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This study investigates the relationship between teacher quality and teachers’ engagement in professional development (PD) activities using data on 229 German secondary school mathematics teachers. We assessed different aspects of teacher quality (e.g. professional knowledge, instructional quality) using a variety of measures, including standardised tests of teachers’ content knowledge, to determine what characteristics are associated with high participation in PD. The results show that teachers with higher scores for teacher quality variables take part in more content-focused PD than teachers with lower scores for these variables. This suggests that teacher learning may be subject to a Matthew effect, whereby more proficient teachers benefit more from PD than less proficient teachers.
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INTRODUCTION
Teacher quality is of paramount importance for student outcomes, as a wealth of recent research has shown. Studies have also provided evidence of the effectiveness of programmes to improve teacher quality at the primary and secondary levels (Harris and Sass, 2011). Researchers generally agree that one of the most important ways to improve the quality of teachers and teaching is through professional development (PD) programmes (Darling-Hammond et al., 2017). In many countries, however, teachers are free to decide which and how many of the available PD programmes they want to attend (Eurydice, 2008). In this self-directed learning context, teachers themselves become key actors in efforts to improve the quality of teachers and teaching (Kwakman, 2003; van Eekelen et al., 2006). This raises the crucial question of why teachers take advantage of some types of PD and not others, and how teachers’ attendance of PD programmes correlates with aspects of teacher quality.
Previous research on teachers’ professional development focused on a number of different questions. One strand of the research sought to predict teachers’ participation in PD to identify which teachers take advantage of PD offerings more than others. Studies have successfully demonstrated that psychological variables such as teacher motivation (Richter et al., 2019) predict the probability of attending PD programmes. The findings have shown that leaving the decision to participate in PD up to individual teachers has contributed to a situation in which not all teachers participate equally in professional learning. This unequal participation is likely to mean that teachers develop widely differing professional skills depending on the degree to which they take advantage of PD opportunities. This is an exploratory study that aims to identify the characteristics of teacher quality that are related to their uptake of professional development activities.
We apply a broad conceptualisation of teacher quality as the theoretical framework for this study. We analyse a comprehensive dataset of teachers that allows us to examine the links between various aspects of teacher quality, such as teaching quality and engagement in different PD activities over a 2 year period. The results of our study provide a better understanding of how teachers choose and organize their learning activities, and can also serve as a foundation for discussions on whether to make in-service training mandatory. We begin with a literature review related to theories of teacher participation in PD, with regard to the Matthew effect. We then describe different aspects of teacher quality and provide an overview of studies showing how these aspects are related to teacher participation in PD.
Mechanisms to Explain Differential Participation in Adult Education
A number of different theoretical models and concepts have been proposed to explain teachers’ uptake of PD. As we focus on the differential uptake of PD in our study, we developed our theoretical framework based on the Matthew effect, a concept that allows us to make predictions about individual PD activities based on teachers’ individual characteristics. The concept goes back to a study by Merton (1968), which examined the unequal distribution of rewards within the scientific community. Merton noted that well-known scientists received more recognition than unknown scientists, even when their contributions to science were comparable, and called this psychosocial process “the Matthew effect.” This phrase refers to a verse in the Gospel of St. Matthew (“For whoever has will be given more”) and is used by scientists to describe the dynamics of individual growth rates in a particular characteristic and its relationship to the initial status of a given person (Petersen et al., 2011). More specifically, the Matthew effect can be used to describe how gaps in performance between persons with different levels of ability increase over time (Stanovich, 1986; Cain and Oakhill, 2011).
Walberg and Tsai (1983) applied the Matthew effect concept to educational research, using it to investigate differences in young adults’ learning outcomes in science. Their study showed that early educational experiences predict educational activities and motivation in later life, suggesting cumulative advantages for young people from high SES families and with more years of education. This strand of research has expanded in the field of education. Starting from Stanovich (1986) —who described the role of reading experience as a driving mechanism for growth in reading —several studies examined differences in knowledge acquisition based on differences in learners’ initial skill levels using the concept of the Matthew effect (Juel, 1988; Bast and Reitsma, 1998; Scarborough and Parker, 2003; Cain and Oakhill, 2011).
