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The lasting effects of teacher professional development (PD) are seldom examined. We investigated whether 44 teachers and their Grade 5 and 6 primary classes continued working with tasks for mathematical reasoning and employing a rubric after the PD finished. Questionnaires for students and teachers were administered before the intervention, at the end of the intervention, and 5 months later. The results of the longitudinal quantitative analyses with supplementary qualitative interpretations indicated that the mathematical reasoning features of the PD showed more sustainable effects than the use of the rubric. Explorative findings suggest that this outcome may be related to the teachers' pedagogical content knowledge.
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INTRODUCTION

Many studies in the field of teacher professional development (PD) report positive effects of their PD. However, how long lasting are the effects of such PD? Do all teachers who receive the PD continue with the objectives of the project? Research frequently notes the limited effects of various PD programs (Borko, 2004; Yoon et al., 2007). Powell et al. (2010) draw attention to the fact that a critically important question is whether PD approaches show sustainability in instructional practices beyond the period of PD support. Follow-up studies of teacher PD projects are still rare.

The starting point of this study was the end of a teacher PD project, which aimed to introduce rubrics as a means to improve the practice of formative assessment in primary school classes. We found positive effects for our control-group intervention with rubrics on the teachers' practice of assessment and feedback. With respect to the students, the project had positive impacts on their self-regulation competencies and their self-efficacy beliefs (Smit et al., 2017). Irrespective of whether students were in the “intervention” or “control” group, all students developed their mathematical reasoning abilities. At first sight, the project was successful. However, what happened after the project finished? Were there any longer-term effects of the PD project on primary teachers' use of rubrics in mathematics?

Sustainability of Teacher Professional Development

Teacher professional learning is a complex process, which requires the cognitive and emotional involvement of teachers individually and collectively, the capacity, and willingness to examine where they stand in terms of their convictions and beliefs, and the perusal and enactment of appropriate alternatives for improvement or change (Avalos, 2011). To understand and explain why and how teachers learn, we must consider how a teacher's individual learning orientation system interacts with the school's learning orientation system, and how both systems together affect the PD activities (Opfer and Pedder, 2011). In addition, researchers also argue that successful PD cannot be divorced from teachers' own classroom contexts (Lieberman and Miller, 2001). Instead, PD must approach teacher learning as a dynamic, active process where teachers engage directly with student work, obtain direct feedback on their instruction, and review materials from their own classrooms (Garet et al., 2001; Desimone et al., 2002).

Guskey (2002) identified five levels that need to be evaluated in order to determine the success of a PD program. The first three levels evaluate the teachers' reactions to the PD, their learning from the PD, and the level of support from their schools. The fourth level targets information on changes teachers make in their professional practice. Such evidence cannot be gathered at the end of a PD session or program. Enough time must pass to allow teachers to adapt the new ideas and practices to their settings (Guskey, 2002). Unfortunately, quite a few PD interventions in education are not long lasting, although empirical results are few. A dialogic reading study by Whitehurst et al. (1994) revealed that the teachers discontinued using dialogic reading strategies at the end of the intervention phase. Franke et al. (2001) conducted a follow-up study 4 years after the end of a PD program on understanding the development of students' mathematical thinking. The results showed that only about half of the teachers in the project group became engaged in on-going learning while the others did not. The researchers proposed that it is teachers' engagement with student thinking that determined who developed further and who did not. Borko et al. (2000) also reported this finding when they found that the two participating teachers in a follow-up study both commented that they had been surprised at their students' capabilities in problem-solving activities. As a result, both teachers raised their expectations for the students and allowed them to take more active roles in their own learning.

The students themselves might also hinder sustainable implementation. According to Yeager and Walton (2011), socio-psychological interventions in education have several underlying constraints that would prevent them from being long-lasting. For example, some students experience poor performance in classroom tests that could undermine the motivation to employ self-assessment strategies and to see mistakes as information for self-regulated learning. However, this is beyond the scope of this paper. In the next section, we present the background for our teacher PD project.

