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Classroom interactions play an important role in the learning and teaching of mathematics, and feedback emanating from these interactions is a powerful tool for enhancing student learning. These exchanges have been widely studied in higher education, but very few investigations have been carried out at the level of elementary students and teachers. This study aimed to contribute to existing knowledge of feedback, and to formulate guidelines to improve teacher feedback in elementary school. The specific objectives were to analyse the focus of feedback (a) by lesson purpose and type of interaction, (b) by type of question and student's answer, and (c) by gender and student achievement. Participants comprised five teachers and their 82 third-grade students attending an elementary school in Portugal. Mathematics lessons were video-recorded and a categorisation system to assess teacher-student interaction was developed, based on a review of the literature and empirical data. The results showed that most of the teacher–student interactions contained feedback, which was usually focused on a specific task, and less frequently on the ways in which tasks were processed. In terms of lesson purpose, teachers' feedback was evaluative, especially when they had initiated the interaction. Feedback became more effective when the initial move was made by the students. The focus of feedback was not related to the type of question asked, but it was associated with the certitude of the students' answers. We also observed an interaction effect between the focus of feedback, gender and achievement, with high-achievement boys receiving advantages. Our results hold important implications for teachers' classroom practices and professional development.
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INTRODUCTION

Sociocultural researchers (e.g., Mercer, 2010; Mercer and Howe, 2012) have focussed their attention to the effects of teacher-student dialogues on problem-solving, learning, and conceptual change. In the mathematical learning process, interaction between teacher and students can facilitate students' learning (Apriliyanto and Saputro, 2018). For socio-constructivists (e.g., Hardman et al., 2003) learning is a social, active process involving others, and takes the form of a constant interplay between student and teacher that assists the learner in acquiring the necessary skills and knowledge. The learning process comprises a succession of steps that the student takes, building on the scaffolding provided by the teacher, ultimately leading to the learner's self-regulation and development through a process of internalisation (Vygotsky, 1978). In addition, socio-constructivists argue that language serves to mediate higher order thinking, thereby playing a critical role in the teaching-learning process.

Nevertheless, Hardman et al. (2003) found that the discourses invoked in classroom situations do not always support learning, as much of the class time is devoted to teachers' talk, with little time spent on teacher-students interactions or group discussions. Similar results were obtained by Burns and Myhill (2004), who reported that teachers made statements or asked factual questions 84% of the time. Classrooms were dominated by teachers' talk and students' answers to teachers demands. The dominance of the teacher's talk entrenches the pre-dominance of a transmissive method of knowledge, controlled by the teacher, with students having little autonomy and involvement in their learning (Hattie, 2012b).

Previous studies surfaced the structure of teacher talk, which corresponds to the structural model of classroom conversation developed by Sinclair and Coulthard (1975). Teaching exchanges are used to deliver the pedagogic content of the lesson and are composed by structures. Several structures of exchange in terms of moves are distinguished. Among them the I-R-F structure that consist of initiation (I), response (R), and finally follow-up/feedback move (F). This structure is characteristic of discussion controlled by the teacher, where they start the interaction by posing a closed question to their students (I), for which they expect a particular response (R), to which they then respond (F), ultimately conforming to the result obtained previously (Hattie, 2012b). These exchanges also contain two structures that are at the initiative of the student in which in the opening move the pupil elicit a verbal response from the teacher and it is called I-R structure and a second one is the I-F structure where the pupil convey information to the teacher and teacher provides feedback (Raine, 2010).

The evidence provided through the studies of Hardman et al. (2003) and Burns and Myhill (2004) showed that classes were often dedicated to teaching rather than learning, with the transmission of contents in such a way as to produce the intended objectives being the central goal. In these scenarios, instead of classroom interactions that open talk to students to promote their deep thinking, classroom talk was found to be teacher-centred (Hattie, 2012b).

Studying classroom talk in primary school classrooms in England, France, India, Russia, and USA, Alexander (2001) frequently found the I-R-F exchange utilised in classrooms, with the majority initiated by the teacher. Nevertheless, he observed that students' participation and cognitive engagement differed across nationalities, based on teachers' pedagogical approaches. Based on these results (Alexander, 2004), Alexander (2006) developed the concept of dialogical talk applied to the classroom. This approach comprises different characteristics: collective—teacher and students address learning activities together; reciprocal—teacher and students listen to each other, share ideas and provide their different viewpoints; supportive—they help each other in a supportive environment with no fear of making a mistake; and cumulative—involving ongoing discussions to build their knowledge based on their own and each other's ideas. Finally, by posing open-ended questions, teachers encourage problem-solving instead of mere explanation and recall, and such an approach is therefore purposeful, with educational goals always present in teacher's mind. According to Alexander (2017) and Alexander et al. (2017), dialogic teaching has a positive impact on primary school children's achievement, engagement and overall learning, and it helps students to develop core skills such as listening and arguing, formulating questions, and developing critical thinking.

Usually teachers spend large amounts of classroom time questioning their students, considering this to be a strategy that enables students to participate in class, remain active and become interested in the contents they are taught. However, Hattie (2012a) points out that the majority of questions teachers ask are factual, and little time is provided for students to consider their answers; however, the best students are frequently afforded extra time to consider their responses. We argue that the amount of factual questions asked are related to teachers' conceptions of learning and teaching. If a teacher's conceptions or beliefs are focused on the teaching of content, and the learner's role is to memorise the contents, it makes sense to ask many factual questions to check if students had learned the information transmitted. These surface questions promote surface knowledge. In contrast, if teachers are focused on a student-centred or learning-oriented approach, they would be more pre-occupied with supporting students' autonomy and individual differences during the learning process. In those situations, teachers tend to ask more open questions that require justifications, arguments and connections between subjects, promoting conversation, student involvement, and the use of dialogue for learning (Smith et al., 2006). In this scenario, higher-order questions can promote deeper understanding.

A study by Smart and Marshall (2013) revealed that teachers' classroom questioning, specifically with regards to the level of questioning and the complexity of the question, was directly related to students' achievement. Based on the revised Bloom's Taxonomy (Noble, 2004), teachers' question levels were categorised as follows: (1) lower order (recall, remember, and understand); (2) apply (demonstrate, modify, compare); (3) analyse/evaluate (verify, justify, interpret); and (4) create (combine, construct, develop, formulate). The researchers observed a prevalence of lower-order questioning strategies that resulted in lower levels of student cognitive functioning. Regarding complexity of questions, Smart and Marshall (2013) analysed data along a continuum of teachers' feedback focus—ranging from a focus on the correct answer to evidence and reasoning. They found a positive correlation between students' cognitive level and the complexity of questions. Nevertheless, examining classroom interactions, and teachers' questions in particular, Smith and Higgins (2006) emphasise that, in order to provoke student participation in an effective interaction, what is more important is how teachers react to students' responses, coupled with the intentions of their questioning, rather than the type of questions asked. Against this backdrop it becomes clear that teacher-student interactions should be aimed at the collaborative construction of knowledge.

