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Nowadays in higher education, the teaching procedures that lead to better learning outcomes (LO) require continuous analysis. Rubrics such as teaching feedback procedures have demonstrated their effectiveness at heightening the reflection of university students on their own practice. The aims were (1) to study the effects of different types of rubric-based feedback [from process-oriented feedback to traditional feedback] on LO and on student perceptions of subject matter knowledge (SPKI) after training in a comparison between students in engineering and students in the social sciences; (2) to analyze the relation between metacognitive skills and motivation with LO and SPKI; and (3) to validate the results with structural equation modeling (SEM). The study comprised a total of 171 university students (n = 80 from the mechanical engineering degree and n = 91 from social sciences degree). A quasi-experimental design with a control group was used to test aim 1 and a descriptive correlational design to test aim 2. SEM was applied to validate the results (aim 3). Significant differences were found between both types of rubric-based feedback (process-oriented v. traditional) in relation to LO, though not in relation to SPKI. The effects of the degree type were noted in LO but no in SPKI. Likewise, a relation between SPKI and motivation skills was found in engineering students. Accordingly, the type of degree and the characteristics of the subject modules appear to be determining factors in successful learning, while SPKI is directly linked to motivation skills. The SEM results validated these conclusions.
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HIGHLIGHTS

– The use of rubrics as evaluation instruments and orientative feedback facilitates learning motivation.

– Rubrics mean students can analyze and correct errors.

– Feedback prepared on task completion facilitates the development of self-assessment processes in the student.

– Self-assessment helps the student to situate the learning goals, to establish planning for their achievement, and to adjust both problem-solving tasks and acceptable evaluation of their learning responses.

– Rubrics are excellent tools to orient learning goals and to carry out good planning in the problem-solving stages.

– Success in the learning responses is related to the type of task, understanding of the learning goals, and the effectiveness of the support provided by the teacher during the instruction process.

INTRODUCTION

At present, one of the challenges of higher education is how to improve both learning processes and student performance. There are procedures in cognitive psychology that have been studied to facilitate the development of learning. From the standpoint of that discipline, however, the multiple variables that interact in the teaching–learning process must be considered. Some of those variables are related to the teacher, others with learning and others with the task, and they all interact through reciprocal determinism. Therefore, the analysis of the teaching–learning process must be multi-dimensional. The teacher-specific variables relate to the style of teaching in the instruction process. With regard to learning, influential variables include previous knowledge of the task to be learnt, task-related motivation, and learning skills among which metacognitive skills stand out (Flavell, 1981; Efklides, 2011; Van der Stel and Veenman, 2014; Sáiz and Montero, 2015).

Feedback and Instruction

Recent research has placed special emphasis on the importance of feedback from the teacher during instruction in successful learning outcomes. Feedback may be defined as information that the teacher gives to the learner on the task or problem and its solution (Hattie and Timperley, 2007; Harks et al., 2014). Different types of feedback may be identified: (1) process-oriented feedback that combines motivational, cognitive, and metacognitive characteristics and (2) grade-oriented feedback or information that the teacher provides on the task or the learning process, which is associated with traditional feedback. The difference is that the first places emphasis on error correction, motivation for change, and the analysis of metacognitive consequences. So, feedback must, therefore, be prepared and must aim to go beyond traditional instruction. Its development of motivation must be supported through the introduction of regulatory metacognitive processes (Hattie and Timperley, 2007; Alonso-Tapia et al., 2014). The minds of teachers must to be focused on learning processes, in which the student employs the correct skills and through which the teacher can reorient those skills that are not correct in an independent way (Kim, 2015; Wilkins et al., 2015). Moreover, the teacher must to consider the diversity of learners and the degree of their previous knowledge and their competences in relation to the learning task that is associated with the learning object (Daly et al., 2014; Sáiz and Montero, 2015). If well-structured, feedback will help increase student motivation and will provide responses to the following questions (Hattie, 2013):

• Where do I go?

• How I go?

• Where to next?