Rubrics as a Tool for Formative Assessment

The assessment of a student's learning, with the help of a rubric for example, is part of the teaching process. Following the work of Black and Wiliam (1998), the Assessment Reform Group (ARG) (2002) defined formative assessment as the process of seeking and interpreting evidence for use by learners and their teachers to establish where learners are in their learning, where they need to go, and how best to get there (Wiliam and Thompson, 2007). The formative assessment process can be seen as a cycle with three components (Figure 1). One component requires the teacher to clarify the learning (and assessment) targets. A rubric helps make these targets transparent to students by describing the criteria they need to reach. For a full understanding of the criteria, it is helpful to engage the learners in peer and self-assessments. A second component indicates that teachers support students in the learning process. This involves the ongoing assessment of students' learning and a diagnosis of any specific learning problems that need to be acted upon. Again, a rubric can guide the teacher while they observe a student performing the relevant tasks. As part of the cycle's third component, a rubric enables the teacher to give criteria and target-related feedback to the learner. In addition, the teacher can provide further instruction that helps the student to reach the next learning level. If all of this occurs in a way that enhances learning, a positive effect on the student's intrinsic motivation can be expected (Harlen, 2006; Moss and Brookhart, 2010). Intrinsic motivation is also fostered by self-assessment, making the students more autonomous learners who can self-regulate their own learning (Paris and Paris, 2001). Peer and self-assessment are two of the five key formative assessment strategies proposed by Black and Wiliam (2009, p. 8), and they formed part of our PD.
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FIGURE 1. Relationship of a rubric, assessment/diagnosis, and feedback as components of formative assessment (adapted from Black and Wiliam, 2009).



Rubrics help teachers evaluate complex competencies assessed in authentic performance assessments, such as written compositions, oral presentations, or science projects (Montgomery, 2000; Bradford et al., 2015; Tang et al., 2015; de Leeuw, (2016). Rubrics describe performance expectations by listing criteria and describing levels of quality (Brookhart, 2018). They can be holistic or analytic; holistic rubrics consider all the criteria simultaneously, requiring only one decision on one scale, whereas analytic rubrics provide specific feedback with respect to several criteria and levels.

Rubrics are helpful guidelines for teacher feedback on students' actual levels of performance and for indicating the next steps for improvement. Although rubrics make goals more transparent, they are neither sufficient nor very effective if teachers simply hand them out without providing information for individual improvement (Andrade et al., 2008; Wollenschläger et al., 2016). Furthermore, teachers with limited understandings of teaching and learning (pedagogy), or for example, hold strong transmissive beliefs about learning, could hinder the full potential of a rubric for student learning (Mui So and Hoi Lee, 2011). Such teachers focus on the summative use of assessment results rather than on identifying the strengths and weaknesses of students in the process of learning. Therefore, teachers applying rubrics should understand the role of formative assessment in learning. In addition, providing effective formative feedback depends on teachers' assessment and diagnostic skills (Earl, 2012; Turner, 2014). Teacher feedback in classrooms has been found to have a powerful impact on students' learning, with an overall effect size of d = 0.79 (Hattie, 2008). While not exclusive to rubrics, feedback in general that encourages “mindfulness” is most likely to help students improve (Underwood and Tregidgo, 2006; Hattie and Timperley, 2007). In other words, comments that prompt students to meaningfully and thoughtfully approach their revisions show the greatest improvements in learning. Bangert-Drowns et al. (1991) discovered that although feedback in most settings was positively related to higher achievement, student learning did not benefit if the feedback omitted information necessary for learners to evaluate where they were, identify where they were going, or provide useful strategies for getting there. Rubrics can offer information in all three instances, and they help teachers keep feedback manageable, as the complexity of feedback information can also reduce the effectiveness of formative feedback itself (Shute, 2008).

A rubric is not only a tool for assisting teachers; it can also be beneficial for students. Used as a self-assessment tool, rubrics can help students improve their self-efficacy, reduce anxiety, and foster their ability to self-regulate their learning (Panadero and Jonsson, 2013). Research about the effects of rubrics within primary school classes is still scarce. The following are two examples. Andrade et al. (2008) showed that when students in primary classes used a rubric to self-assess the first drafts of their essay, they could improve important qualities of their writing. Ross et al. (2002) carried out a 12-week self-evaluation training of mathematics achievement in Grade 5 and 6 classes. Students in the experimental group learned to apply four strategies: (a) define evaluation criteria with the help of a rubric, (b) apply the criteria to their work, (c) conduct self-evaluations, and (d) develop action plans based on their self-evaluations. Students in the intervention group showed significantly higher mathematical problem-solving test scores than students in the control group. Based on their experiences of teacher PD, the researchers concluded that it is more difficult to achieve positive effects from mathematics PD than from writing PD, for example, as pedagogical content knowledge (Shulman, 1987) for mathematics is usually more demanding. Furthermore, they also suggested that student achievement could be hindered by teacher beliefs, which were not always aligned to a reform-minded view of mathematics as a dynamic set of intellectual tools for solving meaningful problems.