Recent studies on student learning have shown that initial levels of competence not only determine the learning growth rate but are also linked to the choice of academic tasks. Empirical findings suggest that beliefs of self-efficacy are an important predictor for the choice of tasks and the selection of courses, for instance in the areas of sport (Marsh et al., 2007; Sabiston and Crocker, 2008) and music (Austin, 1990; Simpkins et al., 2012), but also in the amount of leisure time given over to reading (Durik et al., 2006; Simpkins et al., 2012) and the number of math courses taken in high school (Simpkins et al., 2006; Simpkins et al., 2012). Cain and Oakhill (2011) illustrated these findings with the following example: “Poorer readers may choose to read less challenging books, ones that do not extend their current word reading or reading comprehension abilities. As a result, poor readers […] have fewer opportunities to learn […]” (Cain and Oakhill, 2011, p. 432).
Most adults encounter the opportunity to participate in adult education during their professional lives. Tight (1998) highlighted the exclusivity of the access that privileged groups of adults have to lifelong learning opportunities. He described this phenomenon with reference to the Matthew effect and considered it a possible cause of the reproduction of inequality in society. The unequal chances for participation in adult education also became apparent in large-scale, comparative international studies (Desjardins et al., 2006). Boeren (2009) has also been able to show, that within the European Union over a 12 month period, only 23.1% of low-skilled adults participated in adult learning, compared to 44.2% of medium-skilled and 68.7% of high-skilled adults. She concluded that participation in adult learning followed the Matthew effect: The unequal distribution of access to learning opportunities meant that adult education offerings were not reaching the intended target group, nor were they reducing educational inequality. A recent study by Bağcı (2019) provided further evidence for this claim. In her qualitative analysis, she was able to show that low levels of prior education are an almost perfect predictor of non-participation in formal learning.
In light of these findings, we aim to investigate whether the Matthew effect can also be found in the field of teacher training. We start in the following section by describing what characterises high quality teachers in general.
What Defines a Skilled Teacher? Key Aspects of Teacher Quality
The term ‘teacher quality’ has been used in the literature to describe a variety of aspects of teachers and teaching Kennedy (2010) points out that “we regularly confuse teaching quality with teacher quality, as if the two were indistinguishable” (p. 591). Indeed, a review of the literature shows that teacher quality tends to be used as an umbrella term for one or more of the following aspects: 1) teacher qualifications, 2) teacher characteristics, and 3) teaching practices. We therefore begin by defining each term and describing how these different aspects of teacher quality are related to teachers’ engagement in PD.
The first of these aspects, teacher qualifications, refers in a narrow sense to teachers’ university degrees, exam scores, or other formal certifications (Hairrell et al., 2011). Teachers’ qualifications are often used as an indicator of teacher quality because they provide an easy means to measure both the quantity and quality of professional education. The use of such general markers has been criticised in the research, however, because they provide only generic information about the actual training received. Studies on the relationship between teachers’ qualifications and student achievement have produced conflicting findings. Some studies have found that students achieve better learning outcomes with teachers who are certified in a particular subject than with uncertified teachers (Goldhaber and Brewer, 2000). Other studies have been unable to replicate these findings (Kane et al., 2008).
The second aspect, teacher characteristics, refers to aspects of an individual that are malleable and that can be learned through teacher training. European researchers refer to these characteristics as teachers’ professional competence, which is comprised of professional knowledge as well as the attitudes and motivation required to master specific situations in the classroom (Baumert and Kunter, 2013). A number of studies have demonstrated that the concept of professional competence is useful for understanding teacher success and for predicting student achievement (Kunter et al., 2013b).