Hattie (2013) outlined another difference between different level of the information of feedback: (1) Feedback at task level: it provides information on the correct response. This level is important for novice learners, as it implies a relation between the type of task and the learning skills needed to solve it (task performance); (2) Feedback at process level, this process is related to learners’ self-efficacy in their own learning and refers to processes of understanding; (3) Feedback at self-regulation level: it refers both to the regulatory metacognitive process and to self-regulation. This is the highest level of feedback. In all, the first level is related to grade-oriented feedback, components of product-related orientation, which offer information on a specific domain, on a concrete task, and the second and the third with process-oriented feedback, components of process-related orientation. These approaches provide responses to questions of when, how, and why, through processes of self-regulation based on the use of appropriate skills (Hattie and Timperley, 2007; Mentzer et al., 2015; Panadero, 2017).

Likewise, process-oriented feedback includes two important sub-processes: (1) knowledge of mistakes, which means informing students of the weak points in their learning and (2) knowledge of how to continue, which includes problem-solving skills.

In summary, well-structured feedback can reduce the distance between what students know of their own learning in a specific field, in the “here-and-now,” and the goals of that learning (Molenaar and Chiu, 2014; Malmberg et al., 2015).

How Feedback Might Impact Students Thinking and Learning?

According to Narciss (2008), feedback with a process-oriented feedback provides reinforcement for the learner, facilitates problem-solving, and increases levels of learning-related motivation. Teachers must, therefore, provide instruction that facilitates information on the learning processes of their students in relation to the acquisition of competences. The teacher must, therefore, design the instruction carefully, paying attention to the following points (Hattie, 2013; Narciss, 2013):

1. Provide clear explanations to students on what they are expected to learn, as well as specifying and defining the competences that form the learning object.

2. Give precise criteria to students on what is understood by successful learning.

3. Know the beliefs that their students hold with regard to the learning goals.

4. Guarantee teaching that seeks to reduce the distance between what the students know and understand and what they believe and understand with regard to the knowledge to be learnt.

5. Guarantee feedback in steps directed at the reduction of that distance.

Feedback prepared on the completion of a task facilitates the development of self-assessment processes among students, helps them to monitor their progress, and promotes greater awareness with regard to their learning processes. This supervision orients learners toward more precise self-assessment of their knowledge and will improve their estimates of their learning capabilities (process and result) (Butler and Winne, 1995; Brown and Harris, 2013; Dinsmore and Parkinson, 2013).

Feedback is, therefore, a powerful tool for the development of successful results. Hattie and Gan (2011) reviewed 12 meta-analysis studies of feedback, which in turn analyzed 196 studies and 6,972 effect values. The learning outcomes indicated that the effect value was very high (explained variance d = 0.79), although the most successful feedback took the following into account:

1. The relation between the individual learning characteristics of the learners and the feedback skills that they employed.

2. The cognitive and the metacognitive skills of learners and their motivations.

3. Feedback frequency and duration.

The ultimate aim is to facilitate self-regulatory processes in learners of their own learning, which will lead to greater independence in the development of their knowledge and in their problem-solving processes (Panadero et al., 2013). The guiding principle behind this training of university students is to pass on tools that are, first of all, jointly employed with the assistance of the teacher. Progressively, these tools become linked to learner independence in their management and increase motivation levels in both teacher and learner alike (Zimmerman and Schunk, 2011). In this process, the skills of self-assessment and monitoring are essential for successful learning. Monitoring and self-assessment reveal the capability of students to assess their own actions. If these skills are accompanied by planning, effective learning outcomes are obtained. It is important that the student differentiate between what is correct and what needs to be improved. The teacher must, therefore, help the student to use appropriate skills that will facilitate independent self-assessment processes (Panadero and Romero, 2014). Self-assessment helps the students to fix learning goals, to plan their achievements, to adjust their problem-solving processes, and to evaluate their learning responses in acceptable ways. In this process, it is important to provide guidelines, criteria, and suitable evaluation templates, which will help the student to evaluate both learning process and product. In this sense, rubrics are one of the most appropriate tools to assist self-assessment (Panadero et al., 2012; Panadero and Jonsson, 2013; Menéndez-Varela and Gregori-Giralt, 2016). They are, in conclusion, excellent tools to orient learning goals and to follow correct planning at problem-solving stages (Sáiz et al., 2016; Watson et al., 2016). These rubrics help processes of instruction by clarifying how to complete a task and to specify the evaluation criteria at different qualitative levels of achievement (Panadero et al., 2013). In the same way, their use reduces the stress of individual learners in relation to the learning object, clarifies understanding of the assessment criteria, regulates the activation of learning skills, and orients them toward learning-based goals, reducing student drop-out rates (Sáiz and Román, 2011; Montfort et al., 2015).

