Compromiso, la Comprensión y la Autonomía de los Estudiantes; Paidós: Ciudad Autónoma de Buenos Aires, Argentina, 2014. [Google Scholar]

	



Krajcik, J.S.; Shin, N. Project-based learning. In The Cambridge Handbook of the Learning Sciences; Cambridge University Press: Cambridge, UK, 2014; pp. 275–297. [Google Scholar]

	



Murillo-Ligorred, V.; Ramos-Vallecillo, N.; Covaleda, I.; Fallos, L. Integration and Scope of Deepfakes in Arts Education: The Development of Critical Thinking in Postgraduate Students in Primary Education and Master’s Degree in Secondary Education. Educ. Sci. 2023, 13, 1073. [Google Scholar] [CrossRef]

	



Imbernón, F.; Medina, J.L. Metodología Participativa en el Aula Universitaria. La Participación del Alumnado; Universitat de Barcelona, Institut de Ciències de l’Educació & Ediciones Octaedro: Barcelona, Spain, 2008. [Google Scholar]

	



Peralta Lara, D.C.; Guamán Gómez, V.J. Metodologías activas para la enseñanza y aprendizaje de los estudios sociales. Soc. Tecnol. 2020, 3, 2–10. [Google Scholar] [CrossRef]

	



Ruiz-Martín, H. ¿Cómo Aprendemos?. Una Aproximación Científica al Aprendizaje y la Enseñanza; Graó: Barcelona, Spain, 2020. [Google Scholar]

	



Pellicer, C.; Álvarez, B.; Torrejón, J. Aprender a Emprender: Cómo Educar el Talento Emprendedor; Fundación Príncipe de Girona: Aulaplaneta, Spain, 2013; Available online: https://es.fpdgi.org/upload/projecte/aprender-a-emprenderesp.pdf (accessed on 23 July 2023).

	



Hernández-Fernández, E.L.; Cubillas-Quintana, F.; Padrón-Álvarez, A. Talleres metodológicos para la superación profesional en la aplicación de metodologías activas desde las TIC. Luz 2022, 21, 19–28. [Google Scholar]

	



Yu, Z.; Xu, W.; Sukjairungwattana, P. Meta-analyses of differences in blended and traditional learning outcomes and students’ attitudes. Front. Psychol. 2022, 13, 926947. [Google Scholar] [CrossRef] [PubMed]

	



Sánchez, S.; Brahim, C.; López, V. El proceso de aprendizaje a través de un pensamiento complejo. In Proceedings of the Eleventh LACCEI Latin American and Caribbean Conference for Engineering and Technology (LACCEI’2013), Cancún, Mexico, 14–16 August 2013; Innovation in Engineering, Technology and Education for Competitiveness and Prosperity. pp. 1–8. [Google Scholar]

	



López, F. Los Proyectos de Trabajo en el Aula. Reflexiones y Experiencias Prácticas; Graó Laboratorio Educativo: Barcelona, Spain, 2010; pp. 9–12. [Google Scholar]

	



Ballester, A. El Aprendizaje Significativo en la Práctica. Cómo Hacer el Aprendizaje Significativo en el Aula; Ed Pirámide: Las Palmas, Spain, 2002. [Google Scholar]

	



Valenzuela, J. Habilidades de pensamiento y aprendizaje profundo. Rev. Iberoam. Educ. 2008, 46, 1–9. [Google Scholar] [CrossRef]

	



Báez, J.; Onrubia, J. Una revisión de tres modelos para enseñar las habilidades de pensamiento en el marco escolar. Perspect. Educ. Form. Profesores 2016, 55, 94–112. [Google Scholar]

	



Beas, J.; Santa Cruz, J.; Thomsen, P.; Utreras, S. Enseñar a Pensar para Aprender Mejor; Ediciones Pontificia Universidad Católica de Chile: Santiago, Chile, 2001. [Google Scholar]

	



Ramírez, P.; Romero, Y.; Barreto, C. Taller: Rutinas de pensamiento y formación de maestros. In Biografía. Escritos Sobre la Biología y su Enseñanza; Universidad Distrital Francisco José de Caldas: Bogotá, Colombia, 2017; pp. 1520–1526. [Google Scholar]

	



