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1.1 Introduction 

Given the importance of math competence for students’ future performance 

(Aubrey, Dahl, & Godfrey, 2006; Claessens, Duncan, & Engel, 2009; Bodovski & Youn, 

2011), concerns about the level of mathematics proficiency of Dutch students can be 

considered relevant. According to results of international studies, like TIMSS (Meelissen 

& Drent, 2008; Meelissen et al., 2012), Dutch students can be considered well 

performing. Yet some slight but significant decreases have been found when comparing 

students’ current math skills to those around the turn of the century (Meelissen & Drent, 

2008; Royal Netherlands Academy of Arts and Sciences, 2009; Scheltens, Hemker, & 

Vermeulen, 2013). Moreover, in TIMSS 2011, the Netherlands was one of the few 

countries that showed decreasing performance in the period 2001-2011 (Meelissen et al., 

2012). The low spread in the math proficiency levels further indicates that, although the 

number of very weak students is relatively low, the same is true for the number of 

excellent performers. It can therefore be questioned whether the mathematical 

competence of all students, and specifically of the high performers, is fostered optimally.  

These concerns prompted the launch of a quality agenda (“Scholen voor morgen”, 

Dijksma, 2009) and action plans (“Basis voor presteren”, Ministry of Education, 2011) by 

the Dutch Ministry of Education supporting primary schools in improving students’ basic 

skill proficiencies. These initiatives are, among other things, focused on the use of data 

for improving education and educational outcomes, as is the case in educational policy in 

many western countries (Carlson, Borman, & Robinson, 2011; Downey & Kelly, 2013; 

Dunn, Jaafar, Earl, & Katz, 2013; Lai, McNaughton, Amituanai-Toloa, Turner, & Hsiao, 

2009; Schildkamp, Karbautzki, & Vanhoof, 2014).  

The general tendency is that teachers should become data-literate, as their current 

level seems to be insufficient. There seems to be a need for improving teachers’ 

knowledge and skills in both interpreting data-analyses as well as translating them to 

instructional changes that suit students’ needs (Goertz, Oláh, & Riggan, 2009; 

Mandinach, 2012). This dissertation concerns the evaluation of a teacher professional 

development program in which teachers’ “pedagogical data-literacy” (Mandinach, 2012) 

is fostered. Teachers’ pedagogical data-literacy can be understood as their ability to 

monitor data, use the information provided by these data to meaningfully inform their 

instructional decisions, and  act upon these decisions in class. The dissertation’s central 

research question is: To what extent can a professional development program on data 

use, containing the three interrelated, evidence-informed components performance 
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goals, data-analysis and instruction, enhance teacher change and, as a result, students’ 

mathematical achievement? 

This general introduction first discusses the concept of data use and teachers’ 

current use of information for educational improvement. Next, main findings on the 

effectiveness of professional development initiatives are discussed. Thereafter, the four 

empirical studies that were conducted in order to answer the main research question are 

briefly described, thereby making clear how they related to each other and what 

emphasis we wanted to place while studying teachers’ data use. 

 

1.1.1 Data use 

In the literature, two main conceptualizations of data use, or data-driven decision 

making (DDDM), are in use.1 The first conceptualization focuses on the use of data for 

accountability purposes. Especially in the United States, schools and teachers are held 

accountable for their educational outcomes; the educational quality of schools and 

teachers is judged based on such measurable outcomes. Should this quality, as measured 

by the data, be insufficient according to specific standards, schools tend to get sanctioned 

(Hellrung & Hartig, 2013; Linn, 2003). Such accountability pressures are also found in 

the Netherlands, although their consequences seem to be less severe. The Dutch 

Educational Inspectorate promotes a dual use of data, both to account for educational 

outcomes and for school improvement purposes (Ehren & Swanborn, 2012). The latter, 

using data for instructional improvement, reflects a second conceptualization that is 

found in the literature. In this view, data are collected, analyzed and used in order to 

improve future teaching; in other words, data are used in a formative way to better fit 

teaching to the students’ actual instructional needs. Such a formative use of data is 

reflected in Schildkamp and Kuiper’s definition of data use as “systematically analyzing 

existing data sources within the school, applying outcomes of analyses to innovate 

teaching, curricula, and school performance, and implementing (…) and evaluating these 

innovations” (Schildkamp & Kuiper, 2010, p. 482). In this view, data are expected to 

facilitate schools and teachers to implement well-founded educational and instructional 

decisions that are more aligned to what students really need. Such a better fit of teaching 

practice to actual needs is expected to not only improve teaching, but, as a result, to 

                                                   

1 Note that in this dissertation the terms data use and data-driven decision making are used to 

denote the same concept. The terms are used interchangeably.  
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improve student performance as well. Improved student outcomes are a central aim of 

DDDM. 

In order to use data effectively and to deliberately base decisions on data, 

teachers, but also school principals and senior support coordinators, should be 

(pedagogical) data literate. Up to date, national and international studies have shown 

that teachers experience problems when using data (Goertz et al., 2009; Hellrung & 

Hartig, 2013; Hubbard, Datnow, & Pruyn, 2014; Mandinach, 2012; Staman, Visscher, & 

Luyten, 2014; van der Kleij & Eggen, 2013; Wayman & Jimerson, 2014). In the 

Netherlands, for instance, teachers have been found to struggle with adequately 

interpreting analyses from the student monitoring system - the “Cito-system” - (van der 

Kleij & Eggen, 2013), to have a tendency to not use explicit goals for determining their 

students’ desired proficiency levels (Educational Inspectorate, 2010; Schildkamp, 

Vanhoof, van Petegem, & Visscher, 2012), and they do not take the different student 

needs adequately into account (Educational Inspectorate, 2010; 2013; 2014): A 

considerable amount of primary school teachers differentiates in their math lessons in 

terms of task-difficulty and within-class grouping, but modifying their instruction to suit 

the different student needs is found to a lesser extent. Moreover, it has been questioned 

whether teachers use information on students’ proficiency in adapting their instruction 

(Harskamp, 2010; Educational Inspectorate, 2010).  

Given the concerns on the Dutch students’ math proficiency level and the 

insufficient level of data use by Dutch teachers and school teams, professionalization of 

the school teams and teachers is called for. More specifically, teachers are the ones who 

have to translate the information coming from the data into meaningful instructional 

actions. Hence, targeting teachers for professional development initiatives seems to be 

promising.  

 

1.1.2 Professional development  

Desimone (2009) modeled how professionalization is expected to influence 

teachers, teaching practice, and student outcomes in her framework for professional 

development (PD - Figure 1). The idea is that, in an ideal situation, the new knowledge 

and/or practical skills provided by the PD foster teacher learning, resulting  in increased 

teacher knowledge and skills, and in changed attitudes, improved teaching practice and, 

as a result, increased student performance. In developing and carrying out professional 

development programs (PDPs), it is considered important that they adhere to the five 

critical or core features for which consensus is found in the field of PD-research 
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(Desimone, 2009). High quality PD focuses on (domain specific) content, contains active 

or inquiry-based learning, is coherent with educational policy, takes sufficient time, and 

enables participants to collaborate with each other. Timperley, Wilson, Barrar, and Fung 

(2007) added, based on their best-evidence synthesis, additional PD-features that were 

found to be related to better student outcomes: the use of external expertise, a focus on 

really engaging teachers in the learning process, and an overt discussion of issues that 

disagree with teachers’ prior knowledge and beliefs. Some authors (e.g., Desimone, 2009; 

Guskey, 2009; Hochberg & Desimone, 2010; Timperley & Parr, 2009; Wayne, Yoon, Zhu, 

Cronen, & Garet, 2008) also emphasized the importance of the context (e.g., student and 

teacher characteristics, school organization, and environment). These contextual 

characteristics could function as mediating and moderating factors for teacher learning, 

and thus influence implementation to a considerable extent.  

 
Figure 1: Desimone’s core framework for studying the effects of PD on teachers and students 

(Desimone, 2009, p. 185) 

 

In its early days, PD research mainly focused on investigating teachers’ self-

reported satisfaction and changes in attitudes, but this emphasis on teachers’ experiences 

shifted to studying the impact of PDs on teacher behavior and student performance in 

recent years (cf. Desimone, 2009; Hill, Beisiegel, & Jacob, 2013). Yoon, Duncan, Lee, 

Scarloss, and Shapley (2007) showed in his review on effective PDs that few rigorous 

studies investigated PD impact on student achievement. Borko (2004) also addressed 

this need for more knowledge on effective PDs. According to Borko, most PD research 

concentrates on the effects of a sole PD program, conducted by one facilitator at one site, 

making it difficult to generalize study findings (phase 1). Therefore, PD research should 

focus more on investigating program effects in phase 2-studies, in which one PD program 

is carried out by several facilitators at more than one site, but also in phase 3-studies, 

that compare the effectiveness of different PD programs at different sites. Although many 
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scholars have recently stressed the need for such more rigorous large-scale studies 

(Borko, 2004; Wayne et al., 2008; Yoon et al., 2007; Hill et al., 2013), phase 1 studies 

should be valued in their role of providing existence proof of a program (Borko, 2004; 

Guskey & Yoon, 2009). Such existence proof can be considered a crucial phase, a 

necessary step in the process of scaling up PDPs.  

The lack of finding sustainable evidence for program effectiveness in some recent 

large-scale innovations2 showed the relevance of only scaling up PDPs whose provisional 

effectiveness has been proven in smaller, rigorously designed studies. The aim of this 

dissertation is to investigate the effectiveness of a PDP on data use in terms of its impact 

on teacher attitudes, teaching practice and students’ mathematics achievement. The 

study relates to one PDP, conducted at different sites, designed and carried out by the 

researchers. Since data use is one of the spearheads of educational policy in many 

countries of the Western industrialized world, investigating the effectiveness of such a 

relatively small-scale, carefully controlled study is  justified (Guskey & Yoon, 2009).  

 

1.2 The current project 

A PDP was carried out to professionalize teachers in their use of data for 

instructional improvement purposes. Data offer teachers feedback on the effectiveness of 

their teaching practices for students’ performance, based on which teachers can enhance 

their practices. Data use can be considered to consist of three core features (Hattie & 

Timperley, 2007; Ramaprasad, 1983; Visscher & Ehren, 2011): a. determining the desired 

level, b. establishing the actual level, and c. modifying the instructional practices to close 

the gap between the desired and the actual level. In developing our PDP, we 

operationalized these core features in three interrelated components, for which empirical 

evidence was found that they were related to better student achievement (Fuchs, Fuchs, 

& Deno, 1985; Locke & Latham, 2002; Lai et al., 2009; Carlson et al., 2011; Slavin, 

Cheung, Holmes, Madden, & Chamberlain, 2013; Borman, Hewes, Overman, & Brown, 

2003; d'Agostino, 2000; Van Gog, 2013). For determining the desired level of student 

proficiency (feature a), teachers were asked to set performance standards and 

performance goals. Feature b, determining the actual level, was operationalized by 

learning teachers how to use simple and more complex analyses in the digital student 

monitoring system in order to analyze and interpret the math development of their own 

                                                   

2 Hill et al. (2013) mention in this respect the studies of, e.g., Bos et al., 2012; Garet et al., 2011; 

Santagata, Kersting, Givvin, & Stigler, 2010. 
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students. Further, teachers were introduced to and conducted diagnostic math interviews 

through which they could learn more about students’ mathematical understanding. An 

instructional component, facilitating the modification of instruction (feature c), focused 

mainly on two effective instructional methods, direct instruction and  modeling, 

supplemented with math-specific recommendations, like the provision of explicit 

instruction in approaching word problems.  

The year-long PDP targeted both mathematics and reading comprehension in a 

joint program. The program content for both subject domains was mainly the same 

(setting performance standards and goals for both math and reading, analyzing student 

data for both students’ math and reading proficiency, and promoting the two general 

instructional methods for both subject domains), but deviated in the subject-specific 

instructional part. For reading this part focused on the curriculum and instruction, for 

math on more complex and elaborate data-analyses (like the diagnostic math interview) 

and instruction. For an elaborate description of the program and the data-analyses 

offered, the interested reader is referred to the Appendices at the end of the dissertation.  

Our PDP consisted of 9 meetings and targeted school principals, senior support 

coordinators, and teachers of grades 2 and 3. These participants formed small 

professional learning communities, collaborating on the three PD components. Given the 

attention that was paid to content, the active hands-on inquiry-learning, its coherence 

with national educational policy, its time span (one year) and number of hours (teachers 

were supposed to spend approximately 40 hours on the PDP), and the central role of 

professional learning communities in it, the PDP was assumed to adhere to the core 

features of effective PD initiatives (Desimone, 2009). Further, the researchers brought in 

external expertise on educational effectiveness and data use, and the job-embeddedness 

of the PDP was assumed to promote commitment of the teachers (Timperley et al., 

2007). Moreover, the PDP was supposed to consist of several elements that were found to 

be facilitators for data use: making teachers sufficiently knowledgeable in using the 

technology needed, offering sufficient time to use data (the meetings focused on 

discussing the data of the students in school), and promoting active participation and 

contributions of the principal, if applicable (Schildkamp & Kuiper, 2010). Given its 

content and set-up, the PDP was expected to foster teacher change, thereby positively 

affecting teaching practice and student achievement. 
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1.3 Overview of the dissertation 

The main purpose of the current study was to investigate whether a year-long PDP 

on data use, delivered in an ecologically valid context, would be able to bring about 

positive changes in teacher attitudes, teaching practice, and students’ mathematical 

achievement. Its potential in a realistic setting was a premise for our study: we wanted to 

know whether we could professionalize teachers in such a way that it would lead to 

changes in teaching behavior and student outcomes in daily practice. After all, it is in 

realistic settings that the program is supposed to influence participants. Moreover, the 

current policy focus on data use already forces schools to act on data, leaving no room for 

delays in learning all teachers to effectively use data.  

Originally, the most important aim of our study was to investigate the distal 

outcomes of the PDP, relating teachers’ participation in the PDP to students’ math 

achievement. However, without information on the proximal outcomes (teacher attitudes 

and behavior) interpretation of these distal outcomes, and thus understanding whether 

and how our PDP worked, would be difficult (Wayne et al., 2008). A second focus was 

therefore on studying the attitudes and behavior of teachers who participated in the PDP. 

This would allow us to study whether potential changes in math achievement could be 

understood in terms of changes in teacher beliefs and teaching practice, as was assumed 

by Desimone’s theory of action (see Figure 1). For this purpose, teachers’ implementation 

of the program content was studied, using both the information from high-inference 

math lesson observations and from a teacher questionnaire. We further wanted to gain 

better understanding in what actually happened in class by looking at the naturally 

occurring differentiation practices, as differentiation is assumed to be a direct 

consequence of data use. By using a low-inference observation instrument we 

investigated (preconditions for) differentiation and the ways in which teachers varied 

instructional support toward different types of students. By focusing on teacher attitudes 

and behavior, and teaching practices we attempted to embed findings on student 

outcomes in terms of how the PDP might have had an impact on the teachers.  

 

1.3.1 The empirical studies 

In chapter 2, the relationship between performance goals, teacher ambition, and 

students’ math achievement is discussed. Studying the goals in more detail was 

motivated by their essential role in DDDM: setting explicit goals for students assumes 

teacher awareness of what the desired level of student proficiency is and subsequent 

monitoring of student performance can be done in light of these goals. In organizational 
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and educational studies, goal setting has been positively associated with (student) 

performance (Fuchs et al., 1985; Fuchs, Fuchs, & Hamlett, 1989; Locke & Latham, 2002). 

Educational effectiveness studies further showed that high teacher expectations, reflected 

in challenging goals, positively affect student achievement (Scheerens & Bosker, 1997). 

As such, a positive relationship between performance goals and student achievement was 

one of the premises of our PDP and given their central role in the PDP, empirical 

evidence for this assumed connection was sought. Next, it was investigated whether and 

in what direction, a step-by-step procedure, in which teachers’ original expectations were 

contrasted to data and team input, led to changes in the height of the teacher-set goals. 

In cases where the step-by-step procedure led to higher final goals than the original 

expectations, these deviations from the initial expectation were called positive changes. 

Such positive changes were considered to reflect minimized negative expectation bias or 

maybe even positive expectation bias. It was investigated whether such positive changes 

related to students’ math achievement. Using propensity score matching two comparable 

groups of students were matched: those for whom teachers became more ambitious (the 

positive change group) and those for whom the teachers had set the same original and 

final goals. Outcome analyses were carried out using multilevel analyses. 

If teachers determine the desired proficiency levels for each student in class and 

relate such goals to data on students’ current proficiency levels, then differences between 

the students in class and their varying needs immediately become apparent. Taking such 

differences into account could result in the use of differentiation practices. Teacher 

variability in differentiation practices is studied in chapter 3. Here, low-inference 

observations of both the math and reading comprehension lessons of the trained teachers 

provided information on preconditions for differentiation and classroom organization, 

including the provision of extended instruction to small groups of students. It was further 

investigated to what extent contextual features related to the differentiation practices 

used by the teachers. In order to better understand how students of different math 

performance levels were addressed by their teachers, we also studied students’ setting 

and the amount and nature of the teacher talk to individual students in more detail. For 

this purpose, we selected four different students in each class, based on their math 

proficiency level (the very weak, weak, average, and advanced students). 

Chapter 4 focuses on the effect of the PDP on students’ mathematical 

achievement. Given the quasi-experimental design of the study, we tried to minimize 

selection bias by using Propensity Score Matching for yielding two groups of students 

that were comparable on several characteristics, except for whether they were taught by a 
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teacher who participated in the PDP or not. Two matching procedures took place. The 

first procedure, in which the full sample was used, matched students based on student 

and class characteristics. Next, as a robustness check, a second procedure was carried out 

in which the remaining selection bias was further reduced by also taking teacher 

characteristics into account. For investigating whether being taught by a teacher who 

participated in our PDP related to students’ math achievement, multilevel analyses were 

used.  

In the fifth chapter levels of implementation of the PDP are studied in order to 

better understand the distal outcomes. First, we investigated in an explorative way 

whether the attitudes and self-reported behavior of teachers who participated in our PDP 

differed from those of teachers who did not. Next, we tried to identify different levels of 

data-mindedness, using latent class cluster analysis. Thereafter, the identified clusters of 

teachers were related to their baseline-measures on teacher attitudes and teaching 

practice, to changes therein, and to students’ math achievement. 

In chapter six, the main findings of this dissertation are recapitulated and 

discussed. In doing so, study limitations are addressed and recommendations for future 

research are provided.  

 

The empirical studies presented in this dissertation related to the same PDP. 

Since we wanted the separate chapters to be readable in isolation, some overlap in terms 

of the background and content of the program was deliberately built in.  
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Chapter 2 

The relation between teachers’ performance goals and students’ 

mathematical achievement 
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Abstract 

The relation between teacher-set performance goals for individual students’ 

achievement and students’ actual mathematical achievement was investigated. Based on 

teachers’ performance goals and the assessment scores of 361 students, high teacher-set 

goals were found to be strongly related to student performance (effect size: d=.80). These 

performance goals were set by the teachers at the end of a step-by-step procedure, 

consisting of teachers’ initial expectations, the use of data, and team input. This 

procedure was expected to decrease negative expectancy bias. When the teachers’ 

performance goals were higher than their initial expectations we found that such positive 

changes were associated with better performance for the initially low achievers. In 

contrast, the initially high achievers, for whom the teachers set higher goals than their 

initial expectation, were found to perform worse than comparable students for whom the 

initial expectation and final goal were the same. 

 

2.1 Introduction 

Although the proficiency level of students in the Netherlands ranks rather high in 

international studies (Meelissen et al., 2012; Meelissen & Drent, 2008), there is concern 

about Dutch students’ mathematical skills (Expert group Continuous Learning 

Progression 2008; Royal Netherlands Academy of Arts and Sciences, 2009). In 

particular, the low spread between the students, combined with the fact that the number 

of excellent students is decreasing (Meelissen et al., 2012), leads to doubts about whether 

teachers succeed in fitting teaching to the varying needs of students and whether all 

students are challenged sufficiently.  

In line with recent international educational policymaking, this resulted in a focus 

on basic skills, on educational targets, and on data-driven decision making (DDDM). 

DDDM, or data use, can be used for school improvement purposes. Schildkamp and 

Kuiper (2010) defined data use as “systematically analyzing existing data sources within 

the school, applying outcomes of analyses to innovate teaching, curricula, and school 

performance, and, implementing (…) and evaluating these innovations” (p. 482). 

Through collecting, analyzing, and interpreting data – like students’ (standardized) test 

scores, results of informal assessments, daily work, information on classroom 

observations, etc. - schools and teachers create knowledge on which decisions for 

adequate instructional adjustments can be based, thereby reflecting a formative use of 

(assessment) data. Adjusting teaching to better fit student needs is assumed to lead to 
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targeted and deliberate teaching, resulting in better student achievement. Goals play a 

key role in this way of working as they make clear what the desired level of student 

performance is.  

 

2.1.1 The use of data for instructional improvement 

Researchers have identified several facilitators for effective data use. Effective use 

of data presupposes changes in school culture and in the way schools and school teams 

handle information (Datnow et al., 2007; Huffman & Kalnin, 2003; Levin & Datnow, 

2012). Clear, shared visions and understandings make up essential parts of such a school 

culture (Wayman, Jimerson, & Cho, 2012; Wohlstetter, Datnow, & Park, 2008). Another 

facilitator is strong leadership of the principal, who should organize a school climate that 

supports data use, for instance, by being enthusiastic about data, by creating a climate of 

trust, by providing sufficient time for teachers to use data, and by modeling the accurate 

use of these data (Schildkamp & Kuiper, 2010; Wayman, Midgley, & Stringfield, 2006; 

Levin & Datnow, 2012; Park & Datnow, 2009; Park, Daly, & Wishard-Guerra, 2013). 

Teacher collaboration can support the effective use of data too. When collaborating, 

teachers can analyze and interpret data together, diagnose areas in which students 

experience difficulties, give each other advice on instructional strategies, ask each other 

for help, and reflect on practice (Schildkamp & Kuiper, 2010; Wayman et al., 2006; 

Young, 2006). Professional development programs in DDDM should therefore make use 

of collaboration (Wayman et al., 2012). Wayman pointed in this respect to the advantages 

of small-group learning: the limited number of people could foster changes more easily 

and promotes active engagement of the participants. Moreover, by organizing 

professional development on data use in grade-level teams, program content and 

discussions can become more targeted. 

DDDM is supposed to positively affect student achievement, provided that 

teachers make appropriate adjustments in teaching and instruction based on the 

performance data. This mainly results from one of the key features of data use: that 

schools and teachers make explicit what they strive for (Lai & Schildkamp, 2013; 

Wohlstetter et al., 2008; Means, Padilla, Gallagher, 2010). When appropriate measurable 

learning goals are set, goal attainment can be monitored in order to evaluate teaching, 

and this information provides guidelines for instructional improvements. This ought to 

be a continuing process, in which reflection on the actual performance leads to 

adaptation of the teaching practice. Information about student performance and daily 

work, among other things, provides teachers with feedback on their own teaching 
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performance and such feedback can be used to improve future teaching (Hattie & 

Timperley, 2007; Kluger & DeNisi, 1996). This process can be supported using reflective 

cycles, like the formative models of Black and William (2009) and, in the Dutch context, 

the more test result-based approach of Ledoux, Blok, and Boogaard (2009). 

Several studies have shown that using data for school improvement can be related 

to student outcomes (Lai et al., 2009; Timperley & Parr, 2009; Carlson et al., 2011), 

though some large-scale effectiveness studies found only small or no significant effects 

on student performance (Henderson, Petrosino, Guckenburg, & Hamilton, 2007; Quint, 

Sepanik, & Smith, 2008). Hence, Slavin et al. (2013) argued that data use in itself is not a 

sufficient condition for improving student achievement. It only affects student 

performance when schools and teachers act on the information, by using evidence-based 

teaching methods. The studies by Goertz et al. (2009) and Lai and McNaughton (2013) 

also stressed the importance of changing teachers’ instructional behavior in order to 

align the information coming from the data to students’ needs.  

In the Netherlands, teachers seem to make insufficient use of data for formative 

purposes: teachers do collect data (like results on standardized tests and seatwork, and 

students’ classroom participation), but half of teachers refrain from analyzing them and 

taking consequent instructional actions (Educational Inspectorate, 2010; Ledoux et al., 

2009). Evaluating performance seems to be problematic as well, since only 25% of 

schools were found to establish explicit goals, whereas such goals are necessary to 

evaluate student outcomes in terms of the desired levels of performance (Educational 

Inspectorate, 2010). A study on educators’ ability to interpret results from a student 

monitoring system further showed that more than 70% of principals, senior support 

coordinators, and teachers did not reach the standard of accurate interpretation (that is, 

85% correct on the items used in a questionnaire), with teachers performing significantly 

worse than the other two groups (van der Kleij & Eggen, 2013). Although ecological 

validity issues may play a role in interpreting these results (in daily practice, teachers 

might get support from the senior support coordinator in interpreting the results of the 

student monitoring system), this is deemed an undesirable situation. It is unlikely that 

adequate instructional decisions can be made if they are based on incorrect 

interpretations.  

 
2.1.2 Goal setting 

Goals have played an important role in several studies on data use, reflecting the 

desired achievement levels of a district, school, class, or individual student (Levin & 
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Datnow, 2012; Carlson, et al., 2011; Wohlstetter et al., 2008). In the current study, the 

sole focus was on performance goals. Performance goals are expected to have a positive 

effect on achievement, since people are highly motivated to reach them. The goal ‘give(s) 

an activity meaning or purpose’ (Maehr & Zusho, 2009, p. 78) and, therefore, directs 

behavior. Locke and Latham (1990; 2002) argued that performance goals enhance effort, 

strengthen perseverance, and cause some sort of arousal. Especially in situations where 

people are committed to the goal, feel confident that they can attain it (‘self-efficacy’), 

and receive feedback on their progress, goals are found to strongly influence performance 

(Locke & Latham, 2002). Although Locke and Latham mainly drew their conclusions 

from industrial-organizational studies, their findings can be transferred to classroom 

settings, where the same goal-achievement mechanisms seem to occur.  

Findings on the educational effectiveness of performance goals were reported by 

Fuchs, Fuchs, and Deno (1985). In their study on goal mastery and goal ambition, 

moderate to high ambitious goals were related to better student performance. 

Retrospective interviews showed that teachers felt more aware of the concrete goals. 

Assessment and evaluation information further seemed to facilitate instructional 

decision making in order to reach the goal. These findings are in line with Locke and 

Latham (2006), who found that people do not need to be consciously aware of the goal all 

the time, since they assume that ”a goal, once accepted and understood, remains in the 

periphery of the unconsciousness as a reference point for guiding and giving meaning to 

subsequent mental and physical actions” (p. 267). In their study on curriculum-based 

measurement, Fuchs, Fuchs, and Hamlett (1989) further found that teachers who 

(regularly) adapted their performance goals according to students’ actual performance 

were more ambitious than those who did not, which was related to higher student 

achievement. According to Fuchs et al. (1989), ambition thus seemed to be inherent to 

the use of effective goals, although they should also be realistic.  

Performance goals that are set by teachers are probably to a large extent based on 

teachers’ (tacit) beliefs and expectations in terms of their students’ learning potential. By 

setting performance goals, teachers make these expectations explicit. Ideally, such a 

process would also promote teachers’ reflection about their own role in fostering student 

learning.  

 

2.1.3 Teacher expectations 

In a class, teachers are confronted with students who differ in terms of 

characteristics like academic ability, concentration, motivation, effort, and classroom 
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behavior. Teachers are aware of such differences and, as a result, they develop implicit 

and explicit beliefs with respect to the class and its individual students. These naturally 

formed expectations can have an impact on aspects like teacher-student interaction, 

instructional decisions, opportunity-to-learn, materials used, and task difficulty (Rubie, 

2003; Südkamp, Kaiser, & Möller, 2012; Jungbluth, 2012).  

Teacher expectations can be held at different levels. At class level, teacher 

expectations can be high or low for the group as a whole. These general expectations at 

class level were found to be associated with differences in classroom climate, 

instructional decisions, and goal orientation (Rubie, 2003). At the student level, teachers 

have expectations of individual students in terms of their behavior, actual performance, 

and capabilities. Such individual expectancies may be influenced by the stereotypic 

beliefs a teacher has about certain groups. These expectations at group level have been a 

central topic in studies on inequalities in education, in which it was investigated to what 

extent teacher beliefs about ethnicity, social class, learning disabilities, or sex related to 

student performance (cf. for ethnic minorities: McKnown & Weinstein, 2008 or Rubie-

Davies, Hattie, & Hamilton, 2006; for social class: Ready & Wright, 2011; for sex: 

Jungbluth, 2012 or Tiedemann, 2002). Although teacher expectations can be biased by 

such group characteristics, Hattie (2009) and Good and Brophy (2003) both noted that 

the accuracy of the expectations improves once teachers are given information about 

prior achievements or students’ participation in academic activities. A more refined 

picture of the individual student thus leads to more accurate expectations and such 

accurate beliefs about a student’s capabilities enable teachers to make adequate 

instructional decisions (Martinez, Stecher, & Borko, 2009). Moreover, another reason for 

avoiding teacher expectation bias is that a substantial part of such bias remains stable in 

time (de Boer, Bosker, van der Werf, 2010). Schools and teachers should thus become 

aware of their expectations and should aim to avoid being too hesitant or careful about 

what they expect from their students, as this would reflect negative bias. A realistic and 

accurate view of what students are capable of is to be promoted, or perhaps even a 

somewhat (too) optimistic and ambitious expectation, reflecting positive expectation 

bias. As de Boer and colleagues (2010) stated ”… schools and teachers should be more 

aware of the positive effect of positive expectation bias and that they might maximize 

their expectancies, within certain limits, for each student” (p. 178).  

Empirical evidence has been found that teacher expectations and student 

achievement are related. Findings from educational effectiveness studies provided 

evidence that high teacher expectations are associated with better student performance 
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(Scheerens & Bosker, 1997; Sammons, Hillman, & Mortimore, 1995). These studies, that 

aimed at determining the key characteristics for effective teaching, were comprehensive 

in nature. When specifically looking at research on teacher expectations, Jussim and 

Harber (2005) concluded in their overview of 35 years of research on the topic, that the 

effects of teacher expectancies, reflected by self-fulfilling prophecies, tend to be small. 

Self-fulfilling prophecies can be understood as relatively high or low teacher 

expectations, when compared to the actual capacities of the students, yielding 

better/worse student performance. Such self-fulfilling prophecy effects were found for 

approximately 5%-10% of the students, whereas for most students, teacher expectations 

tended to be accurate. Using ‘prediction without causation’ to define accuracy (Jussim & 

Harber, 2005, p. 141), Jussim and Harber argued that for most students teacher 

expectations predict but do not cause or influence their performance.  

Findings from more detailed studies, focusing on how teacher expectations were 

measured, refined Jussim and Harber’s (2005) conclusions somewhat. A factor that 

seemed to influence accuracy was the use of informed or uninformed judgment. 

Südkamp et al. (2012) found that judgments on student achievement were more accurate 

when information from standardized tests was used, as opposed to more informal 

judgments, in which teachers were unaware of the standard of comparison. Both the 

studies by Begeny, Eckert, Montarello, and Storie (2008) and Feinberg and Shapiro 

(2009) showed that the accuracy of teacher expectations depended on whether teachers 

had to compare and list their expectations of a student relative to other students in class 

(the relative proficiency level) or whether they had to predict how well students would 

score on a test (the absolute proficiency level). Teachers have been found to do fairly well 

on relative judgments (Hoge & Coladarci, 1989; Südkamp et al., 2012), whereas 

predicting student performance in absolute terms is more difficult for them. In predicting 

absolute achievement, differential effects were found: teachers tended to be more 

accurate for the good or average students than they were for low-achieving students 

(Begeny et al., 2008; Feinberg & Shapiro, 2009).  

The transformation of teacher expectations into explicit teacher-set performance 

goals might help to avoid negative expectancy bias (Bates & Nettelbeck, 2001; Feinberg & 

Shapiro, 2009). By deliberately thinking about students’ capabilities, while taking into 

account several sources of data that could inform this process, like performance data or 

knowledge shared within the school team, teachers might modify their beliefs about some 

or all students. In setting goals, teachers are further assumed to become aware of their 

own potential role in developing students’ abilities. After all, the teachers work with the 
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students and can make efforts to optimize student learning, for example, by providing 

more challenging questions, tasks, and interactions, that is, by offering them more 

opportunity-to-learn (McDonald, Flint, Rubie-Davies, Peterson, Watson, & Garrett, 

2014; Rubie-Davies, 2007).  

 

2.1.4 Research questions 

There is empirical evidence for the assumption that teacher expectations and 

performance goals are associated with better student outcomes. Teacher expectations 

seem to become more accurate and well-considered if more information sources are 

taken into account, like performance data, since teacher expectations are then based on a 

more refined picture of the student. As a result, negative expectation bias may be 

minimized, and positive expectation bias may be deliberately introduced. This is in line 

with de Boer et al. (2010), who promoted maximized teacher expectations and positive 

expectation bias, which would ultimately foster student opportunities. In the current 

study, we aimed to investigate whether we could relate teacher-set performance goals to 

student achievement, more specifically, in situations where expectancy bias was assumed 

to be minimized due to step-by-step procedure consisting of both performance 

information and team input. This led to the following questions: 

1. To what extent are well-considered performance goals related to students’ 

mathematical achievement, while controlling for pretest information and general 

academic ability? 

2. To what extent do teachers’ well-considered performance goals differ from teachers’ 

initial expectations? 

3. If they differ, to what extent are ‘positive changes’ associated with students’ math 

achievement, while controlling for initial differences? And to what extent can 

differential effects of the ‘positive changes’ be determined for the initially low and 

initially high math performers?  

 

Our first hypothesis was that there would be differences between the performance 

goals and the preliminary expectations, indicating that teachers used the information 

given in a step-by-step procedure at the end of which teachers set the final goals 

(Hypothesis 1). This procedure was assumed to stimulate teachers’ use of several data 

sources, thereby refining possibly incorrect or biased preliminary teacher expectations. 

Furthermore, we expected that these performance goals related to student achievement, 

and that high teacher goals were associated with better student math outcomes 
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(Hypothesis 2). This hypothesis resulted partly from our assumption that teachers would 

perform better as a result of their enhanced motivation to reach the goals they had set. In 

their attempts to reach their goals, teachers were supposed to make more deliberate 

instructional decisions in order to better fit their teaching to students’ needs, for 

instance, by adapting their instruction and through improved questioning techniques. 

This was expected to foster students’ learning and achievement. Another reason for 

expecting improved student outcomes was the assumption that setting and monitoring 

goals improves the quality of the reflective cycles used to work in a data-driven way. 

Given the deliberate decisions and improved teacher reflection it was expected that 

positive changes, meaning that the final goal was higher than the initial expectation and 

thus reflecting minimized negative or even positive expectancy bias, would be positively 

related to student achievement (Hypothesis 3).  

 

2.2 Method 

 

2.2.1 Design 

To determine the general relationship between (high) teacher-set goals and 

students’ mathematics achievement, a pre-posttest design was used, in which the 

outcome measure was a standardized mathematics assessment. The relationship between 

a positive change – teachers setting a higher final goal than their initial expectation - and 

students’ math achievement was investigated using a pre-posttest control group design. 

The control group was constructed through propensity score matching. 

 

2.2.2 Participants 
Student assessment data and teacher-set performance goals were collected for 361 

students. These students were taught in 27 classes: 176 students were in grade 2 and 185 

were in grade 3. There were 196 boys and 165 girls. More than half of the 27 classes were 

multi-grade classes, consisting of two or more grades per class. The 27 classes were 

taught by 35 teachers, some holding part-time positions. Teachers teaching the same 

class were asked to set the performance goals collaboratively. Teachers had, on average, 

16.3 years of experience (SD = 10.7), and the majority of the teachers was female (94%). 

The teachers who participated in the current study were all involved in a professional 

development program (PDP) on data use. 
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2.2.3 Procedure 

Performance goals and standards were elements of a PDP on data use, consisting 

of three core, interrelated components: 1. performance goals and standards, 2. data-

analysis, and 3. instruction. At the start of the PDP, teachers were asked to reflect on 

what students should be able to know and do in grades 2 and 3 and, more specifically, on 

how students in a specific grade differ in terms of their math proficiency. For this 

purpose, the teachers were asked to set performance standards. Performance standards 

are supposed to provide information on students’ levels of mastery of content standards 

(Linn & Baker, 1995; Cizek & Bunch, 2007; Hambleton & Pitoniak, 2006). Such content 

standards determine what knowledge and skills should be taught to the students at 

different grade levels. Since the performance standards indicate to what levels the 

content standards are met (for instance, whether students master the content standards 

in an acceptable or outstanding way) the performance standards are closely linked to 

assessments. They are operationalized in terms of cut scores on the proficiency scale of a 

specific assessment.  

During a mathematics standard-setting procedure (SSP), teachers were asked to 

reflect on the desired knowledge and skills that students of grades 2 and 3 were supposed 

to master at the end of the school year. The teachers were requested to set performance 

scores for students of four different performance levels (minimum, basic, proficient, and 

advanced). In order to accomplish this task, the teachers had to consider an ordered-item 

booklet consisting of 30 standardized assessment items (a selection of items of the 

mathematical standardized assessments used in grades 1-4) and decide for each of the 

four performance levels which assessment items the ‘just competent student’ should be 

able to answer correctly (Mitzel, Lewis, Patz, & Green, 2001). For an elaboration on 

standards and the standard-setting procedure used in the PDP, see Deunk, van Kuijk & 

Bosker (2014). The standard-setting procedure resulted in four standards per grade. By 

taking the intervals between these standards, five performance categories were 

established (below minimum, minimum, basic, proficient, and advanced). In total, 10 

performance categories were specified, five for grade 2 and five for grade 3. For each 

grade, the five performance categories were used to determine the performance goals, 

since the teachers were asked to assign a goal, reflecting one of the five performance 

categories, for each of their students.  

To ensure that the performance goals were well-considered, we designed a step-

by-step procedure consisting of the following four steps: 1) determining an initial 

expectation, 2) the use of performance data, 3) collaboration, and 4) assigning a final 
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goal. In step 1, teachers had to make their expectations explicit for each student in terms 

of one of the five performance categories (initial expectation). In step 2, information on 

performance data was used. Teachers were asked to contrast performance information 

from the student monitoring system with their initial expectations. For this task, teachers 

were asked to use the same five performance categories as used in step 1 to record their 

findings. Comparing initial expectations with the actual performance data was expected 

to stimulate the teachers’ reflection on their initial expectations, especially since they 

were requested to answer questions regarding observed differences between step 1 and 

step 2. Step 3 consisted of team collaboration. Steps 1 and 2 together formed a homework 

assignment that each teacher had to complete prior to the meeting in which the final 

goals were to be set. During this meeting, the homework assignments were discussed in 

the school team. These discussions served to stimulate teachers’ reflection, since 

colleagues within the school – teachers, the senior support coordinator, and the school 

principal – questioned some of the teachers’ expectations and added relevant 

information on, for instance, specific instructional or socio-emotional approaches in 

relation to specific students. The fourth and final step was assigning a final goal. After the 

group discussion, teachers had to take into account all the information obtained, 

reconsider their initial expectations, and set a performance goal for each individual 

student. Since we assumed that making expectations explicit would involve some level of 

ambitiousness and since, empirically, effective performance goals were found to reflect at 

least some ambition (Fuchs et al., 1989), teachers were asked to set a challenging but 

realistic goal for each student. The performance goals, as regard the end-of-the-year 

standardized assessment in May/June, were set in fall, leaving the participants with 

approximately six to seven months to reach them.  

 

2.2.4 Variables and Instruments 

Mathematics Assessment  

The Cito standardized assessments for mathematics are part of the Cito LOVS 

assessment system that is used in 85% of Dutch schools. The tests are used in primary 

school (grades 1-6), and students are assessed twice a year: halfway through the school 

year (mid-term assessment, January) and at the end of the school year (end-of-the-year 

assessment, May/June). Test scores for all assessments (from grade 1 to 6) are associated 

with a sole proficiency scale, ranging from 0 to 169. The assessments have a good overall 

reliability in all grades (Cronbach’s alpha is at least .91, Janssen, Verhelst, Engelen, & 
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Scheltens, 2010). Test scores before the start of the PDP were used as pretest (May/June 

2011) and test scores at the end of the PDP as posttest (May/June 2012). 

Reading Comprehension Assessment  

The Cito standardized assessments for reading comprehension are used in grades 1 to 6 

in primary school and are also part of the Cito LOVS assessment system. The (arbitrary) 

proficiency scale ranges from –87 up to + 147. The tests have a good overall reliability 

(Cronbach’s alpha is at least .89, Feenstra, Kleintjes, Kamphuis, & Krom, 2010). 

Students’ scores on a reading comprehension assessment were taken into account, since 

student achievement on math is likely to be related to more general capabilities, and 

teachers probably considered such general capacities during the goal setting process. 

Moreover, early acquired reading (and math) skills were found to be predictive for future 

performance (Bodovski & Youn, 2011). In the analyses, pretest scores on reading 

comprehension were, therefore, used as a proxy for general academic capability.  

Heterogeneity of the class 

The heterogeneity of the class, meaning the spread in student achievement levels within 

the class, was taken into account regarding mathematics and reading comprehension. 

Math heterogeneity was calculated by using the standard deviation of the class’s pretest 

scores on math. For the class heterogeneity on reading, the standard deviation of the 

class’s pretest scores on reading comprehension was used.  

Initial expectations  

At the start of the step-by-step goal setting procedure, teachers were asked to write down 

their expectations for each student. These initial expectations were set in terms of five 

performance categories. These categories reflected the intervals between the four 

performance standards, reflecting five intervals on the proficiency scale of the posttest. 

The five performance categories - below minimum, minimum, basic, proficient, and 

advanced – were coded 1 – 5. 

Performance goals 

Teachers were asked to set a performance goal for each individual student in terms of the 

five performance categories described above. These teacher-set performance goals reflect 

the final goals, step 4 in the step-by-step procedure. 

Positive change 

At the start of the multistep procedure, teachers had to write down their initial 

expectation. At the end of this procedure the teachers were asked to set a final goal. If the 

final goal was higher than the initial expectation, this was called a positive change. 

Positive change was a dummy-coded variable; no change was the reference group.  
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Sex 

Ganley et al. (2013) refer to various studies in which a (small) sex difference in 

mathematics test performance was found, with boys outperforming girls on tests. Sex, a 

dummy-coded variable with boys as reference group, was, therefore, used as a covariate.  

Grade 

The PDP focused on teachers in grades 2 and 3. To account for performance differences 

between these two grades, grade was used as a covariate as well. Grade was a dummy-

coded variable, where grade 2 was the reference group. 

 

2.3 Analyses 

For answering research question 1, concerning the relation between teachers’ 

(high) performance goals and students’ math achievement, a multilevel multiple 

regression analysis was carried out, using MLwiN software (Rasbash, Browne, Healy, 

Cameron, & Charlton, 2012). Such a multilevel analysis takes into account the nested 

structure of the data. In the current study, two levels were distinguished, students were 

considered to be nested in classes. Three models were estimated: Model 1 (containing 

only the math pretest), Model 2 (controlling for math pretest, reading comprehension 

pretest, sex, and grade), and Model 3, in which the final goal was added. Beforehand, 

checks on the general levels of ambition of the teachers were carried out, investigating 

between-teacher difference on the overall height of their goals for their students. No 

differences were found in this respect. 

The second question, investigating whether teachers changed their initial 

expectation at the end of a step-by-step goal setting procedure, was answered using 

descriptive analyses. 

 The third question, regarding the general relationship between student 

achievement and setting a higher final goal than the initial expectation (=’positive 

change’) and the differential effects of the positive change for initially low or high 

performers, were also investigated using a two-level analysis. Again, three models were 

estimated. First, a covariate model was estimated, while controlling for math pretest 

(grand-mean centered for ease of interpretation). Next, the positive change was added to 

estimate a main effect model. Thereafter, adding the interaction goal*math pretest 

yielded the interaction model. 
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2.3.1 Construction of a control group  

To answer the third and fourth questions, two comparable groups were 

constructed, consisting of a) students for whom teachers changed their initial 

expectations to a more positive final goal – the ‘positive change’ group - and b) students 

for whom the final teacher goal was the same as teachers’ initial expectation – the control 

group. This was done using Propensity Score Matching (PSM), a matching method by 

which the the selection process is modeled (Rosenbaum & Rubin, 1985). As such, causal 

inference is allowed for. By comparing the positive-change students with students for 

whom initial expectation and final goal were the same but who were similar to the first 

group of students in terms of important observed characteristics, these two groups were 

considered to be comparable but for having a raised final teacher goal or not. More 

formally, by using PSM the distribution of the observed covariates in the positive-change 

group and the control group was balanced in such a way that students with the same 

propensity scores had the same distributions over all covariates, without the need for 

exact matches on the individual variables used (Rubin, 2007; Stuart, 2010). The 

propensity score (PS) then summarized all the information that predicted the positive 

change. The PS can be defined as the probability that a student would receive a higher 

final goal than the initial expectation, given the set of observed variables.  

In conducting the PSM, we selected the Caliper matching (0.2) without 

replacement algorithm. This matching algorithm only matched positive-change students 

to control students within a certain range (0.2 standard deviations), finding the best 

match in terms of the PS. In this way, inadequate matches were avoided and, thereby, 

selection bias was decreased (Caliendo & Kopeinig, 2008). A further advantage of 

building in such a tolerance level is that it supports meeting the Common Support 

assumption, meaning that there was sufficient overlap in the characteristics of positive-

change students and control students. Using the caliper matching algorithm implied that 

positive-change and control students for whom no match could be found within the 

tolerance level were left out.  

Variables used for propensity score matching 

A crucial assumption of PSM is that, conditional on the observed variables used, 

treatment assignment is independent of the potential outcomes (strong ignorable 

treatment assignment), meaning that there should be no hidden bias or confounding 

(Stuart, 2010). Selected observed pre-treatment variables should ideally be associated 

with both treatment assignment and outcome (Brookhart, Schneeweiss, Rothman, Glynn, 
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Avorn, & Stürmer, 2006). Steiner, Cook, Shadish, and Clark (2010) stressed in this 

respect the importance of including matching variables like baseline test scores, given 

their generally strong relationship to the outcomes. Taking such baseline measures into 

account seems to be particularly salient for small samples (Brookhart et al., 2006). Given 

the relatively small sample in our study, we matched on nine variables, most of them 

relating to the outcome. Five variables at class level were used: 1. grade, 2. the average 

math pretest score of the class, 3. class heterogeneity on the math pretest, 4. the average 

reading comprehension pretest score of the class, and 5. class heterogeneity on the 

reading comprehension pretest. Four student level variables were taken into account: 6. 

sex, 7. teacher’s initial expectation, 8. the math pretest score, and 9. the pretest score on 

reading comprehension. 

 
2.4 Results 

This section is structured as follows. First, the relationship between (high) teacher 

performance goals and student math achievement is discussed. Next, differences between 

initial expectations and final goals are outlined, indicating whether and how teacher 

expectations were modified at the end of the step-by-step goal setting procedure. 

Thereafter, the association of positive changes with student performance is discussed. 

The mean pre- and posttest scores of students in grades 2 and 3 are depicted in  

Table 1. From the data in Table 1 it can be derived that the average increase in test scores 

of the students in grade 2 was 18.6, whereas it was 16.6 for students in grade 3. 

 

Table 1: Mean Math Pretest and Posttest Scores of Students in Grades 2 and 3 

Grade N Mean Pretest (SD)  Mean Posttest (SD) 

2 176 48.8 (14.9)  67.4 (15.8) 

3 185 63.4 (15.0)  80.0 (14.5) 

Total 361 56.3 (16.6)  73.9 (16.4) 

 

Teachers were asked to set a challenging but realistic final goal for each of their 

students in terms of the five performance categories. These performance categories 

reflected ranges of expected posttest scores. Students’ actual posttest scores could be 

translated to these five categories as well. It was found that almost 60% of the students 

had a test score in the same category as their final goal, approximately 20% attained a 

score that was higher than their final goal, and 20% of the students attained a score that 

was lower than their final goal (see Table 4). Given the high number of students that 

scored at or above their desired performance level, it may be questioned whether the 
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goals were challenging. However, the fact that 80% scored at or above the desired 

performance level did confirm the assumption that the final goals should be realistic.  