In summary, self-regulation of learning (SRL) related behavior is conditioned by present and past cognitive, metacognitive, and motivational variables (the learning history of the individual learner) (Garzón Umerenkova et al., 2017). Both positive and negative experiences have conditioned the construction of previous knowledge and the attributions that individual learners may have with regard to their learning capabilities. These attributions are moreover subordinate to the learning object, in other words the type of task. All these variables will influence the proper development or the abandonment of the problem-solving tasks. So, it may be concluded that SRL is a complex process that is determined by the previously described variables: learning history, the perception of self-efficacy for problem solving, the type of tasks (intrinsic and extrinsic), motivation toward the task to be learnt, previous knowledge of the discipline, and the metacognitive skills related to problem-solving (planning, self-assessment, self-reflection) (Wäschle et al., 2014). These variables are proper to the individual learner but they also interact with other external variables that refer to the type of task (Finelli et al., 2015). Among which we may highlight: the form in which the task is presented, follow-up of student actions by the teacher, and feedback provided by the teacher on the actions of the student and on self-assessment processes (Sáiz and Bol, 2014; Schaffer et al., 2017). Hence, it is essential that self-assessment processes be oriented through the use of instruments that permit the student to clarify the following points (Sáiz and Bol, 2015; Sáiz et al., 2015):

1. The task.

2. The goals that the task requires.

3. The sequential evaluation criteria of the task.

4. Assistance for error-based determination of possible paths of change or re-direction that lead to successful task completion.

Recent research with rubric-based feedback has multiplied over the past few years in the context of “learning engineering.” Diefes-dux et al. (2012) found that formative feedback reduced the gap and that the students interpreted and responded to various forms of feedback (Narciss, 2008, 2013). Mavinkurve and Murthy (2014) asserted that rubrics prompt students to perform formative assessment of their own and correct themselves if necessary, thereby improving their performance in a new design problem.

Moreover, a further important variable is the ability of the instructor to interpret student work (Menekse et al., 2013). Likewise, recent studies have found that feedback improves metacognitive skills (Pate et al., 2015). Moreno et al. (2009) reported better results when the teacher monitored the problem-solving step-by-step and gradually increased the number of steps. Another important variable was also the level of the student’s prior knowledge of the subject.

Traditionally, performance on engineering degrees is lower than on social science degrees. Over the past decade, there has, therefore, been a lot of research on the differences between students following engineering degrees and other degree courses. For example, students following engineering courses are expected to exercise critical thinking in a different way to students studying degrees in the social sciences (Bumbaco and Douglas, 2015; Van Meter et al., 2016). Other research has found that students studying the social sciences used more self-knowledge and planning skills and less achievement motivation skills than engineering students (Sáiz et al., 2012). These results can be explained in terms of curricula content (Montfort et al., 2015) and the data may be related back to the results of earlier investigations, which suggest that students use a type of learning strategy depending on the type of degree and the academic year of the course (Sáiz et al., 2012). However, research into engineering education has shown that metacognitive instruction and the use of rubrics improve student performance (Narayanan, 2013; Ramírez-Corona et al., 2013; Mavinkurve and Murthy, 2014; Pate et al., 2015). Monitoring of problem-solving and self-regulation also facilitates student learning (Oenardi and Santoso, 2012). Another important aspect is the relation between prior knowledge and the problem-solving processes (Grohs et al., 2015).

