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Using errors in mathematics may be a powerful instructional practice. This study explored the impact of a short-term professional development teacher training on (a) students’ perceptions of their mathematics teacher’s support in error situations as part of instruction, (b) students’ perceptions of error situations while learning, and (c) mathematics teacher’s actual error handling practices. Data were gathered from eight secondary schools involving eight teachers and 251 Form 3 (Grade 11) students in the Dar es Salaam region in Tanzania. To explore the effects of a short-term professional development teacher training, we used an exploratory quasi-experimental design with parallel pre-test and post-test instruments. Half of the teachers participated in the short-term professional development training in which they encountered and discussed new ways for utilizing student errors for instruction and provision of (plenary) feedback. Questionnaire scales were used to measure students’ perceptions of errors and perceptions of teacher support in error situations, along with videotaped lessons of plenary feedback discussions. Data were analyzed by latent mean analysis and content analysis. The latent mean analysis showed that students’ perceptions of teacher support in error situations (i.e., “error friendliness”) significantly improved for teachers who received the training but not for teachers who did not receive it. However, students’ perceptions of anxiety in error situations and using errors for learning (i.e., “learning orientation”) were not affected by the training. Finally, case studies of video-recorded plenary feedback discussions indicated that mathematics teachers who received the short-term professional development training appeared more error friendly and utilized errors in teaching.
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INTRODUCTION

Formative assessment occurs in the context of good classroom instruction and it involves using assessment information to improve the teaching and learning process (Black and Wiliam, 2009; Ginsburg, 2009). Learning generally involves making errors (Wagner, 1981) which can be formative if students are supported with appropriate feedback and follow-up instruction (Ingram et al., 2015). Nevertheless, past analyses indicate that increases in student achievement from formative assessment are not easily achieved (Bennett, 2011; Veldhuis and Van den Heuvel-Panhuizen, 2014). For example, Rach et al. (2012) showed that even though students (a) valued the way in which their teachers’ dealt with errors in their mathematics classroom and (b) reported low anxiety in error situations, many students did not report using errors as a learning opportunity. They also showed that initiating changes in teachers’ classroom instruction that provide students cognitive strategies for using errors for learning is far from trivial. Hence, the aim of the present study is to explore the impact of a short-term professional development teacher training on (a) students’ perceptions of their mathematics teacher’s support in error situations as part of instruction, (b) students’ perceptions of error situations while learning, and (c) mathematics teacher’s actual error handling practices. Presumably, in light of the central role of the teacher in classroom settings, students’ use of errors for learning depends in part on the teacher’s monitoring and scaffolding of student learning from errors. Formative assessment is therefore central to students’ learning from errors because it calls for a productive use of student errors as a learning opportunity.


Theoretical Framework for Learning From Errors in Mathematics

The concept of “errors” or “mistakes” is used in various situations and contexts with various meanings (Frese and Keith, 2015; Metcalfe, 2017). On the one hand, errors are intrinsic and fundamental for learning because students are constantly engaged in learning new information and skills which involves making errors and improving accordingly (Frese and Keith, 2015). Nevertheless, Metcalfe (2017) considers that errors can be beneficial to learning, but only when followed by corrective feedback. Errors may occur in mathematics learning because of incorrect knowledge, application of incorrect procedures, and/or misconceptions. Moreover, errors emanate from a lack of negative knowledge that helps to identify and distinguish incorrect facts and procedures. Hence, in this study, we utilize the theory of negative knowledge which postulates that individuals possess two complementary types of knowledge: (a) positive knowledge about correct facts and procedures, and (b) negative knowledge about incorrect facts and procedures and typical errors (Minsky, 1994). Consequently, “error” is understood in the present study as the result of individual learning or problem-solving processes that do not match recognized norms or processes in accomplishing a mathematics task.

Errors in mathematics act as boundary markers, distinguishing between consistent and inconsistent practices of doing mathematics (Sfard, 2007). Nevertheless, when errors are effectively used they are likely to promote student learning and motivation (Kapur, 2014; Käfer et al., 2019). Tsujiyama and Yui (2018) noted that reflection on unsuccessful arguments in mathematical proof construction improved students’ ability to successfully plan, implement and analyze in proof related tasks. Kapur (2014) introduced the concept of productive failure after realizing that students who first reflected on unsuccessful solution attempts before receiving instruction developed more conceptual understanding and were able to transfer knowledge to a novel situation than students who immediately received instruction on how to correct their errors. Unlike Kapur (2014), this study examines students’ use of errors focusing on the student-teacher interaction in a formative assessment situation of the plenary feedback (formative) discussion on a mathematics test.

Despite the potential benefits of errors in mathematics learning, errors are negatively perceived by both students and teachers. Thus, the potential of errors to promote learning is rarely recognized or used, and discussing errors is rarely encouraged in mathematics classrooms (Borasi, 1994; Heinze, 2005; Rach et al., 2012). Studies in the domain of mathematics that used the Oser and Spychiger (2005) error perceptions questionnaire reported the positive impact of professional development training in error handling on teacher’s affective and cognitive support to students (Heinze and Reiss, 2007; Rach et al., 2012). Furthermore, Heemsoth and Heinze (2016) conducted a student focused intervention which showed that student reflection on their own errors improved their procedural and conceptual mathematics knowledge but not the use of their own errors for learning. In fact, Siegler and Chen (2008) have argued that although reflection on errors is important, it is more demanding for students to reflect on errors than reflect on a correct solution. This might explain the lack of effects on students’ use of their own errors for learning. As our ultimate goal is to have students use their errors to enhance their learning of mathematics, it is important that mathematics teachers be equipped with error handling strategies.



Teacher Error Handling Strategies in Mathematics Classes

In general, classroom practice consists of student-teacher interactions that include feedback exchanges on how students’ can correct their errors in order to achieve the desired learning outcomes (Monteiro et al., 2019). Rach et al. (2012) postulated that four practices are essential for effective learning from errors: (1) becoming aware of the error (error awareness) so as to identify or describe the error (error identification), (2) understanding the error or explaining it (error analysis), (3) correcting the error (error correction), and (4) developing strategies for avoiding similar errors in the future (error prevention). Solution paths that focus merely on error identification and correction are viewed as a pragmatic outcome-oriented approach, whereas solutions that involve all four steps are considered as an analytic process-oriented approach to learning from errors. The pragmatic approach to handling errors is likened to an instrumental view of teaching mathematics (Thompson, 1992) because in a pragmatic and instrumental view of teaching mathematics, the role of the teacher is to demonstrate, explain, and define the material while presenting it in an expository style while students listen and participate in didactic interactions. Conversely, the analytic process involves learning from the error through error analysis and error prevention strategies before correcting the error (Rach et al., 2012; Heemsoth and Heinze, 2016). Figure 1 illustrates the two approaches for learning from errors in mathematics classes. Presumably, students are likely to achieve “learning from own errors” if the prescribed steps of the error handling model are effectively utilized.
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FIGURE 1. The model for learning from errors [adapted from Rach et al. (2012), p. 330].