In order to investigate the general relation between the final goals and student 

achievement, a multilevel multiple regression analysis was used, taking into account the 

variance at two levels – students and classes. In Table 2, three models are presented, 

containing standardized regression coefficients. In Model 1 it was only controlled for the 

math pretest scores, that was found to significantly predict posttest scores. In Model 2 

the other covariates were added as well. From Model 2 it can be derived that, next to the 

math pretest score, sex and the score on the reading comprehension pretest significantly 

predicted the math posttest scores, but grade did not. Deviance testing indicated that 

Model 2 fitted the data better than Model 1: the deviance decreased by 29.59, which is a 

significant improvement (p=.00; the critical value in a chi-square distribution with df=3 

is 16.27 for p=.05) In Model 3, ‘final goal’ was added and was also found to predict the 

math posttest significantly (deviance testing showed a decrease of 57.67 (p=.00), which is 

higher than the critical value (10.83) for p=.001, df=1). Goals accounted for 15% of the 

variance in math posttest scores.3 This finding could be interpreted as follows: if all 

covariates used are kept equal (that is, math pretest, sex, grade, and reading 

comprehension pretest), a rise in ‘goal’ by one category, which, coincidentally, equalled 

the standard deviation of the final goal, is associated with an increase of .37 SD on the 

posttest score. Thus, when different final goals were assigned to two apparently similar 

students (based on the covariates used), the higher goal was associated with a 

substantially and significantly higher mathematics achievement on the posttest, with a 

corresponding effect size of d=.80.4  

 
  

                                                   

3 The explained variance was calculated as follows: 1 – (sum of variance at student and class level in  

Model 3/sum of variance at student and class level in Model 2)*100% 

4
 In calculating the effect size the following formula was used: d=2r/√(1-r2)  
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Table 2: Multilevel Models Predicting Achievement in Mathematics  

 Model 1  Model 2  Model 3 

 Β SE  β SE  β SE  

Response variable:  

math posttest 

      

         

Fixed part         

Intercept  32.27 2.06  39.63 2.39  29.94  2.53 

Math pretest .75* .03  .62* .04  .35*  .05 

Sex    -.15* .03  -.12*  .03 

Grade    .00   .04  .21*  .05 

Reading pretest    .19*  .04  .11*  .04 

Final goal       .37*  .05 

         

Random part         

Class level 4.17  3.35  2.76  2.75  2.74  2.47 

Student level 107.57  8.27  99.82 7.68  84.82    6.52 

-2loglikelihood 2724.09  2694.50  2636.83 

No of students  361   361   361 

Italic: standardized coefficients; *: p<.05 

 

The final goals were set by the teachers at the end of the step-by-step procedure 

that aimed at stimulating teachers’ reflection on their own initial expectations. The final 

performance goals were set with respect to five performance categories: below minimum 

(=1), minimum (=2), basic (=3), proficient (=4), and advanced (=5). The range of ability 

scores per performance category (=final goal) is depicted in Table 3, as well as the 

number of students per final goal. The mean of the teacher-set final goals was 3.74 (SD = 

1.06); on average, teachers expected the student achievement level to lie between the 

basic and the proficient level. 

 

Table 3: Specification of the final goals per grade 

 Grade 2  Grade 3 

Final goal Range of ability scores No. of 

students 

 Range of ability 

scores 

No. of 

students 

Below Minimum ≤ 36 3  ≤ 56 7 

Minimum 37-47 18  57-66 21 

Basic 48-60 34  67-76 51 

Proficient 61-70 69  77-91 60 

Advanced ≥ 71 52  ≥ 92 46 

Total  176   185 
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The goal setting procedure consisted of a step-by-step procedure. During this 

procedure, teachers could have chosen different performance categories for a specific 

student’s initial expectation and for this student’s final goal. Table 4 shows how the final 

goals differed from the initial expectations. For most of the students (N=198), the final 

goal was the same as the initial expectation. The procedure resulted in an adaptation of 

the initial expectation for 78 students. Teachers became more ambitious (a final goal that 

was one or two categories higher) for 70 students; for only eight students the teacher 

expectations were tempered (the goal was one or two categories lower).  

 

Table 4: Cross Table of Initial Expectations and Final Goals 

  Final goal 

Initial 

expectation* 

 Below 

Minimum 

Minimum Basic Proficient Advanced 

Below 

Minimum 

8 3  4  0 0 

Minimum 1  26 14  1 0 

Basic 0 3 41 25  1 

Proficient 0 1 2 77 22 

Advanced 0 0 0 1 46 

* Initial expectations were available for 276 students 

 

In general, we found that higher goals were associated with higher student 

achievement, while controlling for initial differences in mathematics performance and 

general cognitive ability. However, from this result it cannot be concluded whether the 

higher goals reflected a positive expectancy bias or whether they were realistic. Yet the 

positive changes that resulted from the step-by-step goal setting procedure were assumed 

to indicate that teachers became more ambitious than they originally were for certain 

students. To investigate whether such a shift towards a more positive final goal related to 

student achievement, the students for whom the performance goals were higher than the 

initial expectations were compared to similar students for whom the initial expectations 

and the performance goals were the same.  

Using PSM, students for whom the final goal was higher than the initial 

expectation (N=70) were matched to comparable students. The latter students came from 

a pool of 198 possible controls, for whom the final goal was the same as the initial 
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expectation. 5  Students were matched based on both class- and student-level 

characteristics. Matching quality was assessed by checking similarity on the covariate 

distribution in the two matched groups, using independent samples t-tests. The 

procedure should yield no remaining significant differences between the two student 

groups after the matching. In Table 5 the mean scores of both the positive-change group 

and the control group are shown, both before and after matching. Before matching, the 

groups differed in terms of the variables sex and initial expectation, as indicated by the 

asterisk. The positive-change group consisted of more boys than girls, whereas the 

number of boys and girls was comparable in the control group. Further, the average 

initial expectation of the positive-change group was significantly lower than that of the 

control group. After the matching, the groups no longer differed significantly on all nine 

variables. The matching procedure led to a total of 114 students, 57 in the positive-change 

group and 57 in the control group. 

  

                                                   

5
 Students for whom teachers set a final goal that was lower than the initial expectation were 

excluded from the matching procedure and, consequently, from the subsequent multilevel analyses.  
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Table 5: Average Scores on the Observed Covariates, before and after Matching 

 Before matching  After matching 

 Positive change 

(N=70) 

Control group 

(N=198) 

 Positive change 

(N=57) 

Control group 

(N=57)   

 Mean SD Mean SD  Mean SD Mean SD 

Student level           

Initial 

expectation 

2.90* (.97) 3.64 (1.10)  3.09 (.85) 3.14 (1.19) 

Pretest 

mathematics 

55.50 (14.28) 56.69 (16.70)  56.47 (15.32) 56.95 (15.76) 

Pretest 

reading 

10.61 (17.89) 13.41 (17.97)  11.72 (18.45) 11.88 (16.47) 

Sex .34* (.48) .49 (.50)  .35 (.48) .39 (.49) 

Class level          

Grade .63 (.49) .53 (.50)  .65 (.48) .61 (.49) 

Heterogeneity 

math 

13.53 (3.10) 14.18 (3.03)  13.38 (3.19) 13.36 (3.00) 

Class’s 

average math 

score 

56.48 (9.36) 56.04 (8.35)  57.61 (9.42) 58.29 (7.36) 

Heterogeneity 

reading 

12.87 (11.26) 13.70 (4.33)  13.51 (4.23) 13.62 (3.88) 

Class’s 

average 

reading score 

13.38 (3.85) 13.69 (4.33)  13.07 (12.04) 12.69 (7.99) 

          

Propensity Score     .36 (.19) .35 (.19) 

*: p<.05, difference in average scores between positive-change group and control group on 

the matching variable  

 

The matching quality was also investigated by checking satisfaction of the 

Common Support assumption, meaning that there should be sufficient overlap between 

members of both groups in terms of their propensity score. From Figure 1 it can be 

derived that the propensity scores of the two groups sufficiently overlapped. Moreover, 

the region of common support was rather large, with propensity scores ranging from 

almost 0 to almost 0.9.  
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Figure 1: Distribution of Propensity Scores  
 

The PSM led to two comparable groups of 114 students in total, being taught in 23 

classes. For 57 students, teachers changed their initial expectation in a positive way; for 

57 students, the final goal remained the same as the initial expectation. The mean pretest 

score of these 114 students was 56.7 (SD=15.5). For the positive-change students, pretest 

scores ranged from 24 to 86; for the matched control students, pretest scores ranged 

from 14 to 109. In Table 6, the mean scores for each initial-expectation category are 

presented. Note that the nine students who received an initial expectation in the 

advanced category all belonged to the control group; positive change students could, by 

definition, not start in the highest category.  

 

Table 6: Mean Pretest Scores per Initial Expectation Category 

Category of initial expectation N Mean score SD 

Below minimum 6 33.0 11.5 

Minimum 27 47.5 8.6 

Basic 38 53.8 11.5 

Proficient 34 65.4 11.3 

Advanced 9 79.6 16.2 

 

For answering the third research question, concerning the relationship between 

positive changes and student achievement, multilevel analyses were used, regressing the 

math achievement of the students (the posttest scores) on the positive change. Three 

models were estimated: a covariate model, a main model, and an interaction model. 
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From the results presented in Table 7 it can be derived that the pretest – individual math 

scores, grand mean-centered for ease of interpretation - predicted the posttest 

significantly. Positive change was added in the main effect model. No significant effect of 

positive change was found: the findings of the deviance test (.033) indicated that the 

main model did not fit the data better than the covariate model (p>0.05). Next, a 

differential effect of the positive change for initially low or high math performance was 

investigated by adding an interaction effect to the main model. The interaction model 

contained a significant negative interaction term: The deviance test (6.91) indicated that 

the interaction model fitted the data better than the main model (p=.03; 6.91 exceeds the 

critical value 5.99 in a chi-square distribution with df=2, for p=.05). Positive changes 

were thus differently related to initially low- or high-performance.  

 

Table 7: Multilevel Models Predicting Achievement in Mathematics  

 Empty model  Main model  Interaction model 

 β SE  β SE  β SE 

Response: math posttest         

         

Fixed Part         

Intercept 75.11 1.25  74.93 1.60  74.82 1.57 

Pretest (gmc) .86* .07  .86* .07  1.02* .09 

Positive change    .37 2.01  .40 1.95 

Positive change x pretest (gmc)       -.33* .13 

         

Random Part         

Class level 8.85 9.13  8.94 9.16  9.73 9.16 

Student level 107.92 15.45  107.83 15.44  100.67 14.44 

         

-2*loglikelihood:  864.36  864.33  857.42 

gmc: grand-mean centered 

 

Figure 2 shows how this negative interaction effect can be interpreted. On the X-

axis, the ability scores on the pretest are reported and on the Y-axis the ability scores on 

the posttest. Figure 2 contains two lines. The dark line represents the estimated posttest 

scores for students who for whom the teachers had set a positive change and the light line 

the estimated posttest scores for the students for whom there was no change. As can be 

derived from Figure 2, the crossing lines indicate that the positive changes influenced the 

posttest scores differently for initially low and high performing students. The initially low 

achieving positive change students were found to perform better than the low performing 
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students for whom no change was made by the teacher, whereas the contrary was found 

for the initially high achieving students. Initially high achieving students for whom the 

initial expectations and final goals were the same, were found to perform better on the 

math posttest than the positive change students. The crossing point of the lines is at 57.8, 

which is rather close to the average mean score on the pretest (M=56.7). 

 

 

Figure 2: Posttest estimates for the initially low and high performers 
 

Checks for robustness of the findings 

In this study we used the propensity score algorithm Caliper matching 0.2 without 

replacement. However, as Caliendo and Kopeining (2008) note, ‘asymptotically all PSM 

estimators should yield the same results’ (p. 44). In order to check for the robustness of 

the PSM results, seven additional algorithms were used. 6  Five of these yielded a 

significant negative interaction effect of positive change x math pretest: initially low 

performers profited from positive changes, whereas initially high performers did not. 

This means that in total six out of eight PSM algorithms resulted in the same impact of 

positive changes for low and high achievers. The two deviating results came from the 

Caliper matching 0.2 with replacement, using both class- and student-level variables 

                                                   

6
 The following seven algorithms were used: a) Caliper 0.2 with replacement with class and student 

variables, b) Caliper 0.2 with replacement with only student variables, c) Caliper 0.2 without 

replacement with only student variables, d) Caliper 0.1 without replacement with class and student 

variables, e) Nearest Neighbor without replacement with class and student variables, f) Nearest 

Neighbor with replacement with only student variables, and g) Nearest Neighbor without replacement 

with only student variables. 
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and Caliper matching 0.1 without replacement, using both class- and student-level 

variables. The first matching algorithm led to a positive main effect of the positive 

change and no significant interaction effect (positive-change group: N=63; control group: 

N=46). The Caliper matching 0.1-algorithm, with a smaller tolerance level, did not 

support a significant interaction effect. However, the interaction effect was only just 

insignificant and analyses were conducted based on 53 students in both the positive-

change and the control group. The lack of significance might, therefore, partly be caused 

by somewhat lower statistical power. 

 

2.5 Discussion 

 

2.5.1 Main findings 

In the current study it was investigated whether relationships could be identified 

between well-considered teacher-set performance goals, positive changes, and students’ 

mathematical achievement. Our hypothesis was that high, well-considered goals were 

associated with higher student performance (Hypothesis 2). The rationale behind this 

was as follows: Using team collaboration and performance data in the goal setting 

procedure enabled teachers to refine their initial expectations and to come to final 

performance goals that were carefully thought through. Such performance goals were 

generally assumed to lead to more targeted teaching, which resulted in better student 

outcomes. In addition, the step-by-step procedure was designed to decrease negative 

expectation bias, which was considered to result in better-suited instruction and more 

opportunities to learn for students. Confirming the earlier findings of Locke and Latham 

(2002) and Fuchs and colleagues (1985), the results of multilevel analysis showed that 

setting higher performance goals indeed related to better math achievement of the 

students, with an effect size of d=.80. This could be considered a strong relationship, in 

terms of Cohen’s classification. Hypothesis 2 was thus confirmed. 

At the end of a step-by-step procedure, the performance goals were set in terms of 

five performance categories. Descriptive analyses of this goal setting procedure indicated 

that teachers retained their initial expectations for most students (N=198). Yet for more 

than a quarter of the students (28%), teachers changed their initial expectations, 

indicating that the use of two data sources, performance data and team input, triggered 

further reflection on students’ capacities. These findings suggested that teachers used the 

information provided by the step-by-step procedure, which is in line with Hypothesis 1. 

Most of these changes led to a higher final goal than the initial expectation (for 70 of 276 
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students). It was expected that such positive changes indicated either minimized negative 

expectation bias, meaning that inaccurate low teacher expectancies were adjusted, or 

positive expectation bias, suggesting that teacher expectancies became a little bit too 

positive. 

The third research question concerned the relationship between positive changes 

and students’ math achievement and the differential effects of such positive changes for 

initially low or high math performers. For this purpose, the students for whom there was 

a positive change were matched, using propensity score matching, to comparable 

students for whom the initial expectation and the final goal were the same. This led to 

two similar groups, containing 57 students in each condition. Impact analyses were 

conducted using multilevel analyses. Although no main effect of the positive change was 

found, a negative interaction effect was identified. This negative interaction effect 

indicated that the positive change positively influenced the posttest scores of initially low 

performers, but affected those of initially high performers in a negative way. The 

hypothesis that positive changes would lead to better student achievement was thus only 

partially confirmed. 

 

2.5.2 Interpretation of the results 

In response to question 1, a strong relation between (high) performance goals and 

students’ math achievement was found. However, we should refine this finding 

somewhat. Although we aimed to take into account important information on initial 

differences between students (mathematics performance levels and general academic 

capabilities), teachers probably also took other student characteristics, like their daily 

work, classroom behavior, motivation, effort, concentration, and self-esteem, into 

account while setting the goals. Given the assumption that the teacher expectations 

incorporated more features than only academic achievement, it is difficult to draw 

conclusions from the general goal-achievement relationship on the ambitiousness or 

accuracy of such high goals. Slavin (1990) argued in this respect that additional teacher 

knowledge might lead to the accurate expectation that the mathematical potential of two 

students may differ despite their identical scores on standardized cognitive pretests. 

Goals that were considered high in our first multilevel analysis might not be so high in 

reality and, therefore, might not reflect high expectations. Focusing on ‘positive changes’ 

provided more information in this respect. Since teachers were asked to state their initial 

expectations at the beginning of the goal setting procedure, it was probable that they took 

all kinds of student characteristics into account at that point. During the step-by-step 
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procedure, this initial expectation was refined, leading to higher final goals for a quarter 

of the students. Investigating the relationship between such positive changes and student 

performance was assumed to provide more information on whether a higher level of 

ambition, or perhaps a lower level of negative expectation bias, would benefit students’ 

achievement.  

The interaction model showed that initially weak achievers profited from the 

positive change in that they achieved better, whereas the initially stronger students were 

found to score lower. Two underlying mechanisms might have played a role. It is possible 

that the step-by-step procedure led to a decrease in negative expectation bias for the low 

achieving students. As a result, the final goals for these students could be considered 

more accurate and teachers’ instruction might have better suited students’ actual 

performance levels. For the high achieving students, teachers might have assigned goals 

that were too ambitious, indicating positive expectation bias, while overlooking the need 

for extra help that would enable these students to actually perform at the higher level. 

Setting higher goals than their initial expectations for their average or advanced students 

might have caused the teachers to give these students more challenging tasks without 

providing the additional support that might have been needed for the students to succeed 

in these tasks. Thus, although the teachers became more ambitious in their goals, the 

effectiveness of these positive changes could have depended on the teachers’ acting on 

these ambitious expectations. 

Positive shifts in final goals do not necessarily reflect a shift from negative 

expectation bias to neutral, accurate expectations for low performers. Another possible 

explanation is that the teachers, having their more ambitious goal in mind, provided 

more opportunities to learn to these low achievers, for instance, by giving them 

additional instruction, by informally assessing their knowledge more often, by giving 

them more feedback, by encouraging them more, or by letting them answer questions 

more often (Rosenthal, 1994; Good & Brophy, 2003). The (subtle) ways in which these 

positive expectations tend to be communicated are expected to lead to better student 

outcomes. The fact that particularly low achievers profited from such modified teaching 

is in line with Madon, Jussim, and Eccles (1997), who found that both positive and 

negative expectations were more strongly related to the performance of low-achieving 

students than to that of high achievers. Low achievers are, therefore, assumed to be more 

susceptible to high or low teacher expectations.  

Whatever underlying mechanisms (reduced negative expectation bias or positive 

expectation bias, or both) could explain the findings of this study, the positive changes 
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led to convergent differentiation, meaning that differences between student 

achievements got smaller. Due to the teachers’ efforts to raise the bar for and adjust their 

instruction to better fit the struggling students, the achievement levels of these students 

increased. However, everything has its price. A focus on the low-achieving students 

probably prevented teachers from making sure that the high achievers for whom they had 

positive expectations were sufficiently supported, possibly due to time constraints. 

 

2.5.3 Limitations 

Some limitations to our study should be addressed. A first limitation was that no 

information was obtained on whether and how setting the goals was translated into 

modifications of classroom instruction by the teachers. We thus do not know how 

working with goals was implemented by the teachers, although such information would 

have helped to understand our findings. Since the subtle ways of communicating teacher 

expectations might be difficult to structurally observe, more qualitative research 

methods, like in-depth interviews and teacher logbooks on how teachers aimed to reach 

their goals, would have helped to extend our knowledge on what makes (high) goals and 

positive shifts effective, and for whom.  

Using interviews to gain information on teachers’ motivation for assigning specific 

goals for specific students might further have added to our knowledge of the mechanisms 

that were involved in the goal setting procedure, and might, therefore, further have 

helped explaining the relationships between (high) performance goals, ambition and 

student achievement. For instance, knowledge of the student characteristics that teachers 

bear in mind while determining their goals, but also of the teachers’ sense of self-efficacy 

might have helped to better understand the nature of (high) teacher expectations and 

goals in natural settings. High-efficacy teachers seem to have fewer negative expectations 

and are more flexible in adapting them (Tournaki & Podell, 2005). Moreover, they are 

supposed to have higher goal commitment (Locke and Latham, 2002). Understanding 

the influence of more student and teacher characteristics in the goal setting procedure 

might increase our knowledge of accuracy and positive/negative bias, although it should 

not be neglected that precisely determining the accuracy of teacher expectations in 

natural settings is difficult, given the chance of an omitted variable (Jussim & Harber, 

2005; Madon et al., 1997). 

A third limitation concerns the way we operationalized the goals. In our study 

teachers were asked to determine the desired performance levels without involving the 

students in this goal setting process and without informing the students on what goals 
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the teachers had set for them. Students only played a passive role in this set-up: teachers 

wanted them to reach some tacit performance goals. However, as Sadler (1989) argued, 

students ultimately have to close the gap between the actual and the desired level 

themselves. As such, students should be aware of what skills and knowledge they are 

expected to master, what their actual level of performance is and what steps should be 

taken to reduce the gap. By involving students in monitoring and assessing their own 

learning activities, students are invited to play an active role in their own learning 

process and relevant feedback can be given to them (Hattie & Timperley, 2007). Students 

are expected to profit more from high goals when they are engaged in the goal setting 

process, fostering both teachers and students to take joint responsibility for reaching 

them. A concomitant advantage might be that teacher intentions and the implementation 

of goal-attainment strategies could become more visible, as teachers probably discuss the 

goals and approaches to reach them with the students on a regular basis. As such, making 

students knowledgable of their desired proficiency level could enhance our knowledge on 

whether and how teachers try to reach the goals.  

 

Final remarks 

In the current study, the relationship between high goals, positive changes, and 

student achievement were investigated. In order to promote well-considered goals a step-

by-step procedure was developed, in which teachers were encouraged to think carefully 

about each student’s potential, not only taking into account their earlier performances 

but also discussing socio-emotional, instructional, and motivational approaches and 

strategies with their colleagues. This renders the current study an example of research 

within a broad interpretation of data use (Schildkamp & Kuiper, 2010) in which the full 

picture of students and their abilities played a role. 
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Chapter 3 

 

Differentiation practices in grade 2 and 3: variations in teacher 

behavior in mathematics and reading comprehension lessons 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A revised version of this chapter has been submitted for publication as  

Ritzema, E.S., Deunk, M.I., & Bosker, R.J. (under review). Differentiation practices in 

grade 2 and 3: variations in teacher behavior in mathematics and reading 

comprehension lesson.  
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Abstract 

This study was focused on the differentiation practices of second- and third-grade 

teachers in mathematics and reading comprehension. Preconditions for differentiation, 

classroom organization, and how teachers dealt with students of different ability levels 

were investigated through observations, using a time-sampling instrument. Data of 43 

teachers, from 19 schools, show the importance of taking context factors into account. 

The study also focused on how students of four different attainment levels were 

addressed by their teachers. It was found that teachers mostly adapted teaching to 

struggling students by addressing them more, in a content-related way. Advanced 

students received additional attention less often. 

 

3.1 Introduction 

Every teacher is confronted with students who differ in their cognitive abilities. As 

a consequence, the teacher has to adapt his/her teaching to the diverse student needs 

(Corno, 2008; Vogt & Rogalla, 2009), thereby creating a responsive educational 

environment. Differentiation provides an educational tool for arranging such educational 

conditions. Or, as Bosker (2005) puts it, without differentiation, teaching will not be 

adaptive: differentiation is the essential part of a teaching process that optimally tailors 

instruction to students’ needs. Tomlinson et al. (2003, p. 121) define differentiation as an 

“approach to teaching in which teachers proactively modify curricula, teaching methods, 

resources, learning activities, and student products to address the diverse needs of 

individual students and small groups of students to maximize the learning opportunity 

for each student in a classroom”. This definition pertains to a broad array of student 

differences (e.g., student performance levels, interests, and learning styles); however, the 

current study was focused solely on how teachers deal with differences in student 

performance levels.  

In recent years, there have been concerns about the quality of the differentiation 

practices of Dutch teachers (Educational Inspectorate, 2008b, 2010, 2012). Only 48% of 

the schools in a representative sample were judged to sufficiently differentiate on all 

items used to measure differentiation practices (Educational Inspectorate, 2013a). 

Further, it was reported that flexible adjustment of instruction to performance levels 

poses problems for Dutch teachers: because they have been found to insufficiently 

analyze, interpret, and act on student performance data, it is questionable whether the 

additional instruction that is provided optimally fits students’ needs (Educational 
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Inspectorate, 2010; 2013a). Given the importance of alignment between instruction and 

student performance level (Moon, 2005), the effectiveness of additional instruction 

which is not based on performance data is doubtful.  

The reports of the Dutch Inspectorate provide a general picture of how much 

teachers differentiate, but they do not provide detailed information on what happens in 

classrooms. In many (international) studies it also remains unclear how and how often 

teachers actually address learner differences with respect to instruction, learning time, 

and the difficulty of tasks. For instance, researchers who investigated grouping practices 

regularly drew conclusions that were not based on observations. Instead, teacher self-

reports of grouping practices were used to provide information about the relation 

between these practices and student outcomes (Condron, 2008; MacIntyre & Ireson, 

2002; Nomi, 2009; Tach & Farkas, 2006). Other researchers, some of whom used 

observational data for checking program fidelity, only focused on the grouping practice 

with respect to specific groups of students (Pierce et al., 2011; VanTassel-Baska, Zuo, 

Avery, & Little, 2002; Vaughn et al., 2003); they did not discuss what happened to the 

other students in the class. In short, naturally occurring differentiation practices are 

often not described in detail, leaving unanswered the questions what actually happens in 

class and how context factors might influence these practices. In the current study we 

aimed to provide, albeit in an explorative manner, such a picture of how teachers 

differentiate in heterogeneous classes in daily life. Differentiation practices in second- 

and third-grade mathematics and reading comprehension lessons were explored, 

specifically taking into account teacher behavior towards students of different 

performance levels and the influence of context factors - heterogeneity of the class, multi- 

or single-gradedness of the class, and the subject area.  

 

3.1.1 Differentiation practices 

One way of differentiating is to provide additional learning time to specific groups 

of learners. However, as Houtveen, van de Grift, and Creemers (2004) showed, it is not 

the mere provision of additional time, but the additional instruction that helps weak 

students forward. Such additional instruction might be organized through within-class 

grouping for specific subject areas. By establishing temporary homogeneous groups, 

teachers can manage heterogeneity by adapting their instruction to the ability level of the 

(small) group. Slavin (1987) and Lou et al. (1996) have shown that within-class ability 

grouping has positive effects on student performance. However, the formation of ability 

groups only facilitates effective differentiation if the teacher really adapts instruction and 
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materials to students’ performance levels (Lou et al., 1996). Flexible grouping is also 

stressed in this respect: it decreases the important disadvantages of grouping, like 

stigmatizing low achievers and offering these students different opportunities-to-learn 

(Nomi, 2009). Students should thus only temporarily be assigned to a group in order to 

master specific skills (Slavin, 1987); they should also be able to learn from their more 

able classmates during whole-class teaching (see Corno, 2008) or within heterogeneous 

small groups. 

These considerations are in line with some features of effective differentiation 

described by Tomlinson (2005): a) the use of classroom organization in such a way that 

the lesson includes time for whole-class, small group, and individual attention; b) the use 

of (formative) assessment to base instruction on; and c) the flexible use of time, space, 

materials, and instructional strategies. It is thus essential for effective differentiation to 

be fully embedded in the teaching practice (Bosker, 2005).  

Given the embeddedness of differentiation in the broad array of activities that 

comprise effective teaching, its appropriate implementation requires rather complex 

teacher skills (Slavin, 1987; Whitburn, 2001). In order to adjust teaching to the diverse 

needs of students and to put differentiation into practice, teachers not only have to be 

able to make well-informed instructional decisions, but they also need to possess good 

organizational skills. For instance, while tutoring a small group, the teacher has to make 

sure that the other students in the class not only work on relevant tasks, but also stay on 

task, without disturbing each other or the teacher. Teachers also have to manage time 

adequately, making sure that all students are addressed sufficiently and that there is 

enough time for whole-class teaching and evaluative moments at the end of the lesson, 

leaving room for reflection on the key lesson objectives for all students (Muijs & 

Reynolds, 2011). Further, regular monitoring of students’ activities during seatwork, 

thereby informally assessing students’ level of understanding, provides the teacher with 

relevant information that can be used to ensure alignment of additional instruction.  

Context factors like the subject domain, the heterogeneity of the class and its 

single- or multi-gradedness might influence how well teachers apply differentiation 

practices. For instance, in a heterogeneous class the teacher is confronted with a vast 

number of different performance levels. As a result, the teacher might feel the need to use 

more homogeneous performance groups than in a more homogeneous class. In a multi-

grade class heterogeneity is evident, since the teacher has to deal with two (or more) year 

groups. The subject domain might also influence differentiation practices: the 
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(cumulative) nature of a subject area and the way it is structured in the textbook might 

facilitate the use of differentiation practices. 

 

3.1.2  Context factors 

Heterogeneity  

Some classes contain more homogeneous ability levels than others. As several 

authors have argued (e.g., Hanushek & Wößmann, 2006; Huang, 2009), groups with a 

rather homogeneous ability level might facilitate teaching, since targeted instruction can 

be provided that matches all students’ needs sufficiently.7 However, when confronted 

with a class that contains a large degree of heterogeneity in ability levels, a teacher might 

feel forced to form ability groups. Working with larger numbers of ability groups might 

affect the amount of time students have to work on their own, resulting in less direct and 

intensive support (Wilkinson & Hamilton, 2003). Wilkinson and Hamilton (2003) refer 

in this respect to organizational constraints that influence the number of small groups 

and the diversity within these groups. They state that teachers feel frustrated when 

working with six or more ability groups. 

Multi-grade classes 

Multi-grade classes are not a typical Dutch phenomenon; they can be found in 

many countries, like Great Britain, Northern Ireland, Finland, Norway, Switzerland, 

Canada, Australia, USA, Nepal, and Peru (Little, 2004; Mulryan-Kyne, 2007). As 

mentioned above, multi-grade classes are heterogeneous by nature. Since they contain at 

least two year groups, they also contain at least two grade-specific learning objectives. 

Several American studies have found that multi-grade students were positively selected, 

meaning that students with higher academic ability and more positive and independent 

behavior were assigned to multi-grade classes (Burns & Mason, 2002; Thomas, 2012). 

This is assumed to facilitate teaching, since teachers can stick to two curricula and need 

not use further ability-grouping in the specific grades to address all students’ needs. Yet 

                                                   

7
 Despite the possibility of providing more targeted instruction, Huang (2009), Hanushek and 

Wöβman (2006), and Ireson and Hallam (2001) show that homogeneous grouping has differential 

effects, leading to greater inequalities at the expense of low-achieving students. Due to a slower pace 

and lower instructional quality (Huang, 2009; Ireson & Hallam, 1999), homogeneous grouping often 

negatively affects low achievers. 
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these selection processes were not found to be present in the Netherlands (Veenman, 

1997).  

It is widely acknowledged that teaching multi-grade classes is more difficult than 

teaching single-grade classes, because of the two curricula, more preparation time, and 

organizational challenges (Mason & Burns, 1997; Veenman, 1997). Students are further 

left to work independently for longer, due to the two curricula that are taught (Mason & 

Burns, 1997). With respect to grouping practices, the Dutch Inspectorate of Education 

has found that teachers adapt their instruction less often to students of different 

cognitive levels in multi-grade classes than in single-grade classes (63% and 68%, 

respectively), possibly as a result of the high-quality classroom management skills 

required (Educational Inspectorate, 2013b). Especially in small schools, where multi-

grade classes consisting of more than two grades are common, teachers seem to 

experience difficulties in adapting teaching to students’ needs (Educational Inspectorate, 

2013a; 2013b). 

Subject area 

Another context factor that might play a role in the implementation of 

differentiation practices is the subject area at hand. In the differentiation literature, 

findings are often reported that only pertain to one subject area, like mathematics (e.g., 

Houtveen et al., 2004; Leonard, 2001; Pierce et al., 2011; Tieso, 2005; Whitburn, 2001) 

or reading (e.g., Condron, 2008; Connor et al., 2009; Nomi, 2009; Reis, McCoach, Little, 

Muller, & Kaniskan, 2011; Tach & Farkas, 2006). However, the nature of the subject area 

(being either cumulative and well-structured or multidimensional and less systematic) 

might influence the use of differentiation practices. A study on differences between 

teacher behavior in mathematics and reading lessons, showed that math lessons tend to 

be more structured (Wiley, Good, & McCaslin, 2008).  

A recent study by Nurmi, Viljaranta, Tolvanen, and Aunola (2012) on whether 

Finnish teachers adapt their instruction based on the performance levels of first-grade 

students also took both subject domains into account. Here, the subject domain appeared 

to affect teacher behavior. Although students’ low achievement levels led to a greater 

amount of active instruction by the teachers in both reading and math, the teaching of 

the subjects was different. Unlike Wiley et al. (2008), Nurmi et al. (2012) found that 

Finnish reading lessons consisted of well-structured instruction and teacher-directed 

activities, whereas the mathematics lessons were more freely structured and contained 

more variation in instruction. 
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Comparing Dutch teachers’ uses of differentiation practices in these two subject 

domains it is found that these practices are used more frequently in mathematics than in 

reading lessons. During math lessons, 70% of the teachers differentiated in task-difficulty 

and/or provided extended instruction to the low performers (Educational Inspectorate, 

2010). Differentiation practices were found to a lesser extent during reading 

comprehension lessons. These lessons consist mainly of whole-class teaching, and 

specific attention to struggling readers through extended instruction is rare (Houtveen, 

2002). Teacher self-reports on how they organize the classroom during reading 

comprehension lessons confirm this picture: in grades 2 and 3, 40% of teachers provide 

only whole-class teaching, whereas 50% only tailor tasks to ability levels during seatwork 

(van Berkel et al., 2007). This difference between the two subject domains might (partly) 

be explained by a difference in curricular textbooks: the math curricular textbooks offer 

suggestions for grouping and task-selection, whereas reading textbooks often do not 

(Educational Inspectorate, 2008a; 2010; Kuiper & Palma, 2012). 

In investigating the use of differentiation practices, it is thus important to 

acknowledge that context factors can influence the findings. Furthermore, a detailed 

description of differentiation can only be made when teaching practices directed at 

different types of students are taken into account. Information on teacher guidance of 

students of different performance levels provides a more fine-grained picture of 

differentiation practices in (heterogeneous) classes. 

 

3.1.3 Differentiation practices targeting specific types of students 

Several studies have been carried out to investigate how teachers deal with 

students of different performance levels. Reezigt, Houtveen, and van de Grift (2002) 

examined the implementation and effects of adaptive teaching. To investigate its 

implementation, 69 observations were done in the final year of kindergarten and grade 1. 

During each lesson, three types of students were observed: low-performing, high-

performing, and students with behavioral problems. The observations showed that 

teachers did not address weak and strong students differently regarding the tasks at 

hand, students’ setting, and the number and types of utterances to the students. Teachers 

thus had similar interactions with weak and strong students. Only the students with 

behavioral problems received more teacher attention, mostly referring to their behavior. 

Jurik and colleagues (2013) found a different pattern in a more recent, German study. 

They observed how different types of students were engaged during science lessons, and 

found that teachers interacted more with high-performing students who were highly 
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interested. These findings confirm earlier results from Good and Brophy (2003), who 

reported that teachers engage high-performing students to a greater degree in their 

lessons. However, Nurmi et al. (2012) found the opposite. In their study, based on 

teacher logs, they found that teachers mostly adapted their teaching to poor-performing 

students by giving them more active instruction. In the Dutch context, differentiation was 

also found to mostly focus on raising the bar for struggling students, leading to more time 

and instruction for these low performers (Educational Inspectorate, 2013a). 

Summarizing these findings, it can be concluded that, up to now, no clear picture exists 

of how much and in what ways teachers actually address students of different 

performance levels.  

 

3.1.4 Research question  

It is widely accepted that differentiation is needed in order to help students of 

different performance levels reach their potential. However, using differentiation is not 

an easy task, especially in very heterogeneous groups, like multi-grade classes. 

Furthermore, differentiation is not a generic skill: its implementation may be influenced 

by the learning domain at hand and may differ for students of different levels. These 

considerations led to the following question:  

 

In what ways and under what conditions do teachers use differentiation practices in 

their mathematics and reading comprehension lessons in grades 2 and 3?  

 

To answer this question, two sub-questions were formulated: 

 

1. To what extent does the use of differentiation practices relate to context factors, like 

heterogeneity of achievement levels, type of class (multi- or single-grade), and 

subject domain? 

2. How do teachers differentiate between students of varying achievement levels? 

 

We expected mathematics and reading comprehension lessons to be structured 

differently: reading comprehension lessons were expected to contain more whole-class 

teaching and less extended instruction (Educational Inspectorate 2010; van Berkel et al., 

2007). We hypothesized that this would result in less differentiation during reading 

comprehension lessons. We further expected less differentiation in multi-grade classes, 

because teachers already have to manage two or more year groups in these classrooms, 
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and are, therefore, less likely to create (multiple) ability groups within the individual year 

groups (Educational Inspectorate, 2013a). Despite the contradictory findings on the 

relation between student performance and amount of teacher attention given, the fact 

that the Dutch Inspectorate found convergent differentiation in 82% of schools 

(Educational Inspectorate, 2010) led us to hypothesize that struggling students would be 

addressed most frequently and receive most additional instruction, compared with 

average and high-performing students. 

Differentiation was examined at two levels: class level and student level. At class 

level, preconditions for the implementation of differentiation, being a well-managed 

classroom, providing a content-rich lesson, and informal assessment and opportunity to 

provide additional instruction by walking through the classroom during seatwork, were 

investigated, as was classroom organization related to differentiation (grouping practices 

and the provision of extended instruction); contextual factors were taken into account. At 

student level, the activities different types of students were engaged in, as well as the type 

and amount of teacher talk provided to these types of students, were investigated.  

 

3.2 Method 

 

3.2.1 Participants 

In order to avoid selecting a group of teachers who did not use any relevant 

differentiation practices, we selected teachers who were likely to use these practices, at 

least to some extent. Therefore, the observational data on naturally occurring 

differentiation practices were collected in the context of a professional development 

program (PDP) on data use. One of its components, the use of performance goals, is 

supposed to make teaching more targeted, since teachers know what performance levels 

they are aiming at. Given the different aims for their students, the participating teachers 

were expected to adapt instruction, opportunity to learn, time on task, and task difficulty, 

thereby tailoring the educational environment to their students’ educational needs. In the 

current observational study, it was explored how this selective group of teachers, who 

were expected to be able to implement differentiation because of their participation in a 

PDP in which relevant preconditions for differentiation were fostered, used 

differentiation practices in their lessons.  

In the current study, 43 teachers of grades 2 and 3 from 18 schools in the northern 

part of the Netherlands were systematically observed during both a mathematics and a 

reading comprehension lesson. Teachers in this part of the country seem to master 
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complex skills, like adaptive teaching, to a lesser extent than elsewhere in the 

Netherlands (Educational Inspectorate, 2013b). This is deemed problematic, since the 

number of small schools containing multi-grade classes is relatively high in this area, and 

is expected to rise even further as a consequence of demographic contraction. 

Observations took place in April/May 2012. Forty-one teachers were observed 

during a math lesson. Of these 41 math lessons, 23 observations were directed at grade 2 

and 18 observations were directed at grade 3. Since not all of the participating teachers 

taught reading comprehension, the reading comprehension lessons of 32 teachers were 

observed. Here, 17 observations concentrated on grade 2 and 15 on grade 3. Information 

on the classes is given in Appendix A, in which an overview of the schools, teachers, 

classes, and numbers of students in class is provided. The latter is specified both by the 

total number of students that were present in class during the observation as well as the 

total number of students in the observed grades. Differences between these two numbers 

of students are caused by the multi-or single-gradedness of the class: the sample 

consisted of 48 multi-grade classes and 25 single-grade classes. The multi-grade classes 

contained either the grades 1 and 2 (, and 3), the grades 2 and 3, or the grades 3 and 4. 

Although these multi-grade classes contained two or more grades, all lesson observations 

focused on only one specific grade and the students therein.  

Seven schools in the sample were categorized as small schools, with a student 

population of less than 100 children. Small schools generally have multi-grade classes, 

sometimes containing more than two grades. In these small schools, class size is 

generally smaller than the average Dutch class size (22.6 students in 2011-2012). Most 

classes in our sample had a class size comparable to this average Dutch class size: The 

average number of students present in class during the observations was 21.7 (SD: 6.0), 

whereas the average number of students in the observed grades was smaller, 14.3 (SD: 

8.5). Sixteen percent of the classes had 15 students or less, and seven percent had more 

than 30.  

 

3.2.2 Differentiation variables: Observation instrument  

A time-sampling instrument, based on Kooiman et al. (2005), was used to 

conduct the observations; discrete teacher behavior and student activity were observed. 

Every two minutes, observations were conducted in blocks of one minute, with gaps of 

one minute to code what was observed. During every coding moment, four teacher 

variables were scored: a) teacher talk, b) the specific student/group of students that was 

addressed by the teacher talk, c) the position of the teacher, and d) classroom 
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organization. In addition, the lesson activities of four selected students of different 

achievement levels were scored. Table 1 provides an overview of the categorical variables 

that were measured using the time-sampling instrument. The results for the three 

variables teacher talk, position of the teacher, and classroom organization were used to 

answer sub question 1. Sub question 2 was answered using information on the variables 

teacher talk, student(s) addressed by the teacher talk, and lesson activities of four 

selected students.  

For all variables, the situation at the start of the observation minute was scored, 

also when the situation changed during the minute. An exception was made for the 

variable teacher talk: during the minute of observation, the first utterance belonging to 

categories 1-3 was scored (task at hand, explanation, content-related questioning or 

organization). The category other was scored only when, during the observation minute, 

no teacher utterances could be scored as category 1-3. Regarding teacher talk, the 5 

original categories were merged into three broader categories. Categories 3 and 4 

(organization and other) differed from categories 2A and 2B (explanation and content-

related utterance) in the sense that the former were not content-related, whereas the 

latter were. The category task-related was unique in nature. Teacher talk that refers to 

the task at hand is indeed task-related, but is not really related to content and may also 

have an organizational character, as in ‘We’ll start with exercise 1, page 14’. The three 

categories of teacher talk – content-related, organizational, and task-related - are used 

throughout the remainder of this article.  

The observers  

The observations were conducted by four observers: two researchers and two 

research assistants who had been trained prior to the actual observations. Training in the 

use of the time-sampling instrument consisted of discussions on the categories and 

conventions, and work on video material. After the training, inter-rater reliability for the 

time-sampling was considered sufficient (Cohen’s kappa=.82).  

Other variables: Context factors 

In order to answer the first sub-question, regarding the relation between differentiation 

practices and context factors, three context factors were taken into account: 1. subject 

domain, 2. single- or multi-gradedness of the class, and 3. heterogeneity of the class. For 

the subject domain, a dummy variable was used, using reading comprehension as the 

reference group. Single- or multi-gradedness of the class was also coded using a dummy 

variable (single-grade class being the reference group). In multi-grade classes, only one 
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of the two (or more) grades was observed. Classes that normally consisted of two grades, 

but only contained one year group during the observed lesson, were coded as single-

grade for that specific lesson. This means that the same multi-grade class might be coded 

as multi-grade for math (that is, two grades were in the same classroom during the math 

lesson), but as single-grade for reading (that is, there was only one year group attending 

class during the reading lesson; the other year group was outside of the classroom). Class 

heterogeneity was calculated by taking the standard deviation of the pretest scores on the 

standardized mathematics or reading assessment from the Cito LOVS assessment system 

(Janssen, 2010; Feenstra, 2010). This standard deviation was based on the pretest scores 

of students in the observed class. This entailed that in a multi-grade class, the standard 

deviation was based only on the results of students in the observed grade.  

Selected students 

Part of the observation instrument was focused on teacher activities directed 

towards students of four different achievement levels. Before the observations, four 

students were selected in each class based on prior achievement: a very weak, weak, 

average, and advanced student. As indicators of prior achievement, students’ scores on 

the standardized assessment for mathematics or reading comprehension (RC) were 

used.8 The criteria used for defining the performance levels of the four students were 

derived from the proficiency-classification used in the standardized assessment system 

for math and reading comprehension, used by the Netherlands Institute for Educational 

Measurement (‘Cito’). This norm-referenced classification consists of five categories, 

ranging from category A to E, where proficiency scores within category A represent the 

proficiency scores of the highest performing Dutch students in a specific subject domain. 

Category E represents the proficiency scores of the lowest performers. For the purpose of 

this study, students were considered very weak if their proficiency scores corresponded to 

that of the lowest 10% of Dutch students (a so-called ‘E-score’), they were considered 

weak if their scores corresponded to that of approximately the lowest 40% of Dutch 

students (the so-called ‘D- and low C-scores’), excluding the lowest 10% (the E-scores). 

Students having a proficiency score similar to that of the 25% highest scoring Dutch 

                                                   

8
 Regarding reading comprehension, no achievement information, i.e., no scores on the 

standardized assessment, was available for the students of three teachers, as their schools did not use 

these assessments prior to the PDP. In these three classes, the teachers were asked to name two 

students for all four performance levels (very weak, weak, average, and advanced). From each pair of 

students, one student was randomly selected and observed. 
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students could be selected as advanced (a so-called ‘A-score’), and average students were 

assumed to be performing at the level between the lowest 40% and highest 25% of 

proficiency levels (the so-called ‘high C or B scores’). 

If students in the class did not neatly fit the descriptions for very weak, weak, etc., 

the students closest to these descriptions were selected, assuming that in each class there 

are relative differences between students and that teachers are supposed to adapt their 

teaching to these relative differences. Thus, although a student might not perform at a 

very weak level in an absolute sense, he/she does in a relative sense: For the teacher this 

student still is the weakest student, with the most instructional needs. Since a student’s 

performance level may vary depending on subject area, the students selected for 

mathematics and reading comprehension were not necessarily the same. Teachers were 

not aware that specific students were being observed to make sure that teacher activities 

directed towards the students were business as usual. To enable the observers to identify 

the selected students, teachers were asked to provide a schematic overview of the 

classroom before the lesson started.  
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Table 1: Overview of Variables used in the Time-Sampling 
Variable Categories Explanation 
1. Teacher 
talk 

1. Task at hand Teacher refers to the task at hand (e.g., ‘We’ll 
start with exercise 1, page 14’, ‘Now, we are going 
to do some mental arithmetics’) 

2A. Explanation 
pertaining to content 

Teacher provides information on the task, 
strategies, and solutions (e.g., ‘18 times 6. To 
solve this, you can take two steps. First, you 
calculate 10*6 and then 8*6’) 

2B. Content-related 
questioning 

Teacher asks for information on the task, 
strategies, and solutions (e.g., ‘How much is 
6*8?´/‘How did you solve it?’) 