The key may be found in the design of an innovative curriculum based on critical thinking in relation to problem-solving processes and can be achieved through the use of rubrics and self-regulated instruction (Parmar, 2014).

In view of the theoretical assumptions and investigations referred to above, the research questions of this work were as follows:

RQ1: “Will the students who receive process-oriented feedback have better LO than the students who receive grade-oriented feedback (traditional feedback) and could those LO be affected by the type of degree (engineering degree v. social science degree)?”

RQ2: “Will the students who receive process-oriented feedback have a better perception of their subject-related knowledge than the students who receive grade-oriented feedback (traditional feedback) following the intervention and will those results be affected by the type of degree (engineering degree v. social science degree)?”

RQ3: “Will there be a significant relation between LO and metacognitive skills and will there be differences in relation to the type of degree (engineering degree v. social science degree)?”

RQ4: “Will there be a significant relation between LO and motivation and will there be differences in relation to the type of degree (engineering degree v. social science degree)?”

RQ5: “Will there be a significant relation between SPKI and metacognitive skills and will there be differences in relation to the type of degree (engineering degree v. social science degree)?”

RQ6: “Will there be a significant relation between SPKI and motivation and will there be differences in relation to the type of degree (engineering degree v. social science degree)?”

RQ7: “Will the results be validated with the structural equation model?”

MATERIALS AND METHODS

Participants

The students’ informed commitment was obtained and their participation was voluntary. The sample consisted of a total of 171 students from the University of North of Spain following three study modules from social sciences and mechanical engineering degree (MED) courses:

(1) Group 1:80 students following the subject-module on material elasticity and strength (MATES) in the first semester of the second year of the MED. 40 individuals in the experimental group (36 men Meanage = 20.49, SD = 2.47 and 4 women Meanage = 20.50, SD = 1.85) and 40 in the control group (32 men Meanage = 20.10 SD = 2.30 and 8 women Meanage = 20.30, SD = 1.53).

(2) Group 2:91 students following the subject-module on systematic observation in educational contexts (SOEC) in the first semester of the second year of the preschool education degree (PED), 58 in the experimental group (56 women Meanage = 20.20, SD = 2.19 and 2 men Meanage = 20.00, SD = 1.41) and 33 in the control group (31 women Meanage = 20.39, SD = 2.30 and 2 men Meanage = 20.50, SD = 1.14).

With a view to controlling the variable “type of teacher,” work on the three degree courses involved three teachers (Meanage rank 38–49 years old) who were members of teaching innovation groups, with ample experience in research (10 years) on innovative programs in university teaching. The three teachers had also received very good evaluations of their teaching activity on the teaching evaluation program.

Design

The assignment of students to either the experimental or the control groups was done through random assignment on the possible groups of intervention. The existence of significant differences between the groups was studied to establish whether they shared similar characteristics in the type of learning skills that they used before the intervention. Where differences were found, the variable “learning skills” would be used as a covariable in the analysis. A quasi-experimental design coupled with a control group was used to test RQ1 and RQ2, a descriptive correlational design to test RQ3, RQ4, RQ5, and RQ6, and the structural equation modeling (SEM) to RQ7 was employed to validate the results.

Instruments

Instruments for the evaluation of the dependent variables.

The ACRA Scale of Learning Skills

The ACRA Scale of learning skills (ACRAr) was developed by Román and Poggioli (2013). This scale is a widely tested research instrument on learning skills among Spanish-speaking populations (Camarero et al., 2000; Carbonero et al., 2013), which identifies 32 skills at different points in the processing of information: Information Acquisition Skills Scale (IASS) (attention and review skills) has an α = 0.78 and an inter-judge construct validity of r = 0.78 and a content validity of r = 0.85; Information Codification Skills Scale (ICSS) (mnemonic techniques, organization, and preparation) has an α = 0.92 and an inter-judge construct validity of r = 0.86 and a content validity of r = 0.87; Information Recovery Skills Scale (IRSS) answer planning and generation has an α = 0.83 and an inter-judge construct validity of r = 0.86 and a content validity of r = 0.86; Metacognitive and Information Processing Skills Scale (MIPSS) divided into Metacognition (self-knowledge, self-planning and regulation, and self-assessment) has an α = 0.90 and an inter-judge construct validity of r = 0.88 and a content validity of r = 0.88; and Processing skills (self-instructions, self-control, coping with distractions, social interaction, intrinsic–extrinsic motivation, and escape motivation) have an α = 0.90 and an inter-judge construct validity of r = 0.88 and a content validity of r = 0.88. In this study, the indicators of validity in the sample were IASS α = 0.78; ICSS α = 0.92; IRSS α = 0.83; MIPSS.

