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Abstract

:

This paper addresses the development of knowledge and assessment-centered learning approaches within a reflective learning framework in a first-year physics class in a university faculty. The quality of students’ reflections was scored using a Self-reporting Reflective Learning Appraisal Questionnaire at the end of each learning approach. The results showed the differences between the approaches based on reflections on the learning control through self-knowledge, by connecting experience and knowledge, as well as through self-reflection and self-regulation. Assessment-centered activities fundamentally help students identify aspects of their attitudes towards, as well as regulate, their sustainability learning education.
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1. Introduction


A central characteristic of transformative learning is the process of reflection which may be defined as the intellectual and affective activities that lead to exploration of experiences in order to develop understanding and appreciation [1,2]. Since Schön’s publication in 1983 [3], many authors have explored reflective practices in greater depth, mainly on initial and continuous training for students and professionals, particularly in the fields of sustainability teaching, health, and social education. On the basis of this rethinking, reflective skills can now be considered as essential for professionals, and ways must therefore be found for them to be taught and learnt. It is not only a question of acquiring certain skills, but also of reformulating the relationship between knowledge, practice, and sustainability experience.



Dewey [4] established the pragmatic notion of reflection by distinguishing reflective action from routine action. Reflection has, from his point of view, the purpose of addressing consciousness and thoughtfulness about one’s actions. As noted by Dewey [4], the process of reflection consists of a linear model of successive phases, from an initial interpretation of experiences to defining hypotheses and testing or experimenting with them. Later on, cyclical reflection models for educational settings were suggested [5,6] postulating that reflection encourages learners to take an active role in finding solutions to complex problems. Kolb [5], and Kolb and Kolb [7], posited learning to be the creation of knowledge through the transformation of experience. According to them, learning is a dialectic and cyclical procedure consisting of four processes: concrete experience, reflective observation, abstract conceptualization, and active experimentation. Experience is the basis of learning, but learning cannot take place without reflection, and while reflection is essential to the process, it must be linked to action. Thus, Schön [3] described reflective practice as a dialogue between thinking and doing, via which the learner becomes more skilled. This involves integrating theory and practice, and thought and action [8,9,10]. The learning cycle provides feedback, which is then used as the basis for the new action and the subsequent evaluation of that action’s consequences. Learners ought to go through the cycle several times, so it may best be thought of as a spiral of cycles [11].



In science laboratories, students are mainly involved in the extension mode (the active experimentation), however, in science, technology, engineering, and mathematics (STEM) classroom environments, knowledge transformation is based on the early stages of Kolb’s model, where the information is grasped through experimental procedures and scientific results, as well as the theory behind it. Beatty and Gerace [12] argued that effective learning environments should be student-centered, knowledge-centered, assessment-centered, and community-centered, in which students should be treated as individuals with varied initial states and unique trajectories to learning. In particular, the knowledge-centered learning environment proposes knowledge as being a rich, interconnected structure that must be organized and refined as it is expanded, and should serve to help students become metacognitive by expecting new information to produce a gain in learning. An assessment-centered learning environment should weave formative assessment deeply into the fabric of instruction, providing continual, detailed feedback to guide students’ learning and instructors’ teaching in a learner-driven sustainability education [12,13,14,15,16].