In our pilot study, we developed a rubric aligned to the Swiss standards (Smit and Birri, 2014). The rubric was designed to support teachers in giving feedback to students working on mathematical reasoning tasks. We constructed the rubric for use in Grades 5 and 6, although with a few adaptations, it could also be applied in higher grades. In primary schools, mathematical reasoning is used, for example, when exploring patterns and describing relationships. The introduction of algebraic reasoning into primary classrooms requires teachers to develop new competencies, as most teachers at this level have little experience with the rich and connected aspects of algebraic reasoning (Blanton and Kaput, 2005). In Switzerland, the mathematics standard expected of students at the end of primary school (Grade 6) is competence in verifying statements and justifying or falsifying results using data or arguments. In our project, the rubric consisted of four dimensions of sound algebraic reasoning (appropriate and comprehensible procedures; correct computations; comprehensible and detailed descriptions; and reasoning, illustrations and examples), as well as four levels of development (see Supplementary Material). By describing four development levels, teachers can potentially document the growth of these complex competencies over an extended period of time.

Following the theoretical outline, we formulated the following research questions:

1. Do teachers continue to use the practices implemented in the PD project?

2. How do the teachers' formative assessment practices change after the PD project?

3. Which teachers continue to use a rubric as part of their formative assessments?

METHODS

Design

Our project, “Learning with rubrics,” began in 2015 and ran for 2 years. It was conducted at two teacher education universities in Switzerland (St. Gallen and Zug). The research design was quasi-experimental and longitudinal, and is set out in Table 1. Prior to the intervention phase (T1), we assessed students' mathematical reasoning abilities, and teachers and students completed questionnaires on their attitudes and related aspects of teaching, such as feedback quality. Next, all teachers participated in a 1-day workshop about the theory of mathematical reasoning. The same team members conducted the workshop. As part of the workshop, the intervention group (IG) received information about the use of rubrics, while the control group (CG) discussed mathematically tangential content on how to adapt textbook tasks.


Table 1. Research design.
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The PD lasted for 9 weeks, and all teachers were given a detailed lesson plan with a strict script each week for teaching mathematical reasoning. These plans entailed a socio-constructivist orientation, with collaborative group or peer work included in most lessons (e.g., the placemat technique). In the IG, the lesson plans included rubrics for self-assessment and teacher feedback. At the end of the PD, the teachers participated in a workshop to evaluate the PD. At that time (T2) we assessed students' mathematical reasoning abilities again, and students and teachers completed a second questionnaire. One part of the second workshop was used to evaluate the PD phase, while the second part was used to deliver the information that each group, respectively, missed in the first workshop. Thus, the IG was informed about mathematical representations among primary students, and the CG learned about the use of rubrics in formative assessment. About 5 months after the end of the PD (T3), students were assessed again on their mathematical reasoning abilities and students and teachers were asked to provide information about any on-going use of project tools (e.g., the rubric, the mathematical reasoning tasks, the teaching methods). The questionnaires and mathematical reasoning test were employed a third time. The choice of T3 was related, in part, to the 2-year project time granted, and it provides a first insight only into the on-going implementation of the project aims.

Sample

The teachers for our project were recruited with the help of an advertisement in the local teacher journal, and by personal requests. The initial sample consisted of 45 full-time teachers from two Swiss cantons (regions). Twenty-five teachers were women and 20 were men; the mean age was 41 years, and the mean service age was 11 years. Nine teachers taught Grade 5 classes, and 18 teachers taught Grade 6 classes. The remaining 18 teachers taught multi-grade classes with 4 teachers teaching Grade 4 students. The teachers were allocated to the intervention group (IG) or the control group (CG) using a “partly random” procedure so that there was an equal distribution of teachers by gender, age, grade level, and canton (district). Therefore, the IG and CG were parallel in relation to these variables. Twenty-two teachers participated in the intervention group (IG), and 23 participated in the control group (CG). During the project period, one teacher dropped out because of a heavy workload involving daily classroom work, and at T3, another two teachers withdrew for the same reasons. Thus, we obtained datasets for 44 classes with 23 students in Grade 4, 337 in Grade 5 and 402 in Grade 6 (totaling 762 students). Some students were missing at T2 and T3. Fifty-two percent of the students were boys and 48% were girls. For 25% of all students, German was not the main language spoken at home.