The reliability indices of the sample were, respectively, IASS α = 81,: ICSS α = 78, IRSS e α = 0.75, and MIPSS α = 0.77.

Rubrics

(a) Rubric for the MATES subject. This instrument has five evaluation criteria related to the competencies that the students should develop on the module: (1) identification of isostatic and hyper-static structures (α = 0.91); (2) solving problems related to structural cuts for the calculation of internal stress distributions (α = 0.87); (3) representation of internal stress diagrams (α = 0.86); (4) analysis of structural bending moments and shear stress diagrams (α = 0.87); and (5) interpretation of structural bending moments and shear stress diagrams (α = 0.87). These criteria were evaluated on a Likert-type scale of 1–5 points ranging from (1) unacceptable to (5) excellent. This instrument has a global reliability index of α = 0.91 and inter-judge indicators of construct validity of r = 0.89 and of content validity of r = 0.87. Likewise, it presented adjusted indicators of composite reliability (CR = 0.82) and mean variance extracted (AVE = 0.50) (see Appendix 1).

(b) Rubric for the SOEC module (Sáiz and Escolar, 2013). A rubric with five evaluation criteria was employed, related to the competences that students should develop on the module: (1) identification of the observation process (α = 0.86); (2) observational methods (α = 0.82); (3) application of descriptive statistics (α = 0.83); (4) application of pre-experimental designs (α = 0.81); and (5) application of quasi-experimental designs (α = 0.83). These criteria were evaluated on a Likert-type scale of 1–5 points from unacceptable to excellent. The instrument had a global reliability index of α = 0.85 and indicators of inter-judge construct validity of r = 0.86 and of content validity of r = 0.85. Likewise, it presented adjusted indicators of composite reliability (CR = 0.93) and of mean variance extracted (AVE = 0.66).

The two rubrics were prepared following the taxonomic criteria of Bloom (Anderson and Krathwohl, 2001) under the supervision of an expert researcher in didactic programs.

(c) The academic results of the MATES and SOEC subjects were analyzed to establish the degree of acquisition of the competences of each subject. The grades were measured on a scale of 0–10.

Procedure

At the start of the semester, the students were requested to participate in the research on a voluntary basis and were informed of the policy on data confidentiality. None of the students refused to participate in the study. The choice of modules was done by using incidental sampling. The distribution of the students between the experimental and the control groups within each of them was done by using random assignment.

Then, all the students were given the ACRAr scales and the rubric for each of the subjects, in the second week of the semester, which served to analyze the previous knowledge of each of the matters before beginning the instruction.

Third, throughout the course of the semester, different types of feedback were given, depending on whether the students had been assigned to the experimental or to the control group. Process-oriented feedback was applied to the first group. This type of feedback takes into account the motivational and metacognitive characteristics of students and places emphasis on error correction and motivation using self-regulatory skills. Grade-oriented feedback (traditional feedback) was applied to the second group, in which the student was given information on task completion, although the feedback contained no analysis of motivation and metacognitive skills. In this period, the teachers encouraged students to use the rubrics as a means of control and analysis of their learning process. The rubrics were progressively revised by the teacher, with a view to giving different types of feedback.

Fourth, the rubric was applied to all the students at the end of the semester and before completion of the final evaluation test, with a view to study the perceptions held by the students of their knowledge of the subject matter they were studying, immediately after which they completed the final evaluation test.