3. Organization Teacher refers to the general sequence of the 
lesson or conditions for working (e.g., ‘Maria, 
please pay attention’ or ‘You can come to me 
after the whole-class instruction’) 

4. Other Other teacher behavior 
2. Position 
of the 
teacher 

1. In front of the class Teacher is standing or sitting in front of the 
students 

2. At a student’s table or a 
group of tables 

Teacher is standing or sitting with a small group 
of students or a single student 

3. Walking around Teacher goes round the class 
4. At the desk Teacher sits at the desk  
5. Other Teacher position is not 1-4 (e.g., the teacher 

teaches the other year group in a multi-grade 
class or is outside of the class) 

3. 
Classroom 
organization 

1. Whole-class instruction Whole class is taught by the teacher 
2. Extended instruction Some of the students receive extended 

instruction, the other students do seatwork 
3. Seatwork Everybody does exercises on their own 

(individually, in pairs, or small groups) 
4. Student 
who is 
addressed 
during 
teacher talk 

1. Very weak student Selected student, minimum level  
2. Weak student Selected student, basic level 
3. Average student Selected student, proficient level 
4. Advanced student Selected student, advanced level 
5. Other student Non-selected student 
6. Group of students/ 
whole class 

The whole class or a (small) group of students 

7. Other a colleague or students in the other grade in a 
multi-grade class 

5. Activity 
very weak 
student 
 
(the same 
for weak, 
average, and 
advanced 
students) 

1. Whole-class teaching Student is engaged in whole-class learning  
2. Extended instruction Student receives additional instruction in a small 

group  
3. Individual teacher 
instruction 

Student receives additional, individual 
instruction or is working individually with the 
teacher 

4. Without teacher 
guidance 

Student works on his own or with a peer 

5. Other Student is outside the classroom or is working on 
exercises from a different subject area. 
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3.3 Analyses  

In order to investigate the relations between differentiation practices and the 

context factors, nonparametric tests (Kruskal Wallis, Mann Whitney U, Wilcoxon Signed 

Rank) and correlations were used. Multilevel analyses were used, with the help of MLwiN 

software, to answer sub-question two, taking into account the nesting of the four selected 

students in a teacher. In these multilevel analyses, the performance level as well as four 

covariates were taken into account: heterogeneity of class (=standard deviation of pretest 

scores on standardized mathematics or reading assessment), multi- or single-gradedness 

of the class, subject domain (mathematics or reading comprehension), and year group 

(grade 2 or 3). Prior to the analyses, the normality of the residual distributions was 

checked. These were deemed acceptable. 

 

3.4 Results 

The Results section is structured as follows. First, the preconditions for 

differentiation and classroom organization are discussed by taking into account all 

teacher activities during the complete lessons. This means that teacher activities could be 

directed to any of the students present in the observed class. After this general overview 

of teachers’ differentiation practices, we focus on the observed teacher behavior towards 

the four selected students in every class. Such a closer examination provides us with 

information on how different types of students were actually addressed during the lesson. 

Content-relatedness of teacher talk 

In total, 1.865 teacher utterances were scored during all observed lessons. The 

amount of teacher talk that was related to task, content, or organization is presented in 

Table 2. Of all observed teacher talk, 44% was content-related, and 41% was 

organizational. The latter means that teachers spoke to their students in class in an 

organizational way, did not address any of the students in the observed grade (for 

instance, in multi-grade classes where the observed grade was doing seat work, while the 

teacher instructed the non-observed grade), or only addressed them by making ‘empty’ 

remarks, like “Good job, July”. The columns under SD show the differences among 

teachers’ scores. Since the standard deviation is rather large, it can be concluded that 

there is substantial variation between teachers: some teachers mainly focused on content 

while others referred to organizational matters more often. Nonparametric significance 

testing showed that teachers used significantly more content-related teacher talk in the 

RC lessons (Mdn=49.19) than in the math lessons (Mdn=38.46, Z=-2.44, p=.015). 
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Teachers further used significantly more organizational teacher talk during their math 

lessons than in the RC lessons (MdnMath=46.43, MdnRC=33.37, Z=-2.75, p=.006). 

Regarding the type of class, no significant differences were found between teachers’ 

reference to content in single-grade classes and multi-grade classes (Mdnsingle=46.67, 

Mdnmulti=41.66, U=483.5, Z=-1.36, p=.18), whereas teachers used significantly more 

organizational talk in multi-grade classes than in single-grade classes (Mdnmulti=46.55, 

Mdnsingle=33.33, U=429.5, Z=-1.98, p=.047). The heterogeneity of the class also was 

found to play a role in teachers’ content-related and organizational talk. Teachers’ talk 

was more content-related (ρ=.39, p<.05) and less organizational (ρ =-.32, p<.05) in 

classes with high heterogeneity than in classes that were more homogeneous. 

 
Table 2: Mean % of Type of Teacher Talk for the two Subject Domains and Class Types  

  Task-related  

(1) 

 Content-

related 

(2A+B) 

 Organiza-

tional  

(3+4) 

 N M SD  M SD  M SD 

Mathematics 41 13.8 10.2  39.8 16.9  46.4 18.2 

Reading 

comprehension 

32 15.7 10.6  49.8 17.0  34.4 17.6 

          

Single-grade 25 16.9 10.2  47.7 14.2  35.3 14.1 

Multi-grade 48 13.6 10.3  42.4 19.0  44.2 20.4 

          

Total 73 14.63 10.3  44.2 17.6  41.2 18.8 

 

Teacher position: Walking the rounds 

Our findings on the amount of walking around, a precondition for well-aligned 

differentiation, showed that, on average, the teachers walked around for 19% of the time. 

Again, there were large differences between teachers: some did not walk around at all 

(n=9) and some did so for over 40% of the time (n=5). When we compared subject 

domains, we saw that teachers on average walked around 17% of the time during reading 

comprehension (Mdn=16.33) and 21% of the time during mathematics lessons 

(Mdn=19.36). This difference was not significant (Z=-1.86, p=.063). Although the 

median time spent on walking around was 23% in single-grade classes and 14% in multi-

grade classes, this difference was also not significant (U=444, Z=-1.82 p=.067). 

Heterogeneity of the class was not significantly related to the percentage of time spent on 

making rounds either (ρ =-.16, p>.05). 
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Classroom organization 

Having investigated the preconditions for differentiation, we examined classroom 

organization, specifically the use of extended instruction. The percentages of the lesson 

spent on whole-class instruction, small-group instruction, and seatwork are presented 

Table 3. On average, teachers spent almost 60% of the lesson on whole-class teaching 

and 10% on providing extended instruction to a small group of students; for 30% of the 

lesson, all students worked alone on math/reading tasks. The structures of the 

mathematics and reading comprehension lessons differed. In RC lessons, significantly 

more whole-class teaching took place (Mdn=67.20) than in math lessons (Mdn=50, Z=-

3.85, p=.000). The mean percentages in Table 3 show that teachers spent on average 

more time on extended instruction during the math lessons (13%) than during the RC 

lessons (6%). This difference was significant (MdnMath=0, MdnRC=0, Z=-2.07, p=.039). 

There is also significantly more time spent on seatwork in the math lessons compared to 

the RC lessons (MdnMath=38.89, MdnRC=22.83, Z=-2.53, p=.011). Single- and multi-

grade classes did not differ significantly regarding the amount of time spent on whole-

class teaching and extended instruction. However, they did differ significantly in the 

amount of time spent on seatwork: Students in multi-grade classes were left to work on 

their own for longer than in single-grade classes (Mdnmulti=36.71, Mdnsingle=23.08, 

U=422, Z=-2.07, p=.038).  

 
Table 3: Classroom Organization: Lesson Phases (% of Lesson Time) 

  Whole-class 

instruction 

 Extended 

instruction 

 Seatwork 

 N Mean SD  Mean SD  Mean SD 

Mathematics 41 49.9 16.0  12.9 17.4  37.2 19.5 

Reading 

comprehension 

32 70.1 16.4  5.8a 12.4  24.2 15.7 

          

Single-grade 25 61.1 15.9  13.2 15.9  25.6 15.2 

Multi-grade 48 57.5 20.5  8.0a 15.5  34.5 20.1 

          

Total 73 58.7 19.0  9.8 15.7  31.5 18.9 
a: Due to the skewed distribution of the data, SDs were found that were larger than the mean scores. 
The alternative central tendency, Mdn, equaled zero, which would have provided little insight in the 
observed occurrences of extended instruction in the math and RC lessons. 

 

Correlations between classroom organization and heterogeneity show that there 

was no significant relation between extended instruction and heterogeneity, but the 
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amount of whole-class teaching and seatwork was significantly related to heterogeneity. 

In more heterogeneous classes, the percentage of time spent on whole-class teaching was 

higher than in more homogeneous classes (ρ=.24, p<.05), whereas more time was spent 

on seatwork in more homogeneous classes (ρ =-.39, p<.05). 

A more detailed look at the occurrence of extended instruction shows that 

teachers provided extended instruction in 34% of all observed lessons (Table 4). In these 

lessons, extended instruction lasted on average almost 30% of the lesson, but again, 

teachers differed strongly in the amount of time spent on this instructional form. 

Regarding the two subject domains, a significant difference was found: teachers provided 

extended instruction to small groups of students more often in math lessons than in 

reading comprehension lessons(χ2=3.87, df=1, p=.049). In the lessons in which teachers 

provided extended instruction, the time spent on it was comparable in math and reading 

lessons (t=.48, df=23, p=.636). Comparing the provision of extended instruction in 

single- and multi-grade classes, we saw that it was provided in 13 multi-grade classes and 

in 12 single-grade classes. This difference is not significant (χ2=3.19, df=1, p=.074). In the 

classes in which extended instruction was provided, the mean percentage of time spent 

on extended instruction did not differ for multi- and single-grade classes either (t=-.37, 

df=23, p=.717). As regards the heterogeneity of the class, it was found that, if teachers 

provided extended instruction, then the teachers tended to give such additional 

instruction more often in more heterogeneous classes (ρ =.29, p<.05). Yet the percentage 

of lesson time spent on it did not relate to class heterogeneity. 

 
Table 4: Number of Lessons with Extended Instruction 

 No of 

lessons 

 No of lessons 

containing 

extended 

instruction 

 Extended instructiona  

(% of the lesson) 

 n  N  Mean (SD) Range 

Mathematics 41  18  29.4 (14.1)  11.5-60.7 

Reading 

comprehension 

32  7  26.5 (12.7) 9.7-45.2 

       

Single-grade 25  12  27.5 (10.9) 9.7-44.0 

Multi-grade 48  13  29.6 (16.0) 11.5-60.7 

       

Total 73  25  28.6 (13.5) 9.7-60.7 
a: Percentages based on lessons that contained extended instruction 
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3.4.1 Teacher behavior towards the four selected students 

Knowing how teachers organize their classroom only provides a general picture of 

how teachers create (differentiated) learning opportunities. A closer look at the kinds of 

activities different types of students are engaged in and how teachers address them gives 

a more complete overview of what happened with whom. 

When specifically investigating the activities that students of different 

performance levels were engaged in, we saw a slight tendency that the weaker students 

were the more extended instruction they received and the less they worked on their own 

during seat work (ρ=-.25, p<.05 and ρ =.16, p<.05 respectively). When we compared the 

average percentages of instructional activities that students of different performance 

levels were engaged in, we found no significant differences for these students regarding 

the amount of whole-class teaching, individual guidance, and seatwork they were 

engaged in (see Table 5). However, there were differences in the amount of extended 

instruction that was provided to the four types of students (Kruskal Wallis test, p=.00). 

When we compared the median percentages of time that was spent by the four selected 

students in small-group teaching, it was found that the advanced students received 

significantly less extended instruction than the other three types of students.  

 

Table 5: Setting of the Selected Students9  

  Whole-class Extended 

instruction 

Individual 

guidance 

Seat work 

 Na Mean% SD Mean% SD Mean% SD Mean% SD 

Very weak 70 57.3 19.5 7.6 13.4 1.4 7.3 31.9 17.9 

Weak 71 58.2 18.9 5.2 10.2 0.4 2.1 35.2 18.7 

Average 71 57.7 19.0 3.3 10.9 0.2 1.2 37.8 18.9 

Advanced 72 55.7 21.4 0.7 3.4 0.4 2.2 41.5 21.9 
a Since not all classes contained at least 4 students (see Table 2), the number of classes in 

which a certain type of student was available differed slightly 

 

The amount of teacher talk directed to the four selected students is presented in 

Figure 1. Teachers differed in the amount of talk they directed to the different types of 

students (Kruskal Wallis test, p=.005). Of the selected students, the very weak students 

were individually addressed most often (contrast testing, p=.00). Apparently, very weak 

                                                   

9
 Since the category other is not presented in Table 19, the sum of the percentages per type of 

student may deviate slightly from 100. This category was omitted from the table because it was hardly 

observed. 
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students received more attention from the teacher than students of higher ability, 

whether during whole-class teaching, small-group instruction, or individual guidance.  

 

 

Figure 1: Selected Students, Individually Addressed by the Teachers (%) 
 

Ultimately, we sought to determine whether the level of student performance 

predicted the type of teacher attention during the whole lesson. For this purpose, we 

conducted a multilevel regression analysis, taking into account the variance at two levels 

– teachers and the selected students. Since we were interested in whether teachers 

addressed students with varying performance levels differently during the lessons, we 

took all selected students into account. 

Six models are presented in Table 6. Models A1 and A2 related to whether the 

student performance level predicted the amount of task-related teacher talk.10 In model 

A1, the covariates multi-grade class, subject, and year group were added, but did not 

significantly predict task-related teacher talk. In Model A2 the student performance 

levels were added. Using a deviance test to assess model fit, it was concluded that Model 

A2 fitted the data better than model A1: p=.049, using a chi-square distribution with 

df=3, the outcome of the deviance test (7.85) was slightly higher than the critical value 

(7.81) for p=.05. It can be concluded that the weak and average students received 

significantly less task-related teacher talk than the very weak student, but this was not 

the case for the advanced student. Model B1 and B2 focused on whether student 

performance levels predicted content-related teacher talk. Model B1 presents a model 

containing the three covariates. In this model it was found that our selected students in 

the multi-grade classes received more content-related teacher utterances. In model B2, 

                                                   

10
 The types of teacher talk represent the full amount of teacher talk - either related to task, 

content, or organization - directed to the four types of selected students during the math or reading 

comprehension lesson.  
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the performance levels were added to the model. The asterisked negative regression 

coefficients for the weak, average, and advanced students indicate that these types of 

students received significantly less content-related teacher talk than the very weak 

students. Inclusion of the performance levels increased the fit of the model: p=.006, the 

outcome of the deviance test (12.4) was higher than the critical value (7.81) in a chi-

square distribution with df=3 for p=.05. Model B2 thus fitted the data better than model 

B1. In models C1 and C2 the organizational teacher talk is predicted. Apart from subject 

domain, none of the variables predicted organizational talk, leading to the conclusion 

that the amount of organizational talk was not associated with the performance levels of 

students. 

 
Table 6: Multilevel Analyses Predicting Three Types of Teacher Talk 

 Task Content Organization 

 Model A1 Model A2 Model B1 Model B2 Model C1 Model C2 

 β SE Β SE β SE β SE β SE β SE 

Response: teacher talk           

             

Fixed part             

Intercept  .09 .04 .18 .05 .28 .13 .59 .16 .25 .07 .28 0.08 

Grade .05 .04 .05 .04 .24 .12 .25* .12 -.02 .06 -.02 .06 

Multi-

grade 

-.04 .04 -.04 .04 .40* .12 .40* .13 .02 .06 -.02 .06 

Subject 

domain 

-.02 .04 -.02 .04 -.11 .12 -.11 .12 -.16* .06 -.16* .06 

           

Performance level           

(very weak=reference)           

Weak   -.12* .06   -.38* .15   -.07 .08 

Average   -.15* .06   -.44* .15   -.02 .08 

Advanced   -.10 .06   -.46* .15   -.02 .08 

             

Random part            

Class .00 .00 .00 .00 .05 .05 .06 .05 .01 .02 .02 .01 

Students .11 .01 .11 .01 .81 .08 .76 .07 .20 .02 .20 .02 

-2*log 175.09 167.24 759.93 747.53 368.55 367.64 

No of 

students 

284  284 284  284 284 284 

*: p < 0.05 
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3.5 Conclusion and discussion 

In this study, the differentiation practices of 43 second- and third-grade teachers 

were explored using low-inference observations. The main aim was to explore how 

teachers adapt their teaching to students of different performance levels during 

mathematics and reading comprehension lessons, by looking at preconditions for 

differentiation, classroom organization, and the ways teachers dealt with students of 

different performance levels. The findings of this study showed the importance of taking 

context factors into account, since differentiation practices can be influenced by subject 

domain, heterogeneity of the class, and the single- or multi-gradedness of the class. 

Two central questions were addressed. First, we investigated to what extent the 

use of differentiation practices was related to the three context factors. This question was 

answered by examining teacher talk, walking around, and classroom organization, 

including the provision of extended instruction. We found that teachers referred more to 

content in reading comprehension lessons, whereas they used more organizational talk in 

math lessons. There was more organizational talk in multi-grade classes than in single-

grade classes, and there seemed to be more content-related talk in more heterogeneous 

than in more homogeneous classes. Regarding teachers’ making the rounds in order to 

formatively assess students’ performance, the three context factors did not play a 

significant role. However, the context factors were related to classroom organization, that 

is, the proportion of time spent on whole-class teaching, extended instruction, and 

seatwork. Teachers used more whole-class teaching during the reading lessons, whereas 

more time was spent on seatwork and providing extended instruction in the math 

lessons. In multi-grade classes and in more homogeneous classes the amount of time 

spent on seatwork by all students was also greater. In heterogeneous classes teachers 

tended to provide more whole-class instruction. When we specifically looked at whether 

teachers provided small-group instruction, we found that they gave extended instruction 

more often during the math lessons and in more heterogeneous classes. Overall, these 

findings provided evidence for the assumption that context factors play a role in the way 

differentiation practices are used. As a result, we recommend that they should not be 

neglected when investigating differentiation practices in natural settings. 

The second question referred to the ways teachers dealt with students of four 

different performance levels (very weak, weak, average, and advanced). It was found that, 

when teachers provided small-group instruction, it was hardly directed to the advanced 

students. Differences in additional guidance for very weak, weak, and average students 
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were not found. We did find that teachers individually addressed the very weak students 

most; most content-related teacher talk was directed to these very weak students.  

The results confirm two of the three hypotheses that were formulated. First, the 

set-up of the lessons related to subject domain. Compared with reading comprehension 

lessons, less whole-class teaching, more extended instruction, and more seatwork was 

provided during math lessons, confirming our first hypothesis. These findings are in line 

with Nurmi (2012), who stated that there is more variation in instruction in mathematics 

lessons. Nevertheless, extended instruction was relatively scarce in both math and 

reading lessons: it was provided in a quarter of the observed reading comprehension and 

half of the observed math lessons. This means that in quite a lot of classes, weak students 

were not given additional support in order to reduce their arrears; nor did advanced 

students receive additional support that stimulated and challenged them. The provision 

of additional instruction by creating small homogeneous groups was not related to the 

type of class: extended instruction was provided in a comparable manner in single- and 

multi-grade classes. Findings on ‘making the rounds’, a precondition for differentiation, 

also did not differ in multi- and single-grade classes: teachers spent an equal amount of 

time making the rounds. Our hypothesis that differentiation would be used more often in 

single-grade classes was thus not confirmed. Finally, concerning the third hypothesis that 

the weakest students would receive the most attention, we found that very weak students 

were addressed most often, mainly using content-related questioning or explanations. 

The advanced students were not targeted by additional teacher guidance and teachers did 

not shorten the length of whole-class teaching for these students. These findings are in 

line with convergent differentiation, where minimum learning objectives are supposed to 

be attainable for all students, if necessary with additional teacher support. The third 

hypothesis, that the weak students would receive most attention, was thus confirmed. 

This leads to the conclusion that during mathematics and reading comprehension lessons 

there seems to be room for improvement in supporting and challenging all students, 

especially the advanced ones.  

 

3.5.1 Limitations and suggestions for further research 

The current findings not only provide general information on how teachers 

adapted their teaching to different student needs, for example, through their classroom 

organization, but they also show how different types of students are approached. This 

student perspective adds to the general picture in that it revealed in what ways students 

were treated differently. The addition of a qualitative aspect, like the type of teacher talk, 
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gives low-inference information about the task-focus in class, also with respect to 

different types of students. However, a limitation is that some qualitative aspects remain 

unclear, like the quality of the extended instruction provided. As mentioned by Lou et al. 

(1996), small-group instruction can be interpreted in a loose sense, meaning that 

students are merely physically placed in a small group. It can also be interpreted in a 

strict sense, where teachers’ instructional behavior is adapted to the needs of the 

students in the small group, for instance, by using different instructional strategies or 

specific materials. More qualitative information on what teachers actually did while they 

provided extended instruction in small groups would have provided essential 

information on the quality of the differentiation practices. Another issue that needs 

further investigation is the large amount of seatwork during the mathematics lessons. 

During seatwork, students were left to work on their own without help from the teacher 

for quite some time. It would be interesting to investigate whether and how the time 

spent on individual seatwork related to student achievement and to study whether its 

effectiveness differed for groups of students. Linking observed differentiation practices to 

student outcomes would increase our understanding of the effectiveness of these 

practices. However, as mentioned above, such relations would gain in value when both 

general teaching quality and the quality of the differentiation practices are taken into 

account.  

A second limitation is that this study only focused on how teachers used 

differentiation practices in a natural setting. However, a sole focus on the teacher only 

covered part of differentiation and its effects. Differentiation is assumed to help improve 

students’ learning. Taking an interactive perspective and taking students’ (re)actions into 

account would have led to a better, more detailed understanding of the effects of the 

differentiation activities performed by the teacher.  

The main aim of this study was to investigate teacher variability in the use of 

differentiation practices. The findings show that it is not only important to consider 

teachers’ general differentiation behavior, but also to take into account more detailed 

behavior towards students of different performance levels. Further, it was found that it is 

not possible to generalize over subject domains, the single- or multi-gradedness of the 

class, or the heterogeneity of the class when investigating differentiation practices. In 

order to examine how teachers really differentiate between students in their lessons, 

these context factors should be taken into account.   
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Appendix A 

 

Table A1 

Overview of the observed teachers, classes and number of observed students 

   Math  Reading 
School Teacher Class Grade Multi-

grade 
No of Students 
present in class 

Observed 
students 

 Grade Multi-
grade 

No of Students 
present in class 

Observed 
students 

School 1 1A 1-1 2 x 22 10  2 x 22 10 
 1B 1-1 2 x 22 10  2 x 24 11 
 1C 1-2 3 x 17 9  3 x 17 9 
School 2 2A 2-1 3  18 18  3  18 18 
 2B 2-1 3  18 18  3  18 18 
School 3 3A 3-1 2  22 22  2  22 22 
 3B 3-2 3  26 26  3  26 26 
School 4 4A 4-1 2 x 24 15  2 x 24 15 
 4B 4-1 2 x 24 15  2 x 24 15 
 4C 4-2 3 x 14 9  3 x 14 9 
School 5 5A 5-1 3 x 10 2  3 x 10 2 
School 6 6A 6-1 2  23 23  2  25 25 
 6B 6-1 2  23 23      
 6C 6-2 2  25 25  2  25 25 
 6D 6-3 2 x 16 13  3 x 16 3 
 6E 6-4 3 x 26 11  3 x 26 11 
School 7 7A 7-1 2 x 19 11  2 x 19 11 
 7B 7-2 3 x 15 6  3 x 15 6 
School 8 8A 8-1  3  20 20  3  20 20 
 8B 8-2 2  33 33  2  33 33 
 8C 8-2 2  33 33      
School 9 9A 9-1 2 x 20 9  2 x 20 9 
School 10 10A 10-1 2 x 21 8  2 x 21 8 
 10B 10-1 2 x 24 8      
 10C 10-2 2  26 26      
 10D 10-3 3  26 26  3  26 26 
School 11 11A 11-1 3 x 23 5  3 x 23 5 
 11B 11-2 3 x 20 5  2 x 20 15 
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   Math  Reading 
School Teacher Class Grade Multi-

grade 
No of Students 
present in class 

Observed 
students 

 Grade Multi-
grade 

No of Students 
present in class 

Observed 
students 

School 12 12A 12-1 3 x 30 22  3 x 31 23 
 12B 12-2 3 x 26 18      
School 13 13A 13-1 2 x 22 8  2 x 22 6 
School 14 14A 14-1 3  31 31  3  31 31 
 14B 14-2 2 x 28 8      
 14C 14-3 3 x 24 6      
 14D 14-4      2  27 27 
 14E 14-5      2  28 28 
School 15 15A 15-1 2 x 12 5  2 x 8 5 
School 16 16A 16-1 2 x 18 10      
 16B 16-1 2 x 18 10      
 16C 16-2 3 x 9 6      
School 17 17A 17-1 2 x 8 3      
School 18 18A 18-1 2 x 21 12  2 x 21 12 
 18B 18-2 3 x 14 9  3 x 14 9 
Total     871 587    690 493 
Note. The numbers of (observed) students used in this study are based on the actual presence of students in class during the observation.  
For organizational reasons, the observations for math and reading were regularly conducted on different days. Moreover, part time teachers teach the same 
class on different weekdays. Hence, the number of students mentioned for both subject domains and for the two part time teachers can slightly differ: Some 
students were absent during the observations, for instance due to  illness. 
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Chapter 4 

Data-driven decision making: the effects of a professional 

development program on students’ mathematics achievement 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A revised version of this chapter has been submitted for publication as  

Ritzema, E.S., Deunk, M.I., Bosker, R.J., & van Kuijk, M.F. (2015). Data-driven decision 

making: the effects of a professional development program on students’ mathematics 

achievement.  
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Abstract 

In this study, we investigated whether a teacher professional development 

program on data-driven decision making positively influenced the mathematics 

performance of students. Core of the program was learning to use performance goals and 

performance data, and improving math instruction. To investigate the effects of the 

program, comparable groups of treated and control students were selected using 

propensity score matching on student and class characteristics. Treatment effects, based 

on 1054 matched students, revealed no significant effects. Including teacher 

characteristics in the matching further minimized bias, but did not lead to different 

findings. The findings show that it is not straightforward that or how teacher support in 

data-driven decision making is effective for raising student achievement. 

 

4.1 Introduction 

Although the Netherlands perform reasonably well internationally (Meelissen & 

Drent, 2008; Meelissen et al., 2012), the mathematical skills and performances of Dutch 

students raise concern, as students’ math proficiency level slightly but significantly 

declined over the last approximately 15 years (Expert group Continuous Learning 

Progression, 2008; Royal Netherlands Academy of Arts and Sciences, 2009; Meelissen et 

al., 2012). Moreover, the low spread between the proficiency levels and the fact that the 

number of excellent students is decreasing (Meelissen et al., 2012) make it doubtful 

whether all, especially good, students are challenged. Findings on Dutch teaching 

practices also make it questionable whether Dutch education maximizes student abilities 

(Ministry of Education, 2011): Especially in terms of using educational targets, data-

driven decision making, and differentiation, schools and teachers experience problems in 

optimally supporting student development (Educational Inspectorate, 2010, 2013; Royal 

Netherlands Academy of Arts and Sciences, 2009).  

The need for improvement on these aspects led us to develop a teacher 

Professional Development Program (PDP) on data-driven decision making (DDDM) for 

school improvement purposes. DDDM, or data use, can be defined as “systematically 

analyzing existing data sources within the school, applying outcomes of analyses to 

innovate teaching, curricula, and school performance, and, implementing (…) and 

evaluating these innovations” (Schildkamp & Kuiper, 2010, p. 482). This way of working 

is expected to indirectly influence student outcomes in a positive manner due to 

improved instructional decisions and aligned instructional adjustments by the teacher. 
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The aim of this study was to investigate whether teacher professionalization in data use 

was associated with better mathematics performance among students. 

 

4.1.1 Data-driven decision making 

Data, like information on standardized and curricular textbook assessments, daily 

work, and student behavior, inform teachers about the actual ability levels of students. 

Evaluating what skills and (conceptual) knowledge students possess raises teachers’ 

awareness of their zone of proximal development and, therefore, is expected to facilitate 

making and carrying out decisions on how to modify, fine tune, and target teaching 

practice (formative assessment - Black & William, 1998; Kingston & Nash, 2011). This is 

assumed to result in better student learning. Using (assessment data) not only informs 

teachers about how their students are developing, but also shows whether the 

instructional practices used by the teachers led to the desired level of student 

understanding; in other words, it shows whether they were effective.  

Feedback can be defined as ‘information provided by an agent regarding aspects of 

one’s performance or understanding’ (Hattie & Timperley, 2007, p. 81). In the case of 

DDDM the data, like the analyses from a (digital) monitoring system, can function like 

the agent and the teacher is considered the performer/learner. Feedback has been found 

to be an effective tool for raising performance (Hattie & Timperley, 2007; Kluger & 

DeNisi, 1996). According to Ramaprasad (1983), feedback necessarily assumes three 

elements: a) a goal - the reference level in Ramaprasad’s termininology, b) the actual 

level, and c) information on the gap between the goal and the actual level, which is used 

to close this gap (see also Hattie & Timperley, 2007; Black & William, 2009). The latter is 

crucial and conditional for activities to be called feedback: Feedback presupposes 

(instructional) changes in order to close the gap between the goal and the actual level 

(Ramaprasad, 1983).  

In essence, data-driven decision making also consists of these three key elements, 

i.e., establishing a goal, determining the actual performance level, and carrying out 

instructional modifications in order to reach the goal (Visscher & Ehren, 2011). These 

three features can be dealt with in a structured way using reflective cycles. Such cycles, all 

roughly modified versions of the well-known Plan-Do-Check-Act model (Deming, 1986), 

are used to procedurally support activities needed for data-driven decision making: 

setting goals; gathering, analyzing, and interpreting information; making and carrying 

out consequent decisions for future teaching; and evaluating the effectiveness of these 

teaching practices, which might be followed by establishing new goals, etc. (e.g., Black & 
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William, 2009; Datnow et al., 2007; Herman, Osmundson, & Silver, 2010, and in the 

Dutch context, the more test-result-based approach of Ledoux, et al., 2009). The three 

crucial elements of DDDM are further discussed below. 

Element 1: Establishing the goal 

Goals are a key feature of data-driven decision making, as they make the desired 

performance level explicit (Lai & Schildkamp, 2013; Levin & Datnow, 2012; Wohlstetter 

et al., 2008). They allow teachers to interpret different types of (assessment) data in 

terms of making progress towards the desired level of performance and deciding which 

instructional modifications are required.  

Setting performance goals has been found to positively relate to performance 

(Fuchs et al., 1985; Fuchs et al., 1989; Locke & Latham, 1990), especially in cases of high 

commitment and high self-efficacy, and when feedback is received on progress towards 

reaching the goal. The rationale behind working with goals is that goals motivate people 

to reach them and, therefore, are expected to direct their behavior and enhance effort 

(Locke & Latham, 1990; Maehr & Zusho, 2009). In educational settings it is assumed that 

teachers who set goals for their students not only know what the desired level of 

individual students’ proficiency is, but also are motivated to support their cognitive 

development in such a way that the goals will be reached. The resulting reflection and 

actions are assumed to promote adaptive and targeted instruction for all students and, 

consequently, lead to better student achievement (Fuchs et al., 1985; Ravitch, 1995; 

Schildkamp, Ehren, & Lai, 2012). Fuchs et al. (1985; 1989) showed that ambitious goals 

are related to better student performance, but also stressed the importance of realistic 

goals: The most effective goals seem to be challenging but attainable.  

In Dutch primary education a goal-oriented way of working is not ubiquitous. 

Only 25% of primary schools was found to establish explicit goals for their students 

(Educational Inspectorate, 2010). Studies on the use of school self-evaluation systems 

have also shown that not all schools define clear goals or targets. Of those schools that do 

set clear targets, not all use these goals for evaluating student performance (Schildkamp, 

Rekers-Mombarg, & Harms, 2012). Overall though, it is found that schools that formulate 

explicit and shared goals tend to use the feedback from the systems more effectively 

(Verhaeghe, Vanhoof, Valcke, & Van Petegem, 2010). 

Element 2: Establishing the actual performance level 

The actual level of performance can be obtained by gathering information from 

daily observations on student behavior and work, and from informal or formal 
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assessments. Worldwide, student monitoring systems are used more and more in order 

to monitor student performance on (standardized) assessments. These monitoring 

systems are designed to help teachers analyze and interpret data; some even make 

suggestions for instructional focus/adaptations (Fuchs, Hamlett, & Stecker, 1991; 

Ysseldyke & Bolt, 2007).  

Several researchers have distinguished four ways in which schools/teachers use 

data (Hellrung & Hartig, 2013; Verhaeghe et al., 2010; Visscher & Coe, 2003). Educators 

were found to demonstrate direct, conceptual, convincing, and strategic uses of data. 

Direct use means that data are used as a starting point to base decisions on (policy-

related decisions or instructional modifications based directly on data). Conceptual use 

refers to cases where data do not directly lead to adaptations, but may influence (teacher) 

thinking. For instance, the use of data might support teachers in finding explanations for 

student outcomes. Data are used in a convincing way when teachers/principals use data 

to support their point of view in discussions. Strategic uses can be found in an 

accountability context, where teachers focus on specific content (teaching to the test), 

exclude low achievers from the test, and change test-taking circumstances (for example, 

by allocating extra time or giving hints).  

Teacher use of performance data as the (sole) basis for immediate instructional 

modifications – direct use of data - is rather low, but teachers do report that the data 

trigger reflection – conceptual use (Hellrung & Hartig, 2013). Although performance data 

have been found to promote reflection, it seems that they do not sufficiently prompt 

actual teaching adjustments (Educational Inspectorate, 2010; 2013) and thus are not 

optimally used in a formative sense. The effective use of performance data might in part 

be impeded by the difficulty teachers experience in analyzing them: Teachers (and school 

leaders) often lack sufficient statistical skills to analyze data correctly (Williams & Coles, 

2007; Hellrung & Hartig, 2013). A recent Dutch study on teachers’ ability to interpret 

results from the student monitoring system came to a similar conclusion (van der Kleij & 

Eggen, 2013). More than 70% of the school staff did not reach the standard of accurate 

interpretation (the standard was 85% of the items used in a questionnaire answered 

correctly), with teachers performing significantly worse than school leaders and senior 

support coordinators. Another potential barrier to using data are educators’ attitudes 

towards using the feedback information and whether teachers and school staff believe 

that data use can improve teaching (Vanhoof, Verhaeghe, Verhaeghe, Valcke, & Van 

Petegem, 2011).  
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Oláh, Lawrence, and Riggan (2010) interviewed 45 teachers in 9 schools about 

their use of data, to determine whether interim assessment data fostered teachers’ deeper 

analyses of student understanding to base their instructional decisions on. They came to 

the conclusion that, although teachers differed in their use of data, the data were often 

used in a rather superficial way. Most teachers used a personal threshold in evaluating 

student results, they mainly investigated students’ procedural misconceptions - like using 

the wrong algorithm or making mistakes in calculations -, and their instructional 

adjustments mainly concerned re-teaching. The teachers reported less often that the 

inspection of data led to a focus on the actual level of students’ conceptual knowledge. 

Goertz, Oláh, and Riggan (2009) stressed the importance of diagnosing students’ 

mathematics problems and misconceptions. According to Goertz et al. (2009), diagnostic 

information on student’s conceptual understanding is essential for the effective use of 

data: the in-depth information is needed for teachers to make well-considered 

instructional adjustments.  

Element 3: Closing the gap between goal and performance  

The adjustment of teaching practice to be more targeted and better aligned to 

student needs is crucial for effective DDDM, but is difficult for teachers (Heritage et al., 

2009): teachers tend to insufficiently modify instruction based on the data (Educational 

Inspectorate, 2014). A lack of instructional suggestions to accompany the data has been 

reported as a possible explanation (Hellrung & Hartig, 2013; Verhaeghe et al., 2010). 

Training teachers in linking data with instructional changes is therefore recommendable 

(Shaw & Wayman, 2012). Slavin and colleagues (2013) further argued that teachers 

should be supported in selecting and using evidence-based instructional methods that 

have been proven to enhance student outcomes.  

Two such evidence-based instructional methods are Direct Instruction and 

Modeling. The use of these instructional practices is assumed to foster clear, targeted 

instruction. Direct instruction (DI) is a teacher-centered instructional method, in which 

the whole lesson is focused on mastering the key learning objectives (Muijs & Reynolds, 

2011). If teachers 1) focus students’ attention on these key lesson goals, 2) activate 

existing student knowledge on the topic, 3) draw explicit relations between students’ 

existing knowledge and the new information, and 4) provide clear and stepwise 

instruction aimed at mastering the goals, this has been found to positively affect student 

achievement, especially in the lower grades (Borman et al., 2003; Muijs & Reynolds, 

2011; d'Agostino, 2000). An important element of DI is evaluating whether the key 
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objectives are mastered at the end of the lesson. This step is crucial for the teacher to 

informally examine students’ actual levels of understanding, necessary to adjust (future) 

instruction to these levels and for evaluating the progress towards reaching the desired 

proficiency level. Modeling, the instructional form in which teachers explicitly 

demonstrate their own strategy use to students, is also known to positively affect student 

learning (Anghileri, 2006; Muijs & Reynolds, 2011; Bandura, 1977), especially of weak 

students (Zheng, Flynn, & Swanson, 2013). When teachers explicitly think aloud, 

students experience ‘good practices’ that they themselves are expected to use and 

internalize, leading to improved achievement and meta-cognitive skills (van Gog, 2013). 

 

4.1.2 Data-driven decision making and student outcomes 

Although evidence is growing that using data is promising for improving student 

performance (e.g., Datnow et al., 2007; Lai et al., 2009; McNaughton et al., 2012; 

Timperley & Parr, 2009), the findings of some large-scale studies have shown only 

modest or no significant effects on student performance (Carlson et al., 2011; Henderson 

et al., 2007; Quint et al., 2008). In the randomized trial studies of Carlson et al. (2011) 

and Slavin et al. (2013), the 4-year program of the Centre for Data-Driven Reform in 

Education (CDDRE) was evaluated. This program was carried out in 549 schools in 59 

states. Both studies took the effects of the program on student performance in math and 

reading into account. Carlson and colleagues investigated the effects of the first year, in 

which the use of benchmark assessments on state assessment scores was evaluated. The 

researchers found a small significant effect, only for math (d=.06). Slavin et al. explored 

the results on student outcomes in all 4 years, investigating not only the use of 

benchmarks, but also whether the promoted selection and use of evidence-based 

instructional methods was related to student performance on state assessments. They 

found directionally positive effects for both math and reading in grades 5 and 8, but not 

all effects were significant (Hedges’ g=0.01, see Faber and Visscher, 2014). Slavin’s 

hypothesis that the implementation of evidence-based instructional methods is crucial 

for effective data use, seemed to be supported by a tendency for student performances - 

especially in reading - to profit from the program in the third and fourth years, the years 

in which these methods were implemented (Slavin et al., 2013). Exploratory analyses 

further revealed that the program mostly affected student results in the schools that had 

implemented the instructional methods best.  

A recent meta-analysis by Faber and Visscher (2014) focused specifically on how a 

formative use of information from the digital student monitoring system influences 
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student performance. Based on 40 effect sizes from fifteen studies, Faber and Visscher 

found a weighted average effect (Hedges’ g=.07) of such intervention programs on 

student achievement. The effect size depended strongly on the focus of the study: small 

effects were found when large-scale interventions were aimed at improving the cognitive 

outcomes of all students at school or district level (Hedges’ g=.06), whereas smaller-scale 

studies in which only small groups of students were addressed showed much higher 

effects (Hedges’ g=.40). The effect on student achievement was further found to be 

higher in interventions in which the frequency of data-feedback from the digital student 

monitoring system was high (at least on a monthly basis), in which teachers/school staff 

were supported in interpreting the data at least once a month, and in which teachers were 

provided with suggestions on students’ instructional needs. Thus, it seemed that focusing 

on data-informed instructional modifications, while providing enough concrete (and 

well-aligned) recommendations, is crucial for data use to result in higher student 

outcomes.  

The results of a recent study that was similar in content, set-up and context to the 

current study seem to underline this need for taking action (van Kuijk et al., in press). In 

this study the effects of a teacher PDP on students’ performance in reading 

comprehension were investigated, showing a positive small to medium effect (d=.37). 

 

4.1.3 The current project  

As argued above, data-driven decision making consists of three main elements: a) 

establishing a goal, b) establishing an actual performance level, and c) closing the gap 

between goal and actual level. A multicomponent professional development program 

(PDP) was set up that focused on these three interrelated elements, operationalized in 

terms of goal setting, data analysis, and (mathematics) instruction. The PDP lasted one 

school year and consisted of 9 after-school meetings. Four meetings were organized as 

general assemblies (duration: 2,5 hours), and 5 meetings took place at the school with 

members of that school team (duration: 1,5 hours). Additionally, teachers were given 

homework assignments, like making data analyses for their own students or conducting 

diagnostic interviews. The estimated amount of time teachers were requested to spend on 

the PDP was 40 hours. 

The total set-up of the project and the way we operationalized the three key 

elements of DDDM are schematically presented in Table 1 and briefly discussed below.   
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Table 1: Overview of the Core Elements of DDDM and their Operationalization in the 

PDP 

Core elements of DDDM Operationalization 

 Aim Activities 

Goal setting Challenging but 

realistic goals  

- Setting performance standards 

- Setting performance goals 

Determination of the actual 

performance level 

Use of data and 

improved data-

analysis skills 

- Gathering information 

(assessment data, diagnostic 

interviews) 

- Analyzing information 

- Interpreting information 

Pedagogical strategies to 

reach the goal (i.e., closing 

the gap between goal and 

performance) 

Improved   

instructional 

knowledge and 

behavior 

- Modification of instruction 

- Direct Instruction 

- Modeling 

- Math-specific instruction 

 

Goal setting: Setting performance standards and goals 

In our PDP, performance standards were determined and used by the teachers. 

The merit of educational standards is that they explicitly specify what is to be taught and 

what kind of performance is to be expected (Ravitch, 1995). As such, they provide 

common expectations for all students involved. Two kinds of standards are distinguished: 

content standards establish what the students are expected to learn in a specific subject 

domain and performance standards determine their degree of proficiency, the level of 

performance at which students master content (Hambleton & Pitoniak, 2006). This 

performance level is indicated by a test score on a proficiency scale. In Dutch primary 

education, performance standards are only determined for grade 6, to smoothen 

transition to secondary educational tracks. In the current project, performance standards 

- reflecting the performance expectations - were established for students in grades 2 and 

grade 3. For four different math ability levels, PDP participants were asked to think about 

and determine performance standards for their students in grades 2 and 3. This was done 

using a standard-setting procedure (SSP), namely, the Bookmark procedure (Mitzel, 

Lewis, Patz, & Green, 2001). In this procedure the participants individually as well as 

collaboratively examined and judged both the task characteristics and the task difficulty 

of 30 test items, yielding four general performance standards per grade.11 From these 

four performance standards five performance categories – below minimum, minimum, 

                                                   

11
 For more information on the SSP see Deunk et al., 2014. 
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proficient, average, and advanced - were derived by using the intervals between the 

performance standards. Performance categories were adapted for practical use in class by 

requesting teachers to set a challenging but attainable performance goal for each student 

in their class, in terms of the five general performance categories; the teacher-set 

performance goals were thus based on content examination. The goals were set by means 

of a step-by-step procedure using different data-sources (performance data and team 

input).  

Actual level: Use of data and improved analysis skills 

PDP participants were trained in using the student monitoring system, so that 

they could carry out simple and more complex analyses themselves. Interpretation skills 

were trained using practical examples of fictitious groups of students, but also by using 

the outcomes of the students in teachers’ own class. By monitoring student results from 

the student monitoring system and by discussing student performance on curricular 

assessments as well as daily work, teachers maintained awareness of possible gaps 

between goal and actual level. Teachers also practised using diagnostic interviews to 

determine students’ actual levels of mathematical understanding.  

Data-discussions took place in professional learning communities, as 

collaboration is a facilitator for a successful implementation of DDDM (Huffman & 

Kalnin, 2003; Wayman et al., 2006). During the meetings, collaboration was stimulated 

within the school team, but also with colleagues from other schools. Data use in general 

was discussed by teachers from different schools during general assemblies, and the 

performances of teachers’ own students were elaborated on in team settings during the 

school meetings.  
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Closing the gap between goal and performance: Instructional knowledge and 

behavior 

As part of the PDP, suggestions for instructional changes to close the gap between 

the goal and the actual level were discussed. Teachers were further supported in 

improving their skills and knowledge in the two general instructional methods, direct 

instruction and modeling. These were addressed and practiced, and their use by the 

teachers was evaluated in the form of personal feedback on lesson observations. The two 

general instructional methods were supplemented with math-specific recommendations. 

To improve students’ problem-solving approaches, teachers were stimulated to use 

anecdotes concerning real-life situations during the day. Teachers also learnt how to use 

explicit instruction in approaching word problems (Gersten et al., 2009; Griffin & 

Jittendra, 2009; Jitendra et al., 2007).12 Teachers’ differentiation and grouping practices 

were also discussed, as having different goals for different students assumes that teachers 

adapt their teaching to the different student needs and use the results of data analyses to 

align their differentiation practices to actual student abilities (Moon, 2005).  

 

4.1.4 Research question 

The central question in this study was whether a comprehensive PDP on data use 

would positively affect student achievement in mathematics. Central to the PDP was that 

teachers were supported in establishing a goal, in determining the actual level of the 

students, and in closing the gap between goal and performance level. Enhancing 

knowledge and skills in the interrelated practices of goal setting, data analysis, and 

instruction was supposed to lead to better student outcomes as a consequence of 

improved, targeted teaching by the teachers. This led to the following research question: 

 

Does a professional development program for teachers focused on data-driven decision 

making, consisting of the three interrelated components goal setting, data analysis, and 

instruction, lead to improved student performance in mathematics? 

 

Given the rationale that basing decisions on student understanding and 

performance leads to better aligned teaching practices and hence to higher student 

performance, DDDM seems to be promising. Up to now, positive effects have been found, 

                                                   

12
 Structural and explicit instruction on how to approach word problems or contextual problems is not 

provided by the Dutch curricular textbooks (Jacobse & Harskamp, 2011). 
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but especially in large-scale studies these effects tended to be small or nonsignificant. The 

small-scale studies included in Faber and Visscher’s (2014) meta-analysis indicated that 

it is the combination of data with suggestions for instruction and sufficient teacher 

support that is crucial for positive effects on student outcomes. Specifically because of the 

inclusion of an instructional component in our PDP, thereby supporting teachers to 

practice and select effective teaching methods, we hypothesized that the PDP would 

positively affect students’ math achievement. Differential effects were investigated as 

well, in an explorative manner. It was investigated whether the PDP led to differential 

effects for initially weak or strong performers, and for students in grades 2 and 3. Since 

teachers set challenging goals for all students and aimed at reaching all of them, no 

differential effects of the PDP were expected at forehand.  

 

4.2 Method 

The current study had a quasi-experimental pre-posttest control group design. 

Propensity Score Matching was used to model the selection process. 

 

4.2.1 Participants 

Nineteen school teams voluntarily took part in the PDP without charge of fee. The 

school teams consisted of teachers from grades 2 and 3, senior support coordinators, and 

school leaders. For this study, only the teacher information was used.  

The current PDP was part of a larger cluster of five teacher training courses, all 

targeting (aspects of) data use. Since all training courses were directed at different 

grades, it was possible to use students in grades 2 and 3 from schools that took part in 

one of the other four interventions as a control group: the current study was the only 

study that focused on grades 2 and 3. The current study was also the only intervention in 

which senior support coordinators and school leaders were engaged. Therefore, it was 

assumed that contamination of the grade 2 and grade 3 teachers in the control schools by 

information from the other teacher training courses was minimal. 

The cluster of projects took place from 2010-2012. All five intervention studies 

lasted one school year: in our PDP, teachers participated in the school year 2011-2012, 

while the other four projects took place in either 2010-2011 or 2011-2012. As a result, 

information from control students could be used from both 2010-2011 and 2011-2012, 

provided that their teacher was not actively engaged in one of the other projects. In the 

case of teacher participation during the second year of the project (2011-2012), their 

students could serve as possible controls during the school year 2010-2011. Some 
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students, being taught by teachers who were not actively engaged in the project at all, 

were used as possible controls twice, for grade 2 in 2010-2011 and for grade 3 in 2011-

2012. 