Reflective learning is understood as a process that leads to reflection on all sources of knowledge, including any personal sources and experiences which may contribute to understanding a situation. Although the use of reflective sustainability education-focused activities is a significant contributing factor when optimizing the impact of teaching, the use of reflective activities has not yet been fully explored in science, technology, engineering, and mathematics (STEM) education, and their application should be reinforced [8,17]. As indicated by Songer and Ruiz-Primo [18], greater attention should be paid to STEM education practices based on instructional effectiveness and better assessment. Translating knowledge activities into a useful form for teaching is a way of emphasizing more pedagogical knowledge [19]. Abdulwaked and Nagy [20] noted that the impact of laboratory education on students’ learning is yet to be recognized, and there should be a fundamental rethink of the role the laboratory plays in engineering and science education. These authors report that engineering and science students should be experiencing constructivist pedagogy to gain autonomy in the learning process and, in return, this kind of education would serve as a motivating factor towards pursuing a sustainable engineering or scientific career. Kolb proposed that a way to promote sustainability learning would pass through a spiral of cycles of the concrete experience, reflective observation, abstract conceptualization, and active experimentation. The knowledge grasping dimension, or the prehension dimension, is activated when knowledge can be grasped through apprehension, that is, the concrete experience dimension or by comprehension, that is, the abstract conceptualization dimension. The knowledge construction dimension can be done via either the intention, that is, the reflective observation dimension or the extension, that is, the active experimentation. As in the Kolb’s experiential learning theory, our model allows balanced interplay for three modes, apprehension, comprehension, and intention, this lately being fostered by both reflective observation and guided written reflective narratives. A hybrid combination of these elementary modes in the learning process produces a higher level of learning [20].



In keeping with McKenna et al. [17], knowledge-centered and assessment-centered approaches promote deeper and more meaningful student learning. Indeed, efficient learning appears when there is a concrete situation, i.e., situated learning emphasizes the idea that much of what is learned is specific to the situation in which it is learned [21,22]. Furthermore, as stated by Crouch and Mazur [23], students develop complex reasoning skills when they are more effectively engaged with the material they are studying; consequently, it is important to explore students’ reflection processes when confronted with dynamic methodologies in the science teaching environment.



The initial objective of this study was to investigate three approaches to sustainable teaching physics, namely, the knowledge-centered approach (KA), the assessment formative approach (AFA), and the structured formative approach (SFA). This study attempts to explore students’ reflection processes when subjected to dynamic methodologies in a first-year physics classroom. Little research has investigated the resultant faculty approaches to teaching in reflection contexts focusing on educational innovation and whether that innovation is sustainable, or not, in terms of application to a large group of students. For example, Peer Instruction, developed by Fraser et al. [24], could be seen as an attempt to introduce some (perhaps unrecognized) reflection or metacognition through peer dialogue about conceptual questions posed in large classes. Although research-based instructional strategies have been implemented in physics education [25], little research focuses on developing self-reflection skills and appropriate views about knowledge and learning related to improvements in conceptual understanding [26].



The study’s second objective was to obtain students’ views on the benefits, obstacles, and limitations of incorporating reflective learning methodologies into the class itself, and the design of the activities. This information was essential when evaluating the subsequent experiences. Specifically, we aimed to understand students’ views on reflective learning methodologies in relation to self-knowledge, the relationship between experience and knowledge, and self-reflection and self-regulation. Our study quantifies the students’ perceptions of the influence the three teaching approaches used in the physics class had. We consider individual aspects, such as knowledge about oneself, connecting the experience with prior knowledge, and learning self-reflection and self-regulation [27]. Quantification was based on the information obtained from a Self-reporting Reflective Learning Appraisal Questionnaire (RLQuest hereafter), which was completed by the students at the conclusion of the proposed approaches.




2. Method


2.1. Context


The experiment was carried out with a regular group of students in a first-year university physics classroom. The Spanish curriculum for science students is based on four years of study. This experiment was carried out during a 150 h module in the Bachelor of Environmental Sciences degree at the Faculty of Sciences of the University of Girona, Spain. The objective was to develop basic concepts of physics content.




2.2. Participants


The experiment group was asked to follow a sequential reflective methodology by initially viewing physics experiments, then through open-class discussions, next, by writing a report on the experience, and finally, by reflecting on the experience. There were sixty-nine participants in total, and the ages ranged between 18 and 23 years old, albeit the great majority (over 90%) being between 18 and 19 years old. In terms of gender distribution, the sample had a higher percentage of female (56.9%) to male students (43.1%).