Data Analysis

In the first place, the normality and the linearity of the relations between the previously assigned dependent variables (ACRAr) were established. In second place, it was established whether the three situations were equal in relation to the tasks of orientation and previous experience.

Two multivariate ANCOVAs were performed with the independent variables LO and SPKI and the covariables Type of Degree (MED v. PED) RQ1 and RQ2. A Pearson correlation coefficient was employed to test RQ3, RQ4, RQ5, and RQ6, and the SEM to test RQ7. The analyses were done with the SPSS v.23 and the AMOS v.23 software packages.

Preliminary Analyses

Analysis of Correlations between the Variables

A correlation analysis was performed to study the relations between the learning skills, the SPKI, and the LO of the students. As may be seen in Table 1, significant correlations were detected between the scores on the four ACRAr scales. The rest of the correlations were not significant. Moreover, a negative significant correlation was found between LO and SPKI before (r = –0.48). Hence, the two variables LO and SPKI may be considered dependent variables in the ANCOVAs.

TABLE 1 | Correlations between the variables before the intervention (pre-test).
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Previous Analysis of Samples

A normality test of the scores of each participant in the (ACRAr) learning skills was conducted before the intervention. The results indicated that no significant differences existed between the experimental group and the control group before the intervention on the four scales (IASS: F = 1.16, p = 0.20, η2 = 0.01; ICSS: F = 1.44, p = 0.23, η2 = 0.01; IRSS: F = 1.10, p = 0.29, η2 = 0.008; and MIPSS: F = 2.50, p = 0.11, η2 = 0.01). However, significant differences were found in relation to the variable “type of degree” (IASS: F = 19.41, p = 0.00, η2 = 0.12 and SPKI before: F = 295.23, p = 0.00, η2 = 0.67), so this variable will be used as a covariable in the ANCOVAs.

The indicators of asymmetry and kurtosis were also found for the distributions of ACRAr, LO and SPKI. Values higher than |2.00| for asymmetry indicate extreme asymmetry and values lower than the distribution are normal (Bandalos and Finney, 2001). Kurtosis values of between |8.00| and |20.00| suggest extreme kurtosis (Arias, 2008; Arias et al., 2013). Asymmetry values within an interval of between |0.17| and |1.09| kurtosis values of between |0.37| and |1.15| were found, which suggests that there was no acute deviation of normality in the distributions (see Table 2).

TABLE 2 | Analysis of normality in the variables before the intervention.
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The Mahalanobis distance was also found, yielding no values lower than p > 0.001, making it unnecessary to eliminate any extreme values.

RESULTS

Feedback’ Effects

The effect of feedback on LO and on SPKI was studied. In relation to Research RQ1 [“Will the students who receive process-oriented feedback have better LO than the students who receive grade-oriented feedback (traditional feedback) and could those LO be affected by the type of degree (engineering degree v. social science degree)?”]. Significant differences were found in response to the independent variable Type of feedback (F = 6.49, p = 0.01,η2 = 0.04). Moreover, significant differences were found in relation to the covariable “type of degree” with a low effect value (F = 35.61, p = 0.00,η2 = 0.19). In Table 3 and Figure 1, the mean values of LO in relation to the two sorts of feedback (process-oriented v. traditional feedback) are shown.

TABLE 3 | Mean and SD of learning outcomes (LO) in relation to process-oriented v. traditional feedback in DME and DPE.
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FIGURE 1 | Mean means for learning outcomes (LO) against the independent variable “type of feedback” (process-oriented feedback vs. Traditional feedback) on the different degrees. Note. DME = Degree in Mechanical Engineering; Degree in Preschool Education = DPE.



Not significant differences were found in relation to Research RQ2 [“Will the students who receive process-oriented feedback have a better perception of their subject-related knowledge than the students who receive grade-oriented feedback (traditional feedback) following the intervention and will those results be affected by the type of degree (engineering degree v. social science degree)?”], (F = 0.01, p = 0.91, η2 = 0.001). Neither were significant differences found in relation to the covariable “type of degree” (F = 0.09, p = 0.76, η2 = 0.001). In Table 4 and Figure 2, the mean of SPKI after in relation to the two sorts of feedback (process-oriented v. traditional feedback) are shown.