Heemsoth and Heinze (2016) showed in an experimental study of learning fractions that the pragmatic outcome-oriented approach was not as effective as the analytic process-oriented approach. The decision between the two approaches depends on teachers’ and students’ appraisals of error situations and teacher behavior in error situations (Santagata, 2004; Rach et al., 2012). None of the previous studies have focused on teaching practices in the context of whole class plenary feedback discussion of student errors in a marked test (e.g., classroom instruction and feedback by the teacher). The Rach et al. (2012) study used a two-stage “train-the-trainer” approach, so it is an open question whether teachers’ cognitive support and students’ use of errors for learning can be developed by a more direct professional development training approach. Accordingly, mathematics teacher’s error handling strategies after direct professional development training deserve special attention.



Short-Term Professional Development Teacher Training

Professional development is considered to be any activity that aims at partly or primarily preparing staff members for improved performance in present or future roles as teachers (Desimone, 2009). In mathematics education, professional development has basically focused on assessment of the effectiveness of the professional training in pre-post-test forms. Such professional development training typically comprises large-scale intervention studies that document evidence of changes over an extended period of time; however, even a short termed (24-h) randomly assigned professional development training was shown to improve elementary-school teacher’s practices and students’ standardized assessment performance in science (Heller et al., 2012).

Recent discourses in the teaching of mathematics literature show that teachers need professional development because mathematics teaching involves classroom dynamics such as responding to student thinking, which teachers are not always prepared for during their initial teacher education (Hallman-Thrasher, 2017). The contingent classroom environment calls for professional development for teachers to adequately reflect on and respond to classroom realities. More specifically, teachers require specialized content knowledge that makes mathematical ideas visible to students through the use of effective instructional strategies (Takker and Subramaniam, 2019). Likewise, teachers need to be acquainted with the pedagogical content knowledge that guides a better interaction with students when they make errors or encounter difficulties.



Educational System and Assessment Practices in Tanzania

The education system of Tanzania is centralized and characterized by high-stakes examinations which hold long-term implications in deciding students’ future career. At the end of primary and secondary instructional cycles, students participate in external summative examinations centrally administered by the National Examinations Council of Tanzania (NECTA). However, to overcome overreliance on summative examinations Tanzania introduced in 1976 a Continuous Assessment (CA) program in secondary schools. CA provides the opportunity for teachers to meet and discuss with students the errors that they made in their (mathematics) tests and assignments. Conversely, Ottevanger et al. (2007) have pointed out that although most Sub-Saharan African countries – including Tanzania – have integrated school-based continuous assessment, testing at the school level remains mainly summative and is hardly used formatively, that is, for instructional purposes or to provide feedback on student errors. Thus, although curriculum and teaching guidelines emphasize a leaner-centered approach, Tanzanian mathematics teaching is heavily teacher-centered and examination-focused with a content overloaded curriculum (Ottevanger et al., 2007; Kitta and Tilya, 2010). Despite various initiatives by the government, mathematics education in secondary schools in Tanzania has suffered from high failure rates (Basic Educational Statistics in Tanzania [BEST], 2014). Several studies have examined specific educational challenges in Tanzania that might explain this: (a) the transition from Swahili as the language of instruction in primary schools to English in secondary schools (Qorro, 2013), (b) large class sizes (Basic Educational Statistics in Tanzania [BEST], 2014), (c) curriculum content overload (Kitta and Tilya, 2010), (d) lack of teachers’ assessment skills for effective implementation of school-based assessment (Ottevanger et al., 2007), and (e) the lack of in-service teacher professional development (Komba, 2007).

More specifically, it has been shown that secondary school mathematics teachers in Tanzania provide feedback to students’ assignments and tests using a relatively pragmatic approach in which a whole class plenary feedback discussion is used as opposed to individual feedback (Kyaruzi et al., 2018). Nevertheless, such plenary feedback discussions between students and their mathematics teacher do involve discussing and correcting errors made by students. In particular, the plenary feedback discussions aim at helping students to bridge the gap between their current mathematics performance and the desired standard. This study combines the existing error handling approaches from educational research while taking into account the specific local educational challenges (such as assessment in large classes) to examine the effectiveness of the whole class plenary discussion of student errors in a marked test (e.g., classroom instruction and feedback by the teacher). Therefore, it seems plausible that a short-term professional development teacher training in error handling strategies could improve mathematics teachers’ error handling and feedback practices, and subsequently student use of their own errors in learning.



The Present Study

The high mathematics failure rate among secondary schools students in Tanzania suggests, among other reasons, that teachers might lack important pedagogical and didactical competencies in implementing the proposed curriculum. In particular, Kyaruzi et al. (2018) noted that secondary school mathematics teachers in Tanzania face challenges with respect to using student assessment information to support learning. Hence, teachers’ practices deserve further investigation, and in particular their feedback practices in response to student errors and how students use such feedback to learn from their errors. Consequently, a short-term professional development training was developed as a potential intervention for improving mathematics teacher’s error handling strategies. More specifically, this study sought to explore the impact of a short-term professional development teacher training on (a) students’ perceptions of their mathematics teacher’s support in error situations as part of instruction, (b) students’ perceptions of error situations while learning, and (c) mathematics teacher’s actual error handling practices. More specifically, three research questions were examined:


(1What is the impact of a short-term professional development teacher training on students’ perceptions of their teacher’s support in error situations?

(2What is the impact of a short-term professional development teacher training on (a) students’ perceptions of individual use of errors in learning and (b) students’ anxiety in error situations?

(3What error handling strategies are practiced by teachers before and after a short-term professional development teacher training?



Based on insights from the literature, students whose teacher received the short-term professional development training might perceive their teachers as more supportive in handling error situations compared to students whose teacher did not. Although past research shows that it is not easy to foster student use of their own errors, there is some evidence that it can be improved via a (short-term) professional development teacher training (Heinze and Reiss, 2007; Rach et al., 2012). Hence, such a training might affect student use of their own errors for learning. In line with prior research (Heinze and Reiss, 2007; Rach et al., 2012) students whose teacher received the short-term professional development training might experience less anxiety compared to students whose teacher did not. Given that the short-term professional development training was directly with teachers, improved teacher use of student errors in learning could be reflected in their practices in terms of the use of analytic error handling strategies by teachers who received the training compared to those who did not.