Swartz, R.J.; Costa, A.L.; Beyer, B.K.; Reagan, R.; Kallick, B. El Aprendizaje Basado en el Pensamiento: Cómo Desarrollar en los Alumnos las Competencias del Siglo XXI; SM: Madrid, Spain, 2008. [Google Scholar]

	



Aguirre, I. Teorías y Prácticas en Educación Artística. Ideas para una Revisión Pragmatista de la Experiencia Estética; Octaedro-EUB: Barcelona, Spain, 2005. [Google Scholar]

	



Lackéus, M. Pedagogía de Creación de Valor: Un Manual para el Aprendizaje Significativo en la Escuela; Círculo Editorial Azteca: Ciudad de México, Mexico, 2023. [Google Scholar]

	



Lozano-Blasco, R.; Quílez-Robres, A.; Usán, P.; Salavera, C.; Casanovas-López, R. Types of Intelligence and Academic Performance: A Systematic Review and Meta-Analysis. J. Intell. 2022, 10, 123. [Google Scholar] [CrossRef]

	



Acuña, B.P. Métodos Científicos de Observación en Educación; Visión Libros: Madrid, Spain, 2011. [Google Scholar]

	



Anguera, M.T.; Blanco-Villasenor, A.; Losada, J.L.; Portell, M. Pautas para elaborar trabajos que utilizan la metodología observacional. Anu. Psicol. 2018, 48, 9–17. [Google Scholar] [CrossRef]

	



Médica Mundial, A. Declaración de Helsinki de la Asociación Médica Mundial. Principios éticos para las investigaciones médicas en seres humanos. An. Sist. Sanit. Navar. 2009, 24, 209–212. [Google Scholar]

	



Venceslao, M.; Martínez Martín, I.; Hipólito Ruiz, N. Diálogos entre las tendencias en la participación del alumnado y del profesorado en los centros de Educación Secundaria. Rev. Estilos Aprendiz. 2022, 15, 80–91. [Google Scholar] [CrossRef]

	



De la Fuente, J.; Pichardo, M.C.; Justicia, F.; García-Berbén, A.B. Enfoques de aprendizaje, autorregulación y rendimiento en tres universidades europeas. Psicothema 2008, 20, 705–711. [Google Scholar]

	



Garavalia, L.S.; Gredler, M.E. Prior achievement aptitude and use of learning strategies as predictors of college Student achievement. Coll. Stud. J. 2002, 36, 616–626. [Google Scholar]

	



Cano, F. Diferencias de género en estrategias y estilos de aprendizaje. Psicothema 2000, 12, 362–367. Available online: https://www.psicothema.com/pdf/343.pdf (accessed on 1 May 2023).

	



Jiménez-Rodrigo, M.; Márquez-Lepe, E. Ir a la Universidad después de los 30: Dificultades y factores facilitadores. Aula Abierta 2014, 42, 1–8. [Google Scholar] [CrossRef]

	



Sadler-Smith, E. Approaches to studying: Age, gender, and academic performance. Educ. Stud. 1996, 22, 367–379. [Google Scholar] [CrossRef]

	



Case, J.M.; Gunstone, R.F. Metacognitive Development as a Shift in Approach to Learning: An In-Depth Study. Stud. High. Educ. 2002, 27, 459–470. [Google Scholar] [CrossRef]

	



Heikkila, A.; Lonka, K. Estudiar en educación superior: Enfoques de aprendizaje, autorregulación y estrategias cognitivas de los estudiantes. Estud. Educ. Super. 2006, 31, 99–117. [Google Scholar]

	



Pearson, J.; West, R. An initial investigation of the effects of gender on student questions in the classroom: Developing a descriptive base. Commun. Educ. 1991, 40, 22–32. [Google Scholar] [CrossRef]

	



Nunn, C.E. Discussion in the college classroom: Triangulating observational and survey results. J. High. Educ. 1996, 67, 243–266. [Google Scholar] [CrossRef]

	



Mercer, N.; Howe, C. Explaining the dialogic processes of teaching and learning: The value and potential of sociocultural theory. Learn. Cult. Soc. Interact. 2012, 1, 12–21. [Google Scholar] [CrossRef]

	



Mercer, N. Classroom dialogue and the teacher’s professional role. Educ. Rev. 2008, 21, 60–65. [Google Scholar]

	



Álvarez, C. ¿Es interactiva la enseñanza en la Educación Superior? La perspectiva del alumnado. Rev. Docencia Univ. 2017, 15, 97–112. [Google Scholar] [CrossRef]