Instruments

Questionnaires

We employed questionnaires, one for the teacher and one for the students. In each questionnaire, a bundle of items were repeated at each time point complemented by items appropriate for a particular single time point. Background variables also included information on the students' nationality and special needs. Both questionnaires consisted of scales related to the model depicted in Figure 1. These scales for assessment and diagnosis skills, supportive feedback and peer and self-assessment were constructed based on existing items (Smit, 2009; Brown et al., 2012) or were newly developed based on the literature (Hargreaves et al., 2000; Hattie and Timperley, 2007). For the transmissive beliefs and the function of word problems as part of curricular knowledge (Shulman, 1987), items from Rakoczy et al. (2005) were employed. To measure the impact of the PD project, we used closed and open items in the questionnaire at T3. For the closed items, we asked about the frequency of the use of the rubric as well as about the inclusion of reasoning tasks as part of teaching mathematics. In the section with the open questions, the teachers were asked to give some brief information about their on-going use of the strategies used in the PD, e.g., the construction of their own rubrics or the development of their teaching practice with respect to mathematical reasoning tasks.

We mostly utilized a 6–point Likert scale for the questionnaire items. For example, for indicating the level of agreement to a statement, the scale was: 6 = absolutely agree; 5 = agree; 4 = somewhat agree; 3 = somewhat disagree; 2 = disagree; and 1 = absolutely disagree. For indicating how often certain situations occur during math lessons, the scale was: 6 = always; 5 = almost always; 4 = often; 3 = sometimes; 2 = seldom; and 1 = never. All items are presented in the Supplementary Material.

Five teacher scales for the study included: “Assessment and diagnosis” with 3 items (α = 0.75); “Supportive feedback” with 8 items covering task-, process-, and self-regulation and self-level (α = 0.73); “Peer and self-assessment” with 4 items (α = 0.79); “Transmissive beliefs” with 3 items (α = 0.63); and “Function of word problems” with 4 items (α = 0.63). Three student scales comprised: “Peer and self-assessment” with three items (α = 0.52); “Supportive feedback” with 5 items (α = 0.68); and “Assessment and diagnosis” with 5 items (α = 0.75). All Cronbach's alpha values were related to T1. For T2 and T3, the alpha values were mostly slightly higher.

Data Analysis

There were some missing values among the students who completed the questionnaire about their perceptions of feedback and assessment quality. Missing values also occurred for a few teachers. Given that these missing values were not due to the design of the study, we assumed that they occurred randomly and consequently applied the full information maximum likelihood (FIML) procedure as a model-based treatment of missing data (Enders, 2010).

As part of the qualitative analysis for each of the open questions, a standard thematic coding process was conducted (Braun and Clarke, 2006; Patton, 2015). Basically, the themes were already part of the questions, and the coding process aimed at identifying motivations, experience, and meaning within the theme of each question. When patterns of motivations, experience, and meaning were repeated, we used them as a basis for more general statements. Selected examples demonstrated the essence of the point. From a mixed-methods point of view, we applied a sequential QUAN → qual design with identical samples (Onwuegbuzie and Collins, 2007), with the two different methods being complementary. The results from each of the two methods allowed for elaboration, enhancement, illustration, and clarification (Caracelli and Greene, 1993).

The quantitative teacher and student data are presented descriptively, along with correlation coefficients. The interval between each category on the Likert scale were assumed to be approximately equal. This allowed us to conduct t-tests to check for IG and CG differences. Similar tests were used to determine change over time. Finally, we applied structural equation modeling (SEM) using the software Mplus Version 8 to test the relationships of the latent variables. As a combination of factor analysis and path analysis, SEM is appropriate for testing proposed theoretical models with latent variables. Because the units of analysis included teachers, and students nested within classrooms, a multilevel analysis was also applied. This procedure assumes that teachers influence students, and individual students in turn influence the properties of the class. As a consequence, variables may be defined at the student level and the class/teacher level.

All models were estimated with manifest variable indicators (parcels of items) to reduce the number of parameters calculated in complex models as a result of the sample size (Boivard and Koziol, 2012). To test whether the model was appropriate, model fit indices regarding the items were reviewed (Hu and Bentler, 1999).

RESULTS

Do Teachers Continue to Use the Practices Implemented in the PD Project?