Grade 2 and 3 students could only serve as control students in the case of 

complete mathematics assessment information (pre- and posttest) and if they could be 

linked to a specific class and teacher. In total, the assessment and class information was 

available for 1442 students: 527 students who had a teacher who participated in the PDP 

and 915 students who served as possible controls. A second outcome analysis was done as 

well. Here, teacher characteristics were also taken into account. For this second analysis, 

sufficient information - i.e., information on the math pre- and posttest, on classes, and on 

teacher attitudes - was available for 1108 students: 439 students in the experimental 

condition and 669 students serving as possible controls.  

Construction of a control group: Propensity Score Matching 

Given the quasi-experimental set-up of the current study, selection bias had to be 

taken into account. Such bias can be reduced through Propensity Score Matching (PSM) 

(Harder, Stuart, & Anthony, 2010; Rosenbaum & Rubin, 1983; Stuart, 2010). A basic 

principle of PSM is that it separates the design phase, in which the propensity score 

analysis minimizes pre-treatment differences between treatment and control group, from 

the outcome phase, in which causal treatment effects are estimated (Rubin, 2007). The 

assignment mechanism is thus modeled before treatment effects are considered.  

In the current study, PSM was conducted at student level as we wanted to 

incorporate all relevant information, like the individual mathematics pretest scores, in 

the matching. This means that for each treated or control student a propensity score was 

estimated using logistic regression (Rosenbaum & Rubin, 1983). Such a propensity score 

– in the current study to be understood as the conditional probability that a student was 

taught by a teacher who participated in our PDP, given a set of observed covariates – 

balances these observed covariates such that at each value of the propensity score the 

distribution of the covariates in the experimental and control condition is the same, 

without the need for exact matches on the individual variables used (Rubin, 2007; Stuart, 

2010). As a result, the sample consisted of students who were considered similar on all 

covariates but the treatment of their teacher.   

When using PSM, two key assumptions have to be taken into account: a) Strong 

Ignorability and b) the Stable Unit Treatment Value Assumption (SUTVA: see Stuart, 

2010). The latter assumption, requiring that there be no interaction between students in 
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the treated and the control condition, raised no problem in this study. As students in the 

treated schools (and their teachers) attended different schools from their control 

counterparts, the outcomes of the treated students were not influenced by the control 

students. The first assumption, Strong Ignorability, assumes that there is no hidden bias. 

Since there ought to be no unobserved variables that cause differences between the 

treated and the control group, the assumption of Strong Ignorability can be met 

(Rosenbaum & Rubin, 1983) if a) the PS is between 0 and 1 for treated and control 

students, meaning that every possible control could have received the treatment and b) 

all relevant covariates related both to treatment assignment and to outcomes are taken 

into account in the PSM (Brookhart et al., 2006; Steiner et al., 2010). Shadish, Clark, and 

Steiner (2008) stress in this respect the importance of rich and carefully measured 

covariates. In the current study, hidden bias was expected to be minimized by using not 

only demographic and achievement information at student and class level, but also 

teacher attitudes in the PSM. 

The final matched samples resulted from assessing the matching quality of 

multiple matching algorithms. Given that balanced covariates minimize bias in the 

outcome analyses, unbalanced matching is assumed to raise inaccuracy in treatment 

effect estimates (Harder et al., 2010). Therefore, good balance was considered the leading 

criterion in the evaluation of the propensity score analysis. This balance is represented by 

the “standardized difference in means”.13 In the current study, the matching algorithm 

yielding the smallest standardized differences in means for the majority of the covariates, 

all being smaller than 0.25 (Stuart, 2010), was selected while retaining sample size. In 

case of good balance, the algorithm yielding the maximum number of treated students 

was used. 

In the matching procedure, based on student and class characteristics, one-to-one 

nearest-neighbor matching without replacement yielded the best result in terms of 

balance and sample preservation. Here, a specific control student could be matched to a 

treated student only once, resulting in 527 treated and 527 control students. For the 

subset, the optimal match was established by nearest-neighbor matching with 

replacement, using caliper 0.2. Caliper matching only matches students in the 

experimental condition to students in the control condition who have a propensity score 

within a certain tolerance level: in our study, 0.2 standard deviations (Caliendo & 

                                                   

13
 The standardized difference in means is calculated by dividing the difference in means of the 

experimental and control groups by the standard deviation of the full treated group (Stuart, 2010). 



 

81 

 

Kopeinig, 2008). In the subset, control students were allowed to be matched multiple 

times, which was adjusted for by using weights in the outcome analyses.14 Furthermore, 

the caliper matching discarded incomparable students, thereby causing the lost of one 

treated student. Matching on the subset led to 438 treated and 239 control students. For 

both matching algorithms, the means for the treated and control students as well as the 

standardized mean differences are shown in Table 2. Initial analyses had shown that the 

relation between the math pre- and posttest was not linear. A quadratic term (Math 

pretest2) was therefore added to the matching procedure.  

 

 

                                                   

14
 PSM with replacement yielded a weight for each control student so that they had a weight 

proportional to the number of treatment units. To adjust for differences in group size, sampling 

weights were based on these original PSM weights (the PSM weight was multiplied by 1.8325). 
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Table 2: Means and Standardized Differences for the Two Matching Procedures, before and after Matching 
 Nearest Neighbor – Full Sample Cailper 0.2 with Replacement – Subset 
 Before matching Std. 

Mean 
diff 

After matching Std. 
Mean 

diff 

Before matching Std. 
Mean 

diff 

After matching Std. 
Mean 

diff 
 Treat-

ment 
Control  Treat- 

ment 
Control  Treat-

ment 
Control  Treat-

ment 
Control  

No of students 527 915  527 527  439 669  438 239  
Propensity .41 .34 .56 .41 .40 .09 .54 .30 1.13 .54 .53 .02 
Math pretest  54.14 54.11 .00 54.14 55.80 -.10 55.13 55.45 -.02 55.05 54.13 .06 
Grade .45 .41 .07 .45 .45 -.00 .47 .47 .01 .47 .43 .07 
Sex .47 .48 -.02 .47 .44 .06 .48 .46 .02 .48 .48 -.00 
Class size 22.84 23.33 -.10 22.84 22.88 -.01 22.48 23.70 -.27 22.48 22.02 .10 
Multi-grade .62 .43 .39 .62 .63 .02 .64 .35 .61 .64 .60 .08 
Math pretest2 3208.42 3228.58 -.01 3208.42 3396.07 -.10 3314.55 3374.98 -.03 3302.37 3261..09 .07 
Mean pretest  54.14 54.11 0.00 54.13 54.85 -.07 55.13 55.45 -.03 55.13 54.81 .03 
Heterogeneity  13.46 13.04 0.12 13.46 13.22 .07 13.53 13.16 .12 13.51 13.68 -.06 
Sex (mean class) 0.47 .48 -.08 .47 .46 .03 .48 .46 .07 .48 .45 .16 
Pretest*sd 725.30 709.96 .05 725.30 738.46 -.04 3.87 3.60 .38 3.86 3.72 .21 
Pretest*mean 
pretest 

3032.45 3061.26 -.02 3032.45 3168.00 -.10 3.03 2.65 .40 3.03 3.06 -.02 

Pretest*sex 24.40 25.00 -.02 24.40 23.24 .04 2.36 2.28 .10 2.36 2.35 .00 
Pretest*grade 28.20 26.99 .04 28.20 29.37 -.04 29.83 30.66 -.02 29.68 26.83 .09 
Pretest*multigrade 34.26 23.80 .35 34.26 35.24 -.03 25.10 24.76 .01 25.15 25.04 .00 
Pretest*Class size 1231.64 1262.13 -.07 1231.64 1272.41 -.09 3140.06 3208.24 -.05 3135.37 3033.46 .08 
Att. basic skills       743.17 732.86 .04 740.72 739.56 .00 
Att. DDDM       35.82 19.94 .53 35.69 33.86 .06 
Att. Differentiation       1239.62 1312.84 -.16 1238.20 1202.35 .08 
Pretest*basic skills       214.18 199.36 .19 213.61 201.78 .15 
Pretest*att.DDDM      166.37 146.36 .28 166.11 164.32 .02 
Pretest*att.differentiation      130.49 126.52 .06 130.15 128.02 .03 
Att. basic skills*att.diff.      9.08 8.27 .23 9.07 8.67 .11 
Att.DDDM*att.diff      7.41 6..26 .30 7.41 7.33 .02 
Att. basic skills*att.DDDM      11.73 9.62 .49 11.72 11.41 .07 
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As can be seen in Table 2, after matching, the standardized differences in means 

on all covariates and on the propensity score were small, no standardized mean 

difference being greater than 0.25. Figure 1 further shows that both PSM analyses led to 

sufficient common support, meaning that the propensity scores in treated and control 

conditions overlapped sufficiently. By its nature, caliper matching already implies that 

such common support is met, given the built-in maximum range of differences in 

propensity scores. The left picture shows that the nearest-neighbor matching on the full 

sample also led to a sufficient and large region of common support. As a last check on 

group comparability, post hoc tests on students’ individual pretest scores on a 

standardized comprehensive reading assessment, serving as a proxy for general cognitive 

capability, were conducted on both final samples.15 Both Independent-samples t-tests 

yielded nonsignificant differences in reading between treated and control groups (p=.55 

for the matched full sample and p=.14 for the matched subset, respectively). 

 

  
Figure 1: Common Support for Nearest-Neighbor Matching on the Full Sample (left) and for  
Caliper 0.2 with Replacement on the Subset (right) 

 
 

4.2.2 Variables and Instruments 

Variables at student, class, and teacher level were used in this study. Two 

instruments were used for data collection: a) a teacher questionnaire, containing, among 

other things, questions on teacher attitudes towards DDDM, and b) standardized 

mathematics assessments, providing information on student performance. Both 

instruments were used before and after the teacher training.  

                                                   

15
 Due to the relatively large amount of missing data on the comprehensive reading assessment, these 

scores were not included in the matching procedure itself. We checked for possible group differences 

afterwards.  
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Table 3 summarizes the time frame in which data collection took place. Pre- and 

posttest scores on the mathematics assessment of students in the control group were 

collected in 2010-2011 or 2011-2012. For the control condition, the teachers filled in a 

questionnaire in 2010 (pre-treatment) and 2012. In the experimental condition, a teacher 

questionnaire was filled in in July/August 2011 (pre-treatment) and in June 2012; 

students’ math performance was assessed in June 2011 (pretest) and in June 2012 

(posttest). The matching procedure was based only on information that was collected 

before the start of the PDP. The variables used in the PSM and in the outcome analyses 

are discussed below. 

 

Table 3: Time Frame of the Data Collection, Experimental versus Control Condition  

 June-Sept 2010 June 2011 July/August 2011 June 2012 

Condition TQ Pre 

test 

Post 

test 

TQ Pre 

test 

Post 

test 

TQ Pre 

test 

Post 

test 

TQ Pre 

test 

Post 

test 

Experimental     X  X   X  X 

Control 2010-2011 X X    X    X   

Control 2011-2012 X    X     X  X 

TQ: teacher questionnaire; Pretest: mathematics pretest; Posttest: mathematics posttest 

 

Variables at student level 

Mathematics Assessment scores 

The Cito standardized assessments for mathematics are part of the Cito LOVS 

assessment system that is used in 85 percent of Dutch schools and by all our participants, 

including the control condition. The tests are used in primary school (grades 1-6), and 

students are assessed twice a year: mid-term assessment in January and end-of-term 

assessment in June. Test scores of all assessments from grade 1 to grade 6 are linked to a 

single proficiency scale, ranging from 0 to 169. The tests have a good overall reliability in 

all grades (Cronbach’s alpha is at least .91, Janssen et al., 2010). In this study, the 

mathematics assessment scores were used as pre- and posttest in the treatment effect 

analyses. Since math performance is known to be strongly related to prior achievement, 

pretest scores were used in the matching procedure.  
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Sex 

Ganley et al. (2013) refer to various studies in which a (small) sex difference in 

mathematics test performance was found, with boys outperforming girls in assessments. 

Sex, a dummy-coded variable with boys as reference group, was used as a covariate in the 

matching procedure. 

Grade 

The PDP focused on teachers in grades 2 and 3. To account for performance 

differences between students in these two grades, grade was used as a covariate in the 

matching procedure. Grade was dummy-coded with grade 2 as the reference group. 

Variables at class level 

Multi-grade classes 

Multi-grade classes are classes that contain more than one grade. These classes 

are quite common in the Netherlands. They are found in small schools in rural areas and 

in schools with uneven numbers of students in different grades. They can also be 

established for pedagogical reasons. No significant differences in academic achievement 

have been found between students in single and multi-grade classes (Veenman, 1995; 

1996). Yet teaching multi-grade classes is acknowledged to be more complex (Mason & 

Burns, 1997; Veenman, 1997) and students have to work on their own for longer periods 

(Mason & Burns, 1997). To account for these influences on teachers’ aptitude for the 

PDP, on teachers’ behavior (and, as a result, on student achievement), a dummy-coded 

variable was taken into account in the matching procedure, single-grade class being the 

reference group.  

Class size 

Students in small classes tend to have more individual teacher attention, seem to 

be more actively engaged, and spend more time on task (Blatchford, Bassett, & Brown, 

2011). In order to take such influences into account, class size was used in the matching 

procedure. Class size was defined as the total number of students in class. In multi-grade 

classes, the numbers of grade 1 or grade 4 students were also included. 

Percentage of girls in class 

The percentage of boys or girls in class has been found to influence cognitive 

performance (De Fraine, Van Damme, & Onghena, 2002). Therefore, the percentage of 

girls in the class was used as a covariate in the matching procedure.  
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Average mathematics assessment 

The overall ability level of the class can influence the individual student 

performance level (De Fraine et al., 2002). The general level of mathematical proficiency 

of the class was calculated using aggregated pretest scores per grade. In multi-grade 

classes, the mean test scores of students in grades 2 or grade 3 were used, mean test 

scores of students in grade 1 or 4 were neglected. If grades 2 and 3 were in the same 

multi-grade class, class means were calculated separately for each grade. 

Heterogeneity of the class  

There are differences between classes as regards their levels of heterogeneity in 

ability levels, which can influence the level of complexity of teaching. In rather 

homogeneous groups, teaching tends to be relatively easy, as teachers do not need to 

adapt instruction to different levels of ability (Hanushek & Wößmann, 2006; Huang, 

2009). In more heterogeneous classes, ability grouping is needed, which complicates 

teaching in terms of, for example, classroom management, instructional time, and 

making adequate instructional modifications. To account for these influences, math 

heterogeneity of the class, i.e., the spread in student mathematics achievement levels 

within a class, was taken into account in the matching procedure. Heterogeneity was 

determined using the standard deviation of the class’s math pretest scores, grades being 

considered distinct classes in multi-grade classes. In multi-grade classes containing both 

grades 2 and 3, heterogeneity was thus calculated for both grades separately. 

Variables at teacher level16 

Variables at teacher level were used in the matching procedure in order to avoid 

selection bias in terms of teachers’ motivation to participate in and implement (parts of) 

the PDP. These variables were only used in the second matching procedure that was 

conducted on the subset of students. 

Teacher attitude towards a focus on basic skills 

Attitudes towards the recent national educational policy of focusing on math and 

reading were determined using a scale score based on three items. The scale, α=.71, 

ranged from 1 (complete disagreement with an emphasis on basic skills) to 5 (complete 

agreement). Teachers who agreed with a strong focus on basic skills might behave 

differently from their colleagues who disagree. The first group might spend more 

additional time on math during the day, thereby increasing children’s opportunities to 

                                                   

16
 The teacher variables used in the PSM were derived from a study on teacher characteristics that was 

conducted on the complete cluster of data use studies (Deunk & Doolaard, 2013). 
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learn and time on task (Muijs et al., 2014). Further, these teachers were assumed to be 

more aware of their measurable outcomes. The PDP stimulated teachers to make their 

teaching more targeted in mathematics, a core subject. Differences in how teachers 

valued basic skills might have influenced their inclination to participate in the PDP and 

also the math performances of their students. 

Teacher attitude towards performances 

Attitudes were measured in terms of how teachers perceived the nature of student 

performance (stable or dynamic) and in terms of their willingness to constantly strive to 

bring about better student achievement, even in the case of good performance. These 

teacher attitudes were summarized in an index, representing the mean score on four 

items. This mean score reflected 4 categories (1=negative attitude, 4=positive attitude). 

Attitudes towards performance might influence teachers’ dedication to maximize the 

capabilities of their students. Therefore, these attitudes might indicate teachers’ 

inclination to participate in the PDP and may also be related to math performance.  

Teacher attitude towards differentiation 

The perceived need for additional support of specific groups of students (e.g., 

weak and/or strong performers) was measured using 4 items, summarized in an index 

and represented by their mean score. This mean score was also distinguished in 3 

categories (1=low attitude towards differentiation, 3=high attitude). The way teachers 

think about the needs of students with different achievement levels, and about which 

groups of students should be given the most support and/or challenges, might influence 

their differentiation practices in class. Given the rationale of the PDP, that teachers 

should determine and work on challenging goals for all students while using data to 

monitor progress towards reaching the goals, it follows that teachers were supposed to 

use some differentiation practices, at least in case of somewhat heterogeneous classes. 

Attitudes towards differentiation might, therefore, have had an impact on teachers’ 

tendency to take part in the PDP, on its implementation, and, as a result, on the math 

performances of their students. 
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4.3 Analyses 

PSM analyses were conducted, using the package “MatchIt” (Ho, Imai, King, & 

Stuart, 2007; Ho, Imai, King, & Stuart, 2011) in R. Student, class, and teacher 

characteristics were taken into account in estimating propensity scores. Further, 

interaction terms were added to the logistic regression specification. 

Treatment effects of the PDP on students’ mathematics performance were 

estimated through a multilevel multiple regression analysis, using MLwiN software 

(Rasbash et al., 2012). The nested structure of the data (students in classes) was taken 

into account using a two-level analysis. In the multilevel analyses, students’ performance 

on the math posttest was the response variable and the PDP the independent variable. 

Given the initial hypothesis that the PDP would lead to higher mathematics achievement, 

one-sided significance testing was used to investigate the main treatment effect. The lack 

of hypotheses for the explorative analyses on differential effects of the PDP resulted in 

two-sided testing. 

Although PSM resulted in two equivalent groups, we followed Ho et al. (2007) in 

including in the outcome analysis all the main covariates that were used in the PSM. In 

doing so, we further minimized bias in the outcome analyses and increased the precision 

of the treatment effect estimate. Although models were run that included all covariates, 

for reasons of sparseness the models presented in Section 4.4 were estimated using only 

the significant covariates. Treatment effects did not depend on such model specifications.  

 
4.4 Results 

Treatment effects were estimated separately for a) the sample of treated and 

control students that were matched based on student and class characteristics, and b) the 

sample of treated and control students that were matched based on student, class, and 

teacher characteristics. In the latter matching procedure, a subset of the full sample was 

used. 

Matching on student and class characteristics led to a final matched sample of 527 

treated and 527 control students. Their mean pre- and posttest scores on the 

standardized math assessment are shown in Table 4, split up in mean scores for the 

grade 2 and grade 3 students in both the treatment and the control group. In the matched 

sample, the average pretest score of students in the experimental condition seemed 

somewhat lower than that of the control students, especially in grade 3, where, on 

average, students scored 2.34 points lower. However, t-testing showed no significant 

differences (t=-.88, df=581, p=.38 for grade 2 and t=-1.77, df=469, p=.08 for grade 3). At 
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the posttest, the difference between treated and control students in grade 2 seemed to 

have become somewhat larger, in favor of the control students, though differences 

remained nonsignificant (Independent samples t-test: p=.08 for both grade 2 and grade 

3). Notably, the standard deviation of the control students in grade 3 had lowered 1.54 

points on the posttest. Note that the nested structure of the data is not taken into account 

in Table 4. 

 

Table 4: Math Pre- and Posttest Scores, Treated and Control Students in Grades 2 and 3 (Matched Full 

Sample) 

   Math Pretest Math Posttest 

Grade Condition N Mean SD Range Mean SD Range 

Grade 2 Experimental 292 46.81 14.54 1-100 65.48 15.86 18-108 

 Control 291 47.86 14.45 6-88 67.48 15.58 26-108 

Grade 3 Experimental 235 63.24 14.58 21-113 80.44 14.31 34-131 

 Control 236 65.58 14.23 32-108 82.60 12.69 42-132 

 

Treatment effects were estimated using multilevel multiple regression models, 

based on the matched 1054 students. Since we matched at student level, these treatment 

effects are to be understood as the effect the PDP had on the math achievement of 

students that were taught by a teacher who participated in the PDP. Table 5 shows four 

multilevel models that were specified. Here, the math pretest is grand mean centered 

(gmc) for ease of interpretation. In the Covariate Model, covariates were added to the 

Empty Model. The individual math pretest score, the quadratic math pretest term, grade, 

and sex were found to be significant predictors for the math posttest, all indicated by an 

asterisk. Deviance testing indicated that the Covariate Model was a better fit to the data 

than the Empty Model (χ2=788.3, df=4, p<.001). This means that, keeping all other 

covariates the same, students with higher pretest scores performed better than students 

with lower pretest scores, grade 3 students had a higher posttest score than grade 2 

students, and boys outperformed girls. The Main Effect Model showed that the PDP had 

no significant effect. Adding the variable training resulted in a decrease of χ2=0.25, 

which is smaller than the critical value (5.02) in a chi-square distribution with df=1 for 

p=.05. Explorative analyses on the differential effects of the PDP for a) high or low 

performers and b) students in grades 2 and 3 did not show significant interaction effects 

of the PDP either (Interaction Model).  
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Table 5: Multilevel Analyses Predicting Students’ mathematics performance, Full Sample 

(N=1054) 

 Empty Model Covariate Model Main Effect Model Interaction Model 

 β SE β SE β SE β SE 

Response: Math 

posttest 

        

         

Fixed Part         

Intercept 73.75 .97    84.99 2.70      85.17 2.73     84.89 2.75 

Math pretest 

gmc 

  1.08* .09 1.08* .09 1.04* 0.10 

Math pretest2   -.00* .00 -.00* .00 -.00* 0.00 

Sex   -2.92* .65 -2.91* .65 -2.91* 0.65 

Grade   2.76* .98 2.78* .98 3.32* 1.35 

         

Training           -0.45 .90        .02 1.27 

Training*math  

pretest, gmc 

           .07 0.05 

Training*grade           -1.07 1.97 

         

Random Part         

Class level 75.44 13.69     9.75 2.89      9.67 2.87    9.73 2.88 

Student level 198.47 9.11  102.32 4.68 102.33 4.68 102.03 4.67 

     

-

2*loglikelihood:  

8724.68 7936.38 7936.14 7933.45 

No. of classes  108  108  108  108 

No. of students  1054  1054  1054  1054 

*: p<.05 

 

4.4.1 Check for robustness: Taking teacher characteristics into account 

The second matching procedure yielded a final sample of 677 students, 438 in the 

experimental condition and 239 in the control condition. It was carried out in order to 

check the robustness of the outcome analyses presented above. It was expected that the 

attitudes of teachers towards data use could influence not only teachers’ inclination to 

participate in the PDP, but also their teaching and, as a result, students’ math 

achievement; that is, teacher attitudes might have caused selection bias. Therefore, it was 

investigated, using the smaller sample, whether taking differences in teacher attitudes 

into account led to different effect estimates.  

For the matched sample, the mean math pretest scores are shown in Table 6, 

again split up into mean scores for the grades 2 and grade 3 students in both treatment 
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and control groups. No significant differences between matched treated and control 

students were found in either grade. The average pretest scores did not differ 

significantly for treated and control students in either grade 2 or grade 3 (t=.19, df=351, : 

p=.85 and t=.38, df=322, p=.71, respectively). The posttest difference between the 

treated and control students seemed to have become larger in grade 2, though the 

difference is not significant (t=-1.71, df=351, p=.09). In grade 3, no significant differences 

in the posttest results of treated and control students were found (t=.26, df=322, p=.79). 

In grade 3, the standard deviation on the posttest is 1.49 lower for the control students 

than for the treated students. Again, the nested structure of the data is not taken into 

account in Table 6. 

 
Table 6: Math Pre- and Posttest Scores for Treated and Control Students in Grades 2 and 3 (Matched 

Subset) 

   Math Pretest Math Posttest 

Grade Condition N Mean SD Range Mean SD Range 

Grade 2 Experimental 233 47.68 12.34 1-88 66.95 15.23 26-108 

 Control 120 47.39 12.47 21-75 69.85 14.92 38-108 

Grade 3 Experimental 205 63.42 14.76 21-113 80.41 14.39 34-131 

 Control 119 62.79 14.43 33-108 80.01 12.90 43-132 

 

For the matched students in the subset, treatment effects were again estimated 

using multilevel models. Table 7 shows the four multilevel models that were specified. 

Again, the math pretest was grand mean centered (gmc) for ease of interpretation. In the 

Covariate Model, individual math pretest score, sex, and the quadratic pretest term 

significantly predicted the math posttest; the deviance test indicated a better model fit for 

the Covariate Model than for the Empty Model (χ2=468, df=4, p<.001). Contrary to the 

earlier multilevel analyses presented in Table 5, grade was not a significant predictor for 

the posttest score, meaning that students in grade 2 did not perform significantly higher 

or lower than students in grade 3. 17  The Main Effect Model showed that including 

treatment did not alter model fit: the deviance decreased 0.31, which is smaller than the 

critical value (5.02) in a chi-distribution with df=1 for p=.05, meaning that the PDP had 

no significant effect on math posttest scores. In the Interaction Model, differential effects 

of the PDP on students with different initial achievements and from different grades were 

estimated. Again, no significant interaction effects of the PDP were found. 

                                                   

17
 Grade was included in the Covariate model, since we also aimed to investigate possible differential 

effects between grade and the treatment (see Interaction Model). 
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Table 7: Multilevel Analyses Predicting Students’ mathematics achievement, Subset (N=677) 

 Empty model Covariate Model Main Effect 

Model 

Interaction Model 

 β SE β SE β SE β SE 

Response: Math posttest        

         

Fixed Part         

Intercept 73.58 1.04      83.10 3.83     83.36 3.97       83.55 4.05 

Math pretest, 

gmc 

  0.96* 0.13 0.96* 0.12 0.92* 0.13 

Grade        1.62     1.22     1.62 1.21      1.48 1.91 

Sex   -3.10* 0.84 -3.10* 0.85 -3.07*      0.85 

Math pretest2   -0.00* 0.00 -0.00* 0.00 -0.00* 0.00 

         

Training         -0.64   1.16     -0.68 1.85 

Training*math 

pretest, gmc 

         0.09 0.07 

Training*grade          0.16 2.43 

         

Random Part        

class level 52.42 10.39    11.29 4.78 10.97 4.75   11.07 4.86 

student level 247.93 22.14   131.19 18.41  131.32 18.45 130.65 18.09 

-2*loglikeli-

hood:  

5632.29 5164.24 5163.93 5160.98 

No. of classes  76  76  76  76 

No. of students 677  677  677  677 

*: p < .05 

 

4.5 Discussion 

 

4.5.1 Main findings 

The effects of our teacher PDP on students’ mathematics achievement were 

investigated in this study. The PDP targeted data use, which was conceptualized as 

consisting of three key elements: determining the desired performance level, establishing 

the actual performance level, and pedagogical strategies to reach the desired 

performance level (that is, the goal), thereby closing the gap between the actual and the 

desired level. Participation in the PDP was supposed to lead to improved teacher 

knowledge and skills in the interrelated practices of goal setting, data analysis, and 

effective instruction. This combination was expected to lead to more targeted and aligned 

teaching practices that would better fit student’s instructional needs, resulting in 
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improved math performances of students. Yet the multilevel analyses did not show any 

significant main or interaction effect of the PDP on student performance. 

The current study had a quasi-experimental pre-posttest control group design. 

Given its non-experimental set-up, selection bias was adjusted for through PSM. As a 

result, treated and control students differed only randomly in terms of the observed 

covariates. Two separate matching procedures were conducted. The first, in which 

matching was based on student and class characteristics, yielded the best choice between 

matching quality (in terms of covariate balance) and sample preservation. To further 

minimize the remaining hidden bias, teacher characteristics were added in the second 

matching procedure. Since information on teacher attitudes was not available for all 

teachers, the second matching procedure was conducted using a subset of the data. The 

use of relevant pretreatment information at three different levels (student, class, and 

teacher), was assumed to strongly reduce selection bias. As a result, we do not expect 

effects of the PDP to have remained unobserved. 

 

4.5.2 Interpreting the study findings 

Counter to our expectations, our PDP, in which the interrelated three components 

goal setting, data analysis, and instruction were combined, did not yield improved 

mathematics achievement among students. This result might indicate that our 

multicomponent PDP 1) was effective, but we did not detect its effect, 2) was not effective 

yet, 3) was not effective at all, or 4) was not effective in this specific set-up. As mentioned 

above, the use of PSM, in which we matched based on student-, class-, and teacher-level 

covariates, makes it improbable that the effects of the PDP remained unobserved 

(possible explanation 1). The second possible explanation suggests that it may take longer 

to find an effect. This might at least partly explain why no positive effects of the teacher 

training course on student performance were found. In the PD literature, DeSimone 

(2009) and Wayne and colleagues (2008) called for prudence when it comes to expecting 

an impact of PD interventions on achievement too quickly, as it takes some time for 

teachers to implement new practices. Based on their study on the use and effects of a data 

system (the Acuity system), Shaw and Wayman (2012) also stated that, ideally, the effects 

of programs on data use should not be measured too soon. They argued that it takes 

schools at least two years to implement the desired way of working. From this 

perspective, the time frame in which program implementation and results were 

measured in the current study - only one school year - might just be too short. The 

possibility that the PDP could have generated different, more targeted and aligned 
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teacher behavior in the longer run, in combination with improved student performance, 

should, therefore, not be rejected.  

The two other possible explanations for not finding effects are that our 

multicomponent PDP was not effective at all due to an ineffective combination of 

elements (possible explanation 3) or that it was not effective the way we conducted it: not 

because of (the combination of) the three elements, but due to an inadequate fit of its 

components to teacher needs and/or due to implementation problems (possibility 4). 

Given the empirical evidence for improved performance of our three separate 

components (Black & William, 1998; Borman et al., 2003; Fuchs et al., 1985; Locke & 

Latham, 1990; Muijs & Reynolds, 2011) and the theoretical assumption that the three 

interrelated components reflect the core features of data use and a formative use of data 

(Visscher & Ehren, 2011; Black & William, 2009), we expect the fourth possibility to be 

more plausible than the third and we will, therefore, further explore the idea that the 

PDP was not effective in its current form; in doing so, we will focus on its content and its 

implementation.  

Our PDP consisted of three components. In order to explain the study results we 

will mainly focus on the instructional component, since the relation between data 

analyses and instruction is considered crucial (Faber & Visscher, 2014; Lai et al., 2009; 

Slavin et al., 2013; Timperley & Parr, 2009; Marsh, Sloan McComb, Martorell, 2010), but 

complex: teachers mainly seem to use data in a rather superficial way, for instance, for 

re-teaching purposes (Goertz et al., 2009), and they have been found to have difficulties 

in making adequate data-informed decisions on future actions by themselves (Heritage et 

al., 2009; Shaw & Wayman, 2012). Slavin and colleagues (2013) also argued that 

instructional modifications, through using methods that have been rigorously tested and 

proven effective, are key to effective data use. In the current study, two evidence-based 

instructional methods were addressed and practiced by the teachers, direct instruction 

and modeling, supplemented with math-specific instructional recommendations. In this 

way, we expected to give teachers tools for solving the problems that had become clear 

from the data. Yet, despite the proven effectiveness of the general instructional methods 

for raising student performance, it is possible that these methods were not specific 

enough for teachers to solve problems in student understanding. More detailed guidance 

on how to relate data to instructional adjustments might have been needed. Moreover, in 

hindsight, the usefulness of including DI in our PDP is questionable, especially since DI 

is relatively well-known in the Netherlands. In their initial teacher training, student 

teachers learn to teach through DI, and a lot of teachers in the experimental group had 



 

95 

 

some kind of training in DI earlier on in their teaching careers. As a result, the teachers 

might not have felt the need to improve their implementation of DI, either because they 

were not sufficiently motivated to do so or because they were not (fully) aware of flaws in 

their own use. Focusing the instructional part on the two general instructional methods, 

DI and modeling, and, particularly, selecting DI as one of these, might just not have fitted 

teacher’s instructional needs, as the teachers did not receive specific recommendations 

for solving specific problems in understanding and might not have been stimulated to 

adapt their own teaching behavior, thereby impeding successful program 

implementation. 

A second possible flaw in the set-up of the PDP was the combination of its 

duration, one school year, and the broad scope of the program. This had consequences 

for the depth in which the components were discussed. For instance, teachers received 

guidance from the researchers in conducting and interpreting relevant data analyses of 

the standardized assessments for their own students (PDP component 2). However, data 

from other sources (like curricular textbook assessments or seat work) should also be 

used to inform instructional decisions. Their relevance was stressed during the meeting. 

Yet, due to time constraints, it might be that this was touched upon relatively 

superficially, making it questionable whether teachers felt fully supported in using and 

aligning several sorts of data in their daily teaching practice. Time constraints and the 

richness of the program might have further rendered attention to instruction (PDP 

component 3) superficial. Teachers probably needed more time to fully understand, 

practice, implement, and incorporate the two general, evidence-based instructional 

methods and the math-specific recommendations. Stretching the duration of the PDP 

might have helped to improve the quality of elements of the program, thereby enabling 

teachers to better grasp the content of the PDP; as a result, this might have improved its 

implementation by the teachers. 

 

Relating the study results to a joined PDP on reading 

The results of the current study should also be interpreted in light of the findings 

of van Kuijk et al. (2015), who found a positive effect for the PDP on reading 

comprehension, with and effect size of d=.37. What makes this puzzling is that the 

reading study was combined with the current study in a one-year, joined PDP, having the 
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same participants.18 In the set-up of this joined PDP, the participating teachers had to set 

performance standards and performance goals both for reading and for math, were 

expected to gain knowledge and skills in making and interpreting data analyses on 

reading as well as math, and practiced the two general instructional methods, direct 

instruction and modeling. This was supplemented with subject-specific instructional 

information. Up to now, we attributed the lack of positive effects of the PDP on student 

performance to either the short amount of time given to the teachers to implement new 

practices or to flaws in the PDP’s set-up. However, these aspects did not seem to hinder 

the improvement of students’ reading skills as a result of the PDP. What is it then that 

caused the joined PDP to have a small to medium positive effect on reading and no 

significant effect on mathematics?  

Again, the content of the instructional component might be questioned, 

particularly the content of the domain-specific part for mathematics and reading. Math-

specific information related to two PDP components: instruction and data analysis. First, 

the instructional part specifically focused on a topic that was relatively sparsely 

addressed in the Dutch curricular textbooks: instruction on problem-solving approaches. 

Second, the use and interpretation of a more complex data analysis, the error analysis, 

was practiced and discussed as regards teachers’ own students. This in-depth analysis of 

the math assessment was discussed in combination with subsequent steps, like the 

diagnostic math interview, as they were considered important steps for determining the 

actual level of students’ understanding – the point from which well-considered 

instructional modifications could be decided on. In contrast to the domain-specific 

elaboration for math, the reading-specific instructional part was focused solely on 

reading strategies and the curriculum, as these are less elaborated on in the curricular 

textbooks for comprehensive reading. The strong emphasis on instruction in the reading-

specific part of the PDP might have influenced instructional behavior in reading 

substantially, resulting in better student performance in reading, whereas the focus of the 

math-specific instructional part on both data analysis and instruction might have led to 

fewer instructional changes by the teachers. 

                                                   

18
 The results on student achievement in the reading study were based on 35 treated groups, whereas 

those for math were based on 49 groups. Reading results were based on a subset of the groups used in 

the math study, because not all schools used the standardized assessment for reading in grade 1, the 

pretest in the reading study. 
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A second possible explanation for the different effects of the joined PDP on math 

and reading concerns competition: teacher time is scarce and in cases where teaching 

adaptations in two competing subject domains were fostered, the actual changes in 

teacher behavior might have been limited to the subject domain in which the teachers felt 

that there was more to gain - in the reading domain. In general, Dutch teachers are 

known to stick closely to the curricular textbooks (Meelissen et al., 2012).19 Yet there are 

differences in math and comprehensive reading textbooks. Math textbooks are clearly 

structured and offer elaborate suggestions for daily lessons. Further, they offer lesson 

designs that contain key elements of DI and provide specific suggestions to adapt 

instruction and seat work to students’ capabilities (Kuiper & Palma, 2012). All in all, the 

math curricular textbooks offer teachers ample support for clearly structuring the lessons 

and for implementing differentiation practices relatively easy. This seems to be 

confirmed by observational data from the Dutch Educational Inspectorate, who found 

that approximately 70% of Dutch teachers differentiate between math ability levels 

(Educational Inspectorate, 2014; 2013). Moreover, Dutch teachers tend to consider 

themselves (very) well equipped and feel highly confident to teach mathematics 

(Meelissen & Drent, 2008; Meelissen et al., 2012). In the domain of comprehensive 

reading, teachers are less well supported by the curricular textbooks regarding 

suggestions for differentiation, effective strategies, and selection of relevant tasks (Kuiper 

& Palma, 2012; van Berkel, Krom, Heesters, van der Schoot, & Hemker, 2007). Teachers 

also seem to experience difficulties in teaching comprehensive reading (Stoeldraaijer and 

Forrer, 2012). A PDP targeting data use, in which differentiation as a result of the 

different desired and actual performance levels, and instruction play an important role, 

might, therefore, have fitted the needs of Dutch teachers in the reading domain far better 

than in the math domain. This might have been reflected in the significant positive 

effects in reading but not in math. 

Related to this second explanation is the hypothesis that it might be difficult for 

teachers to focus on adjustments in two subject domains simultaneously, especially in a 

short amount of time. The information provided by our entire PDP might just have been 

too much, causing teachers to select those methods and information only in the subject 

domain where they needed them most. Further, the fact that modeling was introduced, 

                                                   

19 An important finding, however, is that, although teachers primarily keep to their math textbooks, 

the actual  implementation of the curriculum and the quality of interaction in class differ strongly from 

one class to the other (Royal Netherlands Academy of Arts and Sciences, 2009). 
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discussed, and practiced in the domain of comprehensive reading, while stressing its 

importance for mathematics, might have complicated its implementation in the math 

lessons due to problems teachers experienced in transferring knowledge and skills from 

one domain to the other. A closer look at the results from the program of the Centre for 

Data-Driven Reform in Education (CDDRE-program; Carlson et al., 2011; Slavin et al., 

2013), which focused on enhancing the performance of grade 5 and grade 8 students in 

both math and reading, might support our idea that it is difficult to implement data use 

in both subject domains at the same time. The findings of the study on the first year of 

the program, in which the effect of benchmarking assessments on state assessments for 

grade 8 students was evaluated, showed small significant positive effects for math, but no 

significant effects for reading (Carlson et al., 2011). Similar to our findings, the results of 

the four year long - CDDRE program (Slavin et al., 2013) showed the strongest effects on 

reading. For math, no significant effects were found for grade 5 in any of the years, and in 

grade 8 significant effects were found only in year 1; see Carlson’s study (2011). 

Moreover, Slavin and colleagues’ finding that math results approached statistical 

significance in the fourth year provides additional support for the assumption that it 

takes some time for teachers to be able to generalize knowledge and skills to different 

subject domains and that full implementation of DDDM should not be expected too 

quickly. 

 

4.5.3 Limitations 

Our results should be interpreted in light of certain limitations. First, taking into 

account more elaborate measures regarding, for instance, teacher behavior might have 

facilitated interpretation of our findings. Our expectation was that the multicomponent 

PDP on data use would improve student achievement due to more targeted and better 

aligned teaching (cf. Lai et al., 2009; Timperley & Parr, 2009). Such modifications in 

teaching were supposed to result from the PDP’s overall design, which adhered to the five 

core features of effective PDPs (Borko, 2004; Desimone, 2009; Garet et al., Porter, 

Desimone, Birman, & Yoon, 2001): content focus, collaboration, coherence with 

educational policy, active learning, and a minimum duration of 20 hours. Since these five 

characteristics are widely acknowledged to support teacher learning, we expected the 

PDP to optimally support teacher change, which is conditional for a change in student 

outcomes. The focus of this article, the effectiveness of the PDP on student achievement, 

left open the question whether teachers actually changed their teaching behavior as 

expected. Information on the behavioral changes of teachers, for instance, through 
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observations or teacher logs, would have added valuable insights to our effectiveness 

findings. 

A second limitation is related to the quality of the matching. To adjust for self-

selection problems in the quasi-experimental design of the study, propensity score 

matching was used. Covariates at student, class, and teacher level that were expected to 

relate to both PDP participation and student performance were used in the matching. 

However, we cannot be sure whether the set of covariates used was rich enough to 

account for hidden bias (Shadish et al., 2008). For instance, pre-treatment information 

on teacher behavior may have played a role, like teachers’ actual use of specific data 

analyses or the instructional adjustments to students’ needs they already normally made 

in class. Additional pre-treatment teacher attitudes, providing information on whether 

they thought they needed data to inform their teaching (Schildkamp & Kuiper, 2010) and 

on whether they valued performance feedback, might also have been valuable covariates 

to use in the PSM, as teacher attitudes towards data have been found to be a relevant 

predictor for using the data (Bosker, Branderhorst, & Visscher, 2007; Vanhoof et al., 

2011). Furthermore, at the student level, non-cognitive characteristics, such as student 

motivation and concentration, might also have acted as confounders.  

 

Although the PDP did not yield significant positive effects on the math 

achievement of students, we consider the results of the current study valuable, both for 

practice and for research. Although data-driven decision making has been embraced by 

the governments of many (western) countries in which it is one of the spearheads of 

educational policy, its effectiveness for student achievement has not been proven 

conclusively (Quint et al., 2008; Henderson et al., 2007). Our findings confirm that it is 

not straightforward that the use of data and the provision of support in detecting 

problems in student performance and understanding yields improved student 

performance. The current results also lead us to question whether the provision of 

general instructional methods offers rich enough instructional support for teachers to 

truly adapt their teaching practices to better fit students’ educational needs. Although 

data-driven decision making is an appealing approach, more time seems to be needed to 

fully capture what elements are crucial for its effectiveness on student performance and 

in what specific configuration. Training teachers in the implementation and 

incorporation of DDDM tends to be a complex process, in which several factors like time, 

teacher needs (for example, regarding differentiation practices, instruction, and data-

analytical skills), and the context (Lai et al., 2009) seem to play an important role in the 
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implementation of the desired way of working. Policymakers should be aware of this and 

should, therefore, not be too keen on finding quick results following policy changes.  
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Chapter 5 

Teachers’ levels of implementation of a professional development 

program on data use and their relationship with students’ 

achievement in mathematics 

 

  



 

102 

 

Abstract 

In this chapter it was investigated whether a professional development program 

on data use succeeded in bringing about changes in teachers’ thinking and behavior. For 

this purpose we compared survey responses of the 33 teachers who had participated in 

the program to that of 31 control teachers. Next, we identified profiles of teachers’ data-

mindedness, operationalized in terms of their observed use of differentiation practices, 

their self-reported awareness of student outcomes and their self-reported level of goal-

orientedness. Relating the teacher profiles to teachers’ baseline measures and changes 

during the program it was found that early differences had remained and only very 

limited implementation had taken place. Moreover, no relation was found between the 

teacher profiles and students’ math achievement. Possible explanations for the lack of 

program implementation as well as measurement issues are discussed. 

 

5.1 Introduction 

Concerns with the level of mathematics achievement due to a slight decrease in 

proficiency levels (Expert group Continuous Learning Progression, 2008; Royal 

Netherlands Academy of Arts and Sciences, 2009), have caused Dutch policymakers to 

focus on the basic skills and to promote the systematic use of performance data for 

making educational decisions. This emphasis on data-driven decision making (DDDM) is 

a tendency that is found in many western industrialized countries, like the USA (Datnow 

et al., 2007; Slavin et al., 2013; Wayman et al., 2012), New Zealand (Lai et al., 2009; 

Timperley & Parr, 2009), Flanders (Schildkamp et al., 2012; Verhaeghe et al., 2010), 

Great Britain (Downey & Kelly, 2013) and Canada (Anderson, Leithwood, & Strauss, 

2010; Dunn et al., 2013). The idea is that by making use of different types of data, 

teachers are more aware of the proficiency levels of their students. This information 

supports making adequate instructional decisions that ensure better alignment between 

instruction and students’ educational needs, reflecting a formative use of performance 

data. Such a better fit is supposed to lead to better student performance.  

Several studies have shown that schools and teachers experience difficulties when 

implementing data use, or DDDM. First, the correct analyses and interpretations of data 

coming from digital student monitoring systems cause problems, due to insufficient 

levels of statistical knowledge and interpretative skills (Hellrung & Hartig, 2013; van der 

Kleij & Eggen, 2013; Verhaeghe et al., 2010). Second, using data in a formative way 

assumes that schools and teachers know the specific student outcomes they want to 
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attain. This assumes a goal-oriented way of working, reflecting awareness of the desired 

proficiency levels of students. Setting goals is considered essential in data use, but the use 

of explicit goals is not a common practice in the Netherlands and Flanders (Schildkamp 

et al., 2012; Verhaeghe et al., 2010). Third, teachers experience difficulties in translating 

the information provided by the data to instructional adjustments (Heritage et al., 2009; 

Goertz et al., 2009; Marsh et al., 2010). Given the difficulties schools and teachers 

experience with effectively using data, professional development in terms of DDDM is 

needed (Datnow et al., 2007; Mandinach, 2012; Vanhoof & Schildkamp, 2014; Wayman 

& Jimerson, 2014). 

These considerations led us to develop and carry out a one-year teacher 

professional development program (PDP) in DDDM, targeted at teachers of grades 2 and 

3.20 No significant effects on student achievement were found, despite the empirical 

evidence that the three program-elements of the PDP – goal setting, data analysis, and 

two effective instructional methods - were related to better student performance (e.g., 

Borman et al., 2003; Carlson et al., 2011; Fuchs et al., 1985; Lai et al., 2009; McNaughton 

et al., 2012; Muijs & Reynolds, 2011). The math performances of students that were 

taught by teachers who participated in the PDP did not significantly differ from those of 

comparable control students whose teachers were not involved in such a PDP (see 

chapter 4).  

One could conclude that the current set-up of the PDP was not appropriate for 

yielding positive effects. An alternative explanation for this lack of finding significant 

effects might be related to the teachers’ implementation of data-informed teaching 

behavior and thinking. When considering teachers’ implementation, it might be the case 

that teachers incorporated the new way of working, at least to some extent, but that the 

adjusted attitudes and behavior did not yield better student achievement yet. 

Comparable suggestions have been put forth by Shaw and Wayman (2012), who 

suggested that it takes schools and teachers at least two years to fully incorporate the use 

of data. Moreover, the lack of finding an overall effect of the PDP on student achievement 

might have concealed differential effects of the PDP. The promoted way of working might 

just not have been adapted by all teachers, leaving room for the possibility that its effects 

on student achievement differed for teachers who were more data-minded and for those 

who were so to a lesser extent. The purpose of the current chapter is to investigate a) 

whether teachers who participated in the PDP had different behavior and attitudes at the 

                                                   

20
 More specific information on the professional development program is provided in Appendix 1. 
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end of the intervention compared to teachers who were not engaged in such a training, b) 

whether it would be possible to identify different levels of teachers’ data-mindedness at 

the end of the PDP, and c) whether different levels of data-mindedness were related to 

initial differences, teacher change, and student achievement. 