The third aspect of teacher quality is the quality of teaching practice. This aspect is strongly connected to how teachers organize their classes and how they teach, and is therefore one of the most important predictors of student learning (Hattie, 2010). The research on teaching quality has highlighted three dimensions as essential in initiating and maintaining meaningful learning processes: cognitive activation, classroom management, and student support (Seidel and Shavelson, 2007; Klieme et al., 2009; Pianta and Hamre, 2009). Cognitive activation focuses on fostering students’ cognitive engagement and their ability to combine new knowledge with prior knowledge (Baumert et al., 2010). Classroom management, which includes effective classroom management activities, contributes to increased learning time and support and facilitates students’ academic and social-emotional learning (Evertson and Weinstein, 2006). The student support dimension encompasses aspects of teaching that contribute to individual learning, such as a supportive learning climate and a positive student-teacher relationship (Reyes et al., 2012). All three dimensions have been explicitly linked to students’ learning processes in the classroom (Kunter et al., 2013b; Holzberger et al., 2019). Using this broad classification of teacher quality, we now describe in more detail how these aspects of teacher quality relate to the uptake of professional learning opportunities.
Which Teachers Participate in Professional Development?
Professional development is an essential resource for teachers to deepen their knowledge and improve their practice (Darling-Hammond et al., 2017; Thurlings and den Brok, 2017; Gheyssens et al., 2020), in order to close teacher quality gaps (Haycook and Crawford, 2008; Goldhaber et al., 2019). Recent studies have therefore examined teachers’ personal characteristics more closely to attain a better understanding of what motivates or hinders individuals when it comes to participating in in-service training (Gorozidis and Papaioannou, 2014; Richter et al., 2018; Richter et al., 2019). Studies have also described the characteristics of participants in PD activities, for example, gender, age or school type (Krille, 2020). However, we still lack information on which teachers are more likely to access professional development opportunities. In the following literature review, we describe participants in professional development based on the characteristics of teacher quality discussed above. We understand teacher quality as a prerequisite for participation in PD, although many studies have considered this relationship in reverse order, i.e. by investigating the effect of professional development on teacher quality (Yoon et al., 2007; Blank and las Alas, 2009; Meissel et al., 2016; Jacob et al., 2017).
Teacher Qualifications
A study on mathematics teachers in the United States examined the relationship between their highest university degree and the extent to which they engaged in sustained PD in mathematics (Desimone et al., 2006). The findings revealed that teachers with a higher-level degree in mathematics (undergraduate vs. graduate degree) were more likely to take part in sustained, content-focused PD than teachers with lower degrees, which implies that teachers who already have more in-depth content knowledge participate more frequently in PD activities that last longer and focus on their subject content.
Teacher Characteristics
We draw on the notion of teachers’ professional competence as a conceptual framework for the large number of characteristics pertaining to teacher quality. This framework differentiates between four aspects of competence: teachers’ knowledge, motivation, beliefs, and self-regulation (Baumert and Kunter, 2013). Studies have shown that apart from knowledge, all of these aspects are associated with the uptake of in-service training. Findings reveal that teachers who demonstrate more constructivist beliefs about learning tend to participate more frequently in PD (Richter et al., 2010). In another study, Nitsche et al. (2013) examined the role of teachers’ goal orientations in the uptake of learning opportunities. The results showed that a learning goal orientation and performance goal orientation tend to be positive predictors of participation in PD. Furthermore, an Australian study suggested that for students of education, the initial motivation to teach predicts the likelihood of attending PD after completing their university education (Watt and Richardson, 2007; see also; Kunter and Holzberger, 2014). Another group of studies examined the relationships between teachers’ self-regulation and the use of PD, finding a positive association between teachers’ occupational engagement and taking advantage of PD activities (Richter et al., 2010; Watt et al., 2014).
Teaching Practices
Studies on the relationship between PD and teaching practice generally refer to how PD impacts the teaching practice of the teachers who attended particular programmes. Few studies have investigated what characterises the teaching practice of teachers who have or have not attended PD. Huffman et al. (2003) found a positive relationship between teachers’ engagement in curriculum development and standards-based instructional practices in mathematics and science. They conclude that teachers who are more skilled in standards-based practices tend to participate more frequently in this kind of PD.