In dialogical talk teachers' speech is as important as students' talk (Alexander, 2017). As Chin and Osborne (2010) argue, questions students ask during the learning process help them to engage in dialogic argumentation. They claim that students' questions foster critical dialogue and can support students' argument-construction by stimulating co-elaboration and justification of their points of view. If students' questions can benefit learners, teachers should foster and encourage discussion and debate in classroom discourses. It becomes vital for teachers to challenge their students to ask questions and make statements to resolve doubts or seek answers, because it helps them to broaden their own thinking. Furthermore, Chapin et al. (2009) state that teachers' responses to students' questions are important tools in maintaining the interaction in a way that facilitates improved mathematic thinking and reasoning among students. Thus, as these authors suggest, classroom talk promotes students' learning under certain circumstances. Asking students to talk about mathematics fosters their understanding and it renders visible their thinking processes and capacity to reason.

Recent research in the domain of feedback supports the concepts of dialogic talk (Alexander, 2017) and dialogic feedback (Carless, 2016). In line with this research, feedback is central to learning when teachers' comments enable students to enhance their learning strategies. Effective feedback involves a dialogic process involving both student and teacher, and it is essential that students understand the meaning of teachers' feedback and use that information to close the gap between what they know and what they are expected to know (Sadler, 1989). Such a process needs to generate opportunities for students to actively participate in their own learning and to talk about their understanding of the work they have to do. The student must be able to comprehend, judge and act on the information given by the teacher (Henderson et al., 2018).

Different perspectives inform the definition of feedback. For many years feedback was conceived as information transmission, and research in this field focused principally on the content and delivery of feedback (Ajjawi and Boud, 2017). In this approach the learner is viewed as a passive recipient of what the teacher says, without any concern regarding the learner's level of understanding or ability to act, based on the feedback provided by the teacher. More recently, and in contrast to more traditional approaches, researchers like Carless (2016) and Molloy and Boud (2013) reinforced the argument that feedback should be seen as a dialogic process of communication that is social constructed. The main purpose of feedback, in this socio-constructivist view, is to promote self-regulation.

Hattie and Timperley's (2007) conceptual model of feedback takes into account its self-regulatory purpose. They consider that three questions need to be addressed in feedback interactions. The first of these, “where is the student going?,” relates to the goals the student needs to master. The second, “how is the student going?,” relates to the student's current level of achievement. The third, “where to next?,” is the most important for students as it not only describes the learning strategies they need to choose to master the goals, but also facilitates self-regulation in that process.

As reported by Hattie and Timperley (2007), each of these questions can work at four separate levels: task, process, self-regulation, and self. They argue that feedback has to be related to the task in order to have a positive impact on learning. This is a condition that the feedback at the level of self—also known as praise—does not fulfil. When teachers praise their students, students take their attention off the task and focus it on the praise. Feedback at the task or product level has limited positive consequences and promote more surface knowledge. The potential for development in terms of learning is bigger when the feedback focuses at the level of process. This type of feedback allows the student to have access to more detailed information on the process needed to solve the task, enhances deeper learning, and improves self-efficacy. The level of self-regulation is focused on the development of students' skills in monitoring their own learning process, it facilitates greater confidence in students to get involved with the task, and promotes students' autonomy (Table 1). Hattie (2012a) considers these feedback levels to form a progression, from task, to process, and finally to self-regulation:

The first three feedback levels (Task, Process and Self-regulation) form a progression. The hypothesis is that it is optimal to provide appropriate feedback at or one level above where the student is currently functioning and to clearly distinguish between feedback at the first three and the fourth (self) level. Feedback at the self-level can interact negatively with attainment as it focuses more on the person than the proficiencies (Hattie, 2012a, p.267).


Table 1. Focus of the feedback: the four levels (Hattie and Timperley, 2007).

[image: Table 1]

In consonance with Hattie (2012a), for feedback to be effective teachers need to provide feedback one level above the student's actual position; clarify the goal of the activity; ensure that the student understands the feedback; and ask students to provide feedback on their teaching. When studying the effects of feedback on students' outcomes, researchers have found several variables that mediate these effects. Nevertheless, it seems that strategies for self-regulation promote student engagement, effort and self-efficacy (Butler and Winne, 1995; Hattie and Timperley, 2007). In line with Hattie and Gan (2011), self-regulatory feedback is the most powerful type, yet task feedback is more often given in the classroom (Van den Bergh et al., 2013). This is also consistent with results obtained by Gan and Hattie (2014) related to peer feedback. They investigated students' feedback features in relation to the use of feedback levels, and verified that, similar to teachers, task-level feedback was the most commonly used among peers, while self-regulation feedback was rarely provided.

Hattie and Yates (2014) stress that the levels of feedback should be adapted to students' needs. They consider three stages of knowledge according to students' needs. In the first, initial knowledge acquisition, learners construct new knowledge, and need feedback focused on the task level. The application of knowledge is the second stage, where students have already acquired some basic concepts and now need to apply their skills. The focus of feedback at this stage should be at the level of process to assure that the students are on the right path and, if not, they need to be supported with alternative strategies and interventions that help them apply the knowledge acquired earlier. At the advanced mastery stage, where students exhibit high levels of expertise, feedback should be aimed at the level of self-regulation. Hattie and Yates (2014) point out that these stages work in a cyclical manner and so, when a student attains the first stage, they need more cognitive resources to move on to the next stage. Barriers to these cognitive resources may lead the student to give up or reduce their effort in accomplishing the task and seek easier goals.

The existence of gender bias in teacher-student interactions in mathematics has been of concern for researchers (Sadker and Sadker, 1986; Eccles and Harold, 1992; Kelly, 1998; Zakkamaris and Balash, 2017). Not only are female students consistently treated differently in mathematics classrooms, teachers also give more attention to male students. Sadker and Sadker's (1986) research on classroom interactions in elementary and secondary schools showed that male students received more attention from teachers and were given more time to talk in classrooms when compared to female students. Moreover, their findings demonstrate that the types of interactions teachers have with boys differ from those they have with girls. In their study, teachers provided more feedback, including praise, criticism, help, and correction to boys, while providing mostly confirmation feedback to girls. Boys were most likely to be rewarded for a correct answer, or given feedback to enhance their learning, compared to girls. According to these researchers, educators are generally unaware of the presence or impact of this bias. The results obtained by Stevens (2015) and Zakkamaris and Balash (2017) similarly reveal that teachers in mathematics classes provide a wider range of interactions to males than to female students. In contrast, Myhill (2002) found that the student's status as a learner (low achiever vs. higher achiever), was a significantly greater indicator of whether a child would interact in the classroom. In her study low achievers, regardless of gender, do not participate in classroom discussions in classroom as much as overachievers do. Based on her findings, Myhill argues that gender does not play such an important role in the mediation of academic achievement.