 

5.1.1 Effective professional development programs 

The effectiveness of educational reforms and policies for teaching practice can be 

mediated by professional development activities (Desimone, 2009). The rationale of 

professional development (PD) is that by offering new knowledge and/or supporting 

practical skills, teacher learning is fostered, resulting not only in increased knowledge, 

better skills, and changed attitudes, but also in improved teaching practice and, as a 

result, increased student performance. Regarding the content and set-up of such teacher 

learning programs, Desimone referred to a consensus in the PD field that five critical 

features are essential for effective and high quality PD programs (Desimone, 2009; 

Timperley et al., 2007): 1. focus on content, 2. active or inquiry-based learning, 3. 

coherence, 4. sufficient duration, and 5. collaboration. The first feature, focus on content, 

is considered most important (Garet et al., 2001; Hochberg & Desimone, 2010). 

Targeting classroom practices, by focusing PD activities explicitly on student learning 

and on content knowledge and pedagogical content knowledge, is not only found to be 

related to gains in teacher knowledge and skills, and teaching practice (Garet et al., 2001; 

Hochberg & Desimone, 2010), but also to improved student outcomes (Timperley et al., 

2007). Active and inquiry-based learning means that professional development programs 

(PDPs) contain active learning, like interactive feedback based on lesson observations, or 

inquiry-based learning, in which teachers, for example, analyze and interpret student 

assessment data to base decisions for future teaching on (van Driel, Meirink, van Veen, & 

Zwart, 2012). The third feature, coherence, means that the PD content should be 

coherent with reform policies at school, district or national level, with teachers’ own 

knowledge and beliefs, and with problems teachers encounter in their daily classroom 

practice (Timperley et al., 2007). By being coherent, PDPs could solve teacher problems 

and therefore foster changes in teacher behavior. PDPs further are supposed to engage 

participants for a considerable amount of time (duration) and should be spread over a 

sufficient time span (Desimone, 2009). Finally, collaboration and collective participation 

offer teachers opportunities to interact with each other and work together, which 

stimulates their learning.  
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5.1.2 Teacher learning in professional development programs 

Considerable PD initiatives do not succeed in bringing about real changes in 

teaching practices (Fullan, 2007). Fullan argued that it takes considerable time, 2 or 3 

years, to implement changes after teachers made the decision to adopt the reform (the 

Initialization phase). However, teachers do not always decide to change, sometimes they 

reject the reforms. In their best evidence synthesis on effective professional learning and 

development Timperley and colleagues (2007) pointed out that relatively little is known 

about how professional learning opportunities, that are provided by PD programs, 

influence teaching practice. Unravelling this black box might help us to understand how 

the content of a PDP influences teachers’ interpretation and utilization of it, resulting in 

either changes in teaching practice or not (the so called possible ‘teacher outcomes’). For 

teachers’ actual implementation of the program content, context factors, like time and 

personnel resources, play an important role, as well as teachers’ motivation and 

emotions. For instance, teachers should consider the PD course practical and useful for 

daily practice (Timperley et al., 2007). This is important, not only for teachers’ 

motivation to adopt and implement the new information, but also for the promotion of 

positive emotions for change (Schmidt & Datnow, 2005).  

Since teachers’ motivation, emotions, prior knowledge, and beliefs can influence 

implementation and, as a result of that, the effectiveness of PDPs, it is important to pay 

attention to them. Teacher motivation is known to be high if the PDP addresses topics 

that are meaningful to the teachers and when something is at stake for them as a 

professional (Hochberg & Desimone, 2010; Timperley et al., 2007). In a recent study, 

Wayman and Jimerson (2014) investigated the teacher needs for PD programs in data 

use. For this purpose, data were collected from educators coming from 3 school districts, 

having different positions in the schools. Interview and focus group results led Wayman 

and Jimerson to conclude that educators believe teachers to primarily need ”immediately 

useful data-related professional learning” (p. 31, italics from Wayman & Jimerson). In 

terms of how the PDP should be designed this meant that teachers should be facilitated 

to timely use data concerning their own students – meaning that the program is job-

embedded and contextual. Further, teachers should ideally be able to collaborate in small 

groups relating to specific grade- or content-levels, and be actively engaged in hands-on 

activities. Educators further indicated that learning content should be provided by a 

credible expert, preferably an experienced classroom teacher, and should build upon 

prior knowledge of the teachers. Unfortunately, educators indicated that most PDP’s do 

not cover these needs, showing a gap between what is delivered in PDPs and what is 
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desired or needed by teachers. Since teachers’ motivation is found to be higher in cases 

where the content of the PDP is highly relevant to them (Timperley et al., 2007), it seems 

to be important that sufficient attention is paid to addressing the actual teacher needs 

while developing such programs (Wayman & Jimerson, 2014). 

 

5.1.3 Teachers’ emotional states, beliefs and sense-making as mediating 
factors for implementation 

In their study on how emotions had an impact on teachers’ sense-making of 

comprehensive school reforms, Schmidt and Datnow (2005) found that especially 

innovations related to changes in classroom practices elicited teacher emotions, both 

positive, like having feelings of enthusiasm, confidence and commitment, and negative, 

like experiencing feelings of resentment, frustration, worry or guilt. As emotions are 

found to be determinants for the implementation of innovations in several studies 

(Saunders, 2013; van Veen & Lasky, 2005), Schmidt & Datnow (2005) recommended 

that, in change processes, ample consideration should be given to teachers’ feelings of 

anxiety and worry, by making teachers knowledgeable about what the innovation 

amounts to, about the extent to which the innovation differs from teachers’ current 

teaching practices, and by providing teachers with support and tools to make the 

promoted changes. Further, Schmidt and Datnow (2005) stressed the importance of 

providing teachers with “the emotional support to take reasonable risks without 

concerning themselves about the possible consequences that might befall them 

personally” (p. 962).  

Such considerations on teachers’ emotions and well-being are also be associated 

to PDPs on accountability topics, like the standards-based reform. One of the undesired 

consequences of accountability is that teachers perceive a lot of stress due to a strong 

focus on fast growth in student performance and the demands for teachers’ instructional 

skills. Hochberg and Desimone (2010) reflected on what accountability entails for 

effective PD. They argued that its main aims, rapid improvement of achievement for all 

students through considerable instructional changes, should have implications for PD 

initiatives. To support teachers in reaching these aims, Hochberg and Desimone (2010) 

specifically emphasized a content and long-term focus. The accountability context further 

requires that teacher beliefs are addressed sufficiently, since participation in the reform 

and therefore in PD initiatives is obligatory. Especially teachers’ epistomological and 

efficacy beliefs seem to play an important role in adapting to a more data-informed and 

outcome-concerned way of working. By fostering feelings of competence, by providing 
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teachers sufficient opportunity to practice and to incorporate the instructional 

modifications needed – which is often not common practice in PD initiatives in the 

United Stated (Hochberg & Desimone, 2010; Mandinach, 2012) -, and by showing the 

importance of the PD elements, discrepancies between the original and promoted 

efficacy beliefs can be dealt with. The same goes for teachers’ epistemological beliefs. 

These beliefs concern “the nature of knowledge and the process of knowing” (Gregoire, 

2003, p. 172), like one’s belief that subject-matter knowledge is fixed or that it can be 

changed. Such epistemological beliefs have been related to teacher change (see for 

references Gregoire, 2003), thereby offering possible explanations for situations in which 

teachers do not implement the reforms as intended, even when they themselves assume 

that they do. 

Taking teacher beliefs into account in innovation projects and PD initiatives was 

also stressed by other authors. Pajares (1992), in his review on teacher beliefs, stated that 

teacher beliefs might function as a filter through which new information is perceived. 

This filtering might cause the beliefs, in combination with teachers’ prior knowledge, to 

influence teachers’ interpretation processes in PDPs or reforms, leading to selective 

changes of only some aspects of teaching practice, while not implementing the full 

program or reform (Spillane, Reiser, & Reimer, 2002). Therefore, Spillane et al. (2002) 

stressed the need for focusing on teachers’ sense-making. When teachers make sense of, 

or comprehend, new policy or innovations, an active process of interpretation is assumed 

to take place “that draws on the individual’s rich knowledge base of understandings, 

beliefs, and attitudes” (Spillane et al., 2002, p. 391). Thus, effective PDPs should pay 

attention to such interpretation processes, making sure that all participants understand 

what the new way of working entails (cf. Cho & Wayman, 2014). 

Especially in the context of data use, a prerequisite for effective PDPs seems to be 

that participants use the same definitions for the concepts and have mutual ideas about 

the aims and purposes of data use for their own school. Only when all educators in a 

school (or district) have common understandings, school teams will be able to 

constructively discuss and work together on data (Wayman & Stringfield, 2006; Kerr, 

Marsh, Schuyler Ikemoto, Darilek, & Barney, 2006; Young, 2006). In a recent study, 

Jimerson (2014) investigated the mental models of educators from a school district in 

Texas, using both survey and interview data. Jimerson examined the ways the educators 

considered the terms data and data use. The educators were found to have different 

perspectives on data use, with perspectives ranging from positive to negative; negative 

comments mainly coming from the teachers. Jimerson’s findings showed the importance 
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of spending time on co-constructing common understandings on data use during PD 

programs, meaning that participants (or school/regional teams) share the same 

meanings and perceptions, not only on what data are and how they can be used to 

support teaching practice, but also on (the purposes of) teaching and learning (Wayman 

et al., 2012).  

Such co-construction and sense-making of the core concepts seem to play a 

central role in dealing with data use, especially given its connection to accountability. 

Jimerson (2014) found that, even in those schools where DDDM was primarily used for 

school/instructional improvement, accountability concerns were often present at some 

level. Although accountability might be most prominent in the United States, nowadays, 

it should be taken into account in other countries, like the Netherlands, as well (Ehren & 

Swanborn, 2012; Schildkamp et al., 2014).  

 

5.1.4 Some recent examples of PD initiatives for data use  

Although data use is one of the spearheads of educational policy, its full 

implementation in schools, leading to real, well-considered adaptations and instructional 

changes, is still rather limited (for instance, Goertz et al., 2009; Schildkamp et al., 2014; 

Vanhoof & Schildkamp, 2014). The availability of data does not automatically lead to its 

effective use: teachers should be trained to become data-literate, and should be 

supported in translating data into instructional actions (Heritage et al., 2009; Kerr et al., 

2006; Mandinach, 2012; Means et al., 2010; Shaw & Wayman, 2012). Despite the 

apparent need for professional development in data use, PD initiatives do not always 

fulfill the needs and not always yield teachers that can be considered data-literate 

(Jimerson, 2014; Mandinach, 2012; Wei, Darling-Hammond, Andree, Richardson, & 

Orphanos, 2009). In this section, we discuss some recent examples of PD initiatives on 

data use, teachers’ implementation of such programs, and their effectiveness for raising 

student achievement. 

A recent study on whether observational data could improve teaching practice 

showed that discussing lesson observations fostered teachers to adapt their teaching in 

such a way that less time was spent on classroom management. Students were further 

found to be more on task and teachers spent more time on explicit instruction (Van den 

Hurk, Houtveen, Van de Grift, & Cras, 2014). In another study, Staman et al. (2014) 

described that their PDP on making school teams data-literate for instructional 

improvement purposes positively influenced teachers’ knowledge and skills regarding 

data analyses in the student monitoring system. However, when participants’ attitudes 
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regarding data and the student monitoring system collected after the training were 

compared to their attitudes before the PDP, no significant differences were found. 

Staman et al. (2014) argued that the high pretest scores on the attitudes made significant 

positive changes somewhat improbable. However, an alternative explanation might be 

that it is more difficult to change teacher beliefs than (part of) their knowledge and skills 

(Hochberg & Desimone, 2010). 

In a one year case study of a US primary school, Hubbard, Datnow, and Pruyn 

(2014) investigated whether and how teachers implemented data use across the 

curriculum and how data use was integrated in recent reform initiatives. Such reform 

initiatives, like teaching 21st century skills and the new Common Core Standards, 

demand students to learn skills like critical thinking and project-based working. 

Measuring such skills forces our ideas about data and data use to become broader than 

in current practice. In order to inform and optimize instruction, these recent initiatives 

demand an extended use of data across the whole curriculum, thereby not only using 

data to easily assess and monitor students’ achievement in basic skills. Based on 

observed grade-level meetings and interview data, Hubbard and colleagues found that 

such a broad use of data was limited: teachers used data mainly for improving instruction 

in math and English language arts, but such data use was not merged in other subject 

areas. Further, no real integration with other initiatives, like problem based learning, was 

found. Implementation of data use thus seemed to remain rather fragmented and 

isolated in the school. In this respect the researchers pointed to the complexities teachers 

perceive when uniting and implementing multiple initiatives.  

Two recent studies concerned the same one year PDP (the current project), in 

which Dutch teachers were professionalized in using data for instructional improvement 

purposes. The studies focused on whether the PDP affected student achievement in 

reading comprehension (van Kuijk, et al., 2015) and mathematics (see chapter 4). The 

comprehensive joined program contained three interrelated, evidence-informed 

components (goal setting, data analysis, and instruction), and targeted teachers of grades 

2 and 3, as well as school principals and senior support coordinators. This set-up allowed 

for collaboration in small school teams, while focusing on specific grade-levels. Since 

both studies were part of a joined PDP, most of the year-long program was the same for 

both studies; the main difference between the two programs was related to the domain-
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specific instructional part. 21  Comparing the classes taught by teachers in the 

experimental condition to comparable classes in a control condition showed a significant, 

positive effect of the PDP (d=.37) on reading comprehension. In the study on 

mathematics, students in the experimental condition were matched to comparable 

control students. These analyses did not yield any indication that the PDP positively 

affected the mathematics achievement of students.  

 

5.1.5 Research questions  

Research on PD’s and educational reforms, like DDDM, indicated that it is not 

straightforward that PDPs suit educators’ needs, foster sustainable changes in teachers’ 

knowledge, beliefs, skills, and practices, and ensure sufficient time for such changes. 

Recent examples of PDPs on data use further showed that these programs were not 

always effective, sometimes only partially, for teacher change or raising student 

achievement. This might be due to a lack of bringing about real changes in teachers’ 

beliefs, attitudes and behavior, or to a lack of implementation of all promoted teaching 

practices.  

Several authors stressed the need for sufficiently taking into account teacher 

attitudes and beliefs when conducting PD programs and when studying their 

implementation by the teachers (Gregoire, 2003; Hochberg & Desimone, 2010; 

Jimerson, 2014; Pajares, 1992; Spillane et al., 2002). Researchers have related program 

implementation to mental models or sense-making of its participants, possibly causing 

only selective implementation of elements (Jimerson, 2014; Spillane et al., 2002), or 

causing such high levels of discrepancy with teachers’ own beliefs, attitudes and prior 

knowledge that hardly any implementation takes place. Teacher emotions of anxiety, 

worry or a lack of confidence could even cause teachers to (partly) reject the innovation. 

Levels of implementation might thus differ considerably between teachers, possibly 

leading to differential effects on student performance. Such considerations led to the 

following three research questions:  

 

1. To what extent is attending a professional development program on data-driven 

decision making related to teachers’ data-minded attitudes and behavior? 

                                                   

21
 Note that an important part of the instructional component targeted knowledge and skills in the two 

evidence-informed instructional methods – direct instruction and modeling -, that were related to 

both math and reading comprehension. 



 

111 

 

2. Is it possible to determine different profiles of trained teachers in terms of their 

data-mindedness?  

If teacher profiles can be identified,  

3a. what were the data-minded attitudes and behavior of the identified teacher 

profiles at the start of the PDP and to what extent had these attitudes and 

behaviors changed at the end of the PDP? 

3b. to what extent are the teacher profiles related to the math performance of 

students? 

 

These questions were answered using teacher and student data. The PDP was 

supposed to foster a) teachers’ awareness of what levels of student learning and 

achievement they strived for – teachers were thus assumed to have become more goal-

oriented-, b) teachers’ ability to analyze and interpret data in order to determine 

students’ actual proficiency levels and c) teachers’ ablity to close the gap between desired 

and actual levels, by making their lessons more structured, focused, and clear. Given the 

support, practice, and team discussions, we expected teachers who participated in the 

PDP to show higher levels of data-mindedness in their thinking and behavior than 

teachers who were not engaged in a PDP on data use (Hypothesis 1). Furthermore, we 

expected those teachers in the experimental condition, who reflected more data-

mindedness at the end of the PDP, to have implemented program content to a higher 

extent than those teachers in the experimental condition, who showed a lower level of 

data-mindedness (Hypothesis 2). Moreover, teachers’ higher levels of data-mindedness 

were expected to influence their students’ math achievement in a positive way 

(Hypothesis 3). 

 
5.2 Method 

 

5.2.1 Design 

Implementation of DDDM was studied in two ways. For studying the first 

question, a posttest-only control group design was used. Second, for investigating the 

teacher profiles, their relationship with baseline measurements, with teacher change, and 

with students’ math achievement, a post-hoc quasi-experimental pre-posttest design was 

used. 
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5.2.2 The current study 

A PDP was developed to support teachers in using data in a formative way. The 

program consisted of three components: 1) setting performance standards and 

performance goals to establish students’ desired performance level, 2) analyzing and 

interpreting data to determine students’ actual performance level, 3) supporting teachers 

to use effective instructional methods in order to foster structured, clear and targeted 

lessons, thereby closing the gap between 1 and 2. These three components are considered 

to reflect the core features of DDDM (cf. Visscher & Ehren, 2011).  

The PDP focused on data use in mathematics in grades 2 and 3 of primary school. 

It took place in 19 schools and lasted one school year. In total, the PDP consisted of nine 

meetings: four were held as a general assembly, five took place at the individual schools. 

Participation was on a voluntary basis. For more information on the PDP, the reader is 

referred to Appendix 1. 

The PDP adhered to the five core features of effective PD (Desimone, 2009) and 

also to most of the features considered to meet teacher needs in PD on data use (Wayman 

& Jimerson, 2014). The researchers carried out all the meetings and the observations.  
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5.2.3 Participants 

Experimental condition 

Our PDP was conducted at 19 schools, targeting teachers from grades 2 and 3, 

senior support coordinators and school leaders. For the current study, data from 33 

teachers were used. Criteria for including the teachers in the study were that a) teachers 

had filled in a questionnaire at the end of the project, b) a math lesson, given by the 

selected teacher, was observed, and c) data on both a standardized pre- and posttest in 

math were available for the students in their classes. For each class only one teacher was 

selected. Should two teachers share a position part-time and if both met the criteria, the 

teachers who taught the class most frequently were selected. The average years of 

experience of the 33 experimental teachers was 15 years (SD: 12). They taught 42 grade-

specific classes and 471 students of grades 2 and 3 were taught by them.22  

Control condition 

The PDP was part of a larger cluster of five PDPs, all targeting (aspects of) data 

use. Since all PDPs were directed at different grades, teachers of grades 2 and 3 coming 

from schools that took part in one of the other four interventions could be considered as 

possible controls: the current study was the only study that focused on grades 2 and 3. 

The current study was further the sole intervention in which senior support coordinators 

and school leaders were engaged. Therefore, contamination of the control grade 2- and 

grade 3-teachers by the other PDPs was assumed to be minimal. 

The cluster of projects took place from 2010-2012. All five intervention studies 

lasted one school year: in our PDP, teachers participated in the school year 2011-2012, 

while the other four projects took place in either 2010-2011 or 2011-2012. Teachers could 

only serve as controls when a) they had filled in a questionnaire at the end of the project, 

b) complete mathematics assessment information (pre- and posttest) of their students 

was available, and c) the teachers and their students could be unambiguously linked to a 

specific class. Thirty-one teachers, teaching 48 classes, met these criteria and were 

selected as controls. Their average years of experience was 21 years (SD: 13). They taught 

756 students of grades 2 and 3. 

                                                   

22
 Next to single-grade classes, teachers taught multi-grade classes. In the multi-grade classes, the 

different grades were distinguished as separate classes, meaning that teachers who taught a multi-

grade class containing both grade 2 and grade 3 were considered to teach two classes. Teachers who 

taught a multi-grade class containing both grade 3 and grade 4 were considered to teach one class. 
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5.2.4 Instruments  

In this study, variables at teacher and student level were used. Data collection 

took place using three instruments: a) a questionnaire on aspects of data use, b) a high-

inference observation instrument for observing teacher behavior during a mathematics 

lesson, and c) standardized mathematics assessments, providing information on student 

achievement.  

Teacher questionnaire 

Self-reported data, containing information on teacher attitudes and behavior 

related to data use, were measured using a questionnaire. The questionnaire was filled in 

by the experimental and control teachers, both at the start and at the end of the cluster of 

projects. The controls filled in the questionnaire in June 2010 and in June 2012, the 

teachers in the experimental condition in July/August 2011 and in June 2012. As we 

wanted to avoid having different time-frames between pre- and posttest, question 1 will 

be answered using only data from the posttest (June 2012). Since the questionnaire was 

expensive and since we intended to minimize teachers’ time and effort needed for filling 

it in, teachers were randomly assigned to one of two versions, consistent of a mutual set 

of questions and selective of additional questions. In the current study, we limited the use 

of questionnaire items to those that were provided to the teachers in both versions. The 

scales and items that were identified are listed in Section 5.2.5, and are summarized in 

Appendix A. Appendix A further contains examples of the questions that were posed.  

Observation instrument 

All 33 teachers in the experimental condition were observed during two 

mathematics lessons, at the start of the PDP and at its end. The observation instrument 

consisted of two parts: a low-inference time sampling part, capturing the set-up and flow 

of the lesson (see chapter 3), and a general high inference part. The latter part indicated 

whether various teaching practices were used or not. In the current study only the high 

inference part was used. The high inference observation instrument consisted of 16 

dichotomous items – yes indicating that the teacher showed the (instructional) behavior, 

no indicating that the teacher did not. Taken together, these items were considered to 

provide a rough indication of teaching quality. The main purpose of these observations 

was to provide teachers with immediate feedback on their use of instructional elements 

that were discussed in the PDP, like direct instruction, modeling and differentiation. As 

such the observations were part of the PDP’s content. Given the formative role of the 
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observations in the PDP, observation data were only collected for the teachers in the 

experimental condition. No observations were carried out in the math lessons of the 

teachers in the control condition. 

The observations were conducted by two researchers and two research-assistants. 

After being trained by means of video material, inter-rater reliability was considered 

sufficient (Cohen’s kappa = .85). The identified scales and variables are discussed in 

Section 5.2.5. 

Standardized mathematics assessment scores 

The standardized assessment for mathematics is part of the Cito LOVS assessment 

system which is used in 85 percent of Dutch schools and by all the participating schools. 

The tests are used in primary school (grades 1-6), and students are assessed twice a year; 

mid-term assessment in January and end -term assessment in June. Test scores (from 

grade 1 to 6) are linked to a single proficiency scale, ranging from 0 to 169. The tests have 

a good overall reliability in all grades (Cronbach’s alpha is at least .91, Janssen et al., 

2010).  

 

5.2.5 Variables 

The teacher characteristics were derived both from the questionnaire and from 

the observed math lessons, denoted by (q) and (o), respectively. First, the three reliable 

unidimensional composite scales that were identified are discussed; these are denoted by 

an asterisk. These three reliable unidimensional composite scales were used for 

answering question 1, 2 and 3a. Next, the separate items, averaged scores, as well as the 

sum scores are discussed. Separate items or averaged scores, from the teacher 

questionnaire (q) were used for answering both question 1 and 3a. Separate items or sum 

scores from the observations (o) were only used for answering question 3a. 

Teacher characteristics 

Attitude towards basic skills (q) * 

This scale, α=.67, determined teachers’ attitudes towards the recent educational 

policy to focus on the basic skills (math and reading). The scale was based on three items. 

It reflects teachers’ awareness of the importance of students’ basic skills for future 

learning and development (e.g., Bodovsky, et al., 2011). Teachers who strongly agree with 

a focus on basic skills are assumed to also aim for maximizing students’ math and 

reading scores. A higher score on this scale is therefore considered to reflect stronger 
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awareness of measurable outcomes. The scale ranged from 1 (complete disagreement 

with an emphasis on basic skills) to 5 (complete agreement).  

Goal-oriented working (q) * 

This scale, α=.89, measured whether teachers consider it relevant to share 

information with their students on how they perform, on what they should minimally be 

able to master and on what they are expected to learn in the near future. Sharing this 

information assumes that teachers explicitly know what levels of performance they want 

their students to reach, meaning that they used clear goals. The scale ranged from 1 

(complete disagreement) to 5 (complete agreement). 

Differentiation practices (o)* 

This scale, α=.82, identified the differentiation practices teachers used during the 

observed math lessons. These were scored using three items: a) the provision of extended 

instruction by the teacher to a subgroup of the students, b) the assignment of easier tasks 

to low performers, and c) the provision of more difficult tasks for the high performers. 

Information on teachers’ use of differentiation practices is considered valuable for 

assessing their implementation of data use, as, especially in highly heterogeneous classes, 

differentiation can be considered a consequence of such data use. Scores went from 0 (no 

observed differentiation practices) to 3 (three differentiation practices observed). 

Attitude towards standardized assessments (q)  

This item reflected the relative level of importance that teachers attribute to 

information from standardized assessments compared to information coming from a) 

their own knowledge and impressions, b) observations in class, c) students’ daily work on 

math tasks and d) assessments in the curricular textbooks. Five categories were 

distinguished, ranging from 1 (the standardized assessment is least informative) to 5 (the 

standardized assessment is most informative).23  

Attitude towards differentiation (q) 

DDDM assumes that teachers adapt their teaching to students’ instructional 

needs. This entails differentiation practices. Knowing teachers’ intentions to, for 

example, focus only on the low or on both the low and high performers, provides 

information on how teachers think they should adapt their teaching practices to 

                                                   

23
 Interpretation of this score is rather ambiguous. A high score could indicate that teachers use 

information from analyses on the standardized assessment often and/or thoroughly, but during the 

PDP it was argued that standardized assessments are only one source of information on students’ 

proficiency; daily work, observations and textbook assessments should also be taken into account. 
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differences between students. The variable was a sum score of four separate items, 

transformed in a 3-point scale. 

Use of within-class grouping over all basic skills (q) 

This score summarized the number of ability groups teachers tended to 

distinguish in the lessons focusing on basic skills, averaged over lessons in reading, 

reading comprehension, language arts, and mathematics.  

Use of within-class grouping during math lessons (q) 

This score represented the number of ability groups that teachers distinguish in 

their math lessons. 

Use of explicit performance levels for students in mathematics (q) 

Teachers were asked whether they made explicit what specific math performance 

levels should be reached by the students in their class. Four categories were distinguished 

-1: no, 2: I know what the levels are, 3: I actively determine these levels, either alone or 

with the senior support coordinator, 4: these levels and expectations are openly discussed 

in the school team. 

Acquaintance with performance standards (q) 

Performance standards reflect the level of performance at which students master 

content (Hambleton & Pitoniak, 2006). They are supposed to provide clear goals and 

therefore are assumed to focus teachers’ instruction on what is considered to be most 

important. Two categories were distinguished (1: no, 2: yes). 

Ambitious mind-set (q) 

Information on the teachers’ willingness to constantly strive for bringing about 

better student achievement, even in case of good performance, might be an indication of 

how ambitious they are. Answers ranged from 1 (negative attitude) to 5 (positive 

attitude). 

Direct Instruction (o) 

Knowledge and implementation of the direct instruction model (DIM - Borman, et 

al., 2003), was part of the PDP. Teachers‘ use of DIM in math lessons was scored using 

four items. These items measured whether the teacher a) activated prior knowledge of 

students at the lesson start, b) addressed key lesson objectives at the start of the lesson, 

c) discussed these key lesson objectives at the end of the lesson, and d) looked ahead at 

the next lessons – thereby clarifying relations between concepts and lessons. Dummy 

scores were used to indicate whether the DIM elements were present (0=no, 1=yes) and 

were summed up. 
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Modeling (o) 

Modeling is an effective teaching method (van Gog, 2013) in which teachers 

explicitly demonstrate their use of strategies to let students see or hear how they should 

deal with a given task or problem. In the PDP, modeling was discussed and all 

participants had the opportunity to practice the skill in a safe setting. Dummy scores 

were used to indicate whether the behavior was observed in class or not (0=no, 1=yes). 

Informal diagnostic assessment (o)  

During their lessons teachers have ample opportunities to informally assess 

students’ levels of understanding. This information allows teachers to be able to fit future 

teaching to students’ actual needs. In the observation instrument, three items that were 

related to these informal assessment tools were measured: a) teachers asking their 

students to demonstrate the strategies used while performing a written task, and teachers 

asking students to orally elaborate on b) a right or c) a wrong answer. Based on whether 

the three behaviors were observed or not (dummy variables; 0:no, 1:yes), a sum score 

was calculated.  

Lesson quality (o) 

The lesson quality of the observed math lesson was measured by taking the sum 

score of all 16 variables used in the high inference observation instrument. This score 

therefore also included teachers’ scores on direct instruction, modeling, informal 

diagnostic assessment and on the scale differentiation practices. The other 5 items (all 

dummy-coded) related to whether the teacher 1) promoted students’ automated skills, 2) 

asked students who finished their tasks to do other math work (and not work on other 

subjects or doing something for themselves), 3) used sufficient waiting time, providing 

students time to think, 4) repeated the answers given, so that all students in class could 

hear the right answer, and 5) praised students. 
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Student and class characteristics 

Students’ mathematics performance 

In the outcome analyses students’ prior math achievements were taken into 

account as a covariate, using the pretest scores on the standardized mathematics 

assessment (see 5.2.4). For the grades 2 and 3, the assessment scores at the end of grades 

1 and 2 were used, respectively. Scores on the standardized math assessment a year later, 

at the end of the grades 2 and 3, were used as the posttest. 

Sex 

Ganley et al. (2013) referred to various studies in which a (small) sex difference in 

mathematics test performance was found, with boys outperforming girls in assessments. 

Sex, dummy-coded with boys as reference group, was used in the outcome analysis. 

Class size 

To account for possible influences of class size on student achievement (Brühwiler 

& Blatchford, 2011) or on the amount of individual teacher attention, time on taks and 

students’ active engagement (Blatchford et al., 2011; Doolaard & Bosker, 2006), class size 

was controlled for in the outcome analyses. Class size was defined as the total number of 

students in one grade. According to this definition, multi-grade classes that contained 

both grade 2 and grade 3 were considered to consist of two classes. In the other multi-

grade classes, the grade 1 or grade 4 students were not included.  

 

5.3 Analyses 

Differences between experimental and control teachers regarding their attitudes 

and self-reported behavior (question 1), were investigated using descriptive analyses. For 

answering question 2, teacher profiles were constructed in order to investigate whether 

teachers who had received the PDP differed in terms of their data-mindedness. For 

constructing the profiles the three identified scales were used. The scores on the scales 

Goal-oriented working and Attitude towards basic skills, both originally a 5-point scale, 

were transformed into a 3-point scale in order to reduce the number of parameters that 

had to be estimated. 

For comparing the initial differences between the identified teacher profiles and 

their levels of implementation, question 3a, nonparametric tests were used, respectively 

the Mann Whitney U test and the Wilcoxon rank sum test. Here, data from the teacher 

questionnaire and from the observed math lessons were used.  
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5.3.1 Missing data 

One criterion for including teachers in the study was that teachers had filled in the 

posttest of the questionnaire. However, not all teachers had filled in all questions. Some 

missing data remained for the teachers. Of the teachers in the experimental condition, 

the percentage of missings on items in the scales Attitude towards basic skills and Goal-

oriented working was 3% and 6.1% respectively. As we wanted the teacher profiles to be 

based on the information from all selected teachers in the experimental condition, we 

imputed the missing data in these two scales. Given the simple structure of the data – 

that is, questionnaire items at teacher level - and the low number of missing data, 

multiple imputation in SPSS (Fully Conditional Specification) was used. Five datasets 

were imputed, after 10 iterations.  

 

5.3.2 Teacher profiles 

Teacher profiles were identified using latent class cluster analysis (LCA). In LCA, 

class membership is modeled statistically by basing such class membership on 

probability models. LCA was conducted using Latent Gold 4.5 (Vermunt & Magidson, 

2005). The advantage of this program is that it allows for multiply imputed data, for 

which pooled estimations are provided. 

For the 33 teachers who participated in our PDP we tried to identify clusters in a 

latent cluster model. This was done using the three scales, Attitude towards basic skills, 

Goal-oriented working and the observed Differentiation practices. Models with one 

through four latent classes were fitted to the data. For assessing the models, the absolute 

model fit was based on the likelihood-ratio statistic G2, while taking into account 

considerations on parsimony. The models were further assessed in terms of the 

interpretability of the grouping.  

The model in which two latent classes were estimated fitted the data best. These 

two profiles described levels of teachers’ use of differentiation, goal-orientedness and a 

focus on basic skills, teachers’ so-called DGB-behavior. The profiles were used in the 

subsequent analyses. Higher average cluster scores were interpreted as more use of DGB-

behavior. The teachers in the profile with the highest cluster means were expected to be 

more aware of their explicit performance aims and of educational outcomes and were 

expected to act upon differences between students. Since these are considered important 

identifiers of data use, DGB-behavior is assumed to reflect teachers’ data-mindedness. 
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5.3.3 Impact analyses 

The question whether teachers’ stronger use of DGB-behavior was related to 

better math achievement of the students, was investigated using multilevel multiple 

regression analyses in MLwiN (Rasbash et al., 2012). In the multilevel analyses, we 

regressed the math posttest scores of students on the profile of the teachers. We first 

considered an empty model. To control for relevant student or class characteristics, all 

available covariates, including type of class (i.e., single-/multi-grade), grade, average 

class score on math pretest, and class heterogeneity (SD of math pretest), were used in 

constructing a covariate model. For reasons of sparseness, the covariate model presented 

in Section 5.4 only contains significant predictors. The final model that was estimated 

contains the teacher profiles as explanatory variable predicting the math posttest scores. 

In this Effect Model, the teachers who showed DGB-behavior to a relatively low extent, 

the cluster 1-teachers, were considered the reference group. Outcome analyses were 

conducted for all five datasets that derived from the missing-data imputation. The 

resulting five regression coefficients and standard errors were then pooled (Snijders & 

Bosker, 2012). The multilevel models presented in Section 5.4 contain these pooled 

estimates.  

 

5.4 Results 

First, we considered whether attitudes and behavior in terms of teachers’ data-

mindedness were related to their attendance to a PDP on data use. This question was 

investigated in an explorative manner by considering the teachers’ scores on items from 

the questionnaire and comparing them to the item scores of the control teachers. 

Descriptives for both the experimental and control group are depicted in Table 1, as well 

as Effect sizes (Cohen’s d) and 90%-Confidence Intervals. Considering teachers’ scores at 

the end of the PDP, we found that both the treated and control teachers responded in a 

rather positive way: They were aware of the relevance of basic skills, they were at least 

somewhat aware of students’ desired performance levels, although they did not usually 

made these explicit, they used within-class grouping, they thought it desirable to spread 

their attention between students having different performance levels, and they were 

rather ambitious.  

Differences between the treated and control conditions were primarily found in 

terms of the use and awareness of goals, that is, determining an explicit performance 

level for each student and acquaintance with performance standards: teachers in the 

experimental condition scored significantly higher on these items. The teachers who were 
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engaged in the PDP further valued a focus on basic skills more than the controls. On the 

other hand, teachers in the control condition tended to make more use of within-class 

ability grouping during the math lessons and tended to value the information provided 

by standardized assessments on students’ development more. Further, both groups 

scored relatively high on ambitious mind-set. Overall, Table 1 indicates that the attitudes 

and self-reported practices of teachers who participated in a PDP on data use did not 

strongly differ from teachers who did not, despite the tendency that the treated teachers 

were more aware of the desired performance level of their students, a core feature of 

DDDM. 

For answering the second question, we first attempted to identify latent clusters 

for the treated teachers. These clusters were based on the three ordinal scales for which 

we could construct reliable unidimensional composite scales. As was mentioned earlier, a 

two cluster model fitted the data best. In Table 2 shows both the latent class prevalence 

in the sample and the item-response probabilities are presented for the two clusters. 

More teachers were assigned to cluster 1 than to cluster 2, 55% and 45% respectively. 

Many teachers in cluster 1 did not use differentiation in the math lessons and used goal-

oriented working at a medium level. Almost half of the cluster 2-teachers used 

differentiation to a strong degree and these teachers were categorized as strong goal-

oriented workers. Regarding the third scale, attitude towards basic skills, both clusters of 

teachers mainly had item-response probabilities in the medium category. 
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Table 1: Descriptives of Item/Scale Scores, Treated and Control Teachers (Questionnaire, 

Posttest) 

 Control condition Experimental condition  

Item/scale N M SD N M SD 90%-CI d 

Attitude towards basic skills * 29 3.52 .54 32 3.89 .48 .15;.59 .77 

Attitude towards standardized 

assessments 

29 3.59 1.59 30 3.17 1.5

1 

-

1.10;.26  

-.28 

Goal-oriented working * 29 3.95 .72 32 4.18 .39 -.03;.48 .59 

Use of explicit performance 

levels for students (in math) 

29 2.48 .91 31 2.90 .87 .04;.81 .48 

Acquaintance with 

performance standards 

30 1.60 .50 32 2.00 .00 .25;55 .80 

Use of within grouping during 

math lessons 

31 2.26 .68 33 2.03 .73 -.52;.07 -.34 

Use of within-class grouping 

over all subjects 

31 1.77 .80 32 1.78 .83 -.34;.35 .01 

Attitude towards 

differentiation 

29 2.07 .80 32 2.06 .76 -.33;.34 .01 

Ambitious mind-set 29 4.17 .47 

 

32 

 

4.03 

 

.65 

 

-.38;.10 -.22 

*: Identified scales 

 
Table 2: Latent Class Prevalence and Item-response Probabilities of the Identified 

Clusters 

  Cluster 1 Cluster 2 Overall 

Latent class prevalence .55 0.45   

    

Item-response probabilities    

Differentiation practices     

No differentiation .69 .24 .49 

Little use .24 .24 .24 

Medium use .02 .05 .03 

strong use .06 .47 .24 

Goal-oriented working     

Low .08 .00 .04 

Medium .83 .27 .58 

High .10 .73 .38 

Attitude towards basic skills     

Low .34 .11 .24 

Medium .62 .73 .68 

High .04 .16 .09 
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We investigated whether all the three scales were related to variation in allocation 

in different categories per cluster and identified that only the variable differentiation 

practices discriminated significantly, using a critical value of 0.10 (Wald test, p=.08). For 

descriptive purposes, we then studied whether and how the two identified groups of 

teachers differed on each of the three scales. We investigated their ranked orders on the 

three scales using the Wilcoxon Ranked Sum test. Since the ordinal scores reflected 

directionality, we tested one-sided. Teachers in cluster 2 (pooled Mdn=22.11) used 

significantly more differentiation practices than the teachers in cluster 1 (pooled 

Mdn=12.94), U=59.5, Z=-2.92, p<.01. Teachers in cluster 2 (pooled Mdn=25.03) worked 

also more goal-oriented than the cluster 1-teachers (pooled Mdn=10.62), U=17.0, Z=-

4.90, p<.01). Finally, teachers in cluster 2 (pooled Mdn=19.73) were more focused on 

basic skills than the teachers in cluster 1 (pooled Mdn=14.84), U=94.3, Z=-1.75, p=.04). 

The descriptive analyses thus indicated that cluster 2-teachers used more differentiation 

practices, worked more goal-oriented, and focused more on basic skills, thereby showing 

more so-called DGB-behavior. Assuming that DGB-behavior reflects a certain level of 

data-mindedness and given the directionality of the scales (higher scores on the scales 

representing a better profile), teachers in cluster 2 were considered to be more data-

minded than teachers in cluster 1. 

After having described the two groups of teachers in terms of their relatively weak 

or strong DGB-behavior, we investigated their attitudes, self-reported behavior, and 

observed teaching practices at the start of the PDP in order to determine whether there 

were initial differences between the two clusters of teachers. Table 3 presents pretest 

descriptives on the questionnaire items that were filled in by the teachers before the PDP 

started, and on measures in the observation instrument. Given the small sample size we 

used the non-paramatric Mann Whitney U test for determining pretreatment differences 

between both clusters. One of the teachers was not observed at the start of the PDP.  

From the data presented in Table 3 it can be derived that, in general the teachers 

in the second cluster already had higher mean scores on almost all items before the PDP 

started. In terms of significant differences, the cluster 2-teachers used differentiation 

practices significantly more and their lesson quality was also significantly higher than 

that of the teachers in cluster 1. The teachers in cluster 2 also tended to score higher on 

attitudes towards the basic skills than their cluster 1 counterparts (p=.07). Notably, the 

teachers in cluster 1 significantly used more modeling than the cluster 2-teachers (who 

did not use it at all), although only few cluster 1-teachers were found to use modeling. 
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Table 3: Pre-Treatment Differences between Teachers in Cluster 1 and 2 24 

 Cluster 1 Cluster 2 Man-Whitney U-test 

Item/scale N M1 Mdn N M1 Mdn U Z p  

Questionnaire          

Attitude towards 

basic skills s 

16 3.76 4.00 12 4.17 4.00 65.50 -1.47 .07a 

Attitude towards 

standardized 

assessments 

15 2.93 3.00 10 3.10 3.00 69.50 -.31 .76 

Use of explicit 

performance levels 

for students (in 

math) 

14 2.64 2.00 12 2.50 2.00 78.00 -.35 .36 

Acquaintance with 

performance 

standards 

16 1.56 2.00 12 1.67 2.00 86.00 -.55 .29 

Use of within-class 

grouping during 

math lessons 

16 1.88 2.00 12 2.00 2.00 75.00 -1.06 .15 

Use of within-class 

grouping over all 

subjects 

16 1.38 1.00 12 1.58 2.00 76.00 -1.07 .14 

Differentiation 

attitudes 

16 2.38 3.00 12 2.33 3.00 95.00 -.05 .48 

Ambitious mind-set 16 3.94 4.00 12 4.25 4.00 78.00 -.96 .17 

Observed math 

lesson 

         

Direct Instruction 18 1.94 2.00 14 2.07 2.00 121.50 -.18 .43 

Modeling 18 .22 .00 14 .00 .00 98.00 -1.86 .03* 

Informal diagnostic 

assessment 

18 2.00 2.00 14 2.14 2.00 112.00 -.59 .28 

Differentiation s 18 .72 1.00 14 1.50 1.00 77.00 -1.98 .02* 

Lesson quality 18 7.94 8.00 14 9.57 9.00 69.50 -2.17 .02* 

*: p<.05, a: p<.10; s: scales; 1: Since the median scores were mostly the same for both groups, 

the pooled mean scores are also presented as the central tendency measure.  

 

Next, the level of implementation was studied. For this purpose we compared pre- 

and posttest data within the two clusters on both the questionnaire and the lesson 

observations, using the Wilcoxon rank sum test (see Table 4). Considering teacher 

change in cluster 1 first, it can be derived from Table 4 that these teachers had become 

significantly more aware of performance standards, reported to differentiate significantly 

more over all subjects, and had less positive attitudes towards differentiation. The cluster 

                                                   

24 No information on the scale goal-oriented working is provided by Table 3, since the teachers did not 

fill in questions on their goal-oriented working on the pretest. 
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2-teachers also became more aware of performance standards. Moreover, they were 

found to make significantly more use of explicit performance levels in math, they used 

modeling significantly more (albeit still not much), and their overall lesson quality had 

improved somewhat (p=.09). Overall, it can be concluded that on most items no 

noticeable changes had taken place during the PDP, both in cluster 1 and cluster 2. In 

many respects, the posttest scores of the teachers in cluster 2 were still higher than the 

scores of the teachers in cluster 1, meaning that they both had developed in a rather 

similar way. Both before and after the teacher training, the teachers in both clusters did 

not reach the maximum scores. 
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Table 4: Pre-Posttest Scores on the Questionnaire and Observations, Teachers in Clusters 1 

and 2  

 Cluster 1  Cluster 2  

  Pretest Posttest   Pretest Posttest  

 N M Mdn M Mdn p N M Mdn M Mdn p 

Questionnaire25             

Basic skills* 16 3.76 4.00 3.73 4.00 .22 12 4.17 4.00 4.14 4.00 .42 

Standardized 

assessments 

15 2.93 3.00 3.00 3.00 .45 10 3.10 3.00 3.30 3.50 .42 

Explicit math  

perf. levels  

14 2.64 2.00 2.76 2.00 .43 12 2.50 2.00 3.17 3.00 .02* 

Perf. standards 16 1.56 2.00 2.00 2.00 .01* 12 1.67 2.00 2.00 2.00 .02* 

Within-class 

grouping in 

math lessons 

16 1.88 2.00 1.88 2.00 .50 12 2.00 2.00 2.08 2.00 .33 

Within-class 

grouping over 

all subjects 

16 1.38 1.00 1.81 2.00 .02* 12 1.58 2.00 1.67 1.00 .33 

Differentiation 

attitudes 

16 2.38 3.00 2.04 2.00 .07a 12 2.33 3.00 2.08 2.00 .19 

Ambitious 

mind-set 

16 3.94 4.00 4.07 4.00 .18 12 4.25 4.00 4.08 4.00 .16 

Observed math lesson           

Direct 

Instruction 

18 1.94 2.00 2.17 2.50 .12 14 2.07 2.00 2.14 2.00 .39 

Modeling 18 .22 .00 .17 .00 .33 14 .00 .00 .21 .00  .04* 

Inf. diagn. ass. 18 2.00 2.00 2.00 2.00 .47 14 2.14 2.00 1.86 3.00 .13 

Differentiation* 18 .72 1.00 .44 .00 .12 14 1.50 1.00 1.93 2.00 .14 

Lesson quality 18 7.94 8.00 8.28 9.00 .29 14 9.57 9.00 10.14 11.00 .09a 

*: p <0.05, a :p<0.10 (one-sided testing) 

 

Finally, we investigated whether relatively strong DGB-behavior by the teachers 

was associated with higher student achievement in math, as was hypothesized. For this 

purpose, multilevel models were estimated that were based on data of 471 students. 

Averaged over the 5 imputed datasets, teachers in cluster 1 taught 224 students. Although 

the prevalence of cluster 2-teachers (45%) was lower than that of the cluster 1-teachers 

(55%), they taught a larger number of students: 247 students. 

To estimate whether relatively strong use of DGB-behavior positively predicted 

the math posttest, we first estimated an Empty model (see Table 5). In the Covariate 

Model, the significant predictors math pretest, gender, and class size were taken into 

account. The Covariate model showed that, all being equal, students with higher prior 

                                                   

25 In Table 4, abbreviations are used to denote the item names. See the Methods section and Appendix 

A for their full name, a short description, and examples of the items used. 
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math achievement performed better on the posttest than students with lower prior math 

achievement, boys outperformed girls, and students in small classes performed better 

than those in larger classes. Deviance testing showed that the Covariate Model fitted the 

data significantly better than the Empty model: the deviance decreased by 374.34. This 

exceeds the critical value (16.27) in a chi-square distribution with df=3 for p=.001). As a 

next step, we added the identified teacher profiles in the Cluster Model. Here, a pooled 

model was estimated. From the data presented in Table 5 it can be derived that, while 

controlling for the covariates, students who were taught by teachers in cluster 2 did not 

significantly perform better on the math posttest than students who were taught by 

teachers in cluster 1 (χ2=0.25, df=1,p=.62). The Cluster Model thus did not fit the data 

better than the Covariate Model, indicating that the teacher profiles were not 

significantly related to posttest scores. If anything, a negative average effect size of d=-

.02 was found. According to Cohen’s classification this would amount to a negligible 

negative effect of relatively strong DGB-behavior. 

Note that for the analyses presented in Table 5 students were considered to be 

nested in classes. Analyses in which students were nested in classes and teachers, and in 

which students were nested in teachers, were also carried out. These showed comparable 

results: relatively strong data use was not significantly associated with the math 

achievement of students. 