2.3. Sequential Methodologies and Conceptual Framework


The student-centered activities consisted of three approaches that were sequenced in time, in an attempt to activate apprehension, intention, and comprehension [20]. In the class environment, the activity was organized around a set of physics experiments, and defined the taxonomy of concepts and topics to be covered. The basis of the approaches was either experiments taking place in the classroom, or watching experiments on a video. Each approach consisted of four activities (whether they were video cases or in-class experiments) therefore, the full proposal comprised of 12 activities. Given that the effectiveness of reflection might strongly depend on the nature of the demonstration, each set of the four activities was divided into two well-established prior-knowledge activities: one to consolidate recently acquired knowledge, and the other to introduce new knowledge.



In the first set of activities, a knowledge-centered approach (KA) was established, in which conceptual understanding and organization of the knowledge was encouraged. That is, apprehension and intention via concrete experience and reflection were activated. The students were asked to write a report describing each of the physics experiments and to answer the RLQuest in relation to the reflective process (Table 1). The RLQuest was designed, implemented, and tested from the results of a comparative analysis in a project dealing with the introduction of reflective methodologies in four Bachelor’s degrees offered by the Environmental Sciences, Social Education, Psychology, and Nursing faculties at the University of Girona [27].



As highlighted by Hake [28], students involved in active learning outperform those who learn passively, in a traditional lecture setting. When students are provided with opportunities to examine and reflect upon their practices, they are more likely to see themselves as active change agents [29]. In alignment with the conceptual change literature, the KA seeks to help students grow contextually robust, transferable conceptual ecologies that are thoroughly reconciled with their experiences, perceptions, and prior understandings. In addition, students are engaged in extensive dialogical discourse about scientific ideas and their applications, set with the context of rich and challenging questions and problems [12].



In the second set of activities, students were asked to describe four physics activities, but this time, with an assessment-centered approach, as the teacher also suggested a series of formative questions (listed on Table 2) to promote positive feedback (AFA). Again, each set of the four activities was divided into two well-stablished prior-knowledge activities: one to consolidate recently acquired knowledge and the other to introduce new knowledge.



As for the KA approach, students were asked to answer the RLQuest at the end of the process (Table 1). The ten questions in Table 2 were chosen to be aligned with the theoretical framework to measure levels of reflective thinking. They were chosen following the model of Kember et al. [30], that categorizes the level of reflection in written work into four categories, namely, habitual action/non-reflection, understanding, reflection, and critical reflection.



In the third set of activities, a contextualized approach was used in which the teacher contextualized knowledge instruction (Table 3) and reflective learning (Table 2) by referring to authentic practices encompassing the first and second approaches [31]. That is, the students wrote a report on each of the four activities based on the ten reflective questions from Table 2 and the six questions in Table 3. In the case of the KA and SFA approaches, the students were asked to answer the RLQuest at the end of the process (Table 1). The questions in Table 3 were designed to guide the students through the process of describing a scientific experiment. They are aligned with the early stages of the Kolb’s model, where learning processes are particularly enhanced through abstract conceptualization.



At the core of the AFA and SFA methodologies lies the principles of technology-enhanced formative assessment, in which the intention is to motivate and focus student learning through question-driven instructions, in order to set up formative learning situations and to catalyze learning [12,32]. Questions occur throughout the instructional sequence of the students’ observation of the exploratory physics experiments. This direct instruction, given by the teacher, concurs or conflicts with the student’s interpretation of the task and the learning path. As pointed out by Nicol and MacFarlane-Dick [33], to produce an effect on internal processes or external outcomes the student must actively engage with external inputs. Furthermore, Jacoby et al. [34] affirm that the framework should be implemented in a dynamic process in which monitoring is to be continuous. Both AFA and SFA methodologies include feedback responses that have to be continually interpreted, constructed, and internalized by the student if they are to have a significant influence on subsequent learning. Nicol and MacFarlane-Dick [33] found that formative assessment and feedback produced significant benefits in terms of self-regulation of motivation and behavior, as well as cognition. These findings are consistent with Kolb’s argument of considering abstract conceptualization as being fueled by both apprehension and intention, requiring the information to be grasped or depicted in a reflective and formative process that can lead to constructivist learning.