Apart from the students' gender, needs and performance level there is another possible factor that could determine the form of a teacher's feedback, namely the nature of the student's response (Chin, 2006). In Chin's (2006) study, she analysed the types of teacher feedback to students' responses (correct, combination of correct and incorrect, and incorrect answers). In feedback to students' correct answers, the teacher confirmed and reinforced the correct responses and then continued to expose the matter as they were doing up to that point. In feedback to an answer containing a combination of correct and incorrect information, the teacher accepted the answer, then asked a series of questions related to what the student had just answered in an attempt to get the student to better explain their thinking. In feedback to an incorrect student response the teacher corrected it explicitly and then further explained the answer, making evaluative or neutral comments followed by a reformulation of the question. Thus, the quality of feedback differs according to the nature of the student's response and, as Kluger and DeNisi's (1996) demonstrated in their meta-analysis, while feedback usually improved performance, in some cases it decreased performance, especially when feedback were simple judgments of correct or incorrect responses.

The current study of classroom interaction forms part of a larger investigation into the assessment and feedback practices of mathematics teachers in Portuguese primary schools. The aim of the current study is to examine teacher-student interactions, mainly to characterise the focus of feedback used by third-grade teachers and whether it differs according to the type of interaction, the lesson purpose, the type of question used by the teacher, the type of answer given by the student, and the students' gender and prior achievement.

According to Hattie and Timperley (2007) the focus of feedback can be categorised into four major levels: about task; aimed at the process; focused on self-regulation; and self-directed. They claim that “the level at which feedback is directed influences its effectiveness” (Hattie and Timperley, 2007, p.90). They concluded that feedback at process and self-regulation levels are the most effective in promoting achievement.

In order to characterise teacher feedback during active learning we examined the focus of the feedback, especially the four levels of feedback (task, process, self-regulation, and self-level), and four research questions guided our study:

1. What are the characteristics of teacher–student interactions related to the teacher feedback move (task, process, self-regulation, and self) during active learning during mathematics lessons in the third grade of primary schools?

2. Are teacher feedback characteristics (F moves) different according to

i. the patterns of classroom interactions (I-R- F or S-F) and the lesson purpose (introducing new content—practising—assessment)?

ii. the type of question posed by the teacher (open or closed) and the type of answer provided by the student (correct or other than correct)?

iii. according to the gender (male or female) and prior achievement (lower, average, or higher) of the student at whom the feedback is addressed?



MATERIALS AND METHODS


Participants

Data collected for this cross-sectional study were part of a broader longitudinal research project. We used multiple-case sampling to add confidence to our findings (Miles et al., 2014). The methodological option for case studies allowed us to achieve a more profound understanding of data gathered, a better comprehension of the participants' behavior and the contextual and socio-cultural influences on the behavior of participants during the observations (Rahman, 2017). As suggested by Miles et al. (2014) we selected five researched cases, the minimum for multiple-case sampling adequacy, consisting of five teachers and their 82 students attending the third grade of four private elementary schools in Lisbon. The main reason for choosing private schools as study sites was the necessity of ensuring that students remained at the same school with the same teacher for 2 years. This prerequisite would be difficult to fulfil at a public school, as most teachers must apply annually to work in any educational institution. To ensure maximum variation sampling (Etikan et al., 2016) teacher selection also took into account teachers' years of professional experience and gender, to see if the main pattern observed in one teacher would hold for the others; the selected teachers (one male and four females) had between 3 and 25 years' experience. Class size varied between 11 and 23 students per classroom. Three teachers had their respective classes for the first time, and two had accompanied their classes for more than 1 or 2 years. Students' average age was 8.07 years (SD = 0.47), ranging from 7 to 10; 47 students were male and 35 female. The proportion of girls and boys were similar in all classes [[image: image] = 2.17, p = 0.705].



Instruments and Procedures

To determine students' prior achievement, mathematics report card grades from previous evaluations were collected from school records to characterise students' achievement in mathematics. In Portugal, for the first cycle of basic education, the information resulting from the summative assessment translates into qualitative attribution on a four-point scale: very good, good, satisfactory, and unsatisfactory. In our sample, however, some teachers, however, used a five-point scale: unsatisfactory, satisfactory, good, very good, and excellent. All grades were converted to z-scores, which allowed for a context-free evaluation that captured the individual achievement of each student relative to their classroom's mean and standard deviation (Cross, 1995; Stake, 2002). We grouped the students as follows: the lower achievement group comprised the 20% of students with the worst achievement (n = 17, Mz−score = −1.40); the higher achievement group comprised 20% of students with the best achievement (n = 17, Mz−score = 1.0); and the average achievement group consisted of students with average achievement (n = 48, Mz−score = 0.11).

The complexity of mathematics and the kind of reasoning involved in doing mathematics are important characteristics that are difficult to define and code reliably (Hiebert et al., 2003). To attenuate this effect, the structured observations of classroom interaction were undertaken in two curricular units, common to all classes, covering the following mathematical topics: stem and leaf diagrams, and addition and subtraction with decimal numbers. Each curricular unit was composed of several lessons with specific aims, designed to teach those topics as part of the curriculum. We filmed both units in their entirety for each of the five teachers. A total of 24 lessons were videotaped, accounting for a total of 1,767 min of footage.

According to the teachers, the recorded lessons were similar to their usual mathematics lessons and teachers followed their normal lesson plans. Mathematics lessons differed in terms of the amount of time teachers allocated to teach these curricular units. Teachers from classes C, E, and B devoted more time to these topics than teachers A and D. Table 2 displays the total number of lessons and the total of minutes filmed for each class in both units.


Table 2. Description of the collected and coded data.

[image: Table 2]

For each entire unit videotaped, the purposes of each lesson were identified. We classified the lesson purposes according to Hiebert et al. (2003):

1. Introducing new content: The teacher introduces content that students had not previously worked on by using expositions, demonstrations, illustrations, problem-solving, and class discussions.

2. Practicing new content: Students practice or apply the newly introduced content, usually in one or both of the following formats:

i. working individually; and

ii. working in a small group (two to four students).

3. Assessment: This additional category was included as the first two lesson purposes were considered non-exhaustive and over-inclusive for the analysis of lesson structures of some of the teachers. This category focused on verbally checking the answers for previously completed problems, quizzes and grading exercises completed during the Practicing lessons.

Each lesson may have a single purpose, or it may have been segmented into different purposes. Table 3 displays the types of lesson purposes for each class in the two curricular units.