To answer our first question, we analyzed four single questions of the teacher questionnaire completed almost 5 months after the end of the project. Table 2 shows how frequently teachers reported that they still practiced four elements of the PD and Table 3 shows similar information for the IG and the CG separately. Our project was advertised as PD in the area of mathematical reasoning and in connection with the new Swiss curriculum 21. The rubric was introduced to enhance the students' learning of mathematical reasoning. Therefore, it was not very astonishing to find that the mean frequency of all teachers using mathematical tasks for reasoning and representation related to the PD and less with the rubric or making adaptations of textbook tasks. The variance (or S.D.) between the teachers was relatively high for all four project targets (ranging between 0.98 and 1.21). There were some teachers who continued using a rubric about every fortnight or more often, and some who never used it. From the correlations presented in Table 2, it might be deduced that the frequency of a rubric's application might have depended on the availability of appropriate reasoning tasks. Those teachers who had the time and the competence to adapt ordinary textbook tasks to make them suitable for mathematical reasoning also made more use of the rubric after the project finished. Teachers who worked less frequently with reasoning tasks in the classroom used a rubric less often. At first glance, one of the project's intentions, the introduction of tasks for mathematical reasoning and partly also for representation in daily classroom practice, demonstrated more sustainable effects. The teachers carried on applying such tasks between once a week and every fortnight. More surprising however, was the fact that not even the IG showed a more frequent use of the rubric than the CG (Table 3). If we look at it more closely, then we see that this outcome is much more the case for the teachers in the CG than for those in the IG (Table 3). One reason could be that teachers in the CG were required to adapt textbook tasks as part of the project implementation phase, while teachers in the IG worked with the rubric in the classroom.


Table 2. Mean and standard deviation and intercorrelation coefficients of how frequently all teachers implemented the four project objectives 5 months after the project (T3).
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Table 3. Means, standard deviations, and t-values for group differences in how frequently teachers used four aspects of assessment 5 months after the project finished (T3).
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The additional qualitative data illustrated how approximately one-third of the teachers further developed the use of rubrics after the end of the project. Some teachers merely continued working with the project rubric in their mathematics lessons. Others adapted the rubric for use in mother tongue (German) language lessons, e.g., as a mean for generating feedback for writing texts, for reading, or in oral situations. In science lessons, rubrics helped to assess student projects or presentations. The rubrics were applied for student self-assessment as well as for teacher assessment. When the teacher used the rubric, this action was often done in a summative way. As a starting point for the development of their own rubrics, a few teachers adapted existing rubrics from teaching books, or they turned criteria lists into rubrics. Existing rubrics were also revised, e.g., to make the level descriptions more substantive.

‘I adapted the rubric for the self- and teacher assessment of student self-chosen topics as well as text writing.’ (t 01GMR)

‘I added clear criteria to my own rubrics. I handed out my scoring rubrics to the students, which helps them to orientate themselves.’ (t 23LLJ)

‘Yes. [I created my own rubrics] with the help of learning goals in schoolbooks and the brochure, “Supporting and challenging students”.’ (t 10FFF)

As already noted, teachers worked more frequently with reasoning and representation tasks in the classroom. They even transferred reasoning exercises to other subjects.

‘Reasoning has become a more prominent competence during the school year. We argue much more, e.g., in the classroom council, in science, in German and in mathematics.’ (t 04CPG)

Apart from these results, some teachers took up pedagogical and methodological features from our lesson scripts. For example, three teachers mentioned that they used cooperative teaching methods, such as, placemat or jigsaw exercises more often.

How Do the Teachers' Formative Assessment Practices Change After the PD Project?

To answer the question whether the teachers developed their formative assessment practices after the project finished, we used students' perceptions to complement the teachers' self-reported qualitative data discussed below. A paired t-test for each assessment practice was conducted to explore differences over time and is reported in Table 4. According to the students, teachers' competence in assessment and diagnosis remained at the same level between T2 and T3. However, students felt that the amount of supportive feedback and peer or self-assessment decreased significantly. To check the reliability of the findings, we triangulated the student data with the teacher data to see whether there were any differences between each group's perceptions (Desimone et al., 2010). The findings from the teacher data mirrored those from the student data. Therefore, the perceptions of students and teachers were aligned and therefore, we have not presented the findings for teachers in another table.