MATERIALS AND METHODS


Design and Participants

The study was conducted in the Dar es Salaam region of Tanzania. The region was sampled because according to statistics by the National Examinations Council of Tanzania (National Examinations Council of Tanzania [NECTA], 2014), mean mathematics performance in secondary schools in the Dar es Salaam region (M = 1.64, SD = 0.63) did not deviate significantly from the overall national mean (M = 1.55, SD = 0.65). Based on National Examinations Council of Tanzania [NECTA] (2014), the Dar es Salaam region had 191 secondary schools (with ≥40 students), classified according to performance as: 10 (5%) high performing, 173 (91%) middle performing, and eight (4%) low performing schools. In sampling schools, we prioritized schools with mixed gender (boys and girls) to maximize gender representativeness; 15 schools (seven high and eight low performing schools) met this criterion. In total eight schools were sampled from the two performance categories: four high performing and four low performing schools. High and low performing schools were sampled because Kyaruzi et al. (2018) found that students in these two school categories differed in their perceptions of teacher feedback practices. In schools with more than one class, one Form 3 (Grade 11) mathematics class was randomly sampled from each school. As classes are normally assigned students with mixed abilities, the single class is sufficiently representative. In the sampled classes, all students were invited to voluntarily participate in the study. We sampled Form 3 (Grade 11) classes because it is a grade with many school-based teacher assessment practices. The sampled students had an average age of 16 years.

We used an exploratory quasi-experimental pre-test, professional development teacher training, post-test repeated measures design in which half of the teachers was randomly assigned to the training in which they were taught new ways for utilizing student errors for instruction and provision of (plenary) feedback. The short-term professional development training consisted of an extensive 1-day teacher training on error handling strategies in plenary feedback discussions of a written test. Two teachers from each school-performance category (high, low) were randomly assigned to the group which received the professional development training (experimental group) or the group who did not (control group). Table 1 provides an overview of students’ and teachers’ demographics split by research condition. All observed differences in Table 1 were statistically not significant, except for the age of boys; the boys in the experimental group were older by a large margin, F (133, 1) = 29.03, p < 0.001, d = 0.93).


TABLE 1. Demographics of participating students and teachers split by group.

[image: Table 1]Although 326 respondents initially answered the pre-test questionnaire, 61 students did not participate in the post-test questionnaire due to absenteeism and were eliminated from the study. Another 14 respondents had more than 10% missing data in either the pre-test or post-test questionnaire and were therefore removed; leaving a final sample of 251 student respondents from eight classrooms and with eight mathematics teachers. We used intact classes, this also formed two student groups: experimental group (N = 130) and control group (N = 121). To ensure equity, after the post-test data collection the mathematics teachers in the control group received the same 1-day training after the study. Figure 2 summarizes the overall research design. Before and after the professional development training, the teaching behavior of all teachers was video-recorded during a plenary feedback discussion. After each of the two video-recorded lessons, students completed a questionnaire on their perceptions of teacher feedback in the plenary feedback discussion. The time interval between the training and post-tests measures was approximately 1 month.
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FIGURE 2. General research design showing data collection events. Video icon = Videotaped lesson of plenary feedback discussions; SQ = Student Questionnaire, PD = Professional Development.




Short-Term Professional Development Teacher Training

The professional development teacher training consisted of an extensive 1-day program that covered theory and practice with regard to how mathematics teachers can improve plenary feedback discussions of students’ written tests, by learning how and why student errors are a learning opportunity. Teachers were trained in using the analytic process-oriented cognitive strategy for effective learning from errors (Rach et al., 2012; Heemsoth and Heinze, 2016). During the training teachers brainstormed and practiced how to: (a) identify student errors, (b) understand student errors (why errors), (c) correct student errors, and (d) develop strategies to prevent similar errors. In particular, the intervention aimed at building a culture of error friendliness among teachers, a necessary precursor for students’ effective use of errors as a learning opportunity. The analytic-process oriented approach for dealing with errors was emphasized over a pragmatic outcome-oriented approach; thus teachers were encouraged to implement all levels of the error handling model (see Figure 1).

To consolidate teacher knowledge of sources of errors, the potential sources of student errors were discussed in relation to how they could be addressed pedagogically. Brousseau (2002) showed that errors in mathematics emanate from three obstacles: (a) ontological obstacles, due to a child’s developmental level, (b) didactical obstacles, arising from a teacher’s instructional strategies, and (c) epistemological obstacles, which are related to the nature of the concept or subject matter. Furthermore, three potential sources of student errors were discussed: semantic induction, simple execution failure and conceptual misunderstanding. Semantic induction refers to overgeneralization of the approach that has previously been successfully applied in a situation(s). Simple execution failure refers to slips or lapses in highly structured tasks (e.g., algorithmic) whereas conceptual misunderstanding refers to errors due to failure in planning or problem solving situations. It was emphasized that most instances of these three potential sources of student errors can be foreseen and clarified during instruction. Furthermore, the training emphasized that effective learning from errors also requires teachers to support students’ in building negative knowledge (knowledge about incorrect facts and procedures) to enable them to learn from their errors and prevent them from repeating the same error.

The short-term professional development teacher training combined the analytic process-oriented model for learning from errors (Rach et al., 2012; Heemsoth and Heinze, 2016) with the Hattie and Timperley (2007) feedback model to foster a deeper scientific understanding of how teachers can effectively relate to student errors as part of teacher feedback practices. The training used typical samples of written mathematics feedback on students’ tests collected from mathematics classes during the pre-test. Supplementary Appendix A summarizes the short-term professional development teacher training content, activities, and materials.



Instruments


Student Questionnaire

The questionnaire measured student perceptions of the error culture in secondary education (Spychiger et al., 2006) and their evaluation of the authenticity of mathematics teacher’s implementation of the plenary feedback discussion (Jacobs et al., 2003). We developed a new scale to measure students’ perceptions of the plenary feedback discussions, because existing feedback questionnaire scales either measure students’ perceptions to feedback aspects in general (e.g., King et al., 2009; Brown et al., 2016) or measure perceptions immediately after a specific performance (e.g., Strijbos et al., 2010). The authenticity scale was administered to measure whether the presence of the video cameras in the class did not disrupt normal practice, with high scores indicating that students considered the recorded lesson as similar to regular practice. The perceptions of the plenary feedback scale was administered to evaluate how useful to their learning the video-recorded plenary feedback discussion was. Thus, students provided their perspective as to whether the lessons were “business as usual” and “useful,” as well as their attitudes toward making errors. Students reported their mathematics performance in the test for which the teacher was conducting a plenary feedback discussion. All scales were adapted to the mathematics context and elicited responses using a balanced, symmetrical 6-point agreement rating scale ranging from completely disagree (1) to completely agree (6). Table 2 summarizes the adopted scales, number of items per scale, a sample item per scale, and the Cronbach’s α from the original studies (if available or applicable) and Cronbach’s α for the present study. It is noteworthy that some sub-scales were below the 0.70 threshold for Cronbach’s alpha, suggesting that findings should be interpreted cautiously.