2.4. Instruments and Measures


2.4.1. The RLQuest


The students accrued a reflective portfolio that consisted of a collection of twelve texts, each one based on a different physics experiment. The portfolio provided quantitative information for the primary axis of Kolb’s experiential learning cycle, (the abstract–concrete dimension and the active–reflective dimension), where the first is how we perceive new information or experiences, and the second how we process or transform what we perceive [35]. The portfolio also included the assessment carried out through the Self-reporting Reflective Learning Appraisal Questionnaire (Table 1), which was completed at the end of the KA, AFA, and SFA methodologies.



The student version of the Self-reporting Reflective Learning Appraisal Questionnaire was designed using four blocks of information, as shown in Table 1 [27]. First, the students were asked about their self-knowledge. Second, the questionnaire explored students’ perceptions as to exactly what extent reflective learning (RL) had helped them to connect their experiences with prior knowledge. In the third block, information was obtained on the perceived effect of RL, with regard to self-reflection on the learning process, and the fourth area included data on the effect of RL on self-regulation of learning. A five-point Likert scale was designed, (from 1 = strongly disagree through to 5 = strongly agree) to evaluate the statements related to the areas (see Table 1). The use of questionnaires and rubrics has been found to optimize the quantification of learning strategies, especially in multimethod research [36], metacognitive aspects [37], and methodological skills [38,39]. The validity of learners’ reports depended on the fact that mental episodes in performing the tasks persisted as objects of focal attention in short-term memory. According to Richardson [40], and Watts and Lawson [41], the use of questionnaires to complement tasks may be considered as giving an accurate reflection of cognitive processing. However, their use in learner-centered STEM classroom environments to obtain information on students’ perception of learning approaches is still far from being fully validated.



In order to improve the reliability of the surveys, as well as clarity and instrument design, the questionnaire was refined following feedback from six peer assessors. To ensure scale reliability, a reliability analysis was conducted following the logic that good development procedures result in a reasonably reliable survey instrument [42,43]. For the first block (Table 1), in which students, using their own knowledge, responded to a daily situation, Cronbach’s coefficient alpha [44,45] was 0.84. For the second block (Table 1), which regarded primarily their levels of connecting the experience with prior knowledge, Cronbach’s coefficient alpha was 0.88. For the eight items that constituted self-reflection on the learning (Block 3, Table 1) Cronbach’s coefficient alpha was 0.78, while for the four items constituting self-regulation, the fourth block (Table 1), Cronbach’s coefficient alpha was 0.87. As such, all factors yielded sufficiently high reliability for research purposes.




2.4.2. Assessment of the Students’ Reflections


To measure the level of reflection in the written portfolio (consisting of twelve activities, i.e., four for each methodological approach) the four scales from Kember et al. [46], were used, in which the level of reflection in writing is likely to contain four categories: habitual action/non-reflection, understanding, reflection, and critical reflection [30,46]. Using such a model allows for consistency between the four-category scheme designed to determine the levels of reflection when describing the activities, and the answers given to the RLQuest in relation to the reflective process.



In the habitual action, the physics experiment was written up following a lineal protocol without the student understanding the principles behind the experiment. Non-reflective writing includes partially or wholly plagiarized material, or any sense of meaning or real understanding of the underlying physics constructs. The second category, understanding, while not implying reflection, it does imply an understanding of the concepts of physics, as well as the underlying theory, and is manifested in a reliance on what is described in text books or lecture notes. There is no consideration as to how the concepts relate to personal learning [46]. The third category, reflection, is assumed when the student makes contributions to improve the learning process, i.e., besides understanding, the student becomes involved and suggests learning improvements for the development of the activity [31]. In addition, the physics experiments are related to theory through a process of reflection in which the experiments are being considered, and successfully discussed, in relation to what has been taught. There are personal insights that go beyond book theory [46]. The fourth category, critical reflection, implies undergoing a transformation of perspective. It implies a critical review of presuppositions (from conscious and unconscious prior learning) and their consequences. The student describes the physics experiments with their own arguments, uses significant motivating examples, formulates direct questions from the experiments, and creates original models to explain the experiments.