TABLE 4 | Mean and SD of SPKI after in relation to process-oriented v. traditional feedback in DME and DPE.
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FIGURE 2 | Mean means for student perceptions of knowledge (SPKI) after training in the independent variable “type of feedback” (process-oriented feedback v. traditional feedback) on the two degrees. Note. DME = Degree in Mechanical Engineering; Degree in Preschool Education = DPE.



Relation between Metacognitive Skills and Motivation and LO and SPKI

With regard to Research Q3 [“Will there be a significant relation between LO and metacognitive skills and will there be differences in relation to the type of degree (engineering degree v. social science degree)?”], Research Q4 [“Will there be a significant relation between LO and motivation and will there be differences in relation to the type of degree (engineering degree v. social science degree)?”], Research RQ5: “Will there be a significant relation between SPKI and metacognitive skills and will there be differences in relation to the type of degree (engineering degree v. social science degree)?” and Research RQ6: “Will there be a significant relation between SPKI and motivation and will there be differences in relation to the type of degree (engineering degree v. social science degree)?.” We observed relations between SPKI after and self-knowledge (r = 0.30), Planning (r = 0.30) and motivation skills (r = 0.34) among engineering students (DME), but not relations with LO (see Table 5). With regard to students studying the social sciences (PED), we found relations between LO and self-knowledge (r = 0.21) and motivation skills (r = 0.21) but not with SPKI (see Table 6).

TABLE 5 | Correlations between metacognitive skills and information-processing skills and the results of academic learning and in rubrics after the intervention in DME.
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TABLE 6 | Correlations between metacognitive skills and information-processing skills and the results of academic learning and in rubrics after the intervention in preschool education degree.
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We applied “SEM” to the three models, in order to answer Research RQ7 (“Will the results be validated with the structural equation model?”):

(a) Model 1 presents the relations between the “Metacognitive skills of Planning and Self-assessment,” “Motivation skills,” and “SPKI before” with LO and “SPKI after” (uninfluenced by “SPKI before”).

(b) Model 2 refers to the results on the influence of “type of students” (engineering v. social sciences), “type of feedback” (process-oriented feedback v. traditional feedback), “metacognitive skills” (planning and self-assessment) and “motivation skills” on LO and the effect on “SPKI after” of “type of students,” “planning,” and “motivation skills.” Relations were found between all of these variables.

(c) Model 3 is similar to Model 2, except that only “Metacognitive skills” (Planning and Self-assessment) and “Motivation skills” have a relation between each other.

Model 2 was found to have a good fit (see Table 7 and Figures 3–5).

TABLE 7 | Goodness-of-fit indices.
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FIGURE 3 | Model 1.
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FIGURE 4 | Model 2.
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FIGURE 5 | Model 3.



DISCUSSION AND CONCLUSION

In this study, we have compared the effects of two types of feedback (Process-oriented feedback v. Traditional feedback) on LO (RQ1) and on SPKI after (RQ2). We have also analyzed the relation between metacognitive skills and motivational skills among two types of students (engineering and social sciences students) in terms of LO and SPKI after [RQ3, RQ4 and RQ5, RQ6, respectively]. We found better results when the professor used process-oriented feedback rather than traditional feedback. The first type of feedback is based on error correction through self-regulated instruction and it improves motivation and metacognitive skills. This result is in accordance with feedback research (Hattie and Timperley, 2007; Alonso-Tapia et al., 2014). Another important conclusion is that the use of rubrics alone will not ensure a better learning outcome. If rubrics are to be successful, then their use must be accompanied by self-regulated instruction (Hattie, 2013). There were also differences between social science students and engineering students in terms of LO. These differences can be explained in terms of curricula content and the different metacognitive skills that the students use (Sáiz et al., 2012; Daly et al., 2014; Sáiz and Montero, 2015). The engineering students used more motivation skills and self-knowledge and planning skills in relation to SPKI after than in relation to LO. This result implies that the engineering students organize their learning in terms of self-perception of knowledge. For them, self-perception is more important in learning knowledge than the LO. This result suggests a deep level of self-perception. Conversely, the students of social sciences attach greater importance to the LO in relation to knowledge acquisition. In future research, we will analyze those characteristics of the learning tasks that might have a strong relation with the LO and the SPKI after.