Table 3. Types of lesson purpose for each class in the selected units.

[image: Table 3]

The amount of time teachers devoted to each purpose differed, so, for each purpose identified, segments of 30 min (maximum) video data were selected for closer analysis, with a total of 680 min of videotaped data selected for transcription and analysis (c.f. Table 3). The qualitative data from the selected segment were analysed by two trained researchers, using an observation grid derived from literature on feedback assessment practices (Brophy, 1981; Balzer et al., 1989; Hattie and Timperley, 2007; Shute, 2008; Hattie, 2012b; Brookhart, 2017).

The unit of analysis/interaction was limited to the following exchanges: teacher-student-teacher (I-R-F) and student-teacher (S-F). The acronym of the structures of the student initiative were modified from the original structure, as both originals (I-R and I-F) were incorporated into a single structure (S-F). Only interactions about the identified mathematical topics—stem and leaf diagrams, and addition and subtraction with decimal numbers—were analysed. A total of 2,037 units of analysis/interactions were analysed in response to the first research question, and 1,675 of these interactions were analysed to answer the remaining three research questions. To characterise the teacher feedback (first research question), we included all the interactions that occurred between the teacher and the students on the relevant topics, regardless of whether or not the teacher gave feedback to the answers or questions posed by the students. To answer the remaining research questions, we only used interactions where there was teacher feedback and which, according to Hattie and Timperley (2007), would somehow contribute to student learning. Thus, only the interactions whose feedback from the teacher was focused on the task, process and self-regulation were analysed. In Table 3 we present the number of interactions observed for each class. The proportion of these interactions did not differ significantly among the classes (z-test p > 0.050).

The classroom interactions were analysed in conformance to Sinclair and Coulthard's (1975) pattern of talk I-R-F (opening, answering, and follow-up/feedback moves). In opening moves, the teacher elicits a verbal response from a pupil. Each opening move is followed by a student answering move, in response to the opening move. Follow-up moves follow answering moves, and are defined as feedback moves from teacher.

Within each I-R-F discourse move, two different modifiers are available concerning the type of question and response, coded as “open question” if the teacher accepted more than one answer and extended students' answers with the intention of bringing the interaction back in line, or “closed question” if the teacher accepted only one correct answer which both teacher and pupils know to be the true answer to an original factual question. Initially, student responses were coded according to four categories: “correct,” where the teacher accepts the answer; “incorrect,” where the teacher's feedback indicated that the student's answer was wrong; “incomplete,” if feedback indicated that the response was incomplete; and “don't know,” if the student did not answer the question. Given the data obtained for the categories: “incorrect,” “incomplete,” and “don't know” were reduced, and it was decided to group all the relevant data into the category “other than correct.”

In the S-F discourse moves, the pupil elicits a verbal response from the teacher or the pupil conveys information to the teacher in the opening move (S), followed by the follow-up/feedback moves (F) from the teacher. In this case, any response by the teacher to a student's interlocution on the subject under study, was considered to be feedback. The teachers' feedback moves were examined with respect to the focus of feedback, as described by Hattie and Timperley (2007), who proposed four levels of feedback focus, with a distinction between the different levels of feedback (Table 1).

Using an observation grid, approximately 30% of all recorded interactions were coded by a third researcher to determine the percentage inter-rater agreement, as described by McHugh (2012). Further, both researchers coded all the interactions 4 months after the first codification to determine the intra-rater reliability, calculated as the number of agreement scores divided by the total number of scores. A mean agreement of 91.6 and 93.7% for inter-coder reliability was achieved; the lowest agreement was 70.7% on the dimension “Type of question.” For intra-coder reliability, a mean agreement of 92.5 and 94.7% was achieved; the lowest agreement was 79.8% in the dimension “Focus of feedback.”



Data Analysis

The aim of this study was to analyse teacher-student interactions and, more specifically, to characterise the focus of feedback used by third-grade teachers and to determine whether it changed according to the type of interaction (I-R-F or S-F), the lesson purpose (introducing new content, practising, or assessment), the type of question (open or closed) used by the teacher, the type of answer given by the student (correct or other than correct), the student's gender (male or female), and prior achievement (lower, average, or higher). With this in mind, the qualitative data from the 2,037 interactions collected using the observation grid was converted into categorical variables that could be analysed using descriptive and inferential statistic (Bazeley, 2018). Then, we calculated the frequency of all the categories in the observed interactions. We organized the data into contingency tables containing the number of interactions in each category of the three dimensions studied for each research question.

To analyse these complex and multivariate contingency tables, we used a log-linear analysis, which permits the examination of various types of higher order interactions among several categorical variables. It is similar to an analysis of variance, but for entirely categorical data (Field, 2015). Since most studies have used univariate techniques to study the relationships between feedback and the variables under study, one of the contributions of the current research was the use of multivariate statistics to answer complex questions involving more than two variables. The use of multivariate statistics in the current study allowed us to examine these relationships in depth and to quantify them; this approach “gives a much richer and realistic picture than looking at a single variable and provides a powerful test of significance compared to univariate techniques” (Shiker, 2012, p. 56).

Log-linear analyses aim to fit a simpler model to the data in the contingency tables, without any substantial loss of predictive power. Therefore, log-linear analysis works on a principle of backward elimination. It starts with the saturated model, including all interaction effects, after which terms are removed from the model (starting with the highest-order interaction) to see whether their removal significantly affects the fit of the model. If the removed term does affects the fit of the model, the term is not removed but rather interpreted, and all lower-order effects are ignored (Field, 2015).

In the current study, log-linear analysis assumptions (independence of cell and expected frequencies >5) were met. The focus of feedback was defined as the response variable, with the remaining dimensions as explanatory variables. Therefore, potential main effects and interaction between the explanatory variables were implied by using an asymmetrical inquiry as suggested by Kennedy (1988). Three asymmetrical log-linear analyses were applied to three-way contingency tables of frequencies, with the focus of feedback as a dependent variable and using the procedures suggested by Kennedy (1988): (a) logit-models were specified, (b) their expected cell frequencies were compared with observable data, and (c) model terms that contributed significantly to the enhancement of these models were identified. The model was subsequently interpreted by collapsing the table to the factors in the term of interest and analysing the percentages (Field, 2015). We also calculated the odds ratios (OR) by breaking the effects into logical 2 × 2 contingency tables, as suggested by Field (2015). All the analyses were implemented with the statistical analysis software SPSS Statistics (v. 25).




RESULTS


Teacher-Student Interaction: Feedback Characteristics

A total of 2,037 units of analysis/interactions were examined and classified in two categories related to the pattern/type of interaction. From those, 1,275 (62.5%) interactions were initiated by the teacher (I-R-F) and 762 (37.4%) by the students (S-F).