TABLE 2. Scales, sample items and Cronbach’s α.
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Video Recording

Two video cameras (a teacher and student focused camera) were used to collect data on teachers’ behavior during plenary feedback discussions, using the guidelines recommended by TIMSS 1999 (Jacobs et al., 2003) and the IPN Study (Seidel et al., 2005).



Procedure

The study was conducted with research clearance from the University of Dar es Salaam. All teachers and their students were informed about the study rationale and actively signed an informed consent prior to their participation. The teachers in the control group were told that they would receive the short-term professional development training in error handling after the study was completed. There were no disturbances during the pre-test, professional development teacher training and post-test phases that might have affected the data collection.



Analyses


Data Inspection

Missing data from the 251 students were completely at random (MCAR) because Little’s MCAR test was not statistically significant, χ2 = 10190.60, df = 32739, p = 1.00 (Peugh and Enders, 2004). The missing values were imputed with the expectation maximization (EM) procedure which is considered to be an effective imputation method when data are completely missing at random (Musil et al., 2002).



Measurement Models

As four of the five scales were taken from previously validated instruments, measurement models were tested using confirmatory factor analysis. Because the Chi-square statistic is overly sensitive in large sample sizes above 250 (Byrne, 2010), multiple fit indicators were used in assessing the model fit. The comparative fit index (CFI) and the root mean square error of approximation (RMSEA) are not stable estimators with CFI rewarding simple models and RMSEA rewarding complex models (Fan and Sivo, 2007). In contrast, the gamma hat statistic and standardized root mean residual (SRMR) have been shown to be stable estimators (Fan and Sivo, 2007). As proposed by Byrne (2010) good model fit was based on the combination of the root mean squared error of approximation (RMSEA) and standardized root mean residual (SRMR) below 0.05 and comparative fit index (CFI) and gamma hat values above 0.95, whereas acceptable model fit was attained when RMSEA and SRMR were below 0.08 and CFI and gamma hat scores were above 0.90 (Hu and Bentler, 1999). All confirmatory factor analyses were performed with Maximum Likelihood (ML) estimation and conducted in Analysis of Moment Structures (AMOS) version 24.



Perceptions of Error Culture

The measurement model for the three inter-correlated scales measuring students’ perceptions of the error culture (i.e., ‘Learning orientation (Student use of errors)’, ‘Anxiety in error situations’, and ‘Teacher support in error situations’) had relatively poor fit from the pre-test data (i.e., SRMR = 0.054, CFI = 0.825, Gamma hat = 0.93 and RMSEA = 0.067 [0.057, 0.077]). Modification indices suggested removing eight items with poor factor loadings (<0.40) resulting in substantially improved the fit at the pre-test (i.e., SRMR = 0.047, CFI = 0.95, Gamma hat = 0.98 and RMSEA = 0.054 [0.034, 0.072]). The same model had also a good fit at the post-test (i.e., SRMR = 0.053, CFI = 0.93, Gamma hat = 0.96 and RMSEA = 0.067 [0.050, 0.085]). Second, the measurement model for students’ perceptions and authenticity of the plenary feedback discussions (Jacobs et al., 2003) had poor fit at the pre-test (i.e., SRMR = 0.076, CFI = 0.88, Gamma hat = 0.92 and RMSEA = 0.122 [0.101, 0.144]. Removing two items with low contribution improved fit at the pre-test (i.e., SRMR = 0.082, CFI = 0.90, Gamma hat = 0.92 and RMSEA = 0.149 [0.120, 0.180]). The same model at the post-test had acceptable fit (i.e., SRMR = 0.073, CFI = 0.93, Gamma hat = 0.94 and RMSEA = 0.128 [0.098, 0.154]). Finally, all analyses utilized the scales as specified in this section.



Authenticity of Plenary Feedback Discussions

Because video recording can disrupt normal teaching practices, it was essential to determine the authenticity of the video-recorded lessons – compared to unrecorded class sessions – as perceived by the students. The measurement model for the authenticity of the plenary feedback discussion had a good fit at the pre-test (i.e., SRMR = 0.024, CFI = 0.96, Gamma hat = 1.0, RMSEA = 0.034 [0.000, 0.135]) as well as the post-test (i.e., SRMR = 0.028, CFI = 0.98, Gamma hat = 1.0, RMSEA = 0.054 [0.000, 0.148]). Given that SRMR, CFI and Gamma hat had good fit at both measurement occasions, the model was considered to be stable. Since the model was simple (had four items), RMSEA is an unreliable estimator because it tends to penalize simple models.



Usefulness of Plenary Feedback Discussions

The purpose of the plenary feedback discussion was to enable students to identify their errors and why these occurred, and to be able to correct the errors as well as avoid similar errors in subsequent tasks. Therefore, it was essential to determine the usefulness of the plenary feedback discussion as perceived by the students. The measurement model for the usefulness of the plenary feedback discussion had a good fit at the pre-test (i.e., SRMR = 0.047, CFI = 0.94, Gamma hat = 0.95, RMSEA = 0.158 [0.112, 0.208]). However, eliminating one negatively phrased item with high modification indices further improved the model fit (i.e., SRMR = 0.037, CFI = 0.97, Gamma hat = 0.97, RMSEA = 0.175 [0.105, 0. 254]). The latter measurement model also had a good fit at the post-test (i.e., SRMR = 0.043, CFI = 0.96, Gamma hat = 0.96, RMSEA = 0.217 [0.147, 0.295]). Given that SRMR, CFI and Gamma hat had good fit at both measurement occasions, the model was considered to be stable. Since the model was simple, RMSEA is an unreliable estimator as it tends to penalize simple models.