	



Burgos, S.; Domínguez, M.R. La participación en el aula de matemáticas. In Matemáticas e Interculturalidad; Gráo: Barcelona, Spain, 2006; pp. 49–63. [Google Scholar]

	



Ventosa, V.J. Didáctica de la Participación. Teoría, Metodología y Práctica; Narcea: Madrid, Spain, 2016. [Google Scholar]

	



Dewey, J. El Arte Como Experiencia; Paidós: Barcelona, Spain, 1949. [Google Scholar]

	



Silva, Q.J.; Maturana, C.D. Una propuesta de modelo para introducir metodologías activas en educación superior. Innovación Educ. 2017, 17, 1–5. [Google Scholar]

	



Cook, F.G. Veo, pienso y me pregunto. El uso de rutinas de pensamiento para promover el pensamiento crítico en las clases de historia a nivel escolar. Prax. Pedagógica 2018, 18, 65–84. [Google Scholar] [CrossRef]

	



Fernández March, A. Metodologías activas para la formación de competencias. Educ. Siglo XXI 2006, 24, 35–56. Available online: https://revistas.um.es/educatio/article/view/152 (accessed on 1 May 2023).

	



Moliní Fernández, F.; Sánchez-González, D. To encourage the participation in class of university students and evaluate it as objectively as possible. REDU Rev. Docencia Univ. 2019, 17, 211–227. [Google Scholar]

	



Zabalza, M.A. La didáctica Universitaria. Bordon 2007, 59, 489–509. [Google Scholar]

	



Rué, J. Enseñar en la Universidad. El EEES Como Reto para la Educación Superior; Narceo: Madrid, Spain, 2007. [Google Scholar]

	



Roig-Vila, R. Investigación en Docencia Universitaria. Diseñando el Futuro a Partir de la Innovación Educativa; Octaedro: Barcelona, Spain, 2017; pp. 677–683. [Google Scholar]

	



Medina-Nicolalde, M.A.; Tapia-Calvopiña, M.P. El aprendizaje basado en problemas una estrategia para el trabajo interdisciplinario en el aula. OLIMPIA Rev. Fac. Cult. Física Univ. Granma 2017, 14, 142–153. [Google Scholar]

	



Peeck, J.; van den Bosch, A.; Kruepeling, W. The effect of mobilizing prior knowledge on learning from text. J. Educ. Psychol. 1982, 74, 771–777. [Google Scholar] [CrossRef]

	



Martínez-Martín, I. Motivar la Participación Activa e Igualitaria en las Metodologías Docentes Online Desde un Enfoque de Género; Universidad Complutense: Madrid, Spain, 2021. [Google Scholar]

	



Richardson, J. Mature students in higher education: II. An investigation of approaches to studying and academic performance. Stud. High. Educ. 1995, 20, 5–17. [Google Scholar] [CrossRef]

	



Pegalajar-Palomino, M.C. Relación entre la motivación académico-personal del estudiante novel en educación y las estrategias de trabajo autónomo. Form. Univ. 2020, 13, 257–268. [Google Scholar] [CrossRef]








[image: Ejihpe 14 00066 g001] 





Figure 1. The study’s design and procedure. Source: own elaboration. 
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Table 1. The final evaluation of the course is made up of practicals, projects, and a theoretical test.
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Practical

	
Projects

	
Teoretical

Test






	
Practical 1.

10%

	
Projects 1.

15%

	
To be taken at the end of the teaching period of the four months, within the class sessions’ data.




	
Practical 2.

10%

	
Projects 2.

15%




	
Practical 3.

15%

	
Projects 3.

15%

	




	

	

	
Total, Theoretical test: 20%




	
Total:

	

	
100% of the subject








Source: own elaboration.













 





Table 2. The thinking routines used in the subject.






Table 2. The thinking routines used in the subject.





	
Thinking Routines Employed

	
Objective

	
Thinking Routines Employed






	
I see, I think, I wonder

	
To look for the essential questions

	
Identification of significant questions related to a topic.

Consideration of different perspectives and viewpoints on a topic.




	
Viewpoints

	
Think in perspective




	
Compare and contrast

	
Make connections

	
Identifying relationships and connections between different ideas, concepts, and issues.




	
Focus

	
Search for evidence

	
Search for relevant evidence and data to support an opinion or argument.