 
  



 

129 

 

Table 5: Multilevel Analyses Predicting Students’ Math achievement, Pooled Estimates 

 Empty model  Covariate model  Cluster model - pooled 

 β SE  β SE  β SE 

Response: Math posttest         

         

Fixed Part         

Intercept 73.10 1.44  36.54 2.39  34.42 2.08 

Math pretest    .74* .03  .74* .03 

Sex    -3.73* .98  -3.53* .99 

Class size    -.18* .08  -.17 .09 

Teacher profile  

(cluster 1=reference) 

      -1.39 1.31 

         

Random Part         

Student level 218.35 14.88  106.72 7.23  106.78 7.24 

Class level 60.83 18.74  5.32 3.32  5.13 3.27 

         

-2*loglikelihood  3928.28  3553.94  3553.69 

Number of classes 42  42  42 

Number of students 471  471  471 

*: p <0.05 

 

5.5 Discussion 

 

5.5.1 Main findings 

The purpose of the current chapter was to gain a better insight in whether and 

how professionalisation of primary school teachers was related to their attitudes and 

behavior. More specifically, we focused on teachers’ levels of data-mindedness and their 

relation to students’ math achievement. 

Our first line of investigation was directed at identifying whether attitudes and 

self-reported behavior in terms of data-mindedness were more positive for teachers who 

participated in the PDP than for teachers who did not (Hypothesis 1). The explorative, 

descriptive analyses showed that the attitudes and self-reported behavior of teachers who 

were involved in the PDP resembled those of the control teachers in most respects, 

although we found teachers in the experimental condition to be more aware of 

measurable outcomes and of explicit desired levels for their students’ math proficiency. 

Our first hypothesis was therefore partially confirmed. 

Our second line of inquiry concentrated on whether different teacher profiles 

could be identified in terms of their data-mindedness. For estimating the profiles, we 

restricted ourselves in basing them on three scales: Goal-oriented working and Attitude 
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towards basic skills, both derived from the questionnaire, and teachers’ Differentiation 

practices, based on observed math lessons. Using latent class cluster analysis, two 

profiles were distinguished. Investigating whether all three scales were related to 

variation in allocation in different categories per cluster showed that only the scale 

differentiation practices discriminated significantly. Yet univariate analyses, using 

Wilcoxon Ranked Sum tests, showed that the two clusters differed on all three scales: 

Teachers in cluster 2 were a) more aware of the desired levels of students’ math 

proficiency, b) more aware of measurable outcomes, and c) acted more upon differences 

between students. The groups were therefore described in terms of teachers’ use of so-

called DGB-behavior (where DGB represented differentiation, goals, basic skills). Levels 

of teachers’ DGB-behavior were assumed to reflect their levels of data-mindedness.  

The third line of investigation focused on whether the identified teacher profiles 

were related to initial differences, to implementation of the PDP, and to students’ math 

performance. When relating the teacher profiles to teachers’ prior levels of data use and 

teaching quality, we found that there were already differences between the two clusters at 

baseline measurement. The teachers in cluster 2 had higher scores on almost all items, 

with two significant differences: These teachers already were more aware of their 

educational outcomes and their teaching quality in terms of differentiation and overall 

lesson quality was already better. When looking at teacher change, comparing teachers’ 

scores at the start and at the end of the PDP, we saw that the teachers in both clusters 

scored significantly higher on their acquaintance with performance standards at the end 

of the PDP. The teachers in cluster 2 also had significantly higher scores on their use of 

explicit math performance levels for their students, and on their overall lesson quality at 

the end of the PDP, but maximum scores on both the questionnaire and the observation 

items were not found. For most items, teachers did not change significantly. Beforehand, 

we expected teachers who showed more data-mindedness at the end of the PDP, that is, 

those teachers who showed more DGB-behavior, to have implemented the program to a 

higher extent (Hypothesis 2). Our findings did not confirm this hypothesis: teachers in 

both clusters did not seem to have sufficiently implemented the program content as 

intended by the researchers and most initial differences between the two clusters had 

remained at the end of the PDP.  

We further expected that being taught by teachers with relatively high levels of 

DGB-behavior was related to better math achievement of their students (Hypothesis 3). 

Relating the two identified teacher profiles to students’ math achievement, while 

controlling for relevant covariates, showed that the math achievement of students who 
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were taught by teachers who used more DGB-behavior did not significantly differ from 

the math achievement of students who were taught by teachers who showed little DGB-

behavior.  

 

5.5.2 Interpreting the study findings 

Our PDP on data use adhered to the five core features of effective PD (Desimone, 

2009): the PDP addressed content (effective instructional methods and math specific 

recommendations), it contained inquiry-based learning (data discussions, feedback on 

observations), it was coherent with one of the spearheads of educational policy (data 

use), it had sufficient duration (it lasted one year and teachers spent approximately 40 

hours), and teachers collaborated in professional learning communities. Nevertheless, 

the PDP only yielded very limited changes in teacher behavior and no change in teacher 

attitudes. In this discussion we try to understand our findings by discussing four possible 

explanations.  

A first explanation for not finding adequate teacher change might be that teachers 

need sufficient time to adopt and fully implement new teaching practices (Fullan, 2007; 

Hochberg and Desimone, 2010). In this respect, the limited implementation of our PDP 

might indicate that it could have taken more time for teachers to incorporate and 

implement the full concept of data use (Desimone, 2009; Shaw & Wayman, 2012; Wayne, 

Yoon, Zhu, Cronen, & Garet, 2008).  

A second explanation for finding very limited implementation of the program 

might be that several contextual features were not taken into account. For instance, we 

did not consider relevant features like the school culture or the principal’s educational 

leadership, both known to be facilitators for effective data use (Anderson et al., 2010; 

Earl & Fullan, 2003; Park & Datnow, 2009; Park et al., 2013). Such facilitating factors at 

school level could have influenced teachers’ levels of implementation. Confounding 

variables at class level were also not discussed. For instance, the specific math curricular 

textbooks that were used at the school might have affected program implementation, 

because some offered more elaborate instructional suggestions than others. The same 

holds for class size, since it might be easier for teachers in smaller classes to adapt 

teaching to differences between students. Checks were carried out to see whether these 

class level variables acted as confounders showing no relationship to both the clustering 

and implementation, except for the variable class size, which was controlled for in the 

outcome analysis.  
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A third explanation might be that teachers adapted the information provided by 

the PDP, leading to only partial implementation of the promoted way of working 

(Pajares, 1992; Spillane et al., 2002, Timperley, et al., 2007). Teachers might thus have 

been selective in which elements of data use to adopt. At the end of the PDP, teachers 

who had participated in our PDP differed from those in the control condition in their 

goal-orientedness, a core feature of DDDM. Moreover, the cluster 2-teachers had become 

more goal-oriented than the teachers in cluster 1. Being more goal-oriented fits the data-

informed way of working that is promoted by both the Dutch educational inspectorate 

(Educational Inspectorate, 2010) and setting goals seems to be relatively easy (compared 

to really acting upon them by tailoring instruction). Teachers might therefore have been 

motivated to implement the goal setting part, but changing their instructional practices 

could have been somewhat more difficult to achieve. Especially when the new knowledge 

and practices resembled what they already did to some extent, this might have caused a 

situation in which teachers did not feel the need to change. Although, beforehand, the 

teachers had not reached the maximum scores in terms of teaching practices like direct 

instruction, modeling, or differentiation, our PDP apparently did not trigger the teachers 

to improve their instruction to the upper limit.  

A fourth explanation for the very limited program implementation might be that 

the obtained information was not suitable for measuring the concept of data use or data-

mindedness, as the measures used were both too limited and indirect. Our measures of 

data-mindedness mainly concentrated on teachers’ goal-orientedness, differentiation 

practices, and awareness of measurable outcomes. When comparing the two clusters for 

determining baseline differences and levels of implementation we also looked at 

instructional methods that were addressed in the PDP, like direct instruction and 

modeling. These all measured attitudes or behavior that are considered tot be strongly 

related to data use, but they did not provide evidence on whether teachers actually used 

the data to inform their decisions. The concept of data use is further far more wide-

ranging than our items conveyed. At the class level, teachers’ knowledge and skills in 

interpreting analyses from the student monitoring system (Staman et al., 2014; van der 

Kleij & Eggen, 2013), teachers’ skills in bringing together performance information from 

formal and informal assessments, teachers’ adequate determination of students’ root 

problems (Goertz, et al.,2009), and their application of content knowledge and 

pedagogical content knowledge to deliberately and effectively plan and carry out 

instructional adjustments based on the data (Timperley & Parr, 2009), should ideally all 

be taken into account in assessing teachers’ use of data. We acknowledge that the items 
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used in this study were by no means comprehensive. As a result, we might not have 

measured the core features from which implementation of data use, or data-mindedness, 

could be derived. 

 

5.5.3 Limitations 

Several limitations to the current study should be addressed. First, as was 

mentioned above, the study did not take all aspects of data use into account, even if the 

teacher characteristics used reflect aspects of data-mindedness and consequent behavior. 

The set-up of the assignment procedure of the teacher questionnaire, having two versions 

randomly assigned, prohibited us from taking into account teacher information on issues 

like the types of analyses used by the teachers, teachers’ current collaborative behavior, 

their reflective activities –based on proficiency information-, and their willingness to 

develop themselves professionally. Using these data would have caused us to severely 

reduce our sample size, leading to a considerable loss of power. Should we have been able 

to take such information into account, the question would still remain what PDPs on a 

formative use of data, their implementation, and their evaluation should look like 

(Schildkamp et al., 2014). Clarity in this respect is considered crucial given the widely 

recognized need for PD in data use (Mandinach, 2012; Datnow, et al., 2007; Wayman & 

Jimerson, 2014). Future research should therefore strongly focus on gaining knowledge 

on the core features of effective PDP in data use and on how the effects of such PDPs can 

be measured. 

A second limitation is that we only measured whether the attitudes and practices 

of teachers in the experimental condition changed, when comparing their pre- and 

posttest data. However, we have no indications why the implementation was only very 

limited. Teacher emotional states, like not feeling confident enough to make data 

actionable, might have played a role (Hochberg & Desimone, 2010; Schmidt & Datnow, 

2005; Saunders, 2013). Motivational aspects could also have influenced implementation 

(Timperley et al., 2007). Since the PDP was not explicitly based on problems that were 

felt by the teachers, the teachers might not have considered the PD-content to be relevant 

for their daily practice (Timperley, et al., 2007). Moreover, the rationale and the main 

purpose of the PDP might also not have been sufficiently clear to the participants, since 

no explicit focus on sense-making and co-construction of the meaning and purpose of 

data use was used (Jimerson, 2014; Wayman et al., 2012; Spillane, et al., 2002). These 

issues might have been addressed too casually in our PDP. Such co-construction would 

also have addressed the prevalent association of data use with accountability pressures 
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(Jimerson & Wayman, 2014). Additional knowledge on these issues would have helped us 

to better understand why only very limited teacher change took place. 

The lack of using qualitative information on teachers’ (instructional) practices can 

be considered a third limitation. Combining questionnaire and observational information 

on teacher characteristics gave us some indication on teachers’ data-mindedness and 

teaching practices, but the dichotomous items in our observations did not provide us 

with elaborate information on whether or how teachers tailored their instruction, 

questioning, and materials to students’ needs. In studies on differentiation, more 

specifically on grouping, such instructional modification has been found to be the core 

factor for its effectiveness (Lou, et al., 1996). Future studies should focus more on 

understanding the relationship between data and the actual instructional changes that 

teachers make by using different sorts of data. Not only the presence of specific teaching 

practices should be taken into account, but also more detailed and qualitative 

information on teacher-student interaction and on teachers’ intentions and planning. A 

mixed-methods approach is considered to extend our knowledge in this respect. 
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Appendix A: Items and scales used in the questionnaire 

 
Questionnaire item Example Type 
Scales   
Basic skills * ‘I think it is important to mainly focus on 

math.’ 
 

Scale 

Goal-oriented working * ‘I think it’s proper to tell students what I 
expect from them and in what topics they still 
have to improve.’ 
 

Scale 

Items 
Attitude towards 
Standardized assessments  

´How important is standardized assessment 
information for receiving information on 
students?’ 
 

Separate 
item 

Attitude towards 
differentiation 

‘I think that low performers should get most 
teacher attention’ 

Averaged 
score 

Use of within-class grouping 
over all basic skills 

This is the average number of subgroups 
mentioned by teachers over all subgroups 
 

Averaged 
score 

Use of within-class grouping 
during math lessons 

‘How many subgroups do you distinguish in 
your math lessons?’ 
 

Separate 
item 

Use of explicit performance 
levels for students in math 

‘Did you define the desired level of math 
performance for each student, for the end of 
the year?’  
 

Separate 
item 

Acquaintance with 
performance standards 

‘Are you aware of performance standards?’ 
 
 

Separate 
item 

Ambitious mind-set ‘I always strive for a higher proficiency level of 
the students, even in cases that they already 
perform well ’ 

Separate 
item 

*: identified scales 
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Chapter 6 

General discussion  



 

138 

 

In this chapter we analyze and discuss the four empirical studies that were 

presented in this dissertation, thereby answering our main research question: To what 

extent can a professional development program on data use, containing the three 

interrelated, evidence-informed components performance goals, data-analysis and 

instruction, enhance teacher change as well as students’ mathematical achievement?  

This general discussion first considers the context and research aims of our study. 

After that, the main findings of the four empirical studies are recapitulated, integrated 

and related to the research question. Next, possible explanations for not finding proximal 

and distal outcomes, the study design, and issues concerning measurement and 

constructs are discussed. At the end of the chapter implications for future research and 

practice are addressed.  

 

6.1 Context and research aims 

For some years, there have been concerns about the level of mathematical 

proficiency of Dutch students. Some slight decreases took place over the last 15-20 years 

(Meelissen & Drent, 2008; Royal Netherlands Academy of Arts and Sciences, 2009; 

Scheltens et al., 2013). Further, the relatively low number of advanced or excellent 

students raises questions on whether these students are optimally challenged by their 

teachers. Given the importance of (early acquired) mathematical competence for 

students’ future performance and opportunities (Aubrey et al., 2006; Claessens et al., 

2009; Duncan et al., 2007; Reyna & Brainerd, 2007; Ritchie & Bates, 2013), these 

concerns are considered relevant, leading to national initiatives that attempt to enhance 

students’ math proficiency. 

Such recent initiatives have often been framed in the context of data-driven 

decision making (DDDM) or data use, as was done in the current study. Data use can be 

understood as “systematically analyzing existing data sources within the school, applying 

outcomes of analyses to innovate teaching, curricula, and school performance, and 

implementing (…) and evaluating these innovations” (Schildkamp & Kuiper, 2010, p. 

482). This definition reflects a broad perception of data use as opposed to a narrower 

perception in which data are merely used for accountability purposes. Schildkamp and 

Kuiper’s broad conceptualization, in which data are used in a formative way to improve 

future teaching, was adopted in this dissertation and in the professional development 

program (PDP) on data use that we developed, conducted and evaluated. 

The main aim of this dissertation was to evaluate a PDP on data use in terms of 

both its proximal (changes in teacher attitudes and teaching practices) and distal 
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outcomes (improved math achievement of the students). This PDP contained three 

components that reflect the core features of data use (Black & William, 2009; Visscher & 

Ehren, 2011): 1. deciding on the desired proficiency level by setting performance 

standards and goals, 2. establishing the actual proficiency level by using data-analyses 

and conducting diagnostic math interviews, 3. modifying instruction, using evidence-

informed instructional methods (direct instruction and modelling) such that the gap 

between the desired and actual level can be closed. For an elaborate overview of the PDP, 

the reader is referred to Appendix 1.  

The PDP was expected to foster teachers’ pedagogical data-literacy, meaning that 

teachers would be able to adequately interpret data and use this information to base 

meaningful instructional decisions and actions on (Mandinach, 2012). Consequently, 

changed teacher attitudes and teaching practices were assumed, resulting in improved 

math achievement of the students. We further expected positive effects given the 

empirical link of the three components to student outcomes (Locke & Latham, 2002; 

Fuchs et al, 1985; Lai et al., 2009; Timperley & Parr, 2009; Borman et al., 2003; 

d'Agostino, 2000; van Gog, 2013), and given the adherence of the PDP to the five critical 

program features of effective PD (Desimone, 2009) – focus on content, active or inquiry-

based learning, coherence with educational policy, sufficient duration, and the use of 

collaboration. 

 

6.2 Main findings 

In the first study teachers were asked to set well-considered goals. Such well-

considered goals were expected to be promoted by a step-by-step procedure in which 

initial teacher expectations were contrasted to performance data and team input. As 

such, the accuracy of teachers’ performance goals was assumed to improve, as these goals 

would be based on a more refined picture of students’ capacities (Good & Brophy, 2003). 

In this way, we expected that using a step-by-step procedure would reduce negative 

expectation bias or even promote some positive expectation bias. 

The strong general relationship between (high) performance goals and student 

outcomes (with an effect size of d=.80) was further elaborated on by studying a) whether 

and how the step-by-step procedure affected the final goals and b) whether positive 

changes (higher final goals than the initial expectations) were related to students’ 

achievement. The teachers kept to their initial expectation for most students, but for 

more than a quarter of the students the step-by-step procedure resulted in a positive 

change. Investigating the relationship between these positive changes and student 
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achievement was assumed to do more justice to the various student characteristics that 

teachers probably took into account (Martínez et al., 2009; Slavin, 1990). No general 

relationship between the positive changes and student achievement was found, but they 

did seem to foster better outcomes for the initially low-performers, whereas the initially 

high-performers did not seem to profit from the positive changes: They tended to 

perform worse than comparable high-performers for whom the initial expectation and 

the final goals were the same. That the initially weak students profited from the positive 

changes could either be explained by assuming that teachers had set more accurate goals 

for them (reflecting decreased negative expectation bias) or by assuming that teachers 

actually became more ambitious for them (reflecting increased positive expectation bias). 

For the initially high-performing students teachers might also have had such increased 

positive expectation bias, but given the negative relation between the positive change and 

these students’ achievement, it was questioned whether teachers acted upon such 

positive expectation biases.  

 

In the second study we wanted to understand to what extent teachers who 

participated in our PDP used differentiation practices in their lessons. Forty-three 

teachers were observed during their math and reading comprehension lessons, using a 

low-inference observation instrument. First, preconditions for differentiation, classroom 

management and the use of extended instruction were studied, thereby investigating 

whether teachers’ differentiation practices could be related to context factors like the 

subject domain, the heterogeneity of the class, and the type of class (multi- or single-

grade). These context factors were found to play a role in the way teachers adapted 

teaching to various students, confirming our idea that differentiation cannot be 

straightforwardly studied: several class features should not be overlooked. Further, we 

found that in a considerable number of classes teachers did not use small-group 

instruction for either the weak or the advanced students. This might be considered a 

missed opportunity, since during such additional instruction teachers could address 

specific root problems, knowledge gaps, or misconceptions, or challenge the advanced 

students in approaching more difficult tasks. 

Next, we studied in more detail how teachers dealt with students of four different 

achievement levels (the very weak, weak, average and advanced students) and found 

that the very weak students were most often addressed by the teachers, mainly by means 

of content-related utterances. Teachers did not tend to provide additional instructional 
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guidance to the advanced students and the length of the whole-class teaching was not 

shortened for them.  

 

In the third study we investigated whether the PDP influenced the mathematical 

achievement of the students. For this purpose we compared the math achievement of 

students who were taught by a teacher who participated in our PDP to similar students 

who were taught by a teacher who did not participate in such a PDP. In order to optimize 

our impact analyses, we conducted two matching procedures, using propensity score 

matching (PSM). First, for reasons of sample preservation, we matched the students 

based on student and class characteristics. After that, we wanted to check the robustness 

of these findings by not only matching on student and class characteristics but also on 

teacher characteristics. In this way potential systematic differences between treated and 

control teachers were also controlled for. Both matching procedures showed that our 

PDP was not related to students’ math achievement. No differential effects were found 

either.  

 

Having found no effects on the student outcomes, we attempted to identify 

whether the PDP influenced proximal outcomes in the fourth study. For this purpose we 

investigated the attitudes, the self-reported behavior and the observed teaching practices 

of 33 teachers who participated in our PDP. Using survey data that were filled in at the 

end of the PDP, we first compared teacher attitudes and self-reported behavior of the 

treated teachers to those of 31 control teachers. We found that both groups reported 

rather similar attitudes and behavior, except for the goal-directness and the focus on 

basic skills: the treated teachers had higher scores on these features.  

Next, teacher profiles in terms of teachers’ data-mindedness were identified. 

Using latent class cluster analysis, we identified teachers who showed a higher level of 

data-mindedness and those who did so to a lesser extent. Using these teacher profiles, we 

then found that the teachers in the two profiles already differed at baseline 

measurement: the teachers who showed more data-mindedness at the end of the PDP 

already showed significantly more awareness of student outcomes and had better 

teaching practices at the start of the PDP. Investigating whether the teachers had 

changed during the PDP, showed that not many changes had taken place, except for a 

better acquaintance with performance standards (in both clusters) and greater use of 

explicit goals for students and a better overall lesson quality by the teachers who showed 

more data-mindedness. Implementation of the PDP by both clusters of teachers thus 
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seemed to be limited. Finally, we tried to identify whether students’ math achievement 

was related to the teacher profiles. Multilevel analyses, while controlling for relevant 

covariates, showed that the math achievement of students who were taught by the 

teachers who showed more data-mindedness did not differ from that of students whose 

teachers showed less data-mindedness. 

Relating the studies to the general research question 

The main research question, concerning the extent to which our PDP could 

enhance teaching practice and students’ math achievement, can be answered by the 

results of the four empirical studies. Apparently, the findings of study 3 and 4 showed 

that our PDP did not succeed in bringing about substantial changes in student outcomes, 

nor in teachers’ thinking and behavior. Before interpreting these findings in the next 

subsection, we first discuss how the findings of the 1st and 2nd study relate to the general 

research question. 

In order to validate the PDP’s assumption that high teacher-set performance goals 

were indeed related to better student outcomes (Fuchs et al., 1985; Fuchs et al., 1989), we 

sought to investigate this goal-performance relationship. This would empirically justify 

the central role of such goals in our PDP. We found a strong general relationship between 

high performance goals and better student performance. However, when addressing 

changes in teacher goals during the goal setting procedure, more specifically by focusing 

on positive changes from initial expectations to final goals, the relationship between 

these positive changes and student achievement tended to be somewhat complex: The 

positive changes were related to increased achievement for the initially weak performers, 

but to decreased achievement for the initially high performers. We assumed that the 

translation of such goals to daily classroom practice inevitably would lead to the use of 

differentiation practices. The results on how teachers approached students of various 

math proficiency levels might support the first explanation, as we found that teachers did 

not provide additional instruction to their advanced students, whereas the very weak 

performers received most teacher attention. 

Instructional adjustments for the (very) weak performers did, however, not lead to 

a differential effect in the general PD-effect analyses (study 3). The lack of finding a 

differential effect of the PDP might indicate that teachers did not modify their instruction 

in such a way that it really addressed the needs of the weak students. Moreover, in a 

substantial amount of classes we found no additional instructional moments for these 

weak students at all. It might also be the case that the treated teachers accurately 
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modified instruction for the weak students, but that the control teachers did the same, 

resulting in no differential program effects. Having had more information on teaching 

quality and on the quality of the additional instructional adjustments, ideally both for the 

treated and control teachers, would have further helped us in interpreting the findings. 

Nevertheless, the findings from the 1st and 2nd study correspond with the results from the 

TIMSS studies that there is a low spread in the math achievement of Dutch students and 

that the number of excellent Dutch math students is relatively low (Meelissen & Drent, 

2008; Meelissen et al., 2012). In terms of our research question, studies 1 and 2 showed 

that (very) weak students received most teacher attention and they seemed to profit most 

from decreased negative or increased positive expectation bias. These findings might 

tentatively suggest that teachers adapted their teaching for a subgroup of their students, 

the weak performers, if they did so at all.  

 

6.3 Interpreting the proximal and distal effects of the PDP 

The studies 3 and 4 showed no distal and very limited proximal outcomes of our 

PDP. How can we explain that the PDP did not succeed in its aims, despite our positive 

expectations? In chapter 4, four possible explanations were put forward: the PDP 1) was 

effective, but we did not detect its effect, 2) was not effective yet, 3) was not effective at 

all, or 4) was not effective in this specific set-up. As was motivated, we consider the 

second and fourth explanation to be most probable. These will be reconsidered here. 

Many PD programs, including programs on data use, do not succeed in bringing 

about (sufficient) changes in teachers and/or student outcomes (Fullan, 2007). Using 

Desimone’s core framework for effective PD we assume that potential distal outcomes 

result from preceding changes in teachers’ knowledge, skills, attitudes, and their teaching 

practices (Desimone, 2009). As such, expecting changes in student outcomes after a 

short period of time might just not be realistic. Desimone quotes in this respect Loucks-

Horsley et al. (1998) who stated that ”it is foolhardy to either expect or focus on 

measuring student learning when teachers have just begun to learn and experiment with 

new ideas and strategies” (p. 222). Borko (2004) stated that teacher learning is a 

complex and slow process, in which teacher change is found in different levels and paces. 

Moreover, “some elements of teachers’ knowledge and practice are more easily changed 

than others, e.g. it appears to be easier for teachers to incorporate strategies for eliciting 

students’ thinking into their teaching than to use what they hear from students to make 

instructional decisions” (Borko, 2004, p. 6). Hence, it seems difficult to change teachers’ 

behavior when it comes to translating the information coming from students (that is, 
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data) into meaningful adjustments. Some researchers also mentioned the perceived 

difficulties and complexities in terms of making teachers skilled data users through PD 

(Hubbard et al., 2014; Jimerson, 2014; Mandinach, 2012; Wayman & Jimerson, 2014). 

When considering the proximal changes of our PDP, we expected to find different levels 

of implementation (Borko, 2004). Yet the differences that were found between the two 

teacher profiles already existed, so the profiles could not be related to teacher change. 

Slightly optimistically we could interpret teachers’ enhanced goal-orientedness (in the 

strong data-mindedness-profile) as reflecting slow changes in teacher behavior. 

We assume that the fourth explanation, an inadequate fit between the PDP’s set 

up and teacher needs, is more credible, especially in light of the findings from the joined 

PDP on reading comprehension, in which a small to medium effect on student 

achievement was found (d=.37, van Kuijk et al., 2015). As was noted in the general 

introduction, the current study on math was part of a joint PDP on both reading and 

math. The treated teachers received one PDP in which both reading and math were 

targeted, addressing the same three components. Yet the subject-specific part was 

differently specified for reading and math. The math-specific part consisted of additional 

techniques to analyze root problems or misconceptions, thereby allowing teachers to 

better fit instruction to students’ needs. For math, we chose not to focus on the 

curriculum and to provide limited math instructional suggestions, because Dutch 

teachers tend to strongly stick to their curricular math textbooks. These math textbooks 

are rather structured, containing lesson plans using the direct instruction model, detailed 

learning lines and detailed recommendations for additional instruction and for variation 

in task-difficulty. This might be the reason why Dutch teachers generally feel confident in 

teaching math (Meelissen & Drent, 2008). The reading-specific part consisted of 

instructional as well as curricular information. In hindsight, we assume that enhancing 

teachers’ content knowledge and pedagogical content knowledge in reading strongly met 

their needs, more specifically since the curricular textbooks for reading comprehension 

tend to be bulky and rather unclear (Houtveen & van de Grift, 2012). Due to their 

awareness of limitations in their content knowledge and pedagogical content knowledge 

(Stoeldraijer & Vernooy, 2007), teachers were assumed to be more motivated for 

improving them, which probably fostered teacher learning (Timperley et al., 2007). For 

math there may have been less (perceived) need as regards the instructional support that 

was offered. Moreover, since change in multiple domains may be hard to accomplish, 

competition with the reading part of the program might have hampered potential 

improvements in math teaching. Thus although no effects were found on students’ math 
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achievement, the program in its essence might be effective. Hence, we will look at the 

content and study design in more detail in the next two sections. 

Program content 

In reflecting on the lack of distal and proximal outcomes we focused on the 

program’s set-up. Yet, although we had theoretical as well as empirical reasons for 

developing a PDP containing the three components goal setting, data-analysis, and 

instruction, our study did not specifically investigate whether the three components and 

their combination were effective. We only related the goal setting component to student 

achievement in order to seek evidence for their central role in the PDP. As our study 

findings might also be explained by inadequateness of the program itself, we 

acknowledge refraining from studying the details of our theory of action to be a 

limitation. Investigating the expected explicit relations between the program components 

(and their combination) and teacher attitudes, teaching practice, and student outcomes 

would have improved our understanding of the findings. We could have done this by 

measuring the three elements at a detailed level, by studying how the teachers actually 

used the data in their lesson preparation and in class. An alternative would have been to 

investigate and compare variations of our PDP on data use in order to understand what 

elements worked and which did not. The study of Heller, Daehler, Wong, Shinohara, and 

Miratrix (2012), in which different variations of PD in elementary science teaching were 

compared, provided such understanding in that it not only showed the effectiveness of 

raising content knowledge, but also that its integration with inquiry in student 

understanding seemed to be more effective than raised content knowledge alone or 

raised teachers’ metacognition. In our study, comparing our joint PDP with the other 

studies in the cluster might have provided such valuable knowledge, but was considered 

inappropriate given the large number of organizational and content differences between 

the studies that would hinder an adequate comparison.  

Study design 

The study had a pre-posttest control group design in which a comparable control 

group was sought using propensity score matching. By matching on student, class and 

teacher characteristics we assumed selection bias to be strongly reduced. Moreover, the 

possible pool of controls in our study on the PDP’s distal outcomes consisted of students 

in schools that were all involved in one of the four other PDPs on data use in our cluster 

of studies. It was assumed that, since all schools were willing to professionalize 

themselves in using data, the teachers in these schools already resembled each other to 
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some extent. By also matching on teacher attitudes towards data use we consider to have 

taken into account a relevant teacher characteristic, as teacher attitudes towards data 

have been related to teachers’ use of data in earlier studies (Bosker et al., 2007; Vanhoof, 

van Petegem, & De Maeyer, 2009). The use of a control group through matching allows 

the design of this quasi-experimental study to be considered rigorous (Guskey & Yoon, 

2009). Yet we acknowledge that richer baseline information on teachers (for instance, 

their teaching quality, their actual use of data for instructional adaptations, their ability 

to correctly interpret data, their self-efficacy, or their willingness to professionalize), on 

classes (e.g., their average SES, their general level of student motivation), or students (for 

instance, their motivation or self-confidence) would have raised the quality of the 

matching, as the selection of relevant variables is crucial in PSM (Brookhart et al., 2006; 

Steiner et al., 2010).  

Our PDP was deliberately carried out in a realistic setting, so that implementation 

would take place in schools’ daily practice. The schools all voluntarily participated, but no 

full commitment of the school principal or teachers was asked for. As a result, 

compliance to the treatment could vary among the participants. For instance, some 

teachers felt obliged to participate without the intrinsic motivation to change their own 

practice, some principals did not take part in the meetings and lacked any active 

contribution, and in some schools teachers felt they did not have time to prepare their 

homework. The situation in the schools was assumed to mirror the diversity in schools 

that is found in reality, making the study ecologically valid. As such, we conducted an 

effectiveness trial in which the levels of implementation were allowed to vary (Shadish, 

Cook, & Campbell, 2002). Alternatively we could have conducted an efficacy trial in 

which full implementation would be studied (Shadish et al., 2002). This would have 

provided relevant information on the potential of the program in an optimal setting. Yet 

our premise for ecological validity next to the current need for PD in data use (Hubbard 

et al., 2014; Mandinach, 2012) led us to refrain from this choice.  

Measurement and conceptual issues 

In our view, one of the valuable conclusions of our study is that it brought forward 

the current lack of clarity on conceptual and measurement issues involving data use and 

data-literacy. In this subsection we first address problems in measuring teachers’ actual 

use of data. Next, we discuss the lack of a clear definition of the construct of data-literacy 

and the current lack of clarity on PD in data use. Finally, it is debated how to best identify 

student learning as a result of teachers’ use of data. 



 

147 

 

The use of data is expected to guide educational and instructional decisions at 

school, class and the individual student level, being applicable to a wide range of 

knowledge and skills (Hubbard et al., 2014; Means et al., 2010). It encompasses a 

deliberate and consistent reflection and action on the aims and objectives of all 

educational activities. This comprehensiveness renders easy measurement difficult. In 

our study we tried to measure teachers’ data use through low- and high-inference 

observations and teachers’ responses to questionnaire items, and we related these to 

student outcomes. Given the assumption that data use implies the use of goals and 

differentiation, we focused on teachers’ use of differentiation, their goal-orientedness, 

and their awareness of student outcomes. These measures were assumed to provide 

information on crucial changes in teaching practice and, thus, on what happened to 

students in class. However, in all four empirical studies we encountered a measurement 

problem in that we did not fully grasp teacher actions. For instance, we did not measure 

whether teachers used data in deciding on organization and content in their lesson 

planning, we did not measure qualitative information (e.g., on teacher-student 

interaction or quality of instruction), and we did not measure nonverbal ways in which 

teachers are known to express their expectations to students (Rosenthal, 1994; Rubie, 

2003). By no means were all intentions, planning, and actions of the teachers measured 

that they may have employed, having students’ data in their minds. A mixed-methods 

design in which teachers’ actions are not only measured in a quantitative but also in a 

qualitative way might improve understanding on what types and quality of decisions and 

actions teachers employ. This would entail a more in-depth study, using different 

instruments like teacher logs, interviews, and observation instruments. 

Related to the measurement issue is the lack of conceptual clarity on the construct 

of data literacy (Mandinach, 2012). Mandinach stated that there is no consensus amongst 

researchers, educators, and policymakers on what it means to be data literate. As a result, 

there is no clear idea on how the concept should be operationalized either. The absence of 

a clear notion of the desired teacher abilities and behaviors severely complicates 

investigating data use in itself and evaluating PD in data use. Data literacy can, in a 

somewhat narrow view, be understood as being able to correctly interpret data and 

translate them into useful information (Vanhoof et al., 2009, Downey et al., 2013). But is 

such a narrow definition sufficient for PDPs in data use? Indeed, correctly interpreting 

data is an important precondition for using data to inform educational and instructional 

decisions, but in our view these data-informed instructional decisions for planning and 

carrying out modified teaching – pedagogical data literacy - are as crucial for an effective 
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use of data as the ability to adequately interpret the data. Only if teachers really act upon 

the data, the data can have a formative function to improve teaching (see also Bennett, 

2011).  

In our PDP, we supposed that, by supporting teachers in analyzing and bringing 

together relevant data, by providing them with evidence-informed instructional methods, 

and by using the joint knowledge in the PLC, teachers - as the experts on teaching - 

would more or less automatically make the instructional adjustments needed to deal with 

the needs of students with a specific proficiency level, with specific root problems or with 

certain misconceptions. We planned to evaluate this by investigating teachers’ use of 

differentiation practices. The appropriateness of these indirect measures for providing 

information on teachers’ data use can be disputed. In any case, analyzing the data of 

teachers’ own students in the PD meetings did not lead to a widespread use of 

differentiation. Moreover, teacher attitudes and behavior hardly changed during the 

PDP. In short, our hypothesis that teachers would be able to make data actionable was 

not confirmed and several authors reported the same experiences: teachers seem to need 

concrete suggestions for using data to inform instructional decisions (Heritage et al., 

2009; Marsh et al., 2010; Faber & Visscher, 2014; Shaw & Wayman, 2012; Timperley & 

Parr, 2009). Next to offering such suggestions, changes in teaching practice might also be 

fostered by using a more adaptive program, that is not only based on teachers’ needs, but 

that is also designed in consultation with the teachers. Such a collaboration would help 

attaining a clearly specified notion of the skills and knowledge the teachers really need to 

effectively use data, which would help building the knowledge base on the core features 

of PD in data use. Knowledge on both precise definitions and aims (when is an educator 

(pedagogical) data-literate?) and on the core PD components, their ideal 

implementation, and evaluation is needed (Schildkamp et al., 2014). This is highly 

relevant given the widely recognized need for PD in data use (Mandinach, 2012; Wayman 

& Jimerson, 2014).  

A final issue that complicates the evaluation of data use and teachers’ pedagogical 

data-literacy is that it is not fully clear how to adequately measure the effect of teacher 

actions on student learning. In our study, standardized math assessment scores of the 

students were used to determine distal outcomes. Yet if we stress the importance of 

teachers acting on the data in class, it is questionable whether formal assessment scores 

suffice and provide the most adequate instruments to measure student learning. Of 

course, we expect the long-term effects of teachers’ aligned, hence improved, 

instructional modifications to be visible in students’ standardized assessment scores. 
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However, additional studies on instructional adjustments in class, based on qualitative 

data, could yield a more elaborate picture of the effects of data use.  

 

6.4 Implications and recommendations for future research and practice 

Apart from the conceptual and measurement issues related to PD in data use, we 

would like to present some implications and recommendations based on our study. These 

will be discussed in terms of program improvement for practice, of the initial teacher 

training, and of research. 

Improving the set-up and content of the program 

Having found no substantial proximal and no distal effects of the program, it is 

doubtful whether teachers felt sufficiently supported to close the gap between students’ 

desired and actual proficiency level through the general instructional methods that were 

addressed and practiced. A different focus in the instructional part might be required. 

Since teachers have been found to experience difficulties in translating data into 

meaningful actions in class (Goertz et al., 2009; Heritage et al., 2009; Means et al., 2010; 

Marsh et al., 2010), more detailed guidance in such translational processes seems to be 

needed. For PDPs on data use this might entail that, instead of a focus on general 

instructional methods (cf. Slavin et al., 2013), enhancing teachers’ content knowledge 

and pedagogical content knowledge (Bennett, 2011; Timperley & Parr, 2009), including 

concrete suggestions for instructional adjustments, could be more effective. A clear focus 

on learning how to use data to derive meaningful actions for student learning is expected 

to better meet the needs of teachers. For attaining such an in-depth focus on data, 

content and instructional adjustments, we would suggest limiting a PDP to only one 

subject domain.  

Our study on the proximal and distal effects of the PDP assumed that both 

outcomes could be changed in the period of one year. This assumption was too 

optimistic, more specifically since, in both the PD-literature and in the literature on data 

use, the long-term needs for bringing about substantial changes are put forth. Therefore, 

it would be preferred to develop PDPs in which schools are supported at least two years 

(cf. Shaw & Wayman, 2012; Staman, Visscher, & Luyten, 2014), maybe even longer (Lai 

et al., 2009; Slavin et al., 2013). Such a long-term set-up would, for instance, allow for a 

profound investigation of the problems raised by the schools (Schildkamp et al., 2014), 

such that the participants can really act upon the problems they experience themselves, 

leading to enhanced motivation. It would also clear the ways for sense-making and co-
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construction of meaning, making it clear for all members in a professional learning 

community how they interpret data and data use and what they assume the main 

purposes of data use to be. Accountability issues should be raised in this respect too 

(Hochberg & Desimone, 2010; Wayman, Spikes, & Volonnino, 2013). Such awareness of 

the concepts and what they entail might support teachers’ understanding on how, why 

and to what extent they are supposed to change their own behavior. Ideally such a long-

term PDP would be followed by a less intensive trajectory in which sustained 

incorporation is fostered. 

A final recommendation for improving the program is that more support for 

teachers is needed in implementing its content. Coaches can guide teachers in how they 

can use the knowledge coming from several data sources in planning a lesson period or 

specific lessons, by discussing and questioning teachers’ intentions and their decisions 

based on the data. Such coaching in the planning phase can be a one-to-one activity, but 

it could also be done in a professional learning community, thereby profiting not only 

from the expertise of the coach but also of the colleagues. Subsequent reflection and 

feedback on the teachers’ actual behavior in class is expected to make teachers more 

knowledgeable of their own instructional behavior and how this could be enhanced. 

Video-taping teachers’ behavior, combined with constructive and concrete feedback from 

a coach who questions and addresses their teaching practices, was found to be a 

promising way of altering teachers’ behavior (van den Hurk et al., 2014).  

Recommendations for initial teacher training programs 

If pedagogical data-literacy is considered an objective for teachers, then student 

teachers ought to be provided with suitable learning experiences in the initial teacher 

training program. Teacher training programs in the Netherlands seem to contain at least 

some aspects of data use, like learning how to use the digital student monitoring system. 

But data use is comprehensive in nature. As such, teacher training courses should be 

carefully programmed, covering and showing how data pertain to education at all levels. 

Student teachers should not only learn how to analyze data, but their levels of content 

knowledge and pedagogical content knowledge should be adequate, as well as their skills 

to conduct professional learning conversations (Datnow, Park, & Kennedy‐Lewis, 2013; 

Earl & Timperley, 2009; Timperley, 2009). 

We further suggest initial teacher training programs to focus more on goal setting, 

preferably within a team setting. We strongly advocate students’ enhanced knowledge on 

the importance of goals and high teacher expectations for improving student 
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achievement (Fuchs et al., 1985; Rubie-Davies, 2007; Scheerens & Bosker, 1997). In our 

study on goals we stressed the need for teachers to act upon their goals. Learning and 

practicing the strategies and activities that high-expectation teachers employ, like flexible 

grouping, creating a positive classroom climate, using goal setting and feedback, and 

encouraging student motivation (McDonald et al., 2014), is expected to further enhance 

student teachers’ future teaching quality and effectiveness. 

Recommendations for research 

According to Borman, a prescribed one-size-fits-all design is preferable in light of 

clarity and replicability (Borman, 2005). However, when dealing with the data on 

students’ (cognitive) development in schools, some adjustment of the program to the 

context seems to be inevitable. As McNaughton et al. (2012) stated that joint problem 

solving by both the participants and the researchers positively and sustainably affects 

student outcomes (McNaughton et al., 2012), such specific inquiry in the (teaching) 

problems of a school seems to be a promising starting point for a PDP. Yet it probably 

results in various needs, for which a program fit to the local context is needed. 

McNaughton and colleagues (2012) showed an example of such a process-oriented 

intervention that allowed for a contextual fit of the program. It contained both a specified 

process part (identifying that a program on data use was integrated with fidelity) and a 

content part that was contextually bound. Such a process-oriented approach can be a 

promising and realistic approach that needs further exploration. 

A second recommendation for future research concerns the need for clarity on 

important constructs in data use. Not only in terms of the construct of data-literacy and 

its operationalization (Mandinach, 2012), as was discussed earlier, but the boundaries of 

data use are also unclear. Data use is considered to be comprehensive and not only 

related to using standardized assessments for monitoring purposes. We can consider 

“data use as nested in a broader context of inquiry and continuous improvement” 

(Jimerson, 2014, p.7). And, specifically when combining data use with other recent 

reforms, like project-based learning, it should be concluded that “(w)hat counts as data 

will become increasingly wide-ranging…. We are now not only asking teachers to use data 

to inform decision making, but also to use more complex forms of data and to implement 

new instructional strategies” (Hubbard et al., 2014, p. 54). Such broad approaches for 

data use might complicate a uniform definition of data use, hindering its investigation 

and comparisons of study findings. Our study provided an example in which this need for 

more conceptual knowledge was demonstrated. 
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Concluding remarks 

The main aim of our study was to investigate the effectiveness of a PDP on data 

use for raising students’ math achievement. We found no evidence for its proximal and 

distal outcomes. Yet the study offered valuable information. It not only showed the 

inappropriateness of the PDP’s specific set-up for enhancing teachers’ acting on data in 

the domain of mathematics, but also the lack of clarity on the construct of data-literacy. 

This definitional issue causes the design, implementation, measurement and evaluation 

of PDPs on data use to be complicated, as combining different study results (and drawing 

conclusions from them) is not straightforward. As data use is internationally one of the 

spearheads of educational policy, policy makers should be aware that its evaluation 

results will be difficult to interpret. 
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Appendix 1: Overview of the professional development program and 

specifications per meeting 

 

The studies presented in this dissertation were conducted to evaluate the effectiveness of 

a teacher Professional Development Program (PDP) on data use. This PDP aimed to 

improve students’ reading comprehension and students’ mathematics due to 

performance concerns for both areas (Ministry of Education, 2010). All aspects of the 

program which have been reported in this dissertation in relation to mathematics (for 

example, setting standards and performance goals) have also been conducted for reading 

comprehension. The content of the Appendices will pertain to the PDP as it was delivered 

to the participants, and will thus pertain to both subject areas. The results of the program 

with respect to reading comprehension were discussed in the dissertation of van Kuijk 

(2014). 

In this section, the reader can find detailed information on the overall rationale behind 

the PDP, its aims, and the way it has been conducted. This overview provides, for 

example, empirical support and practical arguments underlying the specifications of the 

program. In this way, we want to give a clear account of how our program was realized 

and provide other researchers with the necessary information to replicate our study. The 

following sections and paragraphs therefore mainly contain information of specific 

interest. First, we will provide an account of the entire PDP. Next, an overview of the 

program’s meetings is presented, and several general characteristics of these meetings - 

such as delivery format and duration – will be discussed. After this, each meeting is dealt 

with separately, describing its aim, content, the materials used, and the related 

homework assignments. 

1. Overview of the multicomponent PDP 

The teachers that participated in the PDP were supported in improving their practice 

with help of a three-component program on data use. These components were considered 

to reflect the core elements of data use (Visscher & Ehren, 2011; Black & William, 2009): 

1) setting standards and performance goals for every student, 2) using data-analyses on 

students’ actual performance levels, and 3) acquiring relevant instructional skills and 

knowledge in reading comprehension and mathematics. All three components have 

shown to be positively related to student performance. The PDP was designed to foster 

student learning through teachers’ application of a multicomponent package. Given the 
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interrelatedness of its components, their integration into one synergetic package was 

supposed to foster more goal-oriented, focused, clear instruction, that better suited to 

students’ needs. In the paragraphs below, the information on each of the three 

components is briefly resumed (for more information, see Chapter 4 in this dissertation).  

1.1. Component 1: Establishing the desired level of students’ performance 

Goal setting was incorporated as the first component in the PDP since the insufficient 

results of Dutch students on both international and national assessments were attributed 

to the fact that, for schools and teachers, it was unclear what students should know and 

do at certain points in time (Expert group Continuous Learning Progression, 2008). 

Setting goals leads to an explicit notion of the desired performance level. Thereby, they 

make clear how success can be attained, they make teachers’ actions more meaningful, 

and enhance motivation to reach them (e.g., Fuchs et al., 1985; Locke & Latham, 1990). 

The goals were based on performance categories which had been identified by the 

participants using a standard setting procedure (see Deunk et al., 2014). As discussed in 

Chapter 2, we aimed to assist teachers in setting goals that were ‘challenging but realistic’ 

given their students’ capabilities. For this purpose, we  developed a step-by-step 

procedure which incorporated performance data analysis and team discussion to help 

teachers reflect on and reconsider the appropriateness of their initial expectations before 

deciding on their final goals - following recommendations of the data use literature (e.g., 

Schildkamp & Kuiper, 2010).  

1.2. Component 2: Determining students’ actual level of performance 

In order to help the participating teachers set and attain the performance goals, it was 

important that they based their instructional decisions on performance data (e.g., Guskey, 

2002). Using student performance data to adapt one’s teaching in order to better meet 

students’ needs is known as formative assessment (Black & Wiliam, 1998; Herman et al., 

2010). The participants therefore received training in the use of the student monitoring 

system. Yet the concept of performance data not only pertains to the assessment results 

on standardized tests, but also, for example, to completed work book assignments or 

teacher observations of how students function in class (Lai & Schildkamp, 2013). 

Teachers’ reflection was targeted by focusing their attention on different sources of data 

they could use to enhance certainty on students’ actual levels of proficiency (Bennett, 

2011) and therefore to help them make instructional decisions that would better suit 

different students’ needs. In the mathematics domain, this resulted in equipping teachers 

with knowledge and practice on how to conduct diagnostic math interviews, which would 
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allow them to get more detailed insight in students’ levels of mathematical understanding, 

their root problems, and misconceptions. Thus, by working with student-specific 

performance goals and monitoring performance in relation to these goals (i.e., 

components one and two), it was expected that teachers would attend more to different 

student needs, resulting in the use of differentiation. An important prerequisite, however, 

is that teachers translate the data into adjusted practices, a step which is not always 

guaranteed (Goertz, et al., 2009, Heritage et al., 2009). The third component of our PDP 

focused on how to take action after analyzing the data. 