Purpose of This Study
The studies presented above have slightly indicated that the decision to attend in-service training correlates with different aspects of teacher quality. Taken together, the single studies consistently suggest some evidence that teachers with higher levels of quality are more likely to engage in PD. This observation is in line with what we know about the Matthew effect from research on participation in adult education (Boeren, 2009; Bağcı, 2019). If teachers’ decisions to attend in-service training activities follow the Matthew effect, teachers who are highly qualified will tend to benefit more from professional learning opportunities than those who are less qualified. In this sense, PD would foster in particular the development of professional competence in a privileged group of teachers rather than supporting teachers who are less qualified and who would presumably benefit more from the PD (Desimone et al., 2006).
So far, research has not used a comprehensive framework to describe the professional characteristics of participants in PD. Such a framework seems to be necessary, however, in order to better understand the impact of the PD system. For this reason, the present study aims to provide new insights into why certain teachers invest substantial time in PD activities and others do not. We therefore focus on different aspects of teacher quality and investigate the relationship between these aspects and teachers’ engagement in PD activities. Drawing on research on PD quality (Darling-Hammond et al., 2017) and following the procedure used by Desimone et al. (2006), we also take into account the type of PD in which teachers participated. We therefore differentiate between content-focused and non-content-focused PD. We expect teachers with better qualifications, higher levels of professional competence, and better teaching practices to make more intensive use of PD offerings.
MATERIALS AND METHODS
Study Design and Sample
The present study builds on a secondary analysis of data collected between 2003 and 2004 as part of the COACTIV research project (Kunter et al., 2013a). The original study investigated relationships between secondary mathematics teachers’ professional competence, instructional practice, and student achievement gains. COACTIV was part of PISA. The question posed by this secondary data analysis, however, was not the focus of the original study. Within this study, a nationally representative sample of ninth-grade students were selected. Students completed questionnaires asking for background data and aspects of their mathematics instruction. As part of COACTIV, the mathematics teachers of the participating classes also completed tests and questionnaires on aspects of their professional competence and their professional background.
The sample included 229 mathematics teachers with 240 classes and 4,517 students. The participating teachers had 21.0 years of teaching experience (SD = 9.9) on average, and the majority were male (53.4%). The teachers were selected from the academic and the non-academic school track. The academic track leads to a qualification that is required for university entry, while the non-academic track provides students with a qualification that is necessary for vocational training (Baumert et al., 2010). In the sample, 40.2% of teachers were from academic-track schools. The sample can be considered representative of mathematics teachers teaching in ninth-grade classrooms in Germany. The mean age of the students was 15.2 years, and the majority were male (56.2%).
Instruments
Teacher Qualifications
We assessed teacher qualifications using the self-reported final grade teachers obtained during the practical phase of their initial teacher training. The average grade received by individuals at the end of teacher training can range from 1 to 5, where 1 indicates the best performance and 5 the worst. We recoded the scores so that higher values represent better achievement.
Teacher Characteristics
We differentiated among professional knowledge, beliefs, motivation, and self-regulation skills as different aspects of teachers’ professional competence (Baumert and Kunter, 2013). Below, we describe how each of the four characteristics was assessed.
Professional Knowledge
We used paper-and-pencil tests to assess teachers’ content knowledge (CK) and pedagogical content knowledge (PCK) in mathematics. The CK test consisted of 13 open-ended items that tested knowledge in different content areas relevant to ninth-grade mathematics (e.g. arithmetic). The items assessed the teachers’ conceptual understanding of content from the secondary-level mathematics curriculum and required complex mathematical argumentations or proofs (Krauss et al., 2008; Krauss et al., 2013). The PCK test comprised 23 open-ended items. These questions tested teachers’ knowledge of mathematical problems, student thinking, and explanations and representations.