Comparison Across Measurement Occasions, Time and Conditions

Measurement invariance is a prerequisite of comparison between groups and measurement occasions (Reise et al., 1993; Vandenberg and Lance, 2000; McArdle, 2007; Wu et al., 2007). Hence, invariance tests were conducted to establish evidence for scales’ comparability. The invariance of a model across the measurement occasions is evaluated by establishing whether fixing model parameters (e.g., factor regression weights, covariances, factor intercepts, or residuals) as equivalent results in a statistically significant difference in model fit (Vandenberg and Lance, 2000; Cheung and Rensvold, 2002). Conventionally, as each set of parameters is constrained to be equivalent, the difference in CFI should be ≤0.01 (Brown and Chai, 2012; Brown et al., 2017). Measurement invariance analyses were performed with Maximum Likelihood (ML) estimation in Mplus version 7.31. Considering the four interaction groups resulting from condition (experimental vs. control) and measurement occasion (pre-test vs. post-test) combinations, all measurement models were strongly invariant as indicated in Supplementary Appendix B, hence latent mean analyses were feasible.

Latent Mean Analyses (LMA) were used to determine the difference in scale means across measurement occasions and between research conditions, resulting in comparison of four groups with the pre-test means of the control group set as the reference group (i.e., set to 0). This approach provides a strong framework to account for response bias and takes into account random or non-random measurement errors (Sass, 2011; Marsh et al., 2017) as compared to conventional regression analyses. Although skewness and kurtosis for four of the five scales were well below 2 and 7, respectively, one scale was outside of these ranges. Hence, LMA was performed in Mplus version 7.31 using robust Maximum Likelihood (MLR) estimation to account for non-normality (Finney and DiStefano, 2013). In LMA the mean of a latent factor is computed and differences to other groups with a similar latent factor are estimated as z-score differences (Hussein, 2010). The Wald test of parameter constraints was used to assess whether the differences in latent means were statistically significant or not.



Video Recordings

An initial inductive analysis of 50% of the videotaped lessons was performed to extract common patterns in mathematics teachers’ strategies in handling student errors on a mathematics test. Four teacher videos from two schools were randomly sampled from the experimental and control group and analyzed – using the analytic process-oriented approach to learning from errors – by the lead author and a second coder (doctoral student). This resulted in 87.5% agreement, leading a Krippendorff’s alpha value of 0.72 (acceptable agreement). The remaining video data were analyzed by the lead author. Apart from identifying potential common patterns as to how mathematics teachers conducted the plenary feedback discussions, excerpts from the videotaped lessons at both pre-test and post-test were selected as exploratory case studies to illustrate how teachers handled student errors during the plenary feedback discussion.



RESULTS


Student Perceptions of Authenticity and Usefulness of the Plenary Feedback Discussions

In general, at the pre-test students in the experimental group (M = 4.88, SD = 1.16) and control group (M = 5.01, SD = 1.05) were positive about the authenticity of the videotaped plenary feedback discussions indicating that they perceived the videotaped lessons to reflect the regular mathematics lessons. Likewise, students in the experimental group (M = 5.45, SD = 0.89) and control group (M = 5.60, SD = 0.58) perceived the pre-test plenary feedback discussion to be useful. Although students in both groups were positive about the authenticity of the videotaped lessons, the change trends were inverse with the experimental group increasing in their perception of authenticity at the post-test (M = 4.98, SD = 1.05) and the control group decreasing (M = 4.93, SD = 1.04). In contrast, students in the experimental group (M = 5.43, SD = 0.79) and the control group (M = 5.40, SD = 0.92) both declined in their perception of the usefulness of the plenary feedback discussion at the post-test. Table 3 summarizes the scales’ manifest and latent means.


TABLE 3. Manifest and latent means for scales.

[image: Table 3]


Student Perceptions of Errors and Teacher Support in Error Situations

The descriptive statistics in Table 3 show that with the exception of students’ ‘anxiety in error situations’, manifest means were close to or above ‘mostly agree’ (5.00) suggesting that the students had a positive learning orientation and perceived their mathematics teachers as supportive in error situations. Descriptively, the experimental group was somewhat more positive at the pre-test for learning orientation and less positive for anxiety and teacher support in error situations than the control group. By the end of the intervention, latent mean analyses indicated that the experimental group had slightly (but not statistically different) higher scores for learning orientation (student use of errors for learning) (M = 5.05, SD = 0.90) than the control group (M = 5.01, SD = 0.83). Likewise, student perception of teacher support in error situations was higher in the experimental group (M = 5.07, SD = 1.06) than the control group (M = 4.95, SD = 0.98). However, at the post-test, students in the experimental group reported higher anxiety in error situations than during the pre-test. Generally, latent mean analyses indicated that gains for the experimental group over the control group were only statistically significant in student perception of teacher support in error situations (d = 0.12). See Table 3 for a detailed representation of manifest and latent means across conditions and measurement occasions.

Furthermore, within-group comparisons were conducted for the latent means of student perception of teacher support in error situations. The change in student perceptions of teacher support in error situations within the experimental group was moderate (z = 0.356, Wald χ2(1, 130) = 10.86, p = 0.037), whereas the change within the control group was not statistically significant (z = 0.139, Wald χ2(1, 121) = 1.097, p = 0.295). Thus, students in the experimental group changed moderately and became more positive in their perception that their mathematics teacher handled errors in a friendly manner and used errors formatively.



Exploratory Case Studies of Teacher Error Handling Strategies

Analysis of the sixteen videotaped lessons showed that the mathematics teachers employed three main pedagogical approaches to feedback plenary discussions, namely, student-centered, teacher-centered, and shared marking scheme. In the student-centered approach the teacher invited and encouraged students to solve mathematical questions on the blackboard and provided students with scaffolding support only if most students failed to solve the question. This approach was observed in 8 out of 16 (50%) lessons; four lessons in the experimental group and four in the control group. In the teacher-centered approach the teacher solved questions on the blackboard with little student involvement. This approach was identified in 6 out of 16 (38%) lessons; four lessons in the experimental group and two in the control group. Finally, the shared marking scheme approach was observed in 2 out of 16 (12%) lessons; both from the same teacher. In this approach the teacher provided each student with a marking scheme for the purpose of self-correction. In the remainder of this section we present two exploratory case studies of the observed plenary feedback discussions to illustrate some differences in the application of error handling strategies at the pre-test and post-test. We selected these two cases to represent both research groups and because the lessons at the pre-test and post-test covered similar content, i.e., a mathematics task from the topic of functions and relations.



Case 1: Error Handling Practices of a Teacher in the Experimental Condition

Tables 4, 5 contain excerpts of the error handling strategies employed by Teacher 1, who was part of the experimental condition, at the pre-test and the post-test, respectively.


TABLE 4. Examples of error handling strategies by Teacher 1 in the experimental conditionat the pre-test.