1.3. Component 3: Instructional modifications to close the gap between the 

desired and the actual level 

In the PDP, next to setting the performance goals and monitoring the progress made 

toward them, it was important to help the teachers attain their own objectives by 

ensuring that they were sufficiently equipped with the most relevant instructional skills 

and knowledge about reading comprehension and mathematics. We targeted Direct 

Instruction (a teacher-centered model of instruction) and modeling (an instructional 

technique in which the teacher demonstrates how to apply a certain reading 

comprehension or mathematics strategy by "thinking aloud"; to show students which 

strategies are appropriate, how to pursue them and why). After having been introduced 

to these concepts, the teachers practiced and received feedback on the implementation of 

the instructional methods. In addition, the participants were informed on the set-up of 

the Cito-assessments for mathematics and reading comprehension in the grades under 

study. Here the degree of alignment between these assessments and the curricular text 

books used in their schools was discussed and tips were provided on how to bridge 

evident gaps. Specifically for reading comprehension, we discussed important 

determinants of reading performance and key concepts in the second- and third-grade 

reading comprehension curriculum. 

In Figure 1, the interrelatedness of the components is illustrated. This graphical 

representation is given at the beginning of the detailed descriptions of the meetings 

(presented below). For each meeting, the most essential component is highlighted. 
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Figure 1. The PDP’s three components 

 

2. Scheduling of the PDP’s meetings 

Throughout the school year, the time investment of the teachers was scheduled for 40 

hours, including attending the nine after-school meetings and homework assignments. In 

Figure 2, a graphical overview of the nine meetings is presented. The three components 

of the PDP were addressed to comparatively the same extent. The standards and goal 

setting component (the first component) was addressed in meetings 1, 3 and 4, 

respectively. Information and training on data-analysis (our second component) was 

dealt with in meetings 2, 5, 6 and 9. Training in relevant instructional practices and 

information to improve teachers’ (content and curriculum) knowledge, the program’s 

third component, was targeted in meetings 6, 7, and 8. In the majority of the nine 

meetings, the subject areas of mathematics and reading comprehension were targeted 

simultaneously. In meeting 1 and 6, however, the emphasis was specifically on 

mathematics, while meeting 3 and 7 particularly addressed reading comprehension.  
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Figure 2. Overview of the meetings   

    

3. General set-up of each meeting 

The standard setting meetings and the meetings on formative assessment and data-

analyses (meeting 1, 2, 3, and 5) were set up as general gatherings which were held in a 

convention centre. These meetings were scheduled to last 2.5 hours. The other meetings 

(meeting 4, and 6 to 9) took place at the individual schools; in a few cases, the 

participants of two or three different schools joined together in one meeting. These 

meetings were scheduled to last 1.5 hours. 

1. Standard setting 

mathematics  

Sept. 2011 

2. Formative assessment 

and data-analyses  

Oct. 2011 

3. Standard setting 

reading comprehension 

Nov. 2011 

4. Goal setting for mathematics and reading comprehension 

Nov./Dec. 2011 

 

5. Formative assessment and data-analyses II 

Feb. 2012 

7. Reading comprehension 

instruction & curriculum  

March/April/May 2012 

 

6. Mathematics instruction & 

data-analysis 

Feb./March 2012 

8. Effective instruction for mathematics and reading comprehension 

April/May/June 2012 

9. Evaluation of the project:  

Goals attained for mathematics and reading comprehension?  

June/July 2012 
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All meetings followed the same order: a) recapitulation of the last meeting, b) overview of 

the content to be discussed in the current meeting, c) presentation of information, d) 

recapitulation of the current meeting, and e) preview of the next meeting. The structure 

of these meetings resembled the elements in the Direct Instruction model, an effective 

instructional approach which was also discussed during the meetings.  

Different delivery modes were used during the meetings. We provided short lectures 

using whole-group (power point) presentations. During several of these whole-group 

presentations, video-fragments were shown as illustrative material. In addition, during 

almost all meetings, the participants were asked to work on assignments “on the spot”. 

These assignments could be individual assignments, assignments requiring collaboration 

between colleagues from the same school, and assignments requiring collaboration 

between colleagues from other schools. Use of the digital student monitoring system 

(part of meetings 2 and 5) was practiced behind laptops. For the entire program, the 

majority of the hand-outs and other materials offered were self-developed. To organize 

the hand-outs and materials which were distributed during the meetings, we provided a 

binder to all participants.  

At the beginning of each meeting, the attendance of the participating teachers, school 

principals and senior support coordinators was registered. At the end of each meeting, 

the participants were asked to fill in an evaluation form about how they had experienced 

the value and practicality of that particular meeting. During the standard setting 

meetings (meetings 1 and 3), specific questions were posed about the different rounds in 

the standard setting procedure and the degree to which the participants considered their 

own cutscores as well-considered. This was done because on-site evaluations by 

participants serve as an important check on the validity of the cutscores and the way in 

which they have been set (Cizek & Bunch, 2006; Hambleton & Pitoniak, 2006). 

4. Specifications of the content per meeting 

In this section, the content of the nine meetings will be addressed separately. For each 

meeting the most vital component is highlighted in the figure next to the headings. 
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1: Introduction to the project and standard setting for 

mathematics  

Summary of the first meeting: The goal of this meeting was a) to inform the participants 

on the set up of the PD, and b) to set cutscores and create performance categories for the 

second and third grade (end-of-the-school year) June-mathematics assessments using a 

standard setting procedure. This procedure was also conducted to facilitate and stimulate 

the teachers’ awareness of their own performance expectations and the instructional and 

curricular demands for the second- and third-grade mathematics.  

Characteristics  

Format of meeting General meeting 

Time span 2.5 hours 

Delivery mode Whole-group presentation, small-group discussion 

Hand-outs Ordered Item Booklet, standard setting forms, training materials 

for standard setting procedure, print-outs of powerpoint slides 

 

Introduction to the project  

At the beginning of the first meeting, a short outline of the project was presented to the 

participants. We briefly introduced the three components of the PDP as well as their 

timing throughout the school year. In addition, the participants were informed about 

certain data collection obligations related to their participation in the PD study (i.e.,  

having a pre- and post-observation during the mathematics and reading comprehension 

lessons, filling in a questionnaire at the beginning and at the end of the PDP, and 

providing performance data to the researchers prior to several meetings).  

Introducing performance standards 

The participants were explained that specifying what students should be able to know 

and do would help them in making teaching more directed toward the performance of 

these desired objectives. We argued that having clear performance goals makes it easier 

to target instruction toward the performance of these outcomes (Fuchs, Fuchs, & Deno, 

1985) and that this targeted instruction is expected to improve student results (Lauer et 
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al., 2005; Roeber, 1999)26. For this purpose, the participants were asked to participate in 

the standard setting procedure, in order to establish performance categories. The benefit 

of working with goals that are based on performance categories was that teachers had 

reflected on desirable learning objectives for their students and that the performance of 

these goals would be easily established by conducting standardized assessments in class. 

Furthermore, we provided information on the current Dutch educational policy 

regarding the performance standards (as discussed in Appendix 2). By introducing them 

to this background, we hoped that the participants would recognize the value of working 

with performance goals, which would in turn positively influence their commitment to 

the PDP. 

Standard setting for mathematics  

Within the PDP, the Cito adaptation of the Bookmark procedure (see Van der Schoot, 

2009) was used. Here, participants considered a selection of items from the Cito 

mathematics assessments and indicated which items they expected the students to 

answer correctly in the June-assessment. Note that for the remainder of this Appendix, 

the end-of-the-school year assessment is referred to as the June-assessment and the 

midway-of-the-school year assessment is referred to as the January-assessment. To 

facilitate the standard setting task, the items were ordered in such a way that they 

increased in difficulty and we presented them in a so-called Ordered Item Booklet 

(OIB)27. The explication of performance expectations is done for students of different 

ability levels. In this PD, five performance categories were distinguished: below 

minimum, minimum, basic, proficient, and advanced. For each category, the participants 

decided at which item there was a suitable cutoff (between below minimum and 

minimum, between minimum and basic, etcetera). Thus, four cutoff points needed to be 

identified in total28. Since all items can be converted into scores on the assessment scale, 

indicating a pupil’s level of proficiency, the cutoff points can also be converted into scores: 

these points are thus also referred to as cutoff scores or cutscores. The final cutscores 

were determined after three rounds. In the first round, the panelists individually studied 

                                                   

26 Positive findings are provided by the goal setting theory (Locke & Latham, 1990; 2002). For 

more information, see Chapter 1 of this dissertation. 

27 Both the items and information on their difficulty (for which Item Response Theory was used) 

were provided by the Netherlands Institute for Educational Measurement, with whom we collaborated 

in this study. 

28 Similar to the work of Roeleveld and Béguin (2009), four cutoff scores were set in the PDP. 
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the OIB and formulated cutoff scores based on their own opinion. In the second round, 

they came together in small groups (consisting of three to five people) and discussed 

their cutoff scores. Groups could reach consensus, but they did not have to. After this 

small group discussion each participant reset his/her scores. Based on these reset scores, 

the median cutscores were calculated ‘on the spot’, while the participants listened to a 

further explanation of the PD project and the three components. In the third round, the 

average cutscores of the group were presented and compared to the actual performance 

data of the student population (their “empirical equivalents”, see Chapter 3). These 

empirical data indicated the participants how realistic and ambitious their own cutoff 

scores were at that stage in the procedure. After this display, the panelists again reset 

their cutoff scores, after which the final ones were calculated by taking the median of the 

scores of the third round. This was done, however, at a later moment: the final scores 

were presented during the second PD meeting. After collecting the forms containing the 

final cutscores, the first meeting was brought to an end. More information on the 

standard setting procedure is provided in Deunk et al., 2014.  

2. Formative assessment and data use  

Summary of the second meeting: The goal of this meeting was to present the concept of 

formative assessment and data use. The participants also practiced different types of data 

analyses using the digital Cito student monitoring system (detailed further in Appendices 

2 and 4). 

Characteristics  

Type of meeting General meeting 

Time span 2.5 hours 

Delivery mode Whole-group presentation, practice of data analysis behind laptops 

(in pairs) 

Hand-outs Data analysis booklets (containing navigational directions and 

screen shots of the student monitoring system), print-outs of power 

point slides, homework assignments for the teachers and the school 

principal/internal support coordinator 

 

Recapitulation of meeting 1 and presentation of the final cutscores  

At the beginning of the second meeting, the final mathematics cutscores were presented 

(their exact scores are presented in Appendix 3). The student performance at the level of 
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the cutscores was illustrated using several exemplary items. All performance categories 

(below minimum, minimum, basic, proficient, and advanced) and their accompanying 

test score intervals (also in Appendix 3) were discussed in order to explain to the 

participants how students’ June-assessment results would be converted into one of the 

five performance categories.  

A model for data use 

Next, the standards were coupled to the other two components of the PDP and these 

three components were briefly re-discussed. The second component focused on the use of 

assessment results, and other data on students, to improve instruction. The teachers 

were stimulated to use assessment data as feedback to help them modify their teaching 

activities in such a way that they met the individual students’ needs and thereby 

furthered their development. This practice is also known as formative assessment (Black 

& William, 1998). During the PD, the evaluative cycle for data-driven teaching, a model 

from Ledoux, Blok and Boogaard (2009) was used. This model was similar to models of 

formative assessment (Black & Wiliam, 2009; Carlson et al., 2011; Herman et al., 2010) 

and the well-known Plan-Do-Check-Act cycle (Deming, 1986). The evaluative cycle for 

data-driven decision making (DDDM), or data use, was used to help the teachers carrying 

out the three core elements of data use (establishing the desired performance level, 

determining the actual performance level, and conducting instructional adjustments in 

order to reach the goal) in a reflective and structured way. Teachers’ reflection was 

targeted in this model as well, by focusing their attention on their students’ performance 

in relation to their own teaching practice. The model consisted of five questions being:  

1) What do I want to accomplish with my students?  

2) Which sources of information can I use to map out the proficiency of my students?  

3) How are my students performing based on these different sources of information?  

4) What do these performance results mean? Can I interpret them?  

5) How have I been teaching my students and do I need to adapt my approach 
and/or goals?  

 

In order to “get acquainted” with this model, an introductory assignment was provided. 

The participants had to reconstruct the logic of the model by putting its elements (i.e., the 

five questions) in the right order. This activity was conducted in small groups consisting 

of participants from different schools. After the introductory assignment, the definition 

of “data-driven decision making” (a translation of the Dutch term “opbrengstgericht 
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werken”) was addressed. Empirical evidence for employing a data-driven way of teaching 

(e.g., Carlson et al., 2011) was presented as well. The experiences of several Dutch school 

teams who already worked in a data-driven manner were illustrated using video-material 

(Primary Education Council, 2009). Next, we elaborated on each of the five questions of 

the evaluative cycle for DDDM. With respect to the second question (Which sources of 

information can I use to map out the proficiency of my students?), we provided 

additional information on the difference between the Cito-assessments and the 

assessments of the curricular textbooks - also see Appendix 2 for more information on 

this topic. Additional information on the differences between the various student 

monitoring systems was provided as well (discussed in Appendix 2). 

Making use of the student monitoring system 

In the Netherlands, the use of student monitoring systems by teachers is still rather 

limited for analyzing problems and adapting instruction, and teachers who do use the 

student monitoring systems are often unaware of the possibilities for more sophisticated 

analyses (Ledoux et al., 2009; Meijer & Ledoux, 2011; Schildkamp & Kuiper, 2010; van 

der Kleij & Eggen, 2013). During this meeting, the participants were informed on three 

specific types of analysis which could be performed using data from the Cito assessments. 

These three types of analysis are called a) the estimation of future performance, b) an 

overview of performance in the previous school year, and c) a progress report (analysis 

of academic growth). For their exact content, see Appendix 4A, B, and C. These three 

analyses provided information on (estimates of) individual students’ performance and 

would be used in homework assignments later on in the PDP. 

The participants practiced these analyses behind laptops (in pairs) while the researchers 

walked around to answer questions and give immediate feedback. The hand-outs for 

these exercises contained screen shots and directions on how to navigate through the 

student monitoring system. These exercises also contained additional information and 

questions to help the participants interpret and critically reflect on the output provided 

by the system. 

Homework assignment 

The participating teachers as well as the school principals and senior support 

coordinators - the latter two referred to as the school management staff - received 

booklets with specific homework assignments. The teachers were provided with a three-

staged assignment, which focused on their own students’ performance in mathematics. 

This three-staged assignment has already been discussed as part of the step-by-step 
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procedure in Chapter 1; here, its content is recapitulated. First, we asked the teachers to 

make their initial expectations for their students’ future performance on the June-

assessment explicit, using the performance category classification (below minimum, 

minimum, basic, proficient, and advanced). Second, the participants were asked to use 

the student monitoring system to compute the future performance estimation, which is 

based on prior achievements (see Appendix 4A). Third, we requested them to use their 

student monitoring system to present an overview of last year’s performance on the 

June-assessment (see Appendix 4B). Both the estimates and the performance scores 

could be converted to the performance category classification. The assignment booklet 

also contained questions about possible differences between the three assignments, like 

‘Are there differences between your own intuitive prediction and the Cito future 

performance estimate? If so, can you explain them?’ These questions were developed to 

increase the teachers’ affinity with the performance categories and to stimulate critical 

reflection on their own performance expectations. The homework assignment was 

requested to be completed prior to the program’s fourth meeting, when the teachers 

would have to set performance goals for their students.  

The school management staff was provided with a different assignment. The participants 

were asked to use the student monitoring system to compute the developmental growth 

(see Appendix 4C) of the current second- and third-grade students with respect to the 

prior school year, i.e. from the January-assessment to the June-assessment in grades 1 

and 2. This assignment would offer more insight into how the students who were 

currently in second and third grades had developed the past school year. The assignment 

pertained to both the mathematics and the reading comprehension development of the 

students, thereby anticipating the subject area of interest in the next meeting. Similar to 

the homework assignment of the teachers, this task was requested to be completed before 

the fourth meeting.  
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3. Standard setting for reading comprehension 

Summary of the third meeting: The goal of this meeting was to set cutscores and create 

performance categories for reading comprehension using the standard setting procedure, 

and to increase the participants’ awareness of the performance expectations and 

instructional demands with respect to second- and third-grade reading comprehension.  

Characteristics  

Type of meeting General meeting 

Time span 2.5 hours 

Delivery mode Whole-group presentation, small-group discussion 

Hand-outs Ordered Item Booklet, standard setting forms, training materials 

for standard setting procedure, print-outs of power point slides, 

homework assignments for teachers 

 

Standard setting for reading comprehension 

The cutscores for reading comprehension were set in the exact same way as those for 

mathematics. The only difference between both standard setting procedures pertained to 

the construction of the Ordered Item Booklet (OIB). The reading comprehension items 

increased in their difficulty, but the items that applied to the same text were grouped 

together to improve the booklet’s readability. As reading comprehension concerns 

answering text-related questions, the difficulty of the question is influenced by (the 

difficulty of) the text. For example, the question “To what word does this in sentence 3 

refer?” might be easy or difficult to answer depending on the complexity of the text. In 

Appendix 3, the final cutscores as well as the related performance categories are 

presented. 

Reading comprehension development 

In this part of the meeting, the complexity of reading comprehension was discussed. In 

comprehension processes, individual differences (e.g., decoding skills, prior knowledge) 

interact with the text features (e.g., text difficulty) (Ozuru, Dempsey, & McNamara, 2009; 

Snow, 2002). This interrelatedness between reader and text affects the ease with which 

one can concretize performance expectations in this domain. In order to aid the 

participants in determining what could be expected from second and third-grade 

students, the guidelines of the Expertise Centre for the Dutch Language (2010) were 
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addressed (see Appendix 2 for their content). The Expertise Centre has identified seven 

skills that students in these grades are expected to master. All skills were briefly 

addressed, but the skill concerning students’ genre knowledge was discussed more 

elaborately as it was part of teachers’ homework assignment. The types of texts as 

discussed by the Expertise Centre for the Dutch Language (2010) were compared to those 

used in the Cito reading comprehension assessment. The types of questions used in these 

assessments were discussed as well, as some question formats were less common than 

those used in the curricular textbooks and workbooks (also in Appendix 2).  

Homework assignment 

The teachers were requested to identify (on a 3-point Likert scale) to what degree the text 

types and question formats in the Cito-assessment were similar to those in the curricular 

textbooks and workbooks as used in their classes. In the case of underexposure, the 

teachers were asked if they had ideas how to tackle this problem. We developed this 

homework assignment not to advocate teaching-to-the-test, but to improve teachers’ 

awareness on these differences in order to acquaint the students with these question 

formats (so that students would not be unnecessarily surprised when taking the Cito 

assessments). The homework assignment was requested to be completed prior to the 

program’s fourth meeting. 

In addition, the teachers were asked to complete the same three-staged homework 

assignments for reading comprehension as was provided for mathematics. They had to 1) 

make their initial expectations for their students’ future performance on the June- 

assessment explicit, using the performance category classification - i.e., by selecting the 

below minimum, minimum, basic, proficient, or the advanced performance category -, 2) 

use the student monitoring system to compute the future performance estimation - see 

Appendix 4A -, and 3) present an overview of last year’s performance on the June-

assessment - see Appendix 4B. This three-staged assignment was requested to be 

completed prior to the fourth meeting. 
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4. Goal setting for mathematics and reading comprehension 

Summary of the fourth meeting: During this meeting the teachers had to set ‘challenging 

but realistic’ performance goals for each individual student in their classes, both for 

mathematics and reading comprehension. Furthermore, the teachers were stimulated to 

reflect critically on the curriculum alignment. Finally, for mathematics as well as for 

reading comprehension particular issues were addressed.  

Characteristics  

Type of meeting Meeting at school 

Time span 1.5 hours 

Delivery mode Whole-group presentation, group discussion 

Hand-outs Print-outs of powerpoint slides, empty goal setting table, print-outs 

containing specific examples of types of texts and question formats, 

print-outs containing exercises to practice the initiation of 

mathematics questions 

 

Discussing the teacher expectations and performance estimates 

During this meeting the homework assignments for mathematics and reading 

comprehension were discussed by the school team. The focus in this discussion was on 

explaining the differences between the teachers’ original expectations of the students and 

the estimates from the student monitoring system. By discussing performance data, 

school team members can learn from each other and thereby improve their knowledge of 

and skills in teaching (Datnow, Park, & Wohlstetter, 2007; Huffman & Kalnin, 2003; 

Schildkamp & Kuiper, 2010). For example, last year’s teacher might ask the current 

teacher: ‘Johnny was a rather good reader last year, and I would probably have 

expected him to perform on the proficient level. Why do you expect the basic level to be 

more suitable?’ By creating an open atmosphere in which the participants were willing to 

think along with one another and to offer (instructional) suggestions, the supportive role 

of the school team was increased. Furthermore, specific attention was paid to a 

comparison between the expectations for students’ performance in mathematics and in 

reading comprehension. The students’ ability growth (part of the school management 

staff’s homework assignment) was taken into account as well.  
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Setting performance goals 

In this part of the meeting, the teachers were asked to set a performance goal for each 

individual student by reconsidering their initial expectations and taking into account all 

the information obtained during the group discussion. The performance goals were set 

for both mathematics and for reading comprehension. They were formulated using the 

performance category classification (below minimum, minimum, basic, proficient, and 

advanced) and pertained to each student’s desired performance on the June-assessment. 

The teachers were instructed to set ‘challenging but realistic’ goals given the students’ 

capabilities, as these have been proven to be the most effective goals (Erez & Zidon, 1984, 

in Locke & Latham, 1990). 

The school level: vertical curriculum alignment, school goals, and mutual expectations 

After setting performance goals at the student level several recommendations were 

provided like making explicit in school which knowledge and skills are taught to the 

students in the grades and how they are taught (Martone & Sireci, 2009; Webb, 1997). 

Such explicit knowledge would enhance curricular alignment in neighboring grades. To 

promote reflection on this issue, we asked questions such as: ‘Does the third-grade 

teacher know which skills are learned in grades two and four, and does he or she know 

in what ways these skills are taught to the students?’ Furthermore, we recommended the 

participants to openly discuss implicit expectations regarding instruction and the 

curriculum. These expectations could be either more general (‘In our school, we expect 

all our colleagues to have finished the curricular textbooks at the end of the year’) or 

content-specific (‘At the end of grade 2, we expect all students to master the 

multiplication tables 1-5’). In addition, we encouraged the participants to think of 

content-specific goals that would be in line with the individual performance goals that 

were just set (e.g. ‘At the end of grade 2, the basic/proficient and advanced students 

should be able to do automated additions up to 20’). All these suggestions were meant to 

promote a continuous learning progression within the school. 
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Tips and practical suggestions on instruction  

As part of this meeting, we discussed known difficulties in relation to the Cito tests and 

provided several practical recommendations. 

(i) Mathematics: Word problems 

As the curricular textbooks do not address how to solve word problems in a systematic 

manner (see Appendix 2), students tend to get confused when confronted with (complex) 

word problems in the Cito assessments (Janssen, van der Schoot, & Hemker, 2005). In 

the PDP, the teachers were instructed on how to initiate mathematical questions during 

other parts of the school day, for example, when students share personal anecdotes at the 

start of the school day. By initiating these questions, teachers can demonstrate to their 

students that mathematics is an omnipresent phenomenon. Moreover, by elaborating on 

such questions, teachers have the opportunity to simultaneously demonstrate a 

systematic approach to solving such daily mathematical problems. As a result, the time 

spent on mathematics is extended. The participants were given an assignment in which 

they had to practice their ability to elicit mathematical thinking “on the spot”. They were 

asked to read a short story about a Christmas tree and broken decorations, and come up 

with questions that targeted different mathematical domains (these domains are 

discussed in Appendix 2).  

(ii) Reading comprehension: Text types and question formats  

During this part of the meeting, the outcomes of the previous homework assignment 

(pertaining to the reading comprehension textbooks) were discussed. After a brief 

recapitulation of these text types and question formats, we discussed their 

(under)exposure on the basis of questions such as ‘Do you have ideas on how to deal 

with certain underexposure?’ and ‘Which suggestions do your colleagues have?’ Specific 

ideas about how to develop exercises that appeal to students’ interests were mentioned. 

Furthermore, the teachers were supplied with a print-out with examples of different 

genres and question formats. 
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5. Data use and a formative use of assessments 

Summary of the fifth meeting: The goal of this meeting was to inform the participants on 

how to implement data use at the levels of the school, the classroom and the lesson. 

Furthermore, they were given the opportunity to practice with different data analyses 

within the student monitoring system. 

Characteristics  

Type of meeting General meeting 

Time span 2.5 hours 

Delivery mode Whole group presentation, video fragments, small group 

discussions, practice of data analysis behind laptops (in pairs)  

Hand-outs Data analysis booklets (with navigational directions and screen 

shots of the student monitoring system), print-outs of powerpoint 

slides, print-out with nine propositions, homework assignment for 

the teachers  

 

Data use at the school, classroom and lesson levels: introduction 

In our PDP, data use entailed, among other things, setting performance goals for each 

individual student and making instructional decisions based on data so that the students 

obtain the desired proficiency. Accordingly, our PDP mainly focused on helping teachers 

in enhancing their teaching at classroom level. However, data-informed decision making 

should pertain to the whole school. Data use therefore requires a change in school culture: 

important prerequisites for data-use include a clear vision of the school principal on 

issues such as the school’s goals and teacher collaboration (Schildkamp & Kuiper, 2010; 

Wayman, Midgley, & Stringfield, 2006). Within the PDP, the need for school and teacher 

change was illustrated by showing video-fragments (Primary Education Council, 2009) 

of teachers, senior support coordinators and school principals who explained in which 

ways DDDM had changed their way of working and their view on the school’s culture. 

These fragments also illustrated how these people changed their way of working as a 

result of their increasing awareness of the students’ performances and needs. After this 

general introduction, the participants split up into two groups: one groups with only 

teachers and one group with the school management staff (i.e., the school principal and 

senior support coordinator). The remainder of this meeting continued in parallel sessions 

which were conducted in separate rooms. 
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Data use at the classroom and lesson levels: teacher session 

The teacher session started with a short recapitulation of why data use is important. 

Several characteristics of effective schools were introduced, such as having high 

expectations in regard to student abilities and frequently monitoring and evaluating 

performance (Sammons et al., 1995; Scheerens & Bosker, 1997). Next, the teachers’ 

reflection on their own data use and goal orientation was stimulated by having them 

conduct a small exercise. They had to score their own behavior by considering nine 

provoking propositions, among which “When I look at the students’ results I ask myself 

the following questions: do I see developments that I consider to be positive, do I see 

developments that I consider to be negative and are there any changes as regards the 

previous assessment results?” After rating their own behavior, teachers were asked to 

discuss their own behavior in pairs. In order to elicit vivid and informative conversations 

these pairs were designed to consist of participants with different scores (high and low; 

colored cards represented these scores and these pairs could thus easily be constructed). 

In the next part of the meeting, we discussed the instructional model of Direct 

Instruction. This teacher-centered model was discussed as it has proven to be an effective 

instructional model (Borman et al., 2003; d’Agostino, 2000). We explained the model’s 

essential characteristics, while primarily focusing on the start and the end of the lesson 

(Leenders et al., 2010; Muijs & Reynolds, 2011). In addition, the topic of time-on-task 

was addressed. The amount of time teachers actually spend on teaching (instead of 

classroom managerial and organizational actions), and thus the actual time that students 

are learning determines student learning gains to an important extent (Houtveen, van de 

Grift, & Creemers, 2004). We provided tips to help the teachers identify their own time-

on-task and classroom management behaviors.  

(i) Teachers’ use of the student monitoring system   

During this part of the teacher session, the participating teachers received training in 

making use of the student monitoring system (similar as in the second meeting of the 

PDP). Three types of analyses were discussed: a) a performance comparison (to make 

extreme high or low scores more tangible), b) identification of the average class 

performance for several consecutive years, and c) error analysis for mathematics – 

analyses are described in detail in Appendix 4D, E, and F respectively. Similar to the 

second meeting, the participants practiced these analyses behind laptops in pairs with 

the help of hand-outs containing step-by-step instructions, explanations and critical 

questions about the outcomes. One of the members of the research team was available for 
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assistance. As two schools had indicated beforehand that they were already quite familiar 

with the analyses that would be discussed during the meeting, they followed a slightly 

altered program during this part of the meeting. They were exempted from several 

computer assignments but they were asked about their actual data use by a second 

member of the research team, who gave them targeted information to improve their 

current data-analyses practices.29  

Data use at the school level: school management staff session 

The school management staff session was set up as follows. For schools wanting to work 

in a data-driven way, the school management staff plays an important role. They are 

responsible for several tasks, such as monitoring the school outcomes, formulating clear 

goals, and promoting teacher collaboration (Schildkamp & Kuiper, 2010; Young, 2006). 

In the PDP, we stressed the importance of these activities. The structure of this meeting 

was similar to that of the teacher session, as it started with the same recapitulation of 

characteristics of effective schools. Next the participants in this group were asked to 

respond to the nine propositions (comparable to the propositions the teachers received, 

but then formulated at the school level) on teachers’ goal-orientation and collaboration. 

Beliefs and practices were discussed in pairs (again, consisting of participants with a high 

and a low score) to boost awareness and generate practical ideas on how data use could 

be implemented within the school. After this exchange of ideas, the implications for the 

school and HR policies were discussed and illustrated by using video-material (Primary 

Education Council, 2009). It was further argued that the school management staff should 

play an important role in supporting the teachers’ professional development (also in 

Fullan, 2007) by regularly observing classroom lessons and providing them with 

constructive feedback to improve their instructional practices. 

(ii) School management staff’s use of the student monitoring system 

During this part of the meeting, the school management staff received training in 

working with the so-called self-evaluation module of the Cito digital student monitoring 

system. The three types of analyses discussed were a) cross section of the performance 

levels of the middle school classes, b) longitudinal development of the group mean score 

of one or more classes, and c) the mean score of a specific grade (e.g. grade three) 

                                                   

29 Since the teachers indicated that they only worked with error analyses for a few individual 

students, further information on whole group error analysis was provided using the output of a 

fictitious group. 
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throughout consecutive years. These analyses are elaborated in Appendix 4G, H, and I 

respectively. For the participants who were already more experienced in working with the 

digital student monitoring system, an additional type of analysis was offered, namely d) 

group analysis (elaborated in Appendix 4J), which examines the development of one 

class in terms of different subject areas and in several years. Again, the participants 

worked behind laptops in pairs, using hand-outs containing step-by-step instructions, 

explanations and critical questions about the outcomes. One of the members of the 

research team was available for questions and support. 

Homework assignments 

Both the teachers and the school management staff received a booklet with homework 

assignments. The teachers were given an assignment pertaining to the January-

assessment for mathematics. They were asked to make two error analyses, one for the 

whole group and one for an individual student. The booklet contained instructions for 

executing the analyses in the digital student monitoring system. Guidelines on how to 

interpret the output were provided as well. The booklet also included questions to 

stimulate one’s reflection on the output, such as ‘Can you indicate mathematical 

domains for which a vast amount of students scored below or above expectation? If so, 

can you explain why these deviations occurred?’ The assignment was requested to be 

completed prior to the sixth meeting. 

The management staff was provided with a different assignment. For the second time in 

the PDP, they were asked to compute the developmental growth for the current second- 

and third-grade students with the help of their digital student monitoring system (the 

progress report, discussed in Appendix 4C). This time, they had to calculate the 

developmental growth from the June-assessment in the previous year until the current 

January-assessment. Similar to the previous progress report assignment, the 

developmental growth of both mathematics and reading comprehension had to be 

analyzed. The assignment was requested to be completed prior to the sixth meeting. 

6. Mathematics instruction and curriculum  

Summary of the sixth meeting: The goal of this meeting was to evaluate the January-

assessment results for mathematics, to interpret the mathematics error analysis, to re-

examine the teachers’ performance goals for the June-assessment (and adjust them if 
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desired) and to extend teachers’ knowledge of the provision of explicit instruction on 

mathematical word problems.  

Characteristics  

Format of meeting Meeting at school 

Time span 1.5 hours 

Delivery mode Whole-group presentation, group discussion 

Hand-outs Overview of student achievements on January-assessment and 

performance estimates for June-assessment, overview of exercises 

in terms of different math domains, print-outs of powerpoint 

slides, homework assignment for teachers 

 

Start of the meeting 

At the start of this meeting, an overview was handed out to each class, consisting of the 

performance goals that teachers had set in terms of the five performance categories 

(below minimum, minimum, basic, proficient, and advanced) during the fourth meeting. 

The aim was twofold: to provide a clear overview of the performance goals at the class 

level and to remind the teachers of the goals they had set earlier. 

Discussion of performances on the January-assessment 

In the Netherlands, the predominant analyses that are conducted in the digital student 

monitoring systems focus on the development of individual students. Analyses of the 

proficiency development of an entire class are less frequently executed. Furthermore, 

adjustments to teaching practice on the basis of the data-analyses are still relatively 

uncommon (Inspectorate of Education, 2010; Ledoux et al., 2009; Schildkamp & Kuiper, 

2010). During this meeting, attention was paid to both these aspects by discussing the 

output of the error analysis of the January-assessment on the basis of group performance 

and by investigating how the analysis could be used for data-informed instructional 

decisions. For this purpose, the homework assignments distributed during the fifth 

meeting were discussed in detail. As most of the participants were not familiar with the 

error analyses and it was only briefly discussed in the fifth meeting, its purpose and 

possibilities were explained in more detail. The output from a fictitious class was used for 

illustrative purposes. With respect to this fictitious example, we also provided 

suggestions on why and how the teacher of this class could adapt his or her whole-class 

teaching. When discussing the error analyses for their class as a whole, the teachers were 

requested to explain the over- or underachievement within specific domains. For 

example, if a large percentage of the class scored relatively low in the “time domain” (one 
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of the subdomains for mathematics, in Appendix 2), teachers were asked how and how 

often this topic was addressed in the curricular textbooks that were used in school and 

whether the teachers felt that they had sufficiently targeted this domain during 

instruction. Practical tips on how to tackle such issues were provided.  

Mathematical subdomains and the diagnostic math interview 

As the error analysis indicates students’ performance on the different mathematical 

subdomains (see Appendix 4F), the teachers are supposed to have sufficient content 

knowledge to distinguish the characteristics of such subdomains. To enhance or refresh 

teachers’ knowledge on the specific mathematical domains, this information was 

provided using the categorization of domains employed in the Cito assessment system 

(Cito, 2003). Following this information, the teachers were asked to classify several 

mathematical exercises into the corresponding subdomains. The correct classifications 

were discussed during the meeting, and a handout with additional examples per domain 

was distributed among the participants.  

The error analysis only indicates students’ relative strong and weak achievements on 

particular mathematical domains (i.e. what goes right or wrong) but a more detailed 

analysis is needed to determine why students make certain mistakes. Information about 

students’ problems in understanding or their misconceptions is crucial in this respect 

(Van Groenenstijn, Borghouts, & Janssen, 2011; Goertz et al., 2009). This information 

can be attained using “diagnostic math interviews ”. During this meeting, we stressed the 

importance of teacher-student interactions as these interactions help to attain valuable 

information on a student’s knowledge and skills. When practicing a diagnostic math 

interview, we recommended teachers to focus on the students’ problem solving 

capabilities, because the mathematics textbooks do not pay specific attention to this 

problem solving skill while it is an essential part of the Cito-assessments (Jacobse & 

Harskamp, 2011). In the problem solving process, several stages can be distinguished30: a) 

the approach phase, which refers to the steps of reading, exploring and planning, b) the 

calculation phase, which refers to the step in which the computational plan is 

implemented by the student, and c) the evaluation phase, which refers to the step in 

which the student evaluates the process and verifies the answer. Information on students’ 

                                                   

30 Problem solving is a complex activity. It requires several steps to be taken (Schoenfeld, 1992): 

read, analyze, explore, plan, implement and verify. In the PDP, these steps were reduced to three 

stages. 



 

 

177 

 

skills and understanding in these different phases would enable the teachers to adapt the 

instruction in such a way that it meets students’ needs.    

Resetting the performance goals 

At the end of the meeting, the teachers were asked to re-examine the performance goals 

that they had set for the individual students in the fourth meeting. For this purpose, the 

teachers used the overview handed out to them earlier and discussed its content with 

their colleagues. On the basis of this information the teachers could either reset (some of) 

their goals or leave them unaltered.  

Homework assignment  

In order to encourage the teachers to further investigate the output of the error analysis 

and to enhance their awareness of the nature of the students’ mistakes - i.e., focusing on 

the why. For this purpose, the teachers were asked to interview a student about the 

mathematical subdomain on which he or she had scored weakly. By discussing exercises 

with an individual student, the teachers were asked to assess the student’s ways of 

thinking, level of understanding, and possible misconceptions, thereby classifying 

problems into the three phase(s) of approach, calculation, or evaluation. The outcomes of 

the diagnostic math interview could be reported on a form. This form contained 

additional space for writing down how the teacher planned to adapt instruction to meet 

this particular student’s needs. The homework assignment was requested to be 

completed before the eighth meeting.  
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7. Reading comprehension instruction and curriculum 

Summary of the seventh meeting: The goal of this meeting was to analyze the January-

assessment results, and to extend the participants’ knowledge of reading comprehension 

acquisition and the curriculum. During this session, the teachers were also asked to re-

examine and, if desired, adjust their performance goals for the June-assessment. 

Characteristics  

Type of meeting Meeting at school 

Time span 1.5 hours 

Delivery mode Whole-group presentation, group discussion 

Hand-outs Overview of the student test results on the January-assessment and 

the performance estimates for the June-assessment, overview of 

the reading strategies as discussed in various instructional and 

curricular materials, print-outs of powerpoint slides, additional 

reading materials, homework assignment for the school 

principal/internal support coordinator 

 

Discussion of performances on the January-assessment 

The performances on the reading comprehension assessment were addressed in a similar 

way as in the discussion of the mathematics results during the sixth meeting. However, 

the digital student monitoring system does not provide error analyses for reading 

comprehension, as in statistical analysis this skill is found to be unidimensional; an 

analysis of performance on (theoretical) subdomains is therefore not plausible (Feenstra 

et al., 2010). 

Reading comprehension; interplay among reader characteristics, text characteristics, 
and reading goal 

In training the teachers in how to make informed instructional decisions, they were 

informed about the important determinants of reading comprehension achievement as 

comprehension stems from an active and interactive process between the reader (with a 

specific level of e.g., decoding skills, vocabulary and motivation), the specific text (with 

certain characteristics in regard to e.g., text genre, audience appropriateness and 

coherence), and the goal a reader has for that specific text (Snow, 2002; Sweet & Snow, 

2003). Different reading goals require different reading strategies. We discussed these 

three types of characteristics and referred to observations made in the participating 
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teachers’ classrooms. For example, when discussing different genres, statements could be 

made such as “I saw you addressing the distinction among different types of texts by 

asking your students “what is the difference between a narrative and an expository 

text?”.  

In addition, we discussed the two goals of formal reading comprehension instruction. 

These are 1) developing students’ knowledge and vocabulary, and 2) teaching students 

how to control their own reading processes by applying a number of reading strategies 

(van de Mortel & Förrer, 2010). During this meeting, the topic of reading strategies was 

given ample attention, as these strategies are crucial tools in helping the reader to 

understand a text (National Reading Panel, 2000; Pressley, 1998). The participants were 

provided with a handout containing five different overviews of reading strategies31 - some 

more elaborate than others – and they were asked to compare these overviews and reflect 

on their content. To assist teachers in this task, teacher were asked which strategies they 

valued, which ones they used themselves and which ones they regarded as appropriate 

for the grades under study. The seven skills identified as appropriate for students in the 

second and third grades – addressed in Appendix 2 – had been translated into exemplary 

questions and linked to the different strategies provided in the overviews. Next, the 

strategies used in the teacher’s own textbooks and workbooks (as analyzed by the one of 

the research team members) were considered and compared to those in the overviews 

and those mentioned in the guidelines of the Expertise Centre. The results of the 

homework assignment from the third meeting (determining the degree to which the 

students encountered the text types and question formats used in the Cito assessments) 

were also taken into account in this part of the meeting. Last, the importance of explicit 

instruction in reading comprehension strategies, i.e., explaining what they entail, why 

they are used and how they are used (Guthrie et al., 2004; Pressley, 1998) was addressed 

as it is commonly found that explicit instruction in reading comprehension is lacking 

(also in Appendix 2). These issues would be discussed in more detail in the next meeting. 

                                                   

31 1) Overview of ‘evidence-based’ strategies by Vernooy & Stoeldraaijer, ‘Algemene leerlijnen 

begrijpend lezen’, www.taalpilots.nl 2) overview of strategies as used by the curricular textbook 

‘Nieuwsbegrip’, 3) overview of strategies according to Filipiak (2006), 4) overview of strategies as 

provided by (van de Mortel & Förrer, 2010), 5) overview of strategies as used by the curricular 

textbook ‘Kidsweek’. 

http://www.taalpilots.nl/


 

 

180 

 

At the end of the meeting, additional materials were provided to the participants to 

advance their knowledge in these areas32.  

Homework assignment – school management staff 

The school management staff was asked to observe a lesson in mathematics or reading 

comprehension given by the participating teachers, during which they had to fill in a 

simple observation form which targeted teachers’ implementation of Direct Instruction 

(we specifically focused on the elements of this model pertaining to the start and end of 

the lesson). In this way, the school management staff would obtain an impression of the 

extent to which this model was implemented within their school’s lessons. The school 

principal and senior support coordinator were asked to provide the teachers with 

constructive feedback with regard to their implementation of this practice. The 

observation instrument used was a simplified version of the high-inference instrument 

employed by the researchers (see Chapter 5). As the observations would be discussed 

during the next meeting, the assignment was requested to be completed in time.   

8. Effective instruction 

Summary of the eighth meeting: The goal of this meeting was to re-activate the teachers’ 

awareness of their own performance goals for student performance and to train the 

teachers in instructional practices which would help them to attain these goals. This was 

done by reflecting on their experiences with the diagnostic math interviews, by further 

elaborating on explicit problem solving instruction, and by explaining and practicing how 

to model the application of reading comprehension strategies. 

  

                                                   

32 The additional reading material contained an analysis of the curricular text books as used in 

their classes (developed by Projectbureau Kwaliteit; www.schoolaanzet.nl), a special issue on reading 

comprehension and instruction (Loman & Marreveld, 2010), and an overview of reading strategies as 

provided by the curricular method Nieuwsbegrip (www.nieuwsbegrip.nl).  

http://www.schoolaanzet.nl/
http://www.nieuwsbegrip.nl/
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Characteristics  

Format of meeting Meeting at school 

Time span 1.5 hours 

Delivery mode Whole-group presentation, group discussion, practical modeling 

exercises 

Hand-outs Print-outs of powerpoint slides, overviews of goals set for 

mathematics and reading comprehension, modeling examples  

 

Data use: discussion of differentiation practices 

At the start of this meeting, we provided the teachers with two overviews (one for reading 

comprehension and one for mathematics) of the ‘revised’ performance goals as set in the 

sixth and seventh meeting. The aim of discussing this overview was threefold. First, it 

was used to stimulate the teachers’ awareness of their performance goals. Second, the 

information was used to focus teachers’ attention to the performance expectations for 

their whole class and to draw their attention to how they could divide their class into 

subgroups for instruction. Third, in line with the second aim, the teachers were asked to 

compare the classifications in the overviews with their current ability grouping practices. 

They also were asked to compare their within-class grouping practice for mathematics to 

that for reading comprehension. This exercise aimed at tackling the teachers’ hesitance 

on using analyses of their students’ capabilities for adapting their instructional routines 

(recommended in, e.g., Ledoux et al., 2009; Schildkamp, Visscher, & Luyten, 2009). 

Instruction on problem solving and automation 

As part of the homework assignment provided in the sixth meeting, the teachers were 

asked to conduct a diagnostic math interview with at least one of their students. During 

the current meeting, the information about this students’ level of knowledge and skills 

was discussed in terms of the three problem solving phases as discussed during the sixth 

meeting (being approach, calculation and evaluation). With respect to the first phase (the 

approach-phase), guidelines were given on explicit instruction on how to approach 

contextual problems in a structured way. The teachers were shown practical steps which 

students can take when facing a word problem, such as trying to reformulate the question 

in their own words, underlining the relevant elements in the text, or drawing a picture 

representing the situation at hand (Fuchs et al., 2008; Griffin & Jittendra, 2009). With 

respect to the second phase (the calculation-phase) the importance of spending time on 

automation within the mathematics lessons was addressed. Automated knowledge of 

basic skills in the long-term memory facilitates more complex mathematical operations 
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as it provides room in the working memory to conduct non-automated calculations 

(Ruijsenaars, Van Luit, & Van Lieshout, 2004). Especially interactive automation seems 

to be a fruitful way of working, since active participation of the students increases the 

effectiveness of the exercises (Inspectorate of education, 2011). The researchers provided 

practical examples for such exercises. Last, the importance of the third phase (the 

evaluation-phase) was emphasized. Again, practical suggestions on how to address task-

evaluation more effectively was provided.  

Modeling strategies 

Next, the concept of modeling was explained to the participants. Modeling is an 

instructional technique in which the teacher demonstrates to the students how to apply a 

certain reading comprehension or mathematics strategy by "thinking aloud". This 

approach is considered to be the primary method of showing students how they can 

interact with a text (e.g., Taylor & Pearson, 2002 in Fischer, Frey & Lapp, 2009) and has 

proven to be an effective instructional technique (Fisher et al., 2008; National Reading 

Panel, 2000; Pressley & Harris, 1990). Teachers in Dutch primary schools are still rather 

unfamiliar with modeling, although this instructional approach has received some 

attention in journals targeting teachers and schools rather recently (e.g., Filipiak, 2006; 

Loman & Marreveld, 2010) and in other reading improvement PDPs (for example, Droop 

et al., 2012). In order to practice modeling, a hand-out was distributed in which a 

number of texts (from the Cito assessments of the grades under study) had been tagged 

with questions suitable for modeling “on the spot”. We modeled three questions, after 

which the participants were asked to demonstrate how they would model the other 

questions in their classrooms. Immediate constructive feedback was provided to the 

participants on their implementation of this instructional technique. The 

appropriateness of using the modeling practices during math instruction was further 

specifically stressed. 

Homework assignments 

To practice modeling strategies, teachers were asked to implement modeling during their 

book reading practices (i.e., when the teacher reads a story out loud to the class; a 

common practice in primary schools). The teachers were asked to prepare a section of the 

book that they were currently reading in their class and choose one or two reading 

strategies that they wanted to model. As part of the homework assignment, they were 

asked to adopt these strategies in the classroom and report back on their experiences. 

Using the same story, the teachers also had to formulate two mathematical problems 
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which the students had to solve in pairs. In this way, the teachers could both create 

additional time for practicing word problems, elaborate on students’ problem solving 

approaches, and stimulate cooperative working (Slavin & Lake, 2008). The teachers were 

requested to complete both parts of the assignment prior to the ninth meeting. 

The second assignment concerned “near future behavior”. The teachers were given a 

postcard containing a list of six teacher activities that were discussed during the PDP, 

namely: a) modeling strategies, b) interactive automation exercises, c) discussing the 

differences between genres, d) conducting a diagnostic math interview, e) initiating 

mathematical questions (following anecdotes or other situations that would lend 

themselves for the construction of a mathematical word problem), and f) addressing 

reasons for using (reading) strategies and relating the use of these strategies to topics 

important to the students. From these six items, the teachers were asked to mark those 

activities that they intended to carry out until the summer holidays. The postcard was 

sent to them three weeks later to remind them of these intentions.  