The piloting of the CK and PCK tests followed a multi-stage procedure and included interviews, expert ratings of content validity, and extensive analyses of construct validity (Krauss et al., 2008; Krauss et al., 2013). Each item was independently coded by two trained raters who followed a standardised manual. Interrater agreement was satisfactory (Brennan, 2001), with a mean of ρ = 0.81 (SD = 0.17). Reliability as measured by the internal consistency of the two tests yielded a Cronbach’s α = 0.83 for the CK scale and α = 0.77 for the PCK scale. The bivariate correlation between the CK and PCK scores was r = 0.60.
Beliefs
We assessed constructivist-oriented beliefs about teaching with a scale developed as part of the COACTIV research project (Voss et al., 2013). The scale uses 21 items, which were rated on a four-point response scale ranging from (1) strongly disagree to (4) strongly agree. The instrument measures the belief that student learning requires cognitively activating tasks and opportunities for students to converse about tasks and find alternative solutions. The scale comprised the three subscales mathematics as a process (four items, α = 0.67), discursive learning (12 items, α = 0.88), and mathematical independence (five items, α = 0.81). Previous analyses showed that the three scales making up the constructivist-oriented belief can be reliably combined into a single factor representing a constructivist orientation (Voss et al., 2013).
Motivation
We assessed teachers’ enthusiasm with a short, four-item scale developed in the COACTIV research project (Kunter et al., 2011) based on a validated questionnaire on teaching effectiveness (Marsh and Ware, 1982). The items focused on two subscales: teachers’ enthusiasm for mathematics and teachers’ enthusiasm for teaching. Both scales exhibited satisfactory reliability (subject enthusiasm: 2 items, α = 0.69; teaching enthusiasm: 2 items, α = 0.89). All items were rated on a four-point Likert scale ranging from (1) strongly disagree to (4) strongly agree.
Self-Regulation
Teachers’ self-regulation was assessed using a short version of the Occupational Stress and Coping Inventory (Kieschke and Schaarschmidt, 2008), which uses four subscales to measure the dimensions of occupational engagement. Prompted by the instruction “We would like you to describe some of your typical behaviours, attitudes and habits with respect to your working life,” teachers were asked to rate their agreement with each item on a five-point response scale ranging from (1) strongly disagree to (5) strongly agree. The scale was measured with a sufficient internal consistency of α = 0.74.
Teaching Practices
We assessed the quality of teaching practice along a widely used empirical framework for by Klieme et al. (2009) that includes three dimensions: Cognitive activation, classroom management, and student support. Cognitive activation was assessed with a teacher scale measuring the degree to which they set instructional tasks that engage students in higher order thinking processes (eight items, e.g. “In my lesson, I sometimes set problems that do not have a clear-cut solution and ask for explanations,” recoded, α = 0.82). Classroom management was assessed with a teacher scale measuring the effective use of time during instruction (8 items, e.g. “In this class a lot of time is wasted,” α = 0.93). Student support was assessed by students with a scale on the teacher’s respectful interaction with students (three items, e.g. “Our mathematics teacher sometimes upsets students,” recoded) (Löwen et al., 2013). As a reliability measure for the student ratings, we calculated intraclass correlations (ICC) (Lüdtke et al., 2007). ICC(2) coefficient was 0.74, indicating acceptable reliability (LeBreton and Senter, 2008). All items were rated on a four-point response scale (1 = disagree, 4 = agree).
Professional Development Activities
In order to assess teachers’ PD activities, the participating teachers were asked to list all courses, workshops, and conferences that they had attended during the previous two academic years (2001/2002 and 2002/2003). In addition, the teachers were asked to provide information about the duration of each activity. As part of the data analysis, two independent raters classified all 519 teachers’ formal professional development activities into two categories: mathematics-specific (content-focused) and other professional development (non-content-focused, covering topics such as instructional strategies or school organisation and development). Interrater agreement was satisfactory (Landis and Koch, 1977), with κ = 0.80. We identified 134 PD activities (25.8%) with a mathematical content focus. The average duration of all 519 PD activities was 10.8 h (SD = 16.3), and ranged from 2 to 250 h.