	
Headline

	
Summarize and synthesize

	
Ability to summarize and synthesize complex information in a simpler and more understandable format.




	
Ten times two

	
Observing and describing

	
Observation and detailed description of an object or situation.




	
Beginning-middle-end

	
Thinking about consequences

	
Consideration of the possible consequences of an action or decision.








Source: own elaboration.













 





Table 3. The average participation of students in the sessions with the thinking routines methodology. Source: own elaboration.






Table 3. The average participation of students in the sessions with the thinking routines methodology. Source: own elaboration.





	
Average Participation in Sessions with Routines




	

	
They Do Not Use Routines Frequently

	
They Do Use Routines Frequently

	
Total






	
Groups

	
1

	
36

	
27

	
63




	
2

	
40

	
24

	
64




	
3

	
33

	
21

	
54




	
4

	
35

	
21

	
56




	
Total

	
144

	
93

	
237




	
ANOVA

Levene = 2.8; p = 0.05

ANOVA; F = 0.16, p = 0.92




	
Gender

	
0 female

	
112

	
58

	
170




	
1 male

	
32

	
35

	
67




	
Student’s t-Test

Levene = 2.13; p = 0.01

ANOVA; F = 7.10, t = −2.53; p = 0.008

Mean female = 0.53, DS = 0.47; Mean male = 0.52; DS = 0.50




	
Age

	
Young adult

20–29

	
143

	
89

	
232




	
Average adult

30–49

	
1

	
4

	
5




	
ANOVA Test

Levene = 8.12; p = 0.005

ANOVA; F = 2.79, p = 0.096








Source: own elaboration.













 





Table 4. ANOVA analysis between the students who do or do not participate in the routine sessions and the academic success variables.
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N

	
Mean

	
Dev. Diversion

	
F

	
Sig






	
FINAL GRADE

	
Do not participate

	
137

	
7.95

	
0.92

	
2.99

	
0.08




	
Do Participate

	
93

	
8.16

	
0.86

	

	




	
Total

	
230

	
8.03

	
0.90

	

	




	
FINAL EXAM GRADE

	
Do not participate

	
136

	
338.64

	
3865.30

	
0.85

	
0.35




	
Do participate

	
93

	
978.69

	
6587.91

	

	




	
Total

	
229

	
598.57

	
5143.75

	

	




	
PRACTICAL GRADE

	
Do not participate

	
144

	
7.73

	
2.12

	
6.93

	
0.009




	
Do participate

	
93

	
8.33

	
0.78

	

	




	
Total

	
237

	
7.97

	
1.74

	

	




	
PROJECT GRADE

	
Do not participate

	
144

	
7.81

	
2.19

	
8.83

	
0.003




	
Do participate

	
93

	
8.52

	
0.91

	

	




	
Total

	
237

	
8.09

	
1.83

	

	








Source: own elaboration.













 





Table 5. Simple regression coefficients of the quality of participation in thinking routines, the final subject grade, the final exam grade, and the practical and project grades.
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Model

	
Unstandardized Ratios

	
Standardized Ratios

	
t

	
Sig.

	
R2




	
B

	
Desv. Error

	
Beta






	
1

	
Final Grade

	

	

	

	

	

	




	
(Constant)

	
7.95

	
0.06

	

	
116.00

	
<0.00

	




	
Student Participation in Routines

	
0.01

	
0.005

	
0.15

	
2.35

	
0.02

	
0.02




	
2

	
Final Exam Grade

	

	

	

	

	

	




	
(Constant)

	
460.95

	
396.15

	

	
1.16

	
0.24

	




	
Student Participation in Routines

	
18.45

	
27.19

	
0.04

	
0.46

	
0.64

	
<0.00




	
3

	
Practical Grade

	

	

	

	

	

	




	
(Constant)

	
7.78

	
0.12

	

	
60.21

	
0.000

	




	
Student Participation in Routines

	
0.02

	
0.009

	
0.18

	
2.18

	
0.005

	
0.03




	
4

	
Project Grade

	

	

	

	

	

	




	
(Constant)

	
7.92

	
0.13

	

	
58.15

	
<0.00

	




	
Student Participation in Routines

	
0.02

	
0.01

	
0.15

	
2.44

	
0.01

	
0.02








Source: own elaboration.