The first step in analyzing the work of each student was to identify complete units of information, understood as a simple idea/concept, or thought about as a particular learning process. Among the sixty-nine portfolios describing the twelve activities, in the knowledge-centered approach (KA) there were 608 units, in the formative assessment approach (AFA) there were 1834 units, and in the structured formative approach (SFA) there were 2557 units. Following the protocol described in Chamoso and Cáceres [31], the corresponding assessment was undertaken by two members of the research team, and they then agreed on the information units to code. The work was subsequently revised by the rest of the authors, who were in agreement on the approach analysis (96% for KA, 87% for AFA, and 90% for SFA).



The contents of the experiment descriptions each student kept in their portfolio were analyzed according to the categories being considered. It was considered that the normality status and the homogeneity of variance were maintained, and descriptive statistics, analysis of variance for repeated measures (ANOVA), was used.






3. Results


According to the research objectives described in the introduction, the global objective of this study was to determine students’ appraisal of reflective learning (in regard to their reflective learning processes) on class-gained knowledge and assessment-centred activities. Quantified information from the RLQuest questionnaire was obtained, along with information on the foremost difficulties encountered by the students in integrating the reflective learning processes into the three learning methodologies (KA, AFA, and SFA). First of all, and in order to compare students’ results for each methodology, equal population variances, or at least approximately equal, were required so as not to have the null hypothesis of the Levene test contrast rejected. Hereafter, only statistically significant results will be discussed. The Levene test, based on the median, proved a p-value greater than 0.05 (0.950) in the case of question Q2 (Table 1). This implies that the hypothesis H0:    σ 1  =  σ 2    is not rejected and, consequently, Fisher’s standard test could be used instead of the robust Brown and Forsythe test. On the other hand, a p-value of less than 0.05 was found for question Q1 so, in this case, the robust Brown and Forsythe test was applied. By applying both tests, the only questions with significant differences in the five-point Likert scale were questions Q1 and Q2. The statistical significance, assuming a 99% confidence level, is of 0.000 < 0.01 for question Q1, and 0.008 < 0.01 for question Q2. Based on these results, we can infer that when analyzing both their own behaviour and their emotions in terms of reflective practice, students are selective in the approach they use. This implies that the students are aware of which approach is best, in order to gain knowledge about themselves.



Figure 1 shows the Reflective Learning Questionnaire scores for each of the eighteen questions composing the appraisal (Table 1) for the KA, AFA, and SFA methodologies. When the KA methodology was applied, lower scores were obtained compared to the scores given after implementing the AFA and SFA methodologies. The scores obtained when implementing the first methodology were lower than the scores obtained from the second method and these, in turn, lower than those obtained from the third method. The higher scores for the assessment-centered approaches may imply recognition of more frequent opportunities for formative feedback. Significant differences between the scores for the three methodologies were found for questions Q1, Q2, Q11, Q12, and Q17 (Figure 1). Given that the sample was not normally distributed, a non-parametric test was used; specifically, the Mann–Whitney U test for independent samples. Indeed, assuming a 5% risk, there were significant differences between the first and the third methodology in questions Q1, Q12, and Q17 and, assuming a 10% risk, there was significant variability in the scores of questions Q2 and Q11. In fact, questions Q11 and Q12 reveal the fact that the SFA methodology helped students to identify the positive and the negative aspects in the process of reflection. The SFA methodology was also graded highly for question Q17, indicating that the students recognize both formative feedback and structured reflection for better regulation of their learning.



There were some questions, such as questions Q8, Q9, Q10, and Q14, which presented no variability between the three methodologies. In fact, they provide information on the implementation of the methodology itself, where the sum of focusing on describing the class physics experiments and reflecting on the experience, did not actually help students to produce any kind of self-reflection on the learning process in terms of improving communication skills, or identifying positive and negative aspects of their knowledge and skills, nor was understanding what they learned and how they learned meaningful for them.



Figure 2 shows the mean rankings of the four blocks of questions, and takes into account the three approaches. In all the blocks, scoring was higher for the SFA methodology and lower for the KA methodology. Major differences were attributed to scores from Block 1, especially for the KA and AFA methodologies, which refer to “knowledge about oneself”, and which include questions Q1 and Q2. The mean block scores were approximately equal for Blocks 2, 3, and 4 (Table 1).