[image: Table 4]
TABLE 5. Examples of error handling strategies by Teacher 1 in the experimental condition at the post-test.

[image: Table 5]With reference to Table 4, it can be noticed that to some extent Teacher 1 displayed some error handling strategies at the pre-test. For example, the teacher described the error made by the students (“some of you were using words instead of mathematical terms”) and highlighted a situation where the students were likely to make more errors (“I will not use intercepts because we will get fractions which are difficult to plot”). Nevertheless, the teacher failed to reflect on and use the error made by the first student (S1) (06.21 min in the excerpt) to improve the lesson, and instead accepted the answer from another student (S2). Table 5 illustrates some of the error handling strategies by the same teacher at the post-test.

During the post-test, the teacher practiced more error handling strategies than at the pre-test. First, Teacher 1 described a student error by citing specific errors made by students in the test (“some of you treated each part of the R independently, many of you solved for the domain of R–1 instead of domain of R”). Secondly, the teacher explained the student errors (“You can work each part independently but at the end you were supposed to write R–1 as one set”), and finally the teacher generalized the solution strategy to other test-questions (“to draw the graph of R–1, use similar procedures as we used for R”). Table 5 indicates that Teacher 1 appeared more error friendly at the post-test by explaining student errors and showing how to correct them than during the pre-test. Moreover, apart from implementing more error handling strategies at the post-test, the teacher concentrated not only on correcting student errors but also focused on error prevention strategies which is the highest step of error handling as part of the analytic, process oriented approach (see Figure 1). In particular, it can be noticed that the teacher collected and reflected on student errors while marking their tests as illustrated by the remark at the start of the transcript: “If you want to find the inverse of R, first, interchange x and y, then make y the subject. Don’t alter the inequalities the inequalities remain as they are”.



Case 2: Error Handling Strategies of a Teacher in the Control Condition

Tables 6, 7 contain excerpts of the error handling strategies employed by Teacher 7, who was part of the control condition, at the pre-test and the post-test, respectively.


TABLE 6. Examples of error handling strategies by Teacher 7 in the control condition at the pre-test.
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TABLE 7. Examples of error handling strategies by Teacher 7 in the control condition at the post-test.

[image: Table 7]In Table 6 it can be noticed that Teacher 7 employed some error handling strategies at the pre-test such as describing student errors (“some of you drew the graph of R instead of R–1”) and explaining why it is an error (“we cannot use the origin (0,0) to test our inequality because it is a point in the line”). However, these practices did not persist during the post-test. Table 7 illustrates some of the error handling strategies by Teacher 7 at the post-test.

At the post-test Teacher 7 seemed to use the pragmatic approach to error handling given that a student was reprimanded for poor treatment of errors (“you don’t revise your notes”). Generally, although Teacher 7 displayed awareness of some error handling practices at the pre-test, such as describing the student error before correcting them, those practices were absent at the post-test which suggests that this behavior was not systematic. Given that Teacher 7 attributed errors to students’ poor revising practices indicates that the teacher might have lacked the broader spectrum of potential sources of errors which go beyond student-related features. Generally, the mathematics teachers did not adequately engage in intensive use of the analytic approach to error handling to foster student use of their own errors. It is essential that students are empowered on how to use errors as a learning opportunity that could ultimately promote meaningful learning.



DISCUSSION

The present study explored the impact of a short-term professional development teacher training on (a) students’ perceptions of their mathematics teacher’s support in error situations as part of instruction, (b) students’ perceptions of error situations while learning, and (c) mathematics teacher’s actual error handling practices.


Students’ Perceptions of Teacher’s Support in Error Situations

The first question investigated the effect of the short-term professional development teacher training on students’ perceptions of their mathematics teacher’s support in error situations. Based on the descriptive mean scores, students perceived their teacher’s support in error situations as positive, implying that students – regardless of whether their teacher received professional development training – had positive perceptions of their teacher’s support in error situations. Furthermore, latent mean analyses indicated from the pre-test to post-test for the experimental group a significant, but moderate positive change in perceptions of teacher support in error situations, whereas there was no other statistically significant difference observed. However, the relatively low observed effect of the short-term professional development teacher training on student perceptions of teacher support may be attributed to the nature and teacher orientation toward errors. Metcalfe (2017) clearly showed that people who are error-prevention focused are likely to be error intolerant and would like students to avoid errors for the sake of passing high-stakes examinations. In general, these results show that an intensive short-term professional development training for a specific situation had direct effects on teacher behavior during the plenary feedback discussions. This supports results from previous studies that it is feasible to improve practices of teacher support in students’ error situations (Heinze and Reiss, 2007); even with a short-term professional development teacher training – which is most likely due to the random assignment of teachers to research conditions (Heller et al., 2012). Whereas the Rach et al. (2013) study used an intensive long-term professional development intervention and found effects only on students’ affect and perception of affective teacher support, this study found a positive effect on student perceptions of their mathematics teacher’s behavior with a short-term professional development teacher training within a specific classroom context. Moreover, the findings also support Lizzio and Wilson (2008) who found that students are readily capable of identifying the qualities of assessment practices they do and do not value.



Students’ Perceptions of Use of Errors in Learning

The second question investigated the effect of the professional development teacher training on students’ perceptions of individual use of errors in their learning. The results showed that the secondary school students in our sample were inclined to use errors for learning. However, the change from pre-test to post-test latent means – with the control group pre-test means as a reference category – revealed no significant differences for students’ use of errors for learning. These results further support that students’ use of errors for learning is challenging for them (Heinze and Reiss, 2007; Rach et al., 2012), and they are in line with the evidence that student learning from their own errors is more challenging than learning from correct situations (Siegler and Chen, 2008). Although previous research showed that it is possible to promote student use of their own errors through a student-based intervention (Heemsoth and Heinze, 2016), it would be desirable to help teachers foster such strategies. More specifically, teachers should encourage and/or train students to use their own errors for learning rather than correcting student errors.



Students’ Anxiety in Error Situations

The second question further investigated the effect of the professional development teacher training on students’ anxiety in error situations. The results showed that the secondary school students in our sample overall reported low levels of anxiety in error situations. Furthermore, although Rach et al. (2013) successfully showed that it is possible to reduce student anxiety in error situations via an error handling professional development teacher training, our results – similar to the study by Heinze and Reiss (2007) – do not support this. A potential explanation might be the social impact or consequences of failing a test. Moreover, the result does not support a recent study by Tsujiyama and Yui (2018) who showed the potential advantage of students’ reflection on unsuccessful proof examples in actual learning. In particular, in a high-stakes examinations educational context such as that of Tanzania, failing a test exposes students to social impact such as reduced status due to social comparison with peers or negative emotions (e.g., shame) in response to accountability reports to parents and school authority. Students’ productive use of errors for learning calls for a detailed error management strategy that involves development of a mind-set on how to deal with errors (Frese and Keith, 2015). It was further noted that students’ had low mathematics performance in teacher made tests which among other reasons could be attributed to the fact that mathematics tests at the post-tests were in general more difficult than at the pre-test because material that is covered in a test is accumulative and becomes gradually more difficult over a certain time period.