 





Table 6. Total effects.
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Total Effects




	

	
95% Confidence Interval




	

	

	

	
Estimate

	
Std. Error

	
z-Value

	
p

	
Lower

	
Upper






	
Student Participation in Routines

	
→

	
PRACTICAL GRADE

	
0.015

	
0.005

	
3.264

	
0.001

	
0.006

	
0.024




	
Student Participation in Routines

	
→

	
PROJECT GRADE

	
0.014

	
0.005

	
2.764

	
0.006

	
0.004

	
0.024




	
Student Participation in Routines

	
→

	
FINAL GRADE

	
0.014

	
0.004

	
3.303

	
<0.001

	
0.005

	
0.022




	
Student Participation in Routines

	
→

	
FINAL EXAM GRADE

	
0.006

	
0.008

	
0.814

	
0.416

	
−0.009

	
0.021








Delta method standard errors, normal theory confidence intervals, ML estimator. Source: own elaboration.













 





Table 7. Direct effects.
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Direct Effects




	

	
95% Confidence Interval




	

	

	

	
Estimate

	
Std. Error

	
z-Value

	
p

	
Lower

	
Upper






	
Student Participation in Routines

	
→

	
PRACTICAL GRADE

	
0.015

	
0.005

	
3.191

	
0.001

	
0.006

	
0.024




	
Student Participation in Routines

	
→

	
PROJECT GRADE

	
0.013

	
0.005

	
2.575

	
0.010

	
0.003

	
0.024




	
Student Participation in Routines

	
→

	
FINAL GRADE

	
0.012

	
0.004

	
2.967

	
0.003

	
0.004

	
0.020




	
Student Participation in Routines

	
→

	
FINAL EXAM GRADE

	
0.005

	
0.008

	
0.679

	
0.497

	
−0.010

	
0.020








Delta method standard errors, normal theory confidence intervals, ML estimator. Source: own elaboration.













 





Table 8. Indirect effects.
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Indirect Effects

	




	

	

	
95% Confidence Interval




	

	

	

	

	
Estimate

	
Std. Error

	
z-Value

	
p

	
Lower

	
Upper






	
Student Participation in Routines

	
→

	
AGE

	
→

	
PRACTICAL GRADE

	
3.019 × 10−5

	
9.502 × 10−4

	
0.032

	
0.975

	
−0.002

	
0.002




	
Student Participation in Routines

	
→

	
AGE

	
→

	
PROJECT GRADE

	
7.083 × 10−4

	
0.001

	
0.658

	
0.511

	
−0.001

	
0.003




	
Student Participation in Routines

	
→

	
AGE

	
→

	
FINAL GRADE

	
0.001

	
9.180 × 10−4

	
1.280

	
0.201

	
−6.245 × 10−4

	
0.003




	
Student Participation in Routines

	
→

	
AGE

	
→

	
FINAL EXAM GRADE

	
9.130 × 10−4

	
0.002

	
0.581

	
0.561

	
−0.002

	
0.004








Delta method standard errors, normal theory confidence intervals, ML estimator. Source: own elaboration.













 





Table 9. Residual covariances.
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95% Confidence Interval




	

	

	

	
Estimate

	
Std. Error

	
z-Value

	
p

	
Lower

	
Upper






	
PRACTICAL GRADE

	
↔

	
PROJECT GRADE

	
0.469

	
0.063

	
7.412

	
<0.001

	
0.345

	
0.593




	
PRACTICAL GRADE

	
↔

	
FINAL GRADE

	
0.395

	
0.051

	
7.735

	
<0.001

	
0.295

	
0.495




	
PROJECT GRADE

	
↔

	
FINAL GRADE

	
0.470

	
0.058

	
8.153

	
<0.001

	
0.357

	
0.583




	
PRACTICAL GRADE

	
↔

	
FINAL EXAM GRADE

	
0.208

	
0.082

	
2.536

	
0.011

	
0.047

	
0.369




	
PROJECT GRADE

	
↔

	
FINAL EXAM GRADE

	
0.279

	
0.092

	
3.047

	
0.002

	
0.099

	
0.458




	
FINAL GRADE

	
↔

	
FINAL EXAM GRADE

	
0.691

	
0.085

	
8.164

	
<0.001

	
0.525

	
0.857








Delta method standard errors, normal theory confidence intervals, ML estimator. Source: own elaboration.
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