Interactions were also categorised according to the teacher's feedback move (Table 4). After observing the interactions and feedback moves, we found that teachers would sometimes focus feedback at one level only in one utterance. In other utterances, however, feedback was focused at two or three levels, as illustrated in the following example: “What a disaster! (Self) …this isn't the way to represent these data! (Task) I asked you what kind of graph you would choose to represent this data. For example, you could try to look at the table, to the title, numbers and words. You want to compare parts of a whole, in different categories (Process).”


Table 4. Frequency and percentages of the focus of feedback from the observed interactions.

[image: Table 4]

Analysis revealed that in 4.8% of the interactions the teacher decided not to give any feedback; in 13.2% of the interactions, teachers' feedback was at the level of self (alone or combined with other feedback levels). In 69% of the interactions, teachers' feedback focused at the level of task (16.9% combined with the process level). Only 12.9% of the interactions were focused at the level of process, autonomously. We did not observe any interactions with feedback at the self-regulation level. Table 4 presents a description of the feedback focus of the observed interactions.

To answer the second, third, and fourth research questions, feedback at the level of self was not included. Several authors consider self-level feedback to have a detrimental impact on learning (Brooks et al., 2019), even when it is used in combination with other feedback levels. So, after omitting the interactions with feedback moves that included self-level feedback, a total of 1,675 interactions were analysed and classified according to the different levels. In Table 5 we present the frequency for all levels of feedback observed. Teachers' feedback focused at the level of task in 69% of the interactions, with 16.9% also incorporating some content at the level of process. Only 13.3% of the interactions were focused at the level of process alone. As mentioned before, we did not observe interactions with feedback at the self-regulation level.


Table 5. Frequency of interaction for the levels of feedback.

[image: Table 5]



Focus of Feedback by Lesson Purpose and Type of Interaction

To understand if the teacher feedback characteristics (focus of feedback) differed according to the patterns of classroom interactions (I-R-F or S-F) and lesson purpose (introducing new content, practising, or assessment), a log-linear analysis was applied to the data organized in the three-way contingency table of frequencies presented in Table 6: Lesson purpose (4 categories) × Type of Interaction (2 categories) × Focus of Feedback (3 categories). Since we are assuming focus of feedback to be the dependent variable, an asymmetrical inquiry was used. This means that we incorporated the interaction between the independent variables lesson purpose and type of interaction in all models. If not controlled, these interactions could serve to distort patterns of response over levels of the focus of feedback (Kennedy, 1988). Consequently, in Model 1 we included all main interactions and the two-way interaction between the Lesson purpose and the Type of interaction; in Model 2 we added the two-way interaction between the Lesson purpose and the Focus of feedback; in Model 3 we added the two-way interaction between the Type of interaction and the Lesson Purpose; and finally, in Model 4, we added the three-way interaction among all variables. The residual maximum likelihood ratio statistic (G2) and the residual Pearson chi-square statistic (X2) associated with the four tested models are presented in Table 6.


Table 6. Frequency of the focus of feedback according to the lesson purpose and the type of interaction.
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As can be observed in Table 7, when the highest-order effect (the interaction between the three variables) was removed from the model, the likelihood ratio statistic did not significantly change, indicating that removing the three-way interaction does not significantly affect the fit of the model, and our data can be explained by a simpler model. Thus, we moved on to lower-order interaction. Removing the interaction between Type of interaction and Focus of feedback (Model 2) or the interaction between the Lesson purpose and the Focus of feedback (Model 1) changed the likelihood ratio statistic significantly, and removing these interactions terms have a significant effect on the fit of the model. Therefore, the most efficient model capable of properly describing the observed distributions is Model 3, which presented residuals that did not differ significantly from our data (p > 0.050, c.f. Table 7). This model includes the main effect of the three variables and the significant effects of the interactions: Lesson purpose × Type of interaction, Lesson purpose × Focus of feedback, and Type of interaction × Focus of feedback.


Table 7. Logit model analysis of proportional focus of feedback by lesson purpose and type of interaction.
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The interaction Lesson purpose × Type of interaction was significant, indicating that there was an association between these variables that explained the distribution observed in Table 6. As shown in Figure 1A, there was a higher proportion of I-R-F interactions in lessons with the purpose of introducing new content. The chances of teachers initiating the interaction were 2.3 times higher when the purpose was introducing new content than for any other purpose. Figure 1A shows that there were more S-F interactions (initiated by students) when the lesson purpose was practising the new content. OR indicated that the chances of the student initiating the interaction was 2 and 1.5 times higher when practising individually and in a group, respectively. Figure 1A further depicts the large proportions of I-R-F interactions in the lesson segments aimed at assessment. Yet, the adjusted estimated residuals indicate that there was no significant effect of this purpose on the type of interaction and we cannot confirm, with 95% confidence that the higher numbers of I-R-F interactions observed in the assessment segments were not due to chance.


[image: Figure 1]
FIGURE 1. Graphical representation of the association between the Lesson purpose and the Type of interaction (A), between the Lesson purpose and the Focus of feedback (B), and between the Type of interaction and the Focus of feedback (C).


The interaction Lesson purpose × Focus of feedback was also significant. The graphic representation of this interaction in Figure 1B allow us to observe that, in lessons with the purpose of introducing new content and/or assessment, the proportion of feedback at the task level was 1.6 times higher than in lessons with a different purpose. When the lesson purpose was practising new content, the chances of the teachers using task-level feedback was slightly lower −0.6 times lower for individual work and 0.5 times lower for group work. Further, the chances of teachers using process-level feedback was higher when the purpose was practising new content (1.6 and 1.8 times higher), but was 0.4 times lower when the purpose was introducing new content. The use of task + process feedback was significatively higher when the purpose was practising in group work (OR = 1.4), and significatively lower when the purpose was the assessment of the students (OR = 0.6).

Finally, there was a significant association between the type of interaction and the focus of feedback that help to explain the distribution observed in Table 6. As depicted in Figure 1C, there were more feedback at the task level in I-R-F interactions, and more feedback at the process level in S-F interactions. The teachers used task-level feedback 1.8 times more when they initiated the interactions, and 0.6 times less when the interactions were initiated by the students. In contrast, the chances of teachers using process-level feedback was 0.5 times lower in I-R-F interactions and 1.0 time higher in S-F interactions. No significant effect of the type of interaction were observed over the use of task + process feedback.



Focus of Feedback by Type of Question and Type of Answer in I-R-F Interactions

Our third research question related to whether teacher feedback characteristics (F moves) differed according to the type of question posed by the teacher (open or closed) and the type of answer provided by the student (correct or other than correct). Similar to what was done for research question 1, a log-linear analysis was applied to the three-way contingency table of frequencies (Table 8) to analyse the relations among: Type of question (2) × Type of answer (2) × Focus of feedback (3). Again, since we assume the focus of feedback to be the response variable, we incorporate the interactions between the type of question and the type of answer in all models to control distorted response patterns across different levels of the focus of feedback. The residual maximum likelihood ratio statistic and the residual Pearson chi-square statistic associated with the four tested models are presented in Table 8.