Teacher Error Handling Strategies Before and After a Short-Term Professional Development Teacher Training

The third question aimed at identifying teacher practices of dealing with errors in a formative plenary feedback discussion of student performance on a mathematics test. Exploratory case studies of representative teachers were reported to illustrate these practices in the experimental and control group, and indicate to some extent the potential of a (short-term) professional development training to affect how teachers in the experimental group dealt with student errors. Most teachers were aware of student errors and corrected them without necessarily discussing why those errors occurred and how they could be prevented. Such practices support Monteiro et al. (2019) who noted that most of the teacher feedback focused on the task level (correcting the error) rather than discussing the underlying process level. In particular, the exploratory case studies to some extent support the descriptive results that teachers in the experimental group responded more positively to student errors than teachers in the control group. The observations from the exploratory case studies are in line with previous studies which showed that it is possible to improve assessment and feedback practices through a professional development teacher training (Rach et al., 2012; Van de Pol et al., 2014). At the same time, teachers in both the experimental and control group used student- and teacher-centered approaches to plenary feedback discussion, which aligns with previous studies from Tanzania that even though the curriculum emphasizes student-centered approaches, teaching remains teacher-centered (Kitta and Tilya, 2010; Tilya and Mafumiko, 2010).

Future research could investigate whether a longer professional development teacher training as well as continued practice and support during and after the training could substantially improve teacher error handling practices. Finally, unlike studies by Borasi (1994) and Heemsoth and Heinze (2016) which showed that promoting an error friendly environment leads to productive learning outcomes, our data did not yield such outcomes. This shows that effects of a short-term error handling professional development teacher training on students’ performance are not easy to achieve, in particular on the short-term. Also, this might be accounted for by the small teacher sample and non-uniformity of the teacher-made mathematics tests.



Limitations and Implications

Although we systematically drew our sample and applied a quasi-experimental design (i.e., professional development teacher training vs. no training), the results should be interpreted bearing in mind some limitations. First, the professional development teacher training was conducted among eight schools and only involved eight mathematics teachers. Second, since the eight schools and teachers were randomly assigned to the experimental and control group, the number of sampled students provides some evidence for generalizations beyond our sample. Third, the short duration of the professional development teacher training – which positively affected students’ perceptions of teacher support in error situations, shows some promise for developing a more rigorous intervention as part of an extensive and large-scale professional development program (Hill et al., 2013). The current short-term professional development teacher training could be improved by examining teacher beliefs about sources of student errors as well as by enabling teachers to teach the analytic error-based learning strategy. These results may be substantiated by future studies using a longer intervention and/or longitudinal data to examine other potential factors that might influence the quality of teacher feedback practices such as the feedback content, students’ dispositions toward mathematics, and the quality of mathematics instructions. Despite these limitations, the systematic random sampling of schools and rigorous data analyses techniques used (e.g., invariance testing and latent mean analysis), complemented by the exploratory case studies, provided substantial insights into the error handling practices of mathematics teachers and the potential of a short-term professional development teacher training to affect these practices.



CONCLUSION

In light of our findings we encourage teachers and students to use student errors formatively as learning opportunities and to improve the instructional process, that is, teachers should improve their teaching strategies while students are expected to improve their learning strategies. Moreover, teachers are encouraged to utilize the analytic process-oriented approach for learning from errors; in particular linking their (plenary) feedback discussions to typical examples of student errors that were observed when marking tests or examinations. Finally, teachers are encouraged to use student assessment results; in particular errors made in mathematics tests to scaffold students’ learning in areas where they need more help.
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Time Activity Error
Strategy

Post-test
Draw the graph of a function f(x) = [ Z+1,x =2 }and
5,0<x<4
state the domain and range.

26:50 S: We use table of values to find points for plotting a graph. =
33:00 S: In drawing the second part of the graph, O is exclusive. =
33:29 T: Yes, how do you indicate that? -
33:50 S: Indicated by the open circle above the closed circle. -
33:55 T Very good, that’s how it should appear. -
34:15 S: From the graph domain and range were indicated. -

35:35 T Yes, that is how it was supposed to be. =
T: Clap for all who presented on the board.

36:00 T: All of you were supposed to get 100%, what was the -
problem?
S: Time was limited

36:20 T: No, thatis not true. You don’t revise your notice. e

S = Student, T = Teacher; Error strategies: 1 = Describe error, 2 = Explain error,
3 = Correct error, 4 = Prevent error (generalize).
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Time Activity Error Strategy

Post-test

04:20 Question 1: Given the relation, R = {(x, y):y <x + 1,0 <y <2, x < 4}. Find (8) R~ (inverse of R), (b) Draw the graph of R. -441
T: Do you remember the principle? (The teacher explained: If you want to find the inverse of R, first, interchange x and y, then
make y the subject.
Don't alter the inequalities the inequalities remain as they are
T: The teacher writes: R~ = {(x, y): x-1 <y, 0 <x <2,y < 4}.
T: Some of you treated each part of the R independently as: R~ ={(x, y): x-1 <y}, R~ ={(x, ¥): 0 <x <2}, R~ = {x, y):
y < 4}. That is wrong. | asked you where is R='?

06:30 T: You can work each part independently but at the end you are supposed to write R~ as one set. 2
(b) Draw the graph of R, R={(x, y): y <x+ 1,0 <y <2 ,x <4}.

07:26 T: When dealing with inequalities it means we need to compare the lesser side and the greater side. So you must have the 3
boundaries.
T: Is the boundary included or excluded?

11:36 S: Included -

T: Why it is included?
S: Included because of the equal signiny < x + 1
22:07 T: The teacher draws the graph involving students. =

22:40 T: This is what you were supposed to do. Many of you had problem. 4
T: Drawing the graph of R~", use similar procedures as we used for R.