Figure 3 shows scores from questions Q1 and Q2, which belong to Block 1. As in the previous test, these two questions presented different results depending on the approach applied. In particular, the median for each answer (represented by a thick dark horizontal line) increased for both the AFA and SFA approaches. Specifically, Figure 3a (left) shows a large deviation in the valuations of the AFA method, while the median increased significantly from the KA to the SFA method. In fact, 50% of the answers from the KA method are between 3 and 4 and, conversely, 50% of the answers from the SFA method are between 4 and 5. Figure 3b (right) shows less variability because of the larger deviations within the three methods, but even so, the KA methodology presents 50% of its valuations between 2 and 3, while 50% of the other two methodologies were between 3 and 4.



Figure 4 shows two of the four questions in the second block, in particular, questions Q3 and Q6. No differences were found between the three methodologies. In Figure 4a (left) and Figure 4b (right), scoring of questions Q3 and Q6, respectively, produced no differences in the median and very small differences in the deviation and the quartiles. This means that not all of the approaches helped students to connect knowledge with their own experiences, emotions, and attitudes (question Q3) or to provide reasoning for decisions taken when confronted with a certain situation (question Q6). Figure 5 shows five of the eight questions of the third block, in particular, question Q7 (Figure 5a), Q10 (Figure 5b), Q11 (Figure 5c), Q13 (Figure 5d), and Q14 (Figure 5e). A similar pattern in all of the figures can be found in which methodologies AFA and SFA depict the same representation. For example, in Figure 5a,c–e, the AFA and the SFA methodology presented the same scores, while in Figure 5b, scores between the KA and the AFA methodologies were similar. In most of them, the median was equal for the three approaches, while the deviation varied with the method being used; with this being generally higher for the KA method. That is, both the AFA and the SFA methodologies that included a feedback process uniformly helped the students in the process of self-reflection on the learning process.



Figure 6 shows two of the four questions from the fourth block, in particular, questions Q15 and Q18. In Figure 6a (left), the mean SFA score was slightly larger than the mean score for KA and, although the AFA method presented a somewhat different representation, the three box plots did not provide much relevant information. However, in Figure 6b (right), while the median is the same regardless of the method, the quartiles were in fact different. For the KA and the AFA methodologies, 50% of the rankings were between 3 and 4, and for the SFA method, they were between 4 and 5. This means that the SFA method helped students to evaluate their planning of learning, the outcome, and what they should do to improve it.



With respect to the outcomes of the work of each student in describing the activities for each of the approaches (KA, AFA, and ASA) with the previously established categorizations, in reflection and critical reflection, the majority of the students’ responses were scored for the AFA and SFA approaches (Table 4). In the KA approach, the students’ responses were scored highly in the understanding category. Repeated ANOVA measures showed that there were significant differences among the outcomes obtained in the four categories—non-reflection, understanding, reflection, and critical reflection—for all the three approaches (Table 4). The analysis also showed that there were no significant differences in the outcomes for the different activities, i.e., prior knowledge, consolidating recently acquired knowledge, and introducing new knowledge activities.




4. Discussion and Conclusions


Step-by-step instructions, corresponding to student-centered sustainability activities, guided first-year students in an effort to improve their understanding of the fundamental concepts of physics. In addition to observing the experiments in class, the activity included student reflection with an objective of quantitatively producing knowledge of students’ reflective learning. The students’ reflection was based on three methodologies: the knowledge-centered approach, the assessment with feedback approach, and the structured formative approach. As described by Healey and Jenkins [11], it was important to systematically take the learner around each stage of Kolb’s cycle [5], and to go over each step several times. The three approaches focus on the apprehension, intention, and comprehension dimensions proposed by Kolb’s experiential learning theory. The sequential application of the three approaches intensifies, first, the connection between the apprehension and comprehension. They are considered as independent modes of grasping knowledge. The addition of the intention mode associated to the reflective learning practice is demonstrated to produce higher levels of learning. Abdulwahed and Nagy [20] proposed that knowledge transformation can also be brought about by activating the extension mode via active experimentation during laboratory engineering sessions. These authors suggest that poor learning in laboratories is due to insufficient activation of the apprehension dimension, therefore, one way to facilitate learning is to better activate the first modes proposed by Kolb, especially the intention (reflective observation), before proposing practices to develop active experimentation. Indeed, Fraser et al. [24] reported that in physics education, adopting research-based instructional strategies in the classroom and focusing on the apprehension and comprehension modes, results in significantly more success than the traditional approach, for improving students’ conceptual understanding, engagement, and retention. Henderson and Dancy [25], in an extensive survey of physics faculties across the United States, indicate that the development of approaches, mostly those activating classroom apprehension, by physics education reformers, have made an impact on the knowledge and practice of many of the faculties, although there is still significant room for improvement.