The third assignment had a similar purpose as the second one, but focused on “long term 

behavior”. The participants were requested to write a letter to themselves about aspects 

of the program that they wanted to remind themselves of after the PDP had finished. We 

recommended the teachers to make this assignment while taking a close look at the 

information which was discussed throughout the school year (which they had collected in 

the binder). The participants were asked to hand in their letter in a closed envelope 

during the ninth meeting. The letters were sent to them at the beginning of the following 

school year to re-activate the skills and knowledge they had acquired during the PDP and 

to remind them of their aims. 

Discussion of teacher observations – school management staff only 

At this point the teachers were requested to leave the meeting. Now the school 

management staff was asked to report on their classroom observations, their 

conversations with the teachers, and the insights they had gained from their impressions 

and from filling in the observation instrument. These experiences were compared to our 

own observations of these teachers’ instructional practices. 

Homework assignment – school management staff only 

This assignment focused on the connection between the data and the actual teaching 

practices in class, building on the classroom observations that were made. The school 

staff was requested to analyze the longitudinal development of the group means for the 
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classes observed (discussed in appendix 4H) and to compare this analysis to their 

perceptions during the lesson observations. As the longitudinal development of the group 

mean would, at least partly, give an indication of the educational quality, this assignment 

might be of use in helping to explain the developments in student performance. For 

instance, if the group mean development’s learning curve was less steep than the national 

average, the lesson observations might help to gain understanding on aspects of teaching 

practice that might be in need for improvement. In the reverse case, a very steep learning 

curve of the group mean might indicate “high-quality teaching” and the instructional 

practices of the teacher responsible for this result could then be discussed in the entire 

school team to stimulate other teachers to implement such high-quality teaching.     

9. Evaluation of the PDP 

Summary of the ninth meeting: The goal of this meeting was to connect students’ 

performance on the June-assessment to the performance goals (in order to establish to 

what extent teachers had attained their goals) and to evaluate the PDP as a whole. 

 

Characteristics  

Format of meeting Meeting at school 

Time span 1.5 hours 

Delivery mode Whole-group presentation, group discussion 

Hand-outs Print-outs of powerpoint slides, June-assessment scores, analyses 

of longitudinal group mean developments and cross-sections, 

overview of student performance in relation to performance goals 

 

Discussion of the homework assignments  

First the homework assignments of the previous meeting were briefly discussed. The 

teachers shared their experiences with modeling reading strategies and the formulation 

of mathematical exercises. Also the execution of teachers’ instructional intentions (as 

marked on the postcards during the previous meeting) was addressed. 

Data use: student achievement in relation to the performance goals 

The results of the June-assessment were discussed, as these assessments had been 

administered to the students prior to the current meeting. Data from the different steps 
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of the multistep procedure as well as later meetings on student performance were 

combined into one overview. These overviews were handed out and discussed, while we 

pointed out visible patterns of over- or underperformance in relation to the teacher-set 

goals. The results were linked to the teachers’ (assumed) level of ambition: some teachers 

indicated that they had been somewhat more “cautious and reserved” than other teachers 

in their goal setting practices. After discussing the results at the classroom level, the 

participants received comparisons between the performance goals and the actual 

achievements at the individual student level. As the focus of this meeting was particularly 

on evaluation at the group level, these accounts of individual students’ performances 

were only briefly dealt with. 

Data use: learning gains at the class level 

Prior to the meeting, the school management staff was requested to deliver the output of 

the longitudinal developments of the group mean scores (see appendix 4H) as well as 

cross-sections (see appendix 4G) pertaining to the second- and third-grade students. The 

results of these data analyses were discussed with the participants. We provided support 

to the participants in their interpretation of the output. The development of the group 

mean was considered indicative of the educational quality in the different classes and 

facilitated the comparison of parallel classes. These analyses could be further explained 

by comparing them to the cross-sections, as they depict the distribution of achievement 

within a class. In addition, the results of the school management staff’s homework 

assignment (in which students’ performance data was connected to the teachers’ 

observations) were discussed. The aim of combining this information with the former 

analyses was to foster the participants’ insight into issues such as student growth, school 

performance, and the important role of effective teaching therein. 

General remarks with respect to the lesson observations 

As part of the PDP, the researchers observed one mathematics and one reading 

comprehension lesson of each participating teacher, both at the start of the PDP and at 

the end. During this evaluation meeting, general constructive feedback was given. 

Evaluation of the PDP 

At the end of this last meeting, the participation in the project as a whole was evaluated. 

The researchers asked the participants for comments and suggestions for improvement. 

In addition, they summarized the PDP’s most important aspects of which they hoped that 

they would be maintained within the school team. These were: a) a continuing focus on 

goals and performance, b) team discussions about data and teaching in an open 
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atmosphere, c) teacher reflection on their own instruction practices, and d) a continuing 

focus on the provision of high-quality instruction in mathematics and reading 

comprehension. Finally, the researchers expressed their gratitude with regard to the 

participants’ collaboration in the program. 
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Appendix 2: The Dutch educational context in relation to the PDP’s three 

components 

The studies presented in this dissertation were conducted to evaluate the effectiveness of 

a teacher Professional Development Program (PDP). This PDP aimed to improve 

students’ reading comprehension and students’ mathematics due to performance 

concerns for both areas (Ministry of Education, 2010). All aspects of the program which 

have been reported in this dissertation in relation to mathematics (for example, setting 

standards and performance goals) have also been conducted for reading comprehension. 

The content of the Appendices will pertain to the PDP as it was delivered to the 

participants, and will thus pertain to both subject areas. The results of the program with 

respect to reading comprehension were discussed further in the dissertation of van Kuijk 

(2014). 

In this section, several aspects of the Dutch educational context are discussed in relation 

to the three components of the PDP, being 1) setting standards and performance goals for 

every student, 2) data-analysis, and 3) instruction in both reading comprehension and 

mathematics. We will start by addressing the recent implementation of national 

standards in the Netherlands, which is appropriate in light of the program’s first 

component. After this, we discuss the Cito LOVS standardized assessment system as well 

as the different digital student monitoring systems which are used in the Netherlands. 

This information is relevant in light of the program’s second component. In regard to the 

third component on relevant instructional skills and knowledge in reading 

comprehension and mathematics, we will give an outline of the general second- and 

third-grade performance expectations in these areas and address difficulties in the field 

of instruction which are commonly identified. General information on the curricular 

textbooks and alignment of these textbooks to the Cito assessments will be discussed as 

well.  

Recent implementation of standards in the Netherlands 

A standard setting procedure was conducted as part of our PDP. Commonly, this 

procedure is conducted in countries that employ standards-based education (such as in 

the United States, see Cizek & Bunch, 2007) in order to identify performance categories 

on, for example, state-wide or national tests (Hambleton & Pitoniak, 2006). Our reason 

for conducting this procedure was slightly different: the participating teachers would 
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formulate their student-specific performance goals on the basis of the performance 

categories they established themselves. 

Recently, the political climate in the Netherlands has become more oriented toward 

working with standards in education. By doing so, the Netherlands have followed in the 

footsteps of other countries, such as the United States, England, Germany, New Zealand, 

Australia and South Africa, where standards-based education has already been 

introduced (Fuhrman, 2001; Klieme & Maag Merki, 2008; OECD, 1995; Taylor, 2009). 

Commonly, two types of standards are identified. Content standards define what should 

be taught and what students should learn. Performance standards provide descriptions 

and examples of what students have to know and do, to demonstrate proficiency in the 

knowledge and skills framed by the content standards (Ravitch, 1995). In the 

Netherlands, particularly the implementation of performance standards is a relatively 

recent development. Content standards, known as the core objectives33, were already 

actuated in 1993. In 2010, performance standards have been defined for the end of 

primary school in grade six and for the end of each academic track in secondary school 

(the Netherlands has a tracked secondary school system). By having performance 

standards for these points in time, it is expected that they will help boost current 

achievement levels as well as facilitate the transition from primary to secondary and from 

secondary to upper-secondary and higher education. The Ministry has identified two 

performance categories, namely basic (a performance level currently attainable for 75 

percent of the student population) and proficient (a performance level currently 

attainable for 50 percent of the student population) 34 . These standards have been 

mandated by law for grade six since August 2010 (Ministry of Education, 2010) yet 

changes still need to be made in the Cito LOVS assessment system before it can be 

measured at which level a student is performing (e.g., ‘basic’ or ‘proficient’ when using 

the performance category classification). These assessment changes are scheduled for 

2014-2015 (Ministry of Education, 2011). In short, the Dutch national performance 

standards are not yet fully operational and for the grades under study in this dissertation 

(grades two and three), no performance standards have or will be set nationally.  

                                                   

33 in Dutch: kerndoelen 

34 For designing these standards a committee was installed. The standards have not yet been 

connected to test scores, but will be in the near future. 
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The Cito LOVS standardized assessment system and student monitoring 

systems used in the Netherlands 

The Cito LOVS standardized assessment system 

The Cito LOVS standardized assessment system, developed by the Netherlands Institute 

for Educational Measurement, is the most widely used assessment system in the 

Netherlands: it is employed in approximately 85 percent of the Dutch primary schools 

(Inspectorate of Education, 2010b). It provides standardized assessments throughout 

primary school, in different subject areas. These assessments will be referred to as the 

Cito assessments. For most subject areas, there are two yearly assessments. The midway-

of-the-school year assessment is conducted in January, and the end-of-the-school year 

assessment is conducted in June. In the remainder of the Appendices, these assessments 

will be referred to as the January-assessment and the June-assessment.  

The Cito assessments for reading comprehension and mathematics cover a broad content 

and have a reliability of above α = 0.89 and α = 0.91 respectively (Feenstra et al., 2010; 

Janssen et al., 2010). Both assessments have been approved by the Dutch National 

Committee of Tests and Testing, responsible for the review of tests (COTAN). After 

conducting these assessments, students receive a test score which is indicative of their 

proficiency in either reading comprehension or mathematics. Specifically for 

mathematics, performance on different dimensions, or subdomains, is identified as well. 

These mathematical domains are slightly different across second and third grade. In 

second grade, three domains are distinguished. These three domains are 1) numerical 

knowledge, 2) arithmetics, and 3) geometry, time, and money. In third grade, four 

domains are distinguished being 1) numerical knowledge, 2) arithmetics, 3) geometry, 

and 4) time and money. For reading comprehension, no distinction in subdomains is 

made as psychometric analyses of performance on the reading comprehension 

assessments have indicated that reading comprehension is a unidimensional skill.  

Student monitoring systems in the Netherlands 

Test results of Cito-assessments can be registered and analyzed in administrative digital 

student monitoring systems. In the Netherlands, the use of student monitoring systems 

by teachers is still rather limited for analyzing problems and adapting instruction, and 

teachers who do use the student monitoring systems are often unaware of the 

possibilities for more sophisticated analyses (Ledoux et al., 2009; Meijer & Ledoux, 2011; 

Schildkamp & Kuiper, 2010; van der Kleij & Eggen, 2013). The three most commonly 

used digital student monitoring systems are the Cito student monitoring system, 
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Parnassys, and ESIS (Meijer & Ledoux, 2011). In the Netherlands, the Cito student 

monitoring system is the most frequently used student monitoring tool. In our PDP, we 

used the Cito student monitoring system when training the participants in their use of 

such systems: the majority of the participants made use of this system in their school. For 

schools working with Parnassys and ESIS, we explained the similarities and differences 

between these three systems as often as possible in order to support the transfer of newly 

acquired knowledge and skills toward these two student monitoring systems: Parnassys 

and ESIS contain a majority of the analyses which are available in the Cito student 

monitoring systems but there are some differences in how to the results are acquired and 

how the output should be interpreted. In realizing this transfer of explanations and 

assignments from the Cito student monitoring systems to Parnassys and ESIS, we 

collaborated with the publishers of these three systems. One school worked with the 

Magister system. For this system, we could not provide instructions for transfer. 

However, as this school had previously worked with the Cito student monitoring system, 

they could easily navigate through the Magister system themselves. For the remainder of 

the Appendices (for instance, in our account of the meetings on data use as reported in 

Appendix 2) we will exclusively refer to the Cito student monitoring system.  

 

General performance expectations, common instructional practices, and the 

curriculum 

Reading comprehension: general performance expectations 

In the Netherlands, primary school starts with two years of kindergarten, followed by 

grades 1-6. Formal reading instruction starts in first grade. During this grade, the 

focus is on learning and improving the students’ decoding skills. Although reading 

comprehension commonly starts at the beginning or halfway the second grade, there 

has been debate about the best time to start teaching this subject (Stoeldraijer & 

Vernooy, 2007). With respect to the performance expectations for second- and third-

grade reading comprehension, the Expertise Centre for Dutch Language (2010) has 

developed guidelines on what should be expected of students during the grades under 

study. Throughout the PDP, these guidelines were used to help the teachers in their 

thinking about reading comprehension performance. The seven skills that students in 

the second and third grades are expected to master (as explicated in the guidelines) 

are the following: 
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1. Being able to identify the main topic of a text and to activate one’s own prior 

knowledge on this topic. 

2. Being able to connect an anaphor (a word or group of words referring back or 

forward to another word or group of words) to its referential tie. 

3. Knowing what to do to succeed in comprehending a difficult sentence or 

sentences, for example, by re-reading the same section of words more slowly or 

looking up the meaning of a difficult word in the dictionary. 

4. Being able to predict future information/content in a text. 

5. Being able to process information provided in a text as well as “read between 

the lines”. 

6. Being able to distinguish among different genres, for example a narrative, 

expository, directive, descriptive, or argumentative text. 

7. Being able to recognize the structure of a narrative text (i.e., begin, middle, 

and end, including the introduction of the main characters, the plot of the story, and 

its ending). 

 

Reading comprehension: common instructional practices and the curriculum 

In Dutch primary schools, reading comprehension lessons generally take the following 

sequence. First, the students read a text either out loud or in silence. Next, a few 

questions about the text are discussed with the whole class, after which the students have 

to answer the remaining questions independently. Last, the correct answers are discussed 

with the whole class (Aarnoutse, 1992). During these lessons little explicit instruction is 

given (e.g., Van Elsäcker, 2002) and there is little differentiation between students (Van 

Berkel et al., 2007; Van Elsäcker, 2002). These are aspects which call for improvement. 

According to Collins-Block and Pressley (2002 in Houtveen, 2002), teachers do not 

provide instruction in reading comprehension because they are unaware that this may 

improve comprehension. Instead, students are expected to master this skill on their 

accord via immersion. Moreover, Stoeldraaijer & Forrer (2012) hypothesize that teachers 

in the Netherlands find reading comprehension a difficult subject to teach, given the 

complexity of the different reading comprehension skills and the curricular textbooks 

used, which are not always as clear as they should be. These textbooks have been 

criticized as being “more bulky than necessary, containing a substantial amount of 

material that has little or nothing to do with learning to read” (Houtveen & Van de Grift, 

2012, p. 88). They also contain a large number of reading strategies, but not all of these 
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strategies which are presented as “effective” can be supported by empirical evidence 

(Droop et al., 2012; Stoeldraijer & Forrer, 2012). The inadequacy of the curriculum is 

considered to be problematic as it is known that teachers in the Netherlands follow the 

content of the curricular textbooks to a very large extent in their lessons (Meelissen et al., 

2012).  

The content of the curricular textbooks used in second- and third-grade differ somewhat 

in comparison to the Cito assessment for reading comprehension in terms of text types 

and question types. As these textbooks differ per publisher (and there is a large number 

of publishers and textbooks available for teaching reading comprehension), we will only 

discuss characteristics of the Cito assessment here. For the grades under study, the Cito 

assessments contain narrative, expository, directive, and argumentative texts (Feenstra, 

Krom, & van Berkel, 2007a; 2007b). Especially the latter two types are relatively 

uncommon in the Dutch student textbooks for the grades under study. In addition, the 

Cito assessments make use of the following question formats: 1) multiple choice 

questions, 2) multiple choice items requiring the student to replace missing words in a 

text (i.e., a cloze test), and 3) items requiring the student to identify the first or last 

sentence of a short narrative text in which the sentence order has been mixed up 

(Feenstra, Krom, & van Berkel, 2007a; 2007b). Especially the latter two are relatively 

uncommon in the Dutch student workbooks.  

 

Mathematics: general performance expectations 

The formal mathematics education starts in first grade. In 2006, eleven content 

standards were formulated to determine the content that should be offered throughout 

primary school, including grade-specific elaborations (Buijs et al., 2008). The aim of 

these content standards is to achieve continuity in the learning progression35. For the 

grades under study (grades two and three), the following knowledge and skills were 

formulated (and required to be mastered):36 

1. Mathematical knowledge and skills 

                                                   

35
 For other references to the learning progression in the Netherlands, see van de Craats (2007) and the 

“rekenlijn”-website (Freudenthal Institute, SLO, & KPC, 2010).  

36
 The description of the knowledge and skills required for the grades under study is rather rough and is 

not meant to provide a refined specification (for more information, see Buijs, Klep, Noteboom, & Klein Tank, 

2008; van den Craats, 2007).  
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a. Knowing the mathematical language and being able to solve practical 

mathematical problems (word problems). 

2. Numerical knowledge 

a. Knowing and understanding the (structure of the) number system up to 1000 

(and further). 

3. Arithmetics:  

a. Being able to carry out additions and subtractions up to 100 (grade 4) and up to 

1000 and further (fifth grade). 

b. Being able to carry out multiplications up to 10 and corresponding divisions 

(starting multiplications in fourth grade, automation in fifth grade and divisions 

mainly in fifth grade). 

4. Geometry, time, and money: 

a. Getting acquainted with natural measures (length, weight, volume). 

b. Knowing the metric system of length (and being able to perform calculations with 

it). 

c. Being able to tell the time (on digital as well as on analogous clocks). 

d. Knowing the money system and being able to perform calculations with money. 

 

Mathematics: common instructional practices and the curriculum 

The Dutch curricular textbooks all contain grade-specific information on learning 

progression. Dutch teachers base their lessons mostly on their curricular textbooks 

(Meelissen & Drent, 2008). These textbooks offer suggestions concerning issues such as 

lesson structure and differentiation aspects (such as task difficulty, pacing, and concrete 

recommendations for providing extended, small group instruction). In Dutch primary 

schools, the mathematics lessons generally take the following sequence (as suggested by 

the textbook). First, the lesson begins with a short activating exercise. Next, the teacher 

provides whole-class instruction. After that, the students do seatwork which entails 

making exercises which are based on the preceding instruction, while the teacher gives 

small-group instruction to the weak performing students (also referred to as extended 

instruction). Then, all children do seatwork. During mathematics lessons, students thus 

work quite some time without instructional support of the teacher (Harskamp, 2010). 

Some curricular textbooks dictate that in each week, two teacher- and three student-

centered lessons should be provided; in the latter, the instructive role of the teacher is 

less dominant. As already mentioned, curricular textbooks support the adaptation of 
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instruction to different cognitive levels of students by providing an array of tasks, ranging 

in difficulty, and by providing explicit recommendations for extended instruction, such as 

simplification of the subject matter, using different materials to enhance the students’ 

understanding. However, there are some doubts about the effectiveness of how these 

differential practices are applied in classrooms as it is unclear whether teachers base 

their decisions on formal or informal assessment data (Harskamp, 2010). Not using such 

information leads to instructional practices that still do not really fit the students’ needs 

(Inspectorate of Education, 2010a).  

In the Netherlands, the learning of mathematics is nowadays more focused on 

contextualized items as opposed to the traditional approach which was purely based on 

solving arithmetic calculations. Although the modern mathematical textbooks make use 

of real-world questions and contexts to elicit solution strategies for improving the 

students’ understanding, Dutch teachers’ interpretation and implementation of this 

intended curriculum has been found to differ from the way it was meant to be 

implemented (Royal Netherlands Academy of Arts and Sciences, 2009). Furthermore, 

the contextual exercises presented in these curricular textbooks seem to focus primarily 

on introducing a new type of problem and are designed in such a way that they facilitate 

the nature of the calculation which has to be made. These exercises focus mainly on 

improving the students’ arithmetic skills and on solving simple, superficial contextual 

problems (Royal Netherlands Academy of Arts and Sciences, 2009). Yet the question 

items in the Cito assessments for mathematics focus on mathematical understanding, 

requiring both computational skills as well as skills to translate the real-world problem 

into a mathematical problem. In the curricular textbooks, students are hardly expected to 

transfer word problems into actual sums (Meelissen & Drent, 2008). Since there is no 

emphasis on explicitly instructing students how to systematically solve word problems, 

they are bound to get easily confused when confronted with more complex word 

problems (Janssen et al., 2005).  



 

195 

 

Appendix 3: Overview of the cutscores and performance categories 

The studies presented in this dissertation were conducted to evaluate the effectiveness of 

a teacher Professional Development Program (PDP) in regard to mathematics. The 

teacher PDP targeted this subject area as well as the subject area of reading 

comprehension due to performance concerns for both areas (Ministry of Education, 2009; 

2010). The results of the program with respect to reading comprehension were discussed 

in the dissertation of van Kuijk (2014).  

Below, the cutscores and the accompanying performance categories are presented for 

both mathematics and reading comprehension. These cutscores were set in meeting 1 

and 3.  

Table 1: Overview of the Cutscores for Mathematics and Reading Comprehension 

Cutscore Mathematics 

Second grade 

Mathematics 

Third grade 

Reading 

Comprehension 

Second grade 

Reading 

Comprehension 

Third grade 

Minimum  37 57 -7 12 

Basic 48 67  1 20 

Proficient  61 77 12 30 

Advanced 71 92 27 45 

 

Table 2: Overview of the Performance Categories and the Associated Range of 
Assessment Scores for Mathematics and Reading Comprehension 

 

Performance 

category 

 Mathematics 

Second grade 

 Mathematics 

Third  

grade 

  Reading 

Comprehension 

Second grade 

 Reading 

Comprehension 

Third grade 

Below 

minimum 

  

 

 

≤ 

 

36 

  

 

 

≤ 

 

56 

   

 

 

≤ 

 

-8 

   

≤ 

 

11 

Minimum   37   – 47  57  – 66   -7  – 0  12 – 19 

Basic  48  – 60  67  – 76      1  – 11  20 – 29 

Proficient   61  – 70  77  – 91   12  – 26  30 – 44 

Advanced   ≥ 71   ≥ 92    ≥ 27   ≥ 45 
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Appendix 4: Description of the data analyses used in the PDP 

 

In this appendix, reference is made to several analyses provided by the digital student 

monitoring system, below referred to as the Cito student monitoring system. The 

participants received training in filling in and interpreting this system. Below, their 

analyses are briefly described.  

 

During the second meeting, the participants were trained in performing the following 

analyses:  

A. An estimation of future performance 

Based on the prior achievements on the Cito assessments in a particular subject area, the 

Cito student monitoring system can provide an estimate for each student’s “expected 

future performance”. Estimates are provided with respect to two subsequent Cito 

assessments.  

B. A performance overview (in the PDP: from the previous school year) 

The Cito student monitoring system can list the performances of students on the January 

and June-assessments for each school year.  

C. A progress report (‘ability growth report’) 

The Cito student monitoring system can calculate the difference between a current and a 

prior assessment score to see whether or not a student has improved his or her 

performance over a certain time period.  

 

During the fifth meeting, the teachers and management staff received training in 

performing analyses relevant to their function. The teachers were trained in the following 

analyses: 

 
D. The alternative student report (a performance comparison which makes 

extreme high or low scores more tangible)  

This analysis gives information about the actual performance level of students with 

extreme high or low scores. As the proficiency scale for the Cito-assessments is the same 

for grades one to six, this analysis can indicate the actual level in terms of a grade mean 
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that is (far) below or above the student’s current grade. For example, a second-grade 

student with a very high math score might perform similar to the average performance of 

Dutch students in fourth grade (which is two years above the mean).  

E. The average performance of the class  

The Cito student monitoring system can produce a graph representing a particular class’ 

average test performance for several consecutive school years. Salient patterns signal a 

need for further investigation. 

F. Error analysis for the mathematics assessment (‘category analysis’) 

The Cito-assessments for mathematics can be further analyzed by calculating students’ 

weighed performance on the different mathematical domains. The analysis compares a 

student’s actual performance on a specific mathematical domain to his/her expected 

performance, relative to his/her overall performance level. This comparison is made for 

all domains assessed, resulting in an overview of the student scores on each 

mathematical domain relative to his overall performance level. The analysis delivers two 

tables. The first one shows how the actual performance deviates from the expected 

performance per student. This leads to three categories, for which different signs are 

given ‘non-salient’, ‘salient’, and ‘very salient’. These categories provide information on 

whether and how much the actual performances deviate significantly from the expected 

achievements. In the second table, group information is summarized as regards positive 

and/or negative deviations of the group’s expected performance on the different 

mathematical domains. On both levels - individual and whole group - the teachers are 

thus informed about students’ strengths and weaknesses in domain-specific knowledge 

and skills.  

 

During the fifth meeting, the school management staff was trained in performing the 

following analyses: 

G. Cross-section of performance levels 

Students’ performance on the Cito assessments can be classified in terms of ability level 

indicators (A to E, and I to V): we refer to the A to E distribution as it is still the most 

common classification in Dutch primary schools. The top 25 percent of the performance 

distribution (thus, the best performing students) are given an ‘A’. The next 25 percent of 

the performance distribution (thus, the ‘second best’ performing students) receive a ‘B’. 
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The next 25 percent of the performance distribution (thus, the ‘third-best’ performing 

students) receive a ‘C’. The 15 percent of students performing below that C receive a ‘D’ 

(15%), and the 10 percent of the lowest performing students receive an ‘E’. This 

distribution is computed by the Cito student monitoring system. The cross-section 

analysis has two options for reporting its results: 1) cross-sections for one or more classes 

with respect to one subject area, and 2) cross-sections for one or more classes with 

respect to different subject areas.  

 

H. Longitudinal developments of the group’s mean score(s) of one or more 

classes (‘trend analysis’). 

The Cito student monitoring system provides two options for looking at the development 

of student performance throughout primary school using means: 1) the cross-sectional 

development of the group mean, and 2) the longitudinal development of the group mean. 

The cross-sectional development of the group mean shows the scores of several grades 

(e.g., grades one, two, and three) on a specific subject area throughout different years. 

Here the performance stability of different groups of students is compared. The 

longitudinal development of the group mean indicates the stability of a specific group of 

students’ mean growth during primary school (grade 1-6). Here the mean growth of one 

or more classes in one year is compared to its/their growth in other school years.  

I. Mean score of a specific grade throughout several years 

The student monitoring system can also show the stability of the mean scores of a 

particular grade throughout several years.  

J. Group analyses 

In this analysis, data from the cross section and the trend analysis are combined, 

revealing the development pattern of a class with respect to different subject areas over 

several years. It provides an overview of a class’s mean score development, based on the 

five ability levels as identified in the Cito LOVS assessment system. This analysis helps to 

gain an insight into the developmental patterns of a class in different subject areas, again 

showing deviations if there are any. 
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Appendix 5: Lessons learned from the pilot  

 

The PDP was conducted in the school year of 2011-2012, after the PD meetings and the 

associated materials had been piloted in the previous school year of 2010-2011. The 

experiences of the pilot study led to three relatively large modifications of the PDP’s set-

up. The first one pertained to the simultaneous focus on the subject areas mathematics 

and reading comprehension. During the pilot study, there was a five-month period for 

reaching the goals for reading comprehension, followed by a comparable five-month 

period for mathematics. However, we experienced that this five month time frame per 

subject area was “too short” for the teachers to be able to work toward the full attainment 

of their goals. Therefore, it was decided to focus on both subject domains simultaneously 

in the 2011-2012 PDP. After the standard setting procedures for both subjects were 

completed, the teachers set their goals in November/December 2011 for the June 2012 

assessment, which gave them more time to work toward their goal attainment.  

The second modification in the 2011-2012 PDP’s set-up applies to the role of the school 

management staff. During the pilot study, teachers, school principals and internal 

support coordinators participated in the meetings, whereas the focus was mostly on the 

teachers’ knowledge, practices and assignments. The school management staff from the 

pilot study schools indicated that they would have liked to receive more information and 

assignments targeted at their specific function in the school. Furthermore, it was found 

that in those schools in the pilot study where the school management staff was 

particularly dedicated to the project, the teachers were too. This is in line with the 

findings of, for example, research on data use (Schildkamp & Kuiper, 2010, Park & 

Datnow, 2009). In the 2011-2012 PDP, the content of the performance data analyses was 

therefore adapted in such a way that the school management staff was targeted more 

actively (resulting in different data analysis assignments and the use of parallel sessions 

during the fifth meeting). Furthermore, in the 2011-2012 PDP, the school management 

staff was asked to conduct a lesson observation and provide teachers with constructive 

feedback on the implementation of instructional practices.  

The third modification concerned the instructional practices addressed during the 

meetings to help the teachers meet their achievement goals. In the pilot study, both 

modeling and the Direct Instruction model were discussed around February. However, 

the researchers experienced that the participants failed to recall these instructional 
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practices later on and that their actual implementation was insufficient. Throughout the 

2011-2012 PDP, both the content and value of the Direct Instruction approach and 

explicit strategy-instruction (modeling) were therefore more explicitly and repeatedly 

discussed. In addition, the teachers were given feedback on both their modeling practices 

(provided by the researchers) and on their implementation of Direct Instruction 

(provided by the researchers as well as the school management staff). 

All modifications to the PDP’s set-up following the pilot study aimed to better fit the 

needs of the participants in order to increase student achievement. 
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Appendix 6: Observation instrument 

 

The time-sampling instrument consisted of several aspects of teachers’ and students’ 

activities which were coded every two minutes for the entire lesson (maximum duration: 

60 minutes). With help of this instrument, we coded the phase of the lesson as well as 

several aspects of teacher behavior, namely teacher position, teacher talk, and the 

student at whom this teacher talk is directed. These categories are elaborated in Table 1. 

Furthermore, we selected four specific students prior to the lesson observation on the 

basis of their academic performance and coded the activity in which they were 

participating. These four students, being the same at pre- and postmeasurement, were a) 

a very weak performing student, b) a weak performing student, c) an average performing 

student, and d) an advanced student. The teachers were not informed that we were 

interested in students’ activities nor were they informed which students were selected for 

the purpose of the observation.  

In Table 2, we present the scheme we used for conducting the time-sampling data 

collection. In light of parsimony, only the first fifteen two-minute intervals (i.e., the first 

30 minutes) and the last interval (at the 60th minute) are depicted in this table. 

In Table 3, the high-inference measure is presented. This measure contained 16 items 

pertaining to different aspects of teachers’ behavior which were filled in directly after the 

lesson was observed. All items had dichotomous response options, with a 0 (no) or a 1 

(yes) in the case that implementation of these practices was observed. 
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Table 1: Time-sampling categories 
Variable Categories Explanation 
Classroom 
organization 
(i.e., Phase) 

1. Whole-class instruction  The teacher provides whole-class instruction. 
2. Extended instruction  One or more students receive extended instruction, 

while the other students in class do seatwork. 
3. Seatwork  All students are working on exercises (individually, 

in pairs or small groups). 
Position of 
the teacher 

1. In front of the class  The teacher is standing or sitting in front of the 
students 

2. At a student’s table or 
group of tables 

 The teacher is standing or sitting at a student’s table 
or a group of tables 

3. Walking around  The teacher is walking around the class 
4. At the desk  The teacher sits at the desk  
5. Other  Teacher position is not options 1 - 4 (e.g., outside the 

class) 
Teacher talk 1. Task at hand  The teacher refers to the task at hand  

(e.g. ‘we will start with exercise 1, page 14’, ‘now, we 
are going to do some automation exercises’) 

2A. Explanation pertaining 
to content 

 The teacher provides information on the task, 
strategies and solutions 

(e.g. 18 times 6. To solve this, you can take two steps. 
First, you calculate 10*6 and then 8*6’) 

2B. Content-related 
questioning 

 The teacher asks for information on the task, 
strategies and solutions 

(e.g. ‘How much is 6*8?’ or ‘How did you answer 
that question?’) 

3. Organization  The teacher refers to the general sequence of the 
lesson or to conditions for working 

(e.g. ‘Maria, please pay attention’ or ‘you can come 
to me after the whole class instruction’) 

4. Other  Teacher talk is not options 1 - 3 (e.g., ‘well done’). 
Student who 
is addressed 
during 
teacher talk 

1. Very weak achieving 
student 

 Selected student, minimum level (10% lowest 
performers) 

2. Weak achieving student  Selected student, basic level (25% lowest 
performers) 

3. Average achieving 
student 

 Selected student, proficient level (average 
performer) 

4. Advanced student  Selected student, advanced level (25% highest 
performers) 

5. Other student  Non-selected student in the same class 
6. Group of students or 
whole class 

 The whole class or a (small) group 

7. Other  Other, e.g., a colleague who comes into the class or 
students of the other grade in a multi-grade class 

Activity very 
weak 
student 
 
(the same 
for the weak, 
average, and 
advanced 
student) 

1. Whole-class teaching  The student is engaged in whole-class teaching 
2. Extended instruction  The student receives additional instruction in a 

small group  
3. Individual teacher 
instruction 

 The student receives additional, individual 
instruction or is working individually with the 
teacher 

4. Working independently   The student works on his own or with (a) peer(s) 
5. Other  The student is outside the classroom or is working 

on exercises from a different subject area. 
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Table 2: Time-sampling scheme 

 Class Teacher Student  

Time Phase Position Teacher talk 

(TT) 

Student addressed during 

TT 

Very weak Weak Average Advanced Elaboration 

0          

2          

4          

6          

8          

10          

12          

14          

16          

18          

20          

22          

24          

26          

28          

30          

..          

60          
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Table 3: High-inference measure 

 The teacher …. No Yes 

1 … summarizes the content of the prior lesson or activates relevant 

prior knowledge 

  

2 … explicates the learning goal, content and/or topic of that lesson   

3 … starts the mathematics lesson with an automation exercise   

4 … clarifies in which way the assignments are accomplished in a 

satisfactory manner  

  

5 … provides extended instruction to a student or group of students   

6 … differentiates for the weaker students in the assignments these 

students are expected to complete 

  

7 … differentiates for well achieving students in the assignments that 

these students are expected to complete 

  

8 … lets students that have completed their assignments … 

- for math: work on more advanced mathematical materials  

- for reading: read for themselves 

  

9 … gives the students time to answer the question (+ 3 seconds).   

10 … repeats the right answer.   

11 … compliments students when they have answered the question 

correctly. 

  

12 … returns to the learning goal of that lesson and/or the new skill 

and/or knowledge that have been addressed at the end of the lesson 

  

13 … connects the content of the current lesson to the following lesson   

14 … goes into depth in regard to the approach and used strategies after 

right answers are provided  

  

15 … goes into depth in regard to the approach and used strategies after 

wrong answers are provided 

  

16 .. models his/her application of knowledge, skill or strategy by 

thinking aloud 
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Samenvatting 

Inleiding 

Al enige jaren heerst er ontevredenheid over de rekenprestaties van Nederlandse 

basisschoolleerlingen. Hoewel Nederland internationaal gezien nog steeds tot de betere 

landen behoort qua rekenvaardigheid, heeft er, vergeleken met de prestaties rond de 

eeuwwisseling, een lichte, significante daling in de rekenvaardigheid plaatsgevonden 

(Meelissen & Drent, 2008; Royal Netherlands Academy of Arts and Sciences (KNAW), 

2009; Scheltens, Hemker, & Vermeulen, 2013). Bovendien blijkt uit de internationale 

TIMSS-studies dat er weinig spreiding zit tussen de niveaus van de zwakke en goede 

rekenaars en dat het aantal excellent presterende leerlingen laag is (Meelissen & Drent, 

2008; Meelissen et al., 2012). Het is daarom de vraag of de rekenlessen voldoende bij het 

niveau van alle leerlingen aansluiten en of de goede leerlingen genoeg worden 

uitgedaagd. Dit heeft geleid tot nationale initiatieven die erop gericht zijn de 

rekenprestaties van alle leerlingen te verhogen. 

Binnen dergelijke initiatieven speelt OpbrengstGericht Werken (OGW) vaak een 

belangrijke rol, net als in diverse westerse landen waar OGW ook een speerpunt van 

onderwijsbeleid is (Carlson, Borman, & Robinson, 2011; Downey & Kelly, 2013; Dunn, 

Jaafar, Earl, & Katz, 2013; Lai, McNaughton, Amituanai-Toloa, Turner, & Hsiao, 2009; 

Schildkamp, Karbautzki, & Vanhoof, 2014). OGW kan worden gedefinieerd als het 

systematisch analyseren van bestaande databronnen binnen de school, het aanwenden 

van de uitkomsten van deze analyses om het lesgeven, het curriculum en schoolprestaties 

te verbeteren, en het implementeren (…) en evalueren van deze innovaties (Schildkamp & 

Kuiper, 2010, p. 482). Binnen deze definitie worden data systematisch en welbewust 

ingezet bij het nemen van beslissingen, opdat het onderwijs beter aansluit bij de 

behoeften van de leerlingen. Op deze manier is er sprake van een formatief gebruik van 

data. Naast dit brede perspectief bestaat er een smaller perspectief waarin data vooral 

worden gebruikt voor het afleggen van verantwoording. De brede opvatting van 

Schildkamp en Kuiper wordt in dit proefschrift aangehouden. 

Om data effectief te kunnen inzetten worden leerkrachten, maar ook schoolleiders 

en IB’ers, geacht onderlegd te zijn in datagebruik (data-literacy). Voor een formatief 

gebruik van data is het nodig dat data daadwerkelijk tot acties leiden. Leerkrachten 

dienen de data te vertalen naar weloverwogen beslissingen en bijbehorende acties in de 

klas (pedagogical data-literacy, ofwel de vakdidactische data-geletterdheid). Tot op 

heden blijken leerkrachten er moeite mee te hebben data systematisch en doelmatig te 
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hanteren (Goertz, Oláh, & Riggan, 2009; Hellrung & Hartig, 2013; Hubbard, Datnow, & 

Pruyn, 2014; Mandinach, 2012). In Nederland blijkt bijvoorbeeld het correct 

interpreteren van data-analyses uit het (Cito) leerlingvolgsysteem lastig te zijn voor 

leerkrachten (Van der Kleij & Eggen, 2013). Daarnaast wordt er in geringe mate gebruik 

gemaakt van expliciete doelen om het gewenste vaardigheidsniveau van de leerlingen 

weer te geven, één van de kernelementen van OGW (Inspectie van het Onderwijs, 2010; 

Schildkamp, Rekers-Mombarg, & Harms, 2012; Schildkamp, Vanhoof, van Petegem, & 

Visscher, 2012). Bovendien wordt er nog onvoldoende aan de daadwerkelijke 

leerlingbehoeften voldaan (Inspectie van het Onderwijs, 2010; 2013; 2014): veel 

leerkrachten houden wel rekening met verschillen tussen leerlingen door gebruik te 

maken van verlengde instructie en van op niveau afgestemde verwerkingsopdrachten, 

maar het aanpassen van instructie aan onderwijsbehoeften komt minder vaak voor. 

Sterker nog, het is de vraag in hoeverre leerkrachten informatie over het actuele 

begripsniveau van leerlingen inzetten bij hun aanpassingen in de instructie (Inspectie 

van het Onderwijs, 2010; Harskamp, 2010). Professionalisering van leerkrachten op het 

gebied van OGW lijkt daarom gewenst. 

 

Het hoofddoel van dit proefschrift is om een leerkrachtentraining op het gebied 

van OGW te evalueren. Er wordt antwoord gegeven op de volgende centrale 

onderzoeksvraag: In hoeverre kan een leerkrachtentraining op het gebied van 

opbrengstgericht werken, bestaande uit de drie aan elkaar gerelateerde, effectief 

gebleken componenten prestatiedoelen, data-analyse en instructie, veranderingen in 

leerkrachtgedrag en in de rekenprestaties van leerlingen bevorderen? 

Er wordt gekeken of en in hoeverre er via de training verandering bij leerkrachten 

en leerlingen teweeggebracht kan worden. Gezien het belang dat daarbij wordt gehecht 

aan ecologische validiteit, is de training uitgevoerd in een realistische setting, in de 

reguliere basisschoolcontext. 
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De leerkrachtentraining 

De leerkrachtentraining had tot doel leerkrachten te leren hoe zij hun onderwijs 

en instructie bij rekenen kunnen verbeteren door gebruik te maken van data. De training 

bevatte drie componenten die gezamenlijk de kernelementen van OGW vormen (Black & 

William, 2009; Visscher & Ehren, 2011): 1. het vaststellen van het gewenste 

vaardigheidsniveau, 2. het vaststellen van het huidige vaardigheidsniveau en 3. een 

aanpassing van de instructie zodat het gat tussen gewenst en huidig niveau gedicht kan 

worden. Ten behoeve van het professionaliseringsprogramma zijn deze drie 

kernelementen geoperationaliseerd in drie aan elkaar gerelateerde componenten, die 

volgens eerdere studies empirisch gerelateerd zijn aan betere leerlingprestaties (Fuchs, 

Fuchs, & Deno, 1985; Locke & Latham, 2002; Carlson et al., 2011; Lai et al., 2009; 

McNaughton, Lai, & Hsiao, 2012; d'Agostino, 2000; Van Gog, 2013). Leerkrachten 

hebben het gewenste vaardigheidsniveau vastgesteld (kenmerk 1) door algemene 

leerstandaarden (zogenaamde referentieniveaus) te definiëren en door voor iedere 

leerling een prestatiedoel te bepalen. Om het huidige vaardigheidsniveau vast te stellen, 

kenmerk 2, hebben leerkrachten simpele en complexe analyses in het leerlingvolgsysteem 

leren uitvoeren en interpreteren voor hun eigen leerlingen. Daarnaast zijn 

rekengesprekken geïntroduceerd, door de leerkrachten uitgevoerd en besproken. Met 

behulp van dergelijke rekengesprekken kunnen leerkrachten meer zicht krijgen op 

onderliggende rekenproblemen en misconcepties van leerlingen, waardoor de instructie 

beter kan aansluiten bij hun behoeften. Het gebruik van dergelijke data, naast toetsdata, 

sluit aan bij de bredere opvatting van OGW. De derde component, instructie, richtte zich 

primair op twee effectieve instructie-strategieën, het directe instructiemodel en 

modelleren, aangevuld met een vakspecifiek gedeelte. De leerkrachtentraining bestond 

uit 9 naschoolse bijeenkomsten van 1,5 à 2,5 uur en was gericht op professionele 

leergemeenschappen in de school, bestaande uit leerkrachten van groep 4 en 5, de IB’er 

en de schooldirectie.  

Het bovenstaande programma voor rekenen maakte deel uit van een gezamenlijke 

leerkrachtentraining die zowel betrekking had op rekenen als op begrijpend lezen en die 

was gericht op dezelfde leerkrachten. Dit had tot gevolg dat de inhoud van het 

programma voor rekenen en begrijpend lezen grotendeels hetzelfde was, alleen de 

specifieke vakinhoudelijke invulling van de instructiecomponent verschilde. Bij rekenen 

was deze deels gericht op nadere analyses van de rekenvaardigheid en het begripsniveau 

van de leerlingen en deels op vakspecifieke instructie (met name gericht op een 
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gestructureerde aanpak van contextopgaven). Bij begrijpend lezen kwamen zowel 

instructie als het curriculum aan bod. Voor meer informatie over het 

professionaliseringsprogramma wordt verwezen naar Appendix 1. 

Op voorhand werd verwacht dat de leerkrachtentraining zowel de rekenprestaties 

van de leerlingen als het denken en het gedrag van de leerkrachten positief zou 

beïnvloeden. Naast de empirische onderbouwing voor de effectiviteit van de drie 

componenten voldeed de leerkrachtentraining aan de vijf programmakenmerken 

waarvoor consensus bestaat dat zij effectief zijn voor professionele ontwikkeling 

(Desimone, 2009). Deze vijf programmakenmerken zijn een focus op inhoud, actief en 

onderzoeksgericht leren, een goede aansluiting bij onderwijs-/schoolbeleid, een 

voldoende tijdsinvestering en de gebruikmaking van samenwerking. Daarnaast kwam de 

training tegemoet aan een ander professionaliseringsaspect dat gekoppeld is aan betere 

leerlingprestaties. Zo maakten de leerkrachten in de training gebruik van data over de 

leerlingen uit hun eigen klas en probeerden zij hun eigen onderwijs in die klas te 

verbeteren, oftewel de training was ingebed in hun eigen werkomgeving (Timperley, 

Wilson, Barrar, & Fung, 2007).  

De vier empirische studies 

Aan de hand van vier empirische studies is antwoord gegeven op de centrale 

onderzoeksvraag. Binnen de eerste studie is de relatie tussen prestatiedoelen, ambities 

van de leerkracht en de rekenprestaties van leerlingen onderzocht. De tweede studie is 

gericht op het gebruik van differentiatie tijdens zowel de lessen rekenen als begrijpend 

lezen. In de derde studie staat de vraag centraal in hoeverre de leerkrachtentraining de 

rekenprestaties van de leerlingen beïnvloedde, terwijl in de vierde studie is bestudeerd of 

de mate van implementatie van het programma samenhing met de effecten op 

leerlingprestaties.  

De relatie tussen prestatiedoelen, leerkrachtambitie en rekenprestaties 

In de eerste studie is getracht empirische evidentie voor de effectiviteit van de 

prestatiedoelen te vinden om daarmee de rol van deze doelen in de leerkrachtentraining 

te valideren. Prestatiedoelen zijn in eerdere studies gerelateerd aan betere prestaties 

(Fuchs et al., 1985; Fuchs, Fuchs, & Hamlett, 1989; Locke & Latham, 1990; Locke & 

Latham, 2002) en datzelfde geldt voor hoge leerkrachtverwachtingen (Scheerens & 

Bosker, 1997). Allereerst is gekeken naar de algemene relatie tussen (hoge) doelen en 

leerlingprestaties. Deze relatie bleek sterk te zijn (d=.80). Omdat de prestatiedoelen een 

belangrijke rol speelden binnen de training, was het essentieel dat zij weloverwogen 



 

209 

 

vastgesteld waren. Om dit te stimuleren is gebruik gemaakt van een stappenplan, 

bestaande uit 4 onderdelen: 1. een oorspronkelijke inschatting, 2. data-gebruik, 3. input 

van collega’s en 4. het uiteindelijke doel. Door het doorlopen van het stappenplan werd 

verwacht dat leerkracht hun doelen vast zouden stellen op basis van een genuanceerder 

en preciezer beeld van de leerling (Good & Brophy, 2003; Hattie, 2009). Er werd ook 

verwacht dat leerkrachten allerlei kenmerken, zoals motivatie en werkhouding, mee 

zouden nemen in hun oorspronkelijke inschatting (Martínez, Stecher, & Borko, 2009; 

Slavin, 1987). Afwijkingen van de oorspronkelijke inschatting werden geacht informatie 

over de ambitie van de leerkrachten te geven. Een positieve afwijking, waarbij het 

uiteindelijke doel hoger is dan de oorspronkelijke inschatting, kan enerzijds uitdrukken 

dat leerkrachten hun oorspronkelijk te lage verwachting bijstellen tot een meer accurate 

inschatting, anderzijds dat leerkrachten door de aanpassing “onjuiste”, te hoge 

verwachtingen voor de leerling hebben vastgesteld. Deze verwachtingen zijn te hoog 

vergeleken met wat verwacht kan worden van leerlingen op basis van voorgaande 

prestaties. Dergelijke te hoge verwachtingen zijn echter wel effectief gebleken voor 

leerlingprestaties (De Boer, Bosker, & van der Werf, 2010), waarschijnlijk omdat de 

leerkracht hierdoor een uitdagender leeromgeving voor de leerling creëert. De assumptie 

was dat, in ieder geval voor sommige leerlingen, de stappenprocedure een bijstelling van 

te lage verwachtingen ofwel een vaststelling van te hoge verwachtingen zou stimuleren, 

uitgedrukt in een positieve afwijking. Voor de meeste leerlingen waren de oorspronkelijke 

inschatting en het uiteindelijke doel gelijk (72%), maar voor 25% van de leerlingen werd 