Table 8. Frequency of the focus of feedback according to type of question and type of answer in I-R-F interactions.
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Conforming to the log-linear modelling (Table 9), removing the three-way interaction did not significantly affect the fit of the model, so Model 4 was not the simpler model that can explain our data. Removing the interaction between Type of question and Focus of feedback (Model 3) did not significantly affect the fit of the model. Only the removal of the interaction between the Type of answer and the Focus of feedback (Model 1) changed the likelihood ratio statistic significantly, having a significant effect on the fit of the model. The most efficient model capable of properly describing the observed distributions is Model 2 (p < 0.050, c.f. Table 9), which includes the main effect of the three variables and the significant effect of the interactions: Type of answer × Type of question and Type of answer × Focus of feedback. The interaction Type of question × Focus of feedback did not contribute significantly to the model, indicating that there were only minor differences on the focus of feedback between the open and closed questions. As we can see in the graphic representation of this interaction in Figure 2C, for both closed and open questions, ~75% of the feedback were focused at the task level, close to 20% were focused at both the task and process levels, and only 5% were focused at the level of process.


Table 9. Logit model analysis of proportional focus of feedback by type of question and type of answer in I-R-F interactions.
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FIGURE 2. Graphical representation of the association between the Type of answer and the Type of question (A), between the Type of answer and the Focus of feedback (B), and between the Type of question and the Focus of feedback (C).


A significant interaction between the type of question and the type of answer was included in the model to control distorted response patterns across the levels of focus of feedback, as recommended by Kennedy (1988). Yet, there was not a significant relation between these variables [[image: image] = 0.25, p = 0.614]. As we can see in Figure 2A, approximately the same proportion of “correct” (22.8%) and “other than correct” answers (24.5%) were observed for both open and closed questions.

The only significant association that explain the distribution on Table 9 is the association between the type of answer and the focus of feedback, represented Figure 2B. In this graphic, we can see that students received a higher proportion of task feedback when their answers were correct, and more task + process and process-level feedback when their answers were incorrect or incomplete. The chances of a student receiving feedback at the level of task when their answer was correct was 4.2 times higher than when their answer was other than correct. Further, students had a 2.7 times higher chance of receiving feedback at the level of task + process, and a 20.7 times higher chance of receiving feedback at the process level when their answer was other than correct.



Focus of Feedback by Gender and Achievement of the Student

Finally, our last question pertained to whether teacher feedback characteristics (F moves) differed according to the gender (male or female) and prior achievement (lower, average, or higher) of the student to whom the feedback is addressed. Therefore, the focus of feedback according to students' gender and prior achievement is presented in Table 10. Once again, log-linear analysis was applied to this three-way contingency table in order to respond to our third research question. Again, since we are assuming that the focus of feedback is the response variable, we incorporated the interaction between students' gender and prior achievement in all models.


Table 10. Frequency of the focus of feedback according to students' gender and prior achievement.
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According to the log-linear modelling, Model 1 is sufficient to explain the distributions observed in Table 10 (p < 0.050, c.f. Table 11). Yet, Model 2 significantly improves the model [G2(2) = 7.19, p = 0.027; X2(2) = 7.11, p = 0.028]. Therefore, the most efficient model capable of properly describing the observed distributions is Model 2, which includes the main effect of the three variables and the significant effects of the interactions: Gender × Focus of feedback and Gender × Achievement.


Table 11. Logit model analysis of proportional focus of feedback by students' gender and performance.
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As depicted in Figure 3A, there were more boys with high prior achievement and more girls with average prior achievement. OR indicated that the chances for boys to present prior high achievement were 3.62 times higher, while there were 2.5 more chance of a girl presenting an average prior achievement. The other significant association observed is between gender and level of feedback. According to the adjusted residuals there was a significant effect of gender only on the chances of receiving feedback at the process-level. Boys had a 1.5 time higher chance of receiving feedback at this level than girls, as shown in Figure 3B. The interaction between prior achievement and focus of feedback did not contribute to explain the distributions observed in Table 10. As shown in Figure 3C, the students received approximately the same proportion of the different levels of feedback, independently of their prior achievement.


[image: Figure 3]
FIGURE 3. Graphical representation of the association between students' Gender and students' Prior achievement (A), between students' Gender and the Focus of feedback (B), and between students' Prior achievement and the Focus of feedback (C).





DISCUSSION

In order to better understand everyday teacher-student interactions in mathematics classrooms, we analysed the exchanges that occurred in terms of I-R-F and S-F patterns. Our results support the findings of Hardman et al. (2003), which suggest that teaching is dominated by teacher talk. Most of the time exchanges between teacher and student present an I-R-F pattern controlled by teachers, with their major goal being the evaluation of students' surface understanding of what they were taught. Thus, the majority of exchanges were initiated by the teacher, who asked closed questions requiring factual answers well-known to the students, and leading to a level of feedback that was focused at the task or product. This narrow focus limits gains in learning and restrains the increase of knowledge and understanding (Alexander, 2017). According to social constructivist theories of learning, this type of classroom pattern discourse is not effective, as pupils do not play an active part in their learning (Zher, 2017). Teachers should therefore encourage students to speak and actively participate in class, promoting dialogical teaching and learning (Alexander, 2017) which could stimulate students' cognitive engagement. Deeper learning should be emphasised, and this can only occur through exchanges where students have the opportunity to talk about, present, and discuss their ideas with their teacher.

In order to be effective, feedback should be of high quality and adapted to the student's needs (Hattie, 2012b). Nevertheless, we found several patterns of interaction in the current study where the feedback move was characterised by feedback directed to the “self,” with and without the addition of another level of feedback. According to Hattie (2012a), such feedback rarely enhances achievement or learning and, when it is combined with more effective types, like process-level feedback, it weakens the positive effect of such comments. We also found a high number of interactions where the teacher did not provide any feedback on their students' answers. Thus, if feedback plays an important role in assisting learners to improve their performances (Hattie, 2012b) and if adequate feedback enables the student to close the gap between what they know and a desirable level of achievement (Sadler, 1989), we propose that moving forward may be a huge challenge for students who do not receive the information necessary to close or even reduce that gap from their teacher, compromising their engagement in mathematics activities.