The findings in this research suggest that higher levels of comprehensive physics learning can be achieved when students receive formative feedback in a system of guided instructions. Guided questions to assess student reflection were also reported by Black and Plowright [47] and Koole et al. [48], with the result that discriminative ability and reliability were attained by students at the time of practicing reflection in summative training situations. This outcome suggested that students’ attitudes, as well as the regulation of students’ learning, were a result of the methodology in combination with the process of reflection [49]. As noted by Hargreaves [50], Koole et al. [48], Konak et al. [51], and Heemsoth and Heinze [14], activities whose design is based on an aligned framework are more likely to increase interest and competency.



Indeed, our results show that student–teacher interaction is an important factor in determining student learning experiences. Students who participated in the reflection process rated highly the questions related to self-regulating learning. The structured formative approach produced maximum reflection in terms of planning, regulating, and evaluating students’ learning. Students demonstrated a greater degree of reflection when the teacher promoted the structured formative approach (including guided instructions) prior to the reflection process, along with the teacher’s assessments after the reflection process. This combination was evaluated higher than that of the knowledge-centered approach (i.e., without instructions or teacher feedback), or the formative assessment approach, which did include feedback from the teacher. Koole et al. [48] indicate that the process of reflection may be a strictly individual process or a thinking process that needs to be complemented with external feedback. These authors argued that feedback on reflection fueled recognition of reflecting thoughts, and increased the individual frames of references. In addition, it was argued that feedback may contribute to reinforcing a different type of knowledge, one which allows teachers to make connections between the contents and the ideas the students express [19,27,52].



The three approaches, that is, knowledge-centered, the assessment formative approach, and the structured formative approach, were implemented within the frame of twelve activities on the learning of physics contents. Within this model, each student underwent twelve cycles of abstract conceptualization and reflective observation. Students underwent higher levels of reflection during the last four cycles of the structured formative approach, in which both reflection and critical reflection were promoted. We can conclude that the increase in critical reflection might be attributed to the guided structure of the structured formative approach, but also speculate that it might be attributed to the students’ continuous spirals of reflection that induced higher levels of self-knowledge and self-regulation. The cyclical process applied in this research might suggest that reflection is a cumulative process in which experience is the foundation of learning, and that Kolb’s dimensions [5] may in fact enhance classroom activities. The application of Kolb’s experiential learning cycle has also been reported in chemical engineering [53] and industrial engineering classes [54], as well as engineering laboratories [20]. These studies claim that knowledge retention from engineering laboratory classes based on balanced learning experiences, with the inclusion of the stages of Kolb’s experiential learning cycle, led to a deeper learning and longer retention of information. As highlighted by Vigotsky and Cole [55], the theoretical basis of both collaborative and reflective learning is constructivism, which states that learning is an active process of constructing knowledge, rather than acquiring it [47,51,56]. In this respect, reflective learning represents a process in which the learner’s paradigm is promoted, i.e., a process in which values, attitudes, and beliefs contribute to effective and grounded sustainability learning.
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Figure 1. Students’ ratings for each question in the RLQuest about the three methodologies (knowledge-centered approach (KA), assessment formative approach (AFA) and structured formative approach (SFA)). 
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Figure 2. Assessments of the four blocks of questions for the three methodologies. 
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Figure 3. Scores for questions from the first block: Knowledge about oneself. 
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Figure 4. Scores for questions from the second block: Connecting the experience with knowledge. 
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Figure 5. Scores for questions from the third block: self-reflection on the learning process. 
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Figure 6. Scores for questions from the fourth block: self-regulation of learning. 
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Table 1. Self-reporting reflective learning appraisal questionnaire questions from Q1 to Q18.
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	Questions Q1 to Q18 of the RLQuest





	1. Knowledge about oneself



	Q1. Analyze my behavior when confronting professional and daily situations.