Teacher Background Characteristics
We controlled for teachers’ background characteristics that were likely to correlate with the dependent and independent variables in our study. Control variables included gender (0 = male, 1 = female), teaching experience (in years), and school track (0 = non-academic track, 1 = academic track).
Data Analyses
To address our research question, we computed bivariate correlations between teacher quality and the time teachers who had participated in at least one PD activity invested in both content-focused and non-subject-focused PD over 2 years. Moreover, partial correlation analyses were conducted to examine the robustness of the results of the bivariate correlation analysis. In this analysis, we controlled for gender, teaching experience, and school track because these variables are likely to be associated with our independent variables.
RESULTS
Our research question addressed the relationship between the time teachers invest in content-focused vs. non-content-focused professional development activities. As shown in Table 1, the bivariate and partial correlations were moderate in size. Regarding teacher qualifications, the results reveal a significant positive correlation between average state examination grade and the number of hours in content-focused PD (r = 0.21). This relation remained significant after controlling for gender. Teachers with higher achievement in teacher training spent more time engaging in content-focused in-service training.
TABLE 1 | Bivariate and partial correlations between teachers’ background characteristics (gender, teaching experience, school track), teachers’ professional competence, and the time (h) teachers invested in content-focused and non-content-focused PD activities.
[image: Table 1]We also found significant correlations between the time invested in subject-focused PD and the following teacher characteristics: content knowledge (r = 0.26), pedagogical content knowledge (r = 0.18), constructivist orientation (r = 0.22), motivation for mathematics (r = 0.26), and occupational engagement (r = 0.16). With the exception of pedagogical content knowledge, all correlations remained significant even after controlling for background characteristics. In other words, our results indicate that teachers invest more time in content-focused PD if they have more in-depth content knowledge, hold more constructivist orientations, are more enthusiastic about mathematics, and show higher occupational engagement.
Concerning teaching practices, we found only bivariate correlations between the time invested in PD and both cognitive activation (r = 0.21) and student support (r = 0.24). After controlling for gender, the correlations were no longer significant. For this reason, the results provide only tentative evidence of a potential linkage between teachers’ behaviour in the classroom and their uptake of content-related formal professional learning opportunities. Finally, we investigated the relationships between aspects of teacher quality and the time teachers invested in non-content-focused PD activities. No significant correlations were found as shown in Table 1.
DISCUSSION
Our study aimed to investigate the characteristics of participants in content-focused and non-content-focused PD activities. We concentrate on this distinction because many different studies—including correlational studies, quasi-experimental studies, longitudinal studies, and meta-analyses—demonstrate that PD activities that focus on subject-specific content, as opposed to very generic PD activities, contribute to PD effectiveness and support teacher learning (e.g., Darling-Hammond et al., 2017).
We found a positive association between the time teachers invested in content-focused PD and different aspects of teacher quality. In detail, our results showed a positive relationship between the amount of invested time in content-focused PD and a teacher’s average GPA in the practical phase of initial teacher training, which indicates that teachers who are already more proficient at the end of initial teacher training tend to invest more time in content-focused PD during their later career. This result supports findings by Desimone et al. (2006) revealing that teachers with higher levels of qualifications are likely to invest a greater amount of time in PD activities. Moreover, we also found a positive relationship between teachers’ PD activities and all aspects of teachers’ professional competence (e.g. knowledge, beliefs), suggesting that teachers who already have the appropriate skills to support students’ learning are more likely to participate in content-focused PD. These results are in line with prior findings (e.g. Richter et al., 2010; Watt et al., 2014) and also extend them, since no study has yet examined teacher knowledge (measured by reliable and valid tests) as a prerequisite for participation in PD. We also found marginal evidence that teaching practice is positively related to the time teachers invest in content-focused PD, which is in line with Huffman et al. (2003). However, this relationship is not significant after controlling for teacher background (e.g. gender). It is likely that teaching quality related not only to teachers’ uptake of PD activities but is also to other aspects such as teacher competence and student characteristics (Baumert et al., 2010; Fauth et al., 2019; Fauth et al., 2020). For this reason, follow-up studies could focus on mediating relationships between teacher participation in PD, teacher skills, and instructional quality.