As regards the SPKI after, the results in no way revealed that the type of feedback provided by the professor was a determining factor in the estimates that the students made of their own learning processes, on either of the two degree courses under study. In this research, those estimates were found to be connected with self-knowledge, planning, and the motivation skills of the engineering students (Sáiz and Román, 2011). This is a relevant aspect for future investigations in which the relation between motivation and success could be studied, both in relation to LO and in relation to SPKI before and after, analyzing the effects of both over-estimation and under-estimation to different degrees (Zimmerman and Moylan, 2009). So, if the student is to learn, SRL is essential (Brown and Harris, 2013; Panadero et al., 2013; Malmberg et al., 2015). Likewise, in future studies, we should analyze why the type of feedback had not influence on the students’ self-perceptions of their own knowledge.

In summary, the teacher’s feedback based on self-regulation is more effective than traditional feedback. Nevertheless, the effects of this type of feedback are not similar on other types of students. Successful learning appears to be conditioned by the type of learning task (Finelli et al., 2015). Likewise, self-perception of knowledge is directly related to achievement motivation (Flavell, 1981; Efklides, 2011; Van der Stel and Veenman, 2014; Sáiz and Montero, 2015). Both the individual and the interactive processes that influence the regulation of learning should be considered. Hence, the student must perceive relevant information in the environment and to integrate it with their previous knowledge of the task in an individual and social setting (Mentzer et al., 2015). In this investigation, the level of student motivation toward the task has been studied, but not the level of collective motivation of the group toward the development of the tasks. Likewise, the previous subject matter knowledge of the students in the different groups under analysis was assessed, but not the collective relation between that knowledge for problem-solving in groups (Molenaar and Chiu, 2014). As challenges in future investigations, the relation that the error analysis conducted by the student has on both variables (previous knowledge and student motivation) could be studied. If differences between students are found in that analysis, they could be compared with data-mining techniques to examine individual and interactive learning tasks in different types of degree courses.

With regard to the analysis of the adjustment of the theoretical model on successful learning from the viewpoint of different investigations (Zimmerman and Moylan, 2009; Hattie, 2013; Panadero and Jonsson, 2013; Panadero et al., 2013). The results indicate that although planning and self-assessment metacognitive skills are relevant to the perceptions of the knowledge held by students, they cannot explain successful learning, which is linked to variables related to the type of task, the understanding of learning goals and the effectiveness of the support that the teacher provides during the instruction process. Future lines of research will, therefore, be directed at evaluating those variables on different degree courses and at analyzing whether significant differences may be found. The present-day educational system in higher education is structured around the development of competences (Daly et al., 2014), so the question of whether that structure is, in practice, similar in the different degrees should be analyzed. These results point to a need for training on improvements in the use of self-knowledge planning and self-instruction skills among engineering students not only in terms of SPKI after but also in terms of LO, a training that teachers can initiate in the classroom (Sáiz and Bol, 2014).

Limitations of This Study

The present research has been completed with a sample of students studying for degrees in the social sciences and in engineering, although the sample may be enlarged and other degrees included in future investigations to arrive at a broader comparison. Likewise, the effects of feedback on the academic results of students have been analyzed in relation to their global score. Nevertheless, in future studies, the global score could be broken down into partial scores obtained in the different assessment procedures, which refer to the analysis of different types of competences, so as to confirm the effects of both feedback type and learning skills on those competences.

It should likewise be recalled that the percentage of women on engineering degrees is much lower than the percentage of men; an aspect that is reversed on education degrees. So, it may be that the gender covariable explains some of the differences that are found. Therefore, future investigations will be directed at studying whether the gender covariable can in some way influence the effects of feedback on learning. A study could also be conducted on the reasons students have for their choice of degree course.
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