	Q2. Analyze what my emotions are when confronting professional and daily situations.



	2. Connecting the experience with knowledge



	Q3. Connect knowledge with my own experiences, emotions and attitudes.



	Q4. Select relevant information and data in a given situation.



	Q5. Formulate/contrast hypotheses in a given situation.



	Q6. Provide reasons/arguments for decision-making in a given situation.



	3. Self-reflection on the learning process



	Q7. Improve my written communication skills.



	Q8. Improve my oral communication skills.



	Q9. Identify the positive aspects of my knowledge and skills.



	Q10. Identify the negative aspects of my knowledge and skills.



	Q11. Identify the positive aspects of my attitudes.



	Q12. Identify the negative aspects of my attitudes.



	Q13. Become aware of what I learn and how I learn it.



	Q14. Understand that what I learn and how I learn it is meaningful for me.



	4. Self-regulating learning



	Q15. Plan my learning: the steps to follow, organize material and time.



	Q16. Determine who or what I need to consult.



	Q17. Regulate my learning, analyzing the difficulties I have and evaluating how to resolve the problems I encounter.



	Q18. Evaluate how I plan my learning, the result, and what I need to do to improve.
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Table 2. Reflective questions posed after the class activities to guide students through the reflection process in the assessment approaches, assessment formative approach (AFA) and structured formative approach (SFA).
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	Questions 1 to 10 for the AFA and SFA approaches





	1. Formulate searching questions that help to analyze your own actions/thoughts during the whole process of viewing–analyzing–writing the experience.



	2. What knowledge/feelings/values/former experiences do I use to formulate my answer(s).



	3. What do I need to describe the experience? Do I identify the knowledge/skills that are necessary to describe the experiment?



	4. Who or what do I need to consult to describe the experiment?



	5. How do I organize myself to develop the experiment?



	6. I identify the difficulties behind the definition of the understanding of the experiment.



	7. I have planned the timing for the process of writing up the activities.



	8. What should I do to improve the process of the activity?



	9. What will the result of the process be?



	10. What did I learn going through the understanding of the experience?
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Table 3. Structured questions posed in the structured formative approach (SFA)
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	Questions 1 to 6 for the SFA





	1. Description of the experiment. Summarize it by writing a short abstract describing the experiment.



	2. Describe the methodology steps used in the experiment.



	3. Write the hypothesis that was supported by the experiment.



	4. Describe the analysis of the data obtained from the experiment.



	5. Formulate questions derived from the experiment.



	6. List the new knowledge that you have created from the experiment.
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Table 4. Percentages of students’ outcomes in the categories of non-reflection, understanding, reflection, and critical reflection, for the twelve activities in the experiment, with four for each learning approach.
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	Approach
	Category 1
	Category 2
	Category 3
	Category 4





	KA
	Non-reflection
	Understanding
	Reflection
	Critical reflection



	Activity 1/2
	24
	57
	12
	7



	Activity 3
	19
	46
	21
	14



	Activity 4
	11
	33
	39
	17



	AFA
	Non-reflection
	Understanding
	Reflection
	Critical reflection



	Activity 5/6
	5
	32
	43
	20



	Activity 7
	4
	25
	48
	23



	Activity 8
	4
	19
	49
	28



	SFA
	Non-reflection
	Understanding
	Reflection
	Critical reflection



	Activity 9/10
	3
	27
	43
	27



	Activity 11
	4
	31
	36
	29



	Activity 12
	3
	29
	42
	26
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