24:.04 T: You were supposed to find the domain of R but most of you solved for the domain of R~ 1

S = Student, T = Teacher; Error strategies: 1 = Describe error, 2 = Explain error, 3 = Correct error, 4 = Prevent error (generalize).
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17:00
17:18
17:01
17:15
19:36
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31:00
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31:40
31:56
32:00
32:28
32:40
32:40- 44:00

44:36
42:02
47:00
47:32
49:20
49:28
49:47
50:05
50:42
50:53
51:00
51:30
51:43
5220

Activity

Pre-test

Question 2: Draw the graph of the inverse of the relation R = {(x, y): x + y < 0, y >x-1} and state the domain and range.

S: To find R~ the first step you interchange x and y variables.

T: Yes, correct

S: Then you make y the subject, no, make x the subject

T: Make subject x or y?

S: Other students-says, make y the subject

T: Are you making the subject x or y? You make y the subject

SR '={xy:y<xyzx+1}.

T: Correct.

S: The next step is to draw the table of values

T: Most of you confused drawing the graph and shading the required area.
T: Will it be a smooth or dotted line (inclusion or exclusion of boundary points)?
S: Smoothen line

T: Why smooth line?

S: Because there is =in < (< or =)

T: Yes. We draw a smooth line because of <

S: So we have to test for the required region.

T: Who can give us a point to test the required region?

S: Use (0,0)

T: We cannot use (0, 0) because it is a point on the line, choose another point below or above the line please.

S: (A student correctly draws the graph and shades the required region
S: Student says domain represent all real numbers of x

T: Are you convinced that domain is all real numbers?

T: You were supposed to shade the area that satisfies both graphs
T: Based on the graph, Domain = {x: x < 0.5}

T: Why should we use < and no t>?

S: Because from the graph all values of x are less than 0.5

S: Range is all real numbers of y.

T: Thank you for your presentation, clap hands for him.

T: Was there any reason for those who scored 0, 5 or 20%

T: Student X what was a problem for you?

SX: I didn’t understand question number 2

T: Did you attend the class when | taught, function? If you don’t understand a lesson ask me or ask your fellow.

T: Student Y, you were supposed to get 100% but you got 70%, what was the problem?
SY: I did not understand question number one.
T: Some of you drew the graph of R instead of R~

Error Strategy

S = Student, T = Teacher: Error strategies: 1 = Describe error, 2 = Explain error, 3 = Correct error, 4 = Prevent error (generalize).
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Scales

1. Learning orientation (Student use of errors)

2. Anxiety in error situations

3. Teacher support in error situations

4. Mathematics performance

5. Authenticity of feedback plenary discussions
6. Perception of utility of feedback plenary discussions

**p < 0.01 for Wald x2 test.

Manifest means (SD)

Latent means

Control Experimental Control Experimental

Pre Post Pre Post Pre Post Pre Post

4.89 (0.89) 5.01 (0.83) 4.89 (0.83) 5.05 (0.90) - 0.17 0.08 0.24

219 (1.21) 2.13 (1.05) 2.08 (1.04) 2.14 (1.28) - —0.08 —0.11 —0.08
4.87 (1.13) 4.95 (0.98) 4.60 (1.39) 5.07 (1.06) - 0.14 —0.16 0.26%

53.62 (24.23)  53.35 (27.41)  44.51 (22.40) 41.28 (21.72) - 0.00 —0.51 -0.78

5.01 (1.05) 4.93 (1.04) 4.88 (1.16) 4.98 (1.05) - —0.02 —-0.13 —0.02

5.60 (0.58) 5.40 (0.92) 5.45 (0.89) 5.43 (0.79) = —0.42 —0.33 —-0.33
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Activity

Pre-test

Question1: Given the relation, R = {(a, m), (b, m), (c, m), (d, n), (¢, n)}. Find: (a) the domain and range of R,
T: We know that a domain is represented by the first entry, and range is denoted by the second entry.

T: Domain = {a, b, ¢, d}.

T: Range is given by the second entry. What are the second entries?

T: Range = {m, n}

Question 1(b): Draw the pictorial representation of R.

T: (The teacher draws the pictorial representation of R)

IfR={k,y): y =2x=8, x € R}. (a) Find the domain and range (b) Draw the graph of R.

T: Thus is a linear relation with no boundaries.

T. For a linear function with no boundaries, what will be the domain?

S1: Domain will be 0,

S2: Domain = {x: x € R }.

T: Very good:

T: When writing the solution use mathematical notations, some of you were using words. Of course it is fine, but always use
mathematical notations.

T: What about the range? (Looking at students) if you got it correctly tell what you wrote

S:Range={y:y e R}

Question (2b) Draw the graph of R = {(x, y): y = 2x—3, x € R}.

T: This is a straight line, you need only two points and then you join them by using a ruler.  will not use the intercepts because
we will get fractions which are difficult to plot. (The teacher guides students to draw the graph).

Error Strategy

S = Student, T = Teacher; Error strategies: 1 = Describe error, 2 = Explain error, 3 = Correct error, 4 = Prevent error (generalize).
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Demographic

Students
Gender
Male
Female
Age

Male
Female
School performance
High

Low
Teachers
Gender
Male
Female
Age

School performance
High

Low

Highest qualification
Bachelor degree
Diploma in education
Class size

Experimental

130

67
63

16.49 (1.00)
16.57 (0.94)
16.41 (1.07)

68
62
4

3
1

43.75(13.62)
range: 32-57

4
0
76.00 (34.91)

Control

121

68
53
16.28 (0.91)
15.81(0.68)
16.07 (0.85)

67
54
4

4
0

41.25 (3.95)
range: 3847

2
2
52.00 (15.41)

Total

251

135
116
16.29 (0.95)
16.42 (0.93)
16.14 (0.96)

135
116
8

Z
1

42.50 (9.38)
range: 32-57

6
2
64.37 (28.15)

Mean (standard deviation).
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Scale

Error culture

Learning orientation (Student
use of errors)

Anxiety in errors

Teacher support in error
situations

Sample item

If I do something wrong in mathematics class | perceive this as an
opportunity to learn.

| feel ashamed when | make a mistake in front of the class in
mathematics.

If I make a mistake in mathematics class, my teacher discusses it with
me in a way that | really learn from it.

Authenticity of plenary feedback discussions

Authenticity of plenary
feedback discussions

4

Was the videotaped plenary feedback discussion typical/representative
for the lessons your teacher normally teaches?

Usefulness of plenary feedback discussions

Perception of utility of plenary
feedback discussions

5

After this plenary feedback discussion, | now know how | can correct
most of my mistakes.

Cronbach’s o

Original Study

Not reported

Not applicable

Present Study
Pre-test Post-test
0.75 0.76
0.49 0.54
0.65 0.56
0.62 0.59
0.81 0.82

k = number of items per scale.