Table 4. Change in students' perceptions of formative assessment between the end of the project (T2) and 5 months later (T3).
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The qualitative teacher data showed that approximately one quarter of all responding teachers did not change their feedback practice. Approximately half of the teachers in both groups developed their formative assessment practices in some way. For example, teachers more often gave individual, systematic, conscious, and frequent feedback to students—in verbal and in written ways. However, one difficulty encountered was the time needed for giving individual feedback to each student. The teachers now gave greater weight to students' approaches to solving a mathematical task and less weight to the correct solution of a mathematical task, making feedback more formative. By making the learning process the focus of closer attention, the students gained process knowledge, their thinking was stimulated, and they gained better self-assessment results. In general, more time was spent discussing student solutions. Three teachers mentioned explicitly the benefit of employing rubrics: students learned to do peer and self-assessment.

‘Yes, it is important to me, that the students develop the competence to self-assess and that they realize that it not enough to just present a solution, not only in mathematics but also in other subjects.’ (t 01ALI)

‘The students learned to give better-aimed feedback, e.g., with respect to process and explanation of the solution.’ (t 01GMR)

‘I give the students more time to exchange thoughts with other students. We discuss student solutions with the help of worked examples.’ (t 29WKM)

In a next step, we were interested to determine whether there was a lasting impact from our intervention by looking at those teachers who continued working with rubrics and how their classes perceived the three measured aspects of formative assessment 5 months later. The model in Figure 2 implies that the use of the rubric and the teacher's assessment precede giving supportive feedback. Both also influence the frequency of peer and self-assessment practices employed by the teacher. The rubric offers criteria for peer and self-assessment, and according to formative assessment theory, two forms of student assessment should support the teacher's assessment/diagnosis (Black and Wiliam, 2009).
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FIGURE 2. Standardized coefficients for the multilevel model of students' perceptions related to formative assessment and the teachers' use of rubrics. Nbetween = 42, Nwithin = 677; *p < 0.05; (t) = item of teacher questionnaire.



A first SEM was calculated using MPlus 8 with maximum likelihood estimation (MLR), and good fit values were obtained for a model with latent factors and manifest indicators [[image: image] = 0.00, CFI = 0.94, TLI = 0.92, RMSEA = 0.04, SRMRwithin = 0.04, and SRMRbetween = 0.13]. However, because the sample size is rather small, and many parameters needed to be calculated, these fit values were not completely trustworthy. Therefore, a similar model with parceled items was produced, meaning a total mean score for each scale was generated. This model with a reduced number of parameters (Figure 2) showed similar regression coefficients for each path as the model with manifest indicators. Finally, we switched to Bayesian estimation, which allows for better model estimation because large-sample theory is not needed (Muthén and Asparouhov, 2012). After conducting estimations for different iterations to determine convergence and PSR values, the outputs of the final model analysis produced stable results. The PPP value amounted to an ideal 0.46 and to an f difference of 3.875 (Lambert, 2018). On both class and individual student levels there were significant paths between the three aspects of formative assessment according to our model in Figure 1. The strongest path coefficients on the individual student level were found between teacher assessment and supportive feedback (β = 0.51) as well as between teacher assessment and peer and self-assessment (β = 0.49). Between peer and self-assessment, there was a lower path coefficient (β = 0.29). It must be noted that the significant path coefficients also indicated that the students in a class perceived formative assessment differently. Those who thought that they received more supportive feedback also stated that the teacher did more helpful assessment, and that peer and self-assessment were more salient features in the classroom.

A similar pattern was found at the class level, but overall, the path coefficients were slightly higher than at the student level. Most interesting was the additional teacher variable “frequency of the use of rubrics.” In classes where the teacher used rubrics more often, the class seemed to receive more supportive feedback and to conduct more peer and self-assessment. However, the frequency of using the rubric was not related to the helpful assessment/diagnosis of the teacher. In the students' eyes, the teacher could assess/diagnose well independent of using a rubric. The students saw the rubric mainly as a help to guide their learning and to determine where they were at the moment with respect to the goals.

Which Teachers Continue to Use a Rubric as Part of Their Formative Assessments?

Finally, we explored why some teachers used rubrics more often than others after the project finished. From theory (see section Introduction), it might be concluded that beliefs and pedagogical content knowledge (PCK) for mathematics have an influence on teachers' instructional practices. Therefore, we checked whether our scales for teachers' transmissive beliefs and the teachers' knowledge about the function of word problems might help to shed light on this question. While we could not find any relationship between the teachers' more traditional beliefs on teaching mathematics and the continuing use of rubrics, the results for the teacher knowledge about the function of word problems (PCK) were more elucidating. The related knowledge items are part of the curriculum knowledge in the domain map for mathematical knowledge of Hill et al. (2008).