Aside from these findings, it appears that aspects of teacher quality are not related to the amount of time teachers invest in non-content-focused PD. Thus, we found no evidence for the Matthew effect for subject-independent PD activities. The missing relationships may be related to the fact that non-content-focused PD includes a large variety of different topics such as teaching methods, school development, self-care, inclusion, media use etc. We conclude that the number of hours invested in these activities is not sufficiently informative for such analyses. Future studies should therefore focus primarily on the assessment of content-focused PD.
However, our results raise the question why aspects of teacher quality are associated with the use of content-focused PD. A frequently proposed explanation is that intensive use of high-quality PD activities, such as content-focused PD, supports teachers’ learning and thus leads to an increase in teacher quality. This idea has been supported by a number of studies on teachers’ PD (Yoon et al., 2007; Blank and las Alas, 2009; Liu and Liao, 2019). In this sense, PD represents a learning opportunity for teachers that can foster improvements in teacher quality (Darling-Hammond et al., 2017). However, some studies indicate that many teachers have had poor experiences with the quality of PD (Darling-Hammond et al., 2009; Boston Consulting Group, 2015). In line with the assumption of a lack in quality in teacher PD, research has revealed that participation in PD is not necessarily associated with a development in teacher quality or instructional quality (Jacob et al., 2017). Moreover, little is known about how long the potential positive effects of participation in PD last. A recent study by Liu and Phelps (2019) suggested that the average gain from the program they evaluated was lost after just 37 days. For this reason, it seems necessary to discuss alternative explanations for the observed relationships.
A possible alternative explanation could be to understand teacher quality not as a consequence of participation in PD, but as one of its causes (Desimone et al., 2006). What a teacher already knows and is able to do might be an important factor in their choice of a particular PD programme. This is consistent with findings on students’ task choices (e.g., Simpkins et al., 2006; Simpkins et al., 2012), but also with findings from participation in adult education and corresponds with the Matthew effect (Desjardins et al., 2006; Boeren, 2009; Bağcı, 2019). The following example is based on Cain and Oakhill (2011) and illustrates this argument: a teacher with in-depth knowledge of advanced mathematics might be interested in a more challenging mathematics course than a teacher who has only basic mathematical skills and who may worry about not having sufficient background knowledge in mathematics to complete the course successfully. Teachers with advanced skills and knowledge in a given content area might therefore be more likely to engage in content-focused PD.
Due to our research design, we cannot provide clear evidence to support one of these two explanations. However, in accordance with our hypothesis and past research findings on Matthew effect, we consider the second explanation to be more plausible. Especially the finding that teachers who completed their teacher training with a better GPA spend more time taking part in content-focused PD is an indicator that participants in content-focused PD do not represent a random sample of all teachers. They may already be more open when it comes to PD and thus more capable of managing their classrooms prior to participation in the in-service training programmes.
A conceptual framework to explain the Matthew effect is the Expectancy–Value Theory (EVT) (Wigfield and Eccles, 2000; Eccles and Wigfield 2020). In general, EVT seeks to predict individuals’ academic decisions, such as an adults’ decision to participate in a PD activity, by means of two main determinants (Gorges, 2016). The first determinant is individuals' expectation of success, which represents their belief about whether their abilities are sufficient to accomplish a task. The second determinant is the perceived personal value of a task. This can refer to different aspects, such as experiencing enjoyment in fulfilling the task, the expected benefits of the task in the future or the subjective importance of doing the task well (Eccles, 2005). With reference to the present findings, it can be argued that highly proficient teachers have a higher expectation of success in completing a content-focused PD course than individuals who possess less proficient skills.