In the present study we observed that there were more I-R-F interactions than S-F interactions, and in both types of interaction patterns the teacher's feedback focused essentially on the task. However, teacher feedback focused at the process level tend to occur in S-F interactions in particular. According to Carless (2019) and Hattie and Timperley (2007) students' responses to teachers' feedback are “influenced by the level at which the feedback operates” (p. 2). We observed that teachers mostly use feedback at the task level, meaning that they provide information about a specific response, namely the current student performance level. This has a limiting impact on students' future responses; can lead to students' dependence on teachers' judgements; and does not promote dialogical feedback as it does not stimulate students' engagement in obtaining information to improve and self-regulate their learning (Carless, 2019). The teacher's feedback goal seems to be to provide information about the task to students, who are passive recipients of these facts. Nevertheless, when teachers' feedback operates at the process level, they focus on how to perform the task. This is a type of feedback that Hattie and Timperley (2007) consider more effective in promoting achievement, and we suggest that it stimulates students' thinking and reflection which are important supports in leading the students to act. This form of feedback, which promotes student engagement, is essential for students to understand the meaning of teachers' feedback and to know how to use this information to close the gap. This process more closely resembles dialogic feedback (Carless, 2019).

Feedback in every classroom interactions is part of the communication between the teacher and students; researchers have claimed that some types of feedback are more effective than others when it comes to learning. Numerous studies have been carried out in this field implementing very detailed micro-level analysis, ignoring the influence of classroom contexts in teacher feedback (Svanes and Skagen, 2017). To address this gap in literature we took into consideration the classroom setting, bringing the lesson purpose and the students' participation into consideration to better understand the daily feedback teachers provide in the classroom.

In line with the findings of Hattie and Yates (2014), we expected that in the lessons where the purpose was to introduce new content, a moment dedicated to the acquisition of new knowledge, the probability of a teacher providing feedback focussing at the task-level would be higher than in lessons with other purposes, where students should exhibit advanced levels of mastery. While this was confirmed by our results, we found that this pattern of feedback spreads throughout all the lessons, regardless of their purpose. As students improve their knowledge, feedback focused at the task level should be replaced with more elaborate, informative and dialogical feedback.

The exchanges analysed from practice lessons (both individual and group) showed that it contained process-level feedback more often than lessons where teachers introduced new content, or even lessons aimed at assessing learned content. This finding was reinforced by our observation that practice lessons tended to contain more student-initiated interactions (SF). Hattie and Timperley (2007) claim that a student's response to a teacher's feedback is influenced by the level at which the feedback operates; feedback focused at the process level tend to produce more interactions between the teacher and students, and stimulate students' involvement in classroom dialogue by facilitating participation. In lessons requiring individual work, rather than merely praising their students, teachers introduced a type of process-level feedback that allowed a more conversational reaction from students by providing them with opportunities to ask questions and comment on their learning difficulties. This type of feedback move is important in the facilitation of dialogic feedback (Carless, 2016) and in the promotion of achievement. Although this type of exchange (S-F focused at the process level) emerged more in lesson moments with the purpose of learning consolidation or practice, its occurrence was, however, infrequent.

Lessons with the purpose of assessment should represent a time when students are better able to self-regulate and consequently require less support from the teacher, as students would have already mastered the subject of assessment (Hattie, 2012a). Nevertheless, in the present research this moment was used by teachers to ensure that students had acquired the necessary knowledge, and we observed a predominance of I-R-F interactions with feedback moves mostly focused at the task-level. Teachers' intention was to verify knowledge and provide corrective feedback, instead of supporting self-regulated learning.

Our third research problem was to consider the possibility of relationships among the type of question asked by the teacher, the students' answer, and the type of feedback provided by the teacher. In the present research, the opening moves made by the teachers in all the observed lessons, closed questions were usually employed to test students' knowledge. Also, most of the questions were answered correctly by the students, confirming that both the question level and complexity were low. Noble (2004) states that lower-order questioning strategies would promote lower student cognitive levels. The results of some studies showed that the cognitive level of questions posed by students is, to some extent, dependent on the type of instruction that their teachers use (e.g., Hofstein et al., 2004) and on the nature of classroom tasks and cognitive demands required of the students (e.g., Chin et al., 2002). So, if students do not experience instruction that enhances their ability to ask good quality questions, and if they do not practice through learning tasks that provide opportunities for them to ask questions from different formats students will continue to use the common and basic information questions that their teachers use to ask more often (Chin and Osborne, 2008).

According to Zher (2017), students need coaching in these learning processes to become more self-regulated toward the learning goal—learners who frequently and regularly frame their own questions and comments in different formats tend to be more independent of their teacher and develop greater confidence in their own competence. Our findings show that the type of question (mostly closed) and the type of feedback (mostly at the level of task) did not vary much, and that the teacher's feedback only varied according to the student's response. In general, as we have seen, the level of feedback was focused at the task or product, particularly when the answers were correct. For other types of responses (incorrect and incomplete), teachers tended to provide more process feedback than in the case of correct answers. For these teachers, verification feedback is considered sufficient when the student knows the right answer. When teachers provide feedback at the level of process it is meant to assist students with difficulties. In these infrequent situations, the purpose of teachers' feedback can facilitate the construction of knowledge among students. It is important to note that successful students also need constructive feedback. The correctness of the student's answer should therefore not be the only consideration in terms of feedback, but learners should also be encouraged to explain why it is so (Brookhart, 2017). Suggestions for next steps should be encouraged, and sharing the process of doing the work with classmates is very important, as additional information in the feedback message will improve learning (Butler et al., 2013).

In general, scholars have agreed that regular and effective feedback could improve student achievement (Hattie and Jaeger, 1998; Hattie, 2012b); it is, in fact, one of the most powerful influences on student achievement. Hattie and Jaeger (1998, p. 111–112) postulate “that achievement is enhanced as a function of feedback” and “that achievement is enhanced to the degree that students are trained to receive feedback to verify rather than enhance their sense of efficacy of achievement.” In the current study, we found that students received approximately the same proportion of the different levels of feedback, regardless of their prior achievement. In general, the quality of feedback was often poor, it was focused at the level of task, and was mostly evaluative. According to Hattie (2009, 2012a), these are characteristic of the least effective forms of feedback for enhancing achievement. In fact, some authors (Carless, 2016; Alexander, 2017) consider feedback to be central to learning where teachers' comments enable students to use it to enhance their work or learning strategies. This is not the case for evaluative feedback because it contains little task information. Using only corrective feedback strategies, where students are encouraged to try again and provide the correct answer, makes it difficult for teachers and students to reduce the discrepancy between current achievement and learning goals (Hattie, 2009).

When considering gender, prior achievement, and type of feedback—the fourth research question of the current study—teachers provided more feedback focused at the process level for boys than they did for girls, who received more task-level feedback. We can conclude that these teachers provide more effective feedback to male learners, which can promote better forms of learning. As far as the other groups are concerned, the practices applied by teachers have limited positive consequences in learning (Hattie and Timperley, 2007).