We again calculated an SEM (Figure 3) using MPlus 8 with maximum likelihood estimation (MLR), and obtained good fit values (CFI = 0.99, TLI = 0.97, RMSEA = 0.06, and SRMR = 0.03). The model explained 22% of the variance between the teachers using rubrics at T3 and 48% of the variance between the teachers employing assessment/diagnosis practices at T3. As shown in Figure 3, there was quite a strong relationship between the teachers' knowledge about the function of word problems (PCK) at T1 and how frequently a rubric was used after the project finished. Higher self-assessed PCK also correlated with higher self-perceived teacher assessment/diagnosis at T1. Both variables were relatively stable over time. Although there were no other significant paths connected to the use of a rubric, it is interesting to see that the word problem-specific PCK at T3 also predicted which teachers said they practiced assessment/diagnosis at T3. Thus, teachers' PCK seemed, in some way, to play a role when PD for formative assessment is expected to have lasting effects for classroom practice. This result is similar to a comparable outcome from Diedrich et al. (2002). They reported that teachers with more knowledge about the function of word problems showed a more discursive teaching practice. They concluded that, in the mathematics lessons of teachers with higher knowledge about the function of word problems (PCK), the topic was first approached in small group settings before different approaches to the proof of the Pythagorean theorem were discussed.
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FIGURE 3. SEM model for the influence of teachers' knowledge about word problems on the use of rubrics and on teachers' assessment competence (teacher perceptions). N = 42; *p < 0.05; (PCK) = pedagogical content knowledge. All estimates are standardized.



DISCUSSION AND CONCLUSIONS

Our aim was to obtain an impression of the longer-term effects of the teacher PD project. We acknowledge that 5 months is not a very long time to check whether the teachers participating in the project had implemented any changes. However, the rather short time period was determined by the length of time for the project. Nevertheless, investigations of what occurs once a teacher PD finishes is only seldom pursued and therefore are of particular interest. We investigated the following three questions: 1. Do the teachers continue with the project objectives? 2. How do the teachers' formative assessment practices develop after the project's end? 3. Which teachers continue using a rubric as part of formative assessment?

With respect to the first question we can state that most teachers continued mainly with applying mathematical tasks related to the PD and less with the rubric. On average, teachers used the rubric once, if at all, after the project finished, while the mathematical reasoning or representation tasks were part of the lessons at intervals between every fortnight and every month. Teachers differed in how often they used these; teachers in the CG applied these tasks more often. It must be noted that the PD was targeted for teachers interested in learning how to teach mathematical reasoning. Most of the time during the first workshop was dedicated to this aspect. The use of rubrics was introduced to the IG as an additional feature. Therefore, teachers might not have viewed the rubric as an important (or key) aspect of the PD. It was surprising that the IG did not use the rubric more than the CG, on average. Constraints for applying the rubric included a lack of time and a lack of teacher competence to adapt ordinary textbook tasks to make them suitable for mathematical reasoning.

 Borko et al. (2000) stated that although both teachers in their case study changed their approaches to assessment during the PD project, their assessments—particularly in mathematics—changed less than their instructional practices. This finding, although unexpected given the project's explicit focus on assessment, becomes more understandable when it is considered that teachers generally have more experience and expertise related to instruction than to assessment. Our project shows that at least some teachers developed their own rubrics, but they seem to have used them more for summative assessment and less as an instrument for teaching and learning. It looks as if they had not altered their assessment practices yet but had adopted the rubric as a useful instrument for their traditional ways of assessing.

That the teachers continued using mathematical reasoning tasks might also be due to the provision of a large number of tasks available for use in the classroom together with some methodological recommendations. A crucial point for successful PD is the incorporation of tools and new mathematical approaches into existing instructional practices (Borko et al., 2000). The introduction of resources during the process of teacher change is very important. Unless teachers have convenient and ready access to such resources, they are likely to ignore or resist efforts to change. For the use of rubrics to have had a more lasting effect it may have been helpful to offer a few more of them for other mathematical areas or for other subjects.