Although our findings are in line with the assumption of a Matthew effect in teacher PD, there may be additional reasons for the differential use of PD. For example, different scholars found that teachers' motivations for PD predict the uptake of professional development activities (Gorozidis and Papaioannou, 2014; Richter et al., 2019). Moreover, not only teacher motivations can predict participation in PD, but also the characteristics of the PD opportunities themselves. Richter et al. (2020) demonstrate that both time and duration of PD courses significantly predict the participation rates. Finally, it is unclear to what extent teachers have equal access to PD. Particularly before the Covid-19 pandemic, PD programs were often provided as face-to-face meetings. They were bound to fixed locations and fixed times, which could be a factor in some teachers' inability to attend. In fact, teachers report that time constraints represent a major reason for not participating in PD opportunities (Richter et al., 2018).
Limitations
Although our study was based on a large, representative group of mathematics teachers from Germany, it has some limitations. First, due to the cross-sectional nature of our study, we are not able to establish a causal link between teacher quality and teachers’ decisions to make use of in-service learning opportunities. Hence, future research should make use of a longitudinal research design in order to investigate the cause and effect of participation in PD. Therefore, future research needs to examine both the motivations that drive teachers to engage in additional PD and the effect of their participation with regard to teachers' learning, e.g. PCK and CK. In addition, we would also like to examine how the learning gains of the teachers in turn effect their classroom practice. In this context, it would be also interesting to track teachers’ use of professional learning opportunities over a longer period and to identify different groups of users. Another limitation of our study is that our sample included only German mathematics teachers and the findings cannot be generalized to groups of teachers in other countries. We also considered only courses, workshops, and conferences in our analysis and did not consider informal learning opportunities. We would also like to point out that the data were collected between 2003 and 2004. Since then, however, there have been no significant reforms in the area of in-service teacher professional development in Germany, so it is reasonable to assume that the mechanisms of participation should be fundamentally comparable. Despite their age, however, they are of high quality for several reasons. For example, they include standardized competence tests of teachers and various facets of teacher quality. In addition, they combine teacher data and student data which can be linked directly to a particular teacher. With these limitations in mind, future research should attempt to recruit an international sample of teachers and investigate the uptake of both formal and informal learning opportunities.
Implications
This study provides evidence that more competent, that is, higher-quality teachers invest more time in content-focused PD compared to less competent. If teachers with higher levels of quality tend to take part in more content-focused PD activities, we have evidence of inequalities in the decision to make use of learning opportunities. These findings have implications for the research on PD as well as practical implications. Future research also needs to investigate the PD motivations of teachers with different levels of professional competence to better understand what drives them to take advantage of different learning opportunities. Moreover, further research needs to examine not only the relationship between teacher quality and the decision to make use of formal PD, but also the relationship between teacher quality and teacher learning in general. Such research will help to answer the question of how teacher quality can be improved.
The findings in this study also have a number of practical implications. If there is a Matthew effect in the PD system, this could contribute to widening the gap in teacher quality. Instead, we should strive for a PD system that supports all teachers in their development in order to ensure high quality teaching for all students. One possible way for policy makers to approach this goal could be to increase teacher participation in high-quality PD. For this to work, we first need a high-quality PD program (Desimone et al., 2006) provided by high-quality teacher educators (Liston et al., 2008; White, 2019). Secondly, we need to help those teachers who do not yet meet specific standards to identify potential areas for improvement as well as PD offerings that fit their needs and help them to build up the skills they needed.
In summary, our study has given insight into the characteristics that are associated with higher participation in content-focused PD. Our findings are of particular importance for educational policy makers in Germany, as the German educational system requires all teachers to take part in some form of in-service training. This research is also relevant to current public discussions about how to improve students’ educational outcomes by maintaining high teacher quality over the course of the career.
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