Although we cannot ascertain from our findings the reasons for the differences in treatment of learners in mathematics classrooms, we posit that it can be explained in light of the subject matter being taught (mathematics) and teachers' expectations—an interpretation that is supported by Brophy (1985) and Eccles and Blumenfeld (1985). Brophy (1985) found that in teacher-student interactions in maths classrooms, teachers interacted with and gave more attention to boys than girls, which translates practically into a pattern of interaction that is more advantageous to boys. Eccles and Blumenfeld (1985) introduced another variable to elucidate the differences in classroom interaction: teachers' expectations. They argue that teachers' expectations are related to students' gender and achievement in maths, and claim that when teachers have low expectations for girls—based on their belief that girls would perform more poorly than boys—they would provide girls with more evaluative feedback than statistically predicted. This would be an adequate strategy as teachers tend to perceive low achieving girls as docile and not engaged. On the other hand, the authors suggested that teachers' high expectations of boys, informed by their belief that boys would perform better than girls, translated into higher rates of interactions with teachers, as well as higher quality feedback. As stated by Hattie (2012a), the most effective form of feedback to close students' knowledge gaps is targeted at, or just above, the level where they are working. We can infer that these teachers, thinking that girls will perform poorly, focus their feedback for girls at lower levels (task), whereas they focus their feedback to boys at the process level in anticipation of high achievement in maths. Self-regulation is facilitated when teachers provide feedback at higher levels.

In general, to provide effective feedback, teachers should employ strategies aimed at filling the gap between what the students know and the goal of their activity (Sadler, 1989), ensuring that the students understand the feedback and use it in their learning (Carless, 2016). The findings of the present study suggest that the level of feedback in mathematics is contingent on learner attributes and teacher practices, which could limit the effectiveness of the feedback. We observed that teachers' talk dominated all lessons, independently of the lesson purpose, and their exchanges mostly follow the I-R-F structure. Teachers encouraged students to respond by generally asking closed questions, while feedback moves were frequently focused at the task level, becoming more focused at the process level when students initiated the verbal interaction. This was especially the case in those lessons where the purpose was for students to apply their knowledge. The teachers also used this pattern of feedback independently of the type of the question and the quality of the student's answer. Finally, they interacted more with the boys who were good students, providing more process feedback.

This paper contributes to existing literature in the domain of classroom feedback, especially as it pertains to the currently understudied area of elementary school education. It presents an ecological description of teachers' feedback moves that contributes to the debate on what teachers in primary school classrooms intend to communicate to their pupils through feedback, and it highlights the use of feedback as a tool to aid students' learning. These findings can be used to inform policy recommendations for teachers' pedagogic practices.

Hattie and Timperley's (2007) research showed that feedback focused at the level of process and on the student's metacognition was effective in improving student learning. Although feedback on students' metacognition was scarce across all teacher-student interactions, in our study we could corroborate this earlier finding at the level of Task + Process and the level of process itself. Hattie and Timperley (2007) conclude that feedback at the level of process seems to be more powerful in terms of enhancing student learning, than that at the level of task. They add that feedback at the level of task can be effective when it is combined with feedback at the level of task processing, enhancing students' use of different strategies. Based on these results, it is reasonable to state that teachers should pay more attention to the development of their students' metacognitive knowledge and skills during learning. In order to enhance students' quality of learning, it is important for teachers to improve students' metacognition which will help them develop toward achieving their goal and close the learning gap (Van den Bergh et al., 2013).

As we have also argued, in most teacher–student interactions, teachers provided feedback in an evaluative way. This may be linked to the role of the teacher during the learning process. If the teacher's intentions are to transfer knowledge, they control the learning process. In a previous study we identified that these teachers mostly used summative assessment practices (Monteiro et al., 2018), which reinforced this more transmissive approach to knowledge. Effective feedback, focused at the levels of process and self-regulation, requires teachers to interact as tutors who promote dialogical feedback. Therefore, we consider that teachers need more preparation for this role as facilitators of the construction of learning.

Finally, one major finding emerged from our study related to gender. Boys and girls in mathematics lessons have different lived experiences. Sometimes undetected or even ignored, gender bias is still present in elementary schools, and it is important to support teachers with different strategies to improve the level of equality in their classroom.

Several limitations to this study have to be noted. We are aware of the researchers' subjective role in the qualitative observation of the classroom, especially when they had to decide what kind of feedback the teacher is giving their students. To minimise observer bias, researchers received adequate training in the appropriate recording findings; methods, tools, and timeframes for data collection were clearly defined. Although the collection of information had been quite extensive, we are also aware that the data collected may not provide an accurate representation of the teacher's effectiveness in the classroom. As we included a very small number of teachers (five) in our study, the findings should not be generalised to all primary school teachers. Indeed, we recommend more studies employing qualitative and quantitative research methods to observe student-teacher interaction in the classroom, as a larger body of evidence will enable greater understanding of the value and utility of feedback as a promoter of meaningful learning.
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1. At the level of task and product (FT): Feedback focuses on how well a task is
being accomplished or performed (Hattie and Timperley, 2007). Content of FT
includes corrective feedback (signals whether it is correct or incorrect), allowing
the student to try again, and providing the correct form (the right answer).
According to the content of this feedback, we consider it to be evaluative
feedback (Nicol, 2010) as the teacher's comments provide non-specific
information.

2. At the process level (FP): Feedback at this level describes the process and
strategies needied for students to accompiish the task (Balzer et al., 1989; Hattie
and Timperley, 2007). Content of FP includes strategies such as clarification,
hints and instructions, or asking for explanations.

3. At the seif-regulation level (FR): Feedback states the way students assess and
regulate their actions toward the learning goal. It implies autonomy and
self-control (Hattie and Timperley, 2007). Content of FR includes the
eenhancement of students’ in self-evaluation skills.

4. Atthe level of self (FS): Personal feedback typically expresses positive or
negative evaluations about the student (Brophy, 1981; Hattie and Timperley,
2007). Content of FS includes praise and criticism.

Examples

Teacher simply accepts o rejects a pupil's contribution: “Correct”; “This is not
right.”

Teacher rejects a pupil's contribution and asks the pupilto try making a different
or new contribution:

“You have to find out for yoursel, try again.”

Teacher simply provides the correct form:

949490527

Teacher explain a procedure to a pupll: .. this s the best way to verify our data”
Teacher helps the pupi, providing them with hints or instructions:

“You have to draw the base of the graph first”

Teacher stays with the same pupil and asks for evidence or reasoning:

“Which way do you think is better?”; “"How did you solve the problem?”

“How about you self-assess your work? You've got the criteria and the
exemplars. After that would be nice if you share with your classmates how you
did it."

“Good girl!"
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