This point leads to the second question on whether the teachers' formative assessment practices remained the same as during the implementation phase. This outcome seemed true for the teachers' assessment competence but not for their assessment practices. According to the students, the teachers' assessment and diagnosis competence remained at the same level after the project finished. The amount of supportive feedback and peer or self-assessment, however, decreased significantly. The differences between teachers were particularly large for peer and self-assessment. The qualitative analysis showed that at least a few teachers positively changed their assessment practices in combination with their way of teaching mathematical word problems. This change was accomplished in more student-oriented ways. Tasks that foster mathematical reasoning abilities invite the use of multiple-solution strategies and multiple representations, and require students to explain or justify how they arrive at their answers (Stein et al., 1996). Teachers must be aware that it is not sufficient to present such tasks without creating an instructional environment with an emphasis on discourse. This practice is important for the teachers' understanding of students' thinking processes (Sfard, 2001; Ginsburg, 2009; Brodie, 2010). As noted above, the reason for teachers not maintaining the assessment practices could be that not all of the teachers saw the link between learning and formative assessment. As de Lange (1999) proposed in the Framework for Classroom Assessment in Mathematics, teachers should support students to use formative assessment when students solve problems, pose questions, and create mathematical arguments. The reasons for a lack of formative assessment practices are multiple (e.g., the great difficulty of designing fair, rich, open, and creative tasks; the way the feedback mechanism operates; and the organization and logistics of an opportunity-rich classroom) (de Lange, 1995).

Question three aimed at finding connections between the teachers' use of rubrics and their knowledge and beliefs. Because reasoning in mathematical lessons requires interaction with others, a socio-constructivist view of learning mathematics could be viewed as more favorable than a transmissive view (Voss et al., 2013). Thus, teachers' beliefs about mathematics teaching and learning can constrain the ways tasks are implemented (Swan, 2007), and as a consequence, unfavorable beliefs need to be altered. However, favorable beliefs do not guarantee adequate practices (Borko et al., 2000). It is also crucial to have an understanding of relevant pedagogical content knowledge (PCK) for the successful translation of a mathematical reasoning task for classroom use (Sullivan et al., 2009). Knowledge seems to play a role when teachers monitor and assess students' progress. Fennema et al. (1993) observed an exemplary teacher, who was able to engender a high degree of student metacognition because her knowledge of mathematics was extensive, accurate, and hierarchically organized. With respect to self-assessment, Ross et al. (2002) assumed that teachers might be reluctant to share responsibility for assessment if they were uneasy about their ability to defend their own assessment decisions. We could not detect a relationship between teachers' transmissive beliefs and the use of rubrics; however, mathematical PCK might play a role. We found that teachers' knowledge about the function of word problems (PCK) at the beginning of the project predicted how frequently they used a rubric after the project finished. However, we found no such relationship between PCK after the project had finished and the use of the rubric. The relationship with PCK over time was of medium stability, indicating that a few teachers might have adapted their knowledge about the function of word problems. Cautiously, it might be concluded that PCK for word problems is relevant for a successful and sustainable PD with the topic of mathematical reasoning supported with formative assessment practices.

CONCLUSIONS

When we look at the pre and post phases of our project, we can state that our PD was successful (Smit et al., 2017). There were positive effects from our control-group intervention with rubrics on the teachers' practices of assessment and feedback. With respect to the students, the project had positive impacts on their self-regulation competencies and their self-efficacy beliefs. Independent of placement in the intervention group, all students developed their mathematical reasoning competence. However, in Guskey's five-level model of PD evaluation (Guskey, 2002), level 4 focuses on the information about teachers' changes that can be gathered by questionnaires or structured interviews. This level cannot be evaluated immediately at the end of a project. Time must pass to allow participants to adapt the new ideas and practices to their settings. From their research, Borko et al. (2000) concluded that teachers are likely to take several years of experimentation before they truly integrate new ideas and practices into their instructional programs. Therefore, researchers should be careful when they report positive impacts from a teacher PD. It might be worthwhile to check after some time whether these positive developments vanished shortly after the project ended or whether they became a regular feature of teaching. Hence, more studies about the long-term effects of PD are needed.

Finally, as a recommendation for further PD and research, we think that the inclusion of teacher collaboration could have been beneficial for the sustainability of the goals of the project. Teacher collaboration is a crucial feature of successful PD. Collaboration among teachers fosters professional development by having common goals for change, by sharing materials, and by finding time to support each other on an on-going, long-term basis (Borko et al., 2000). It might be reasonable to assume that such collaboration could have led to more sustainable effects of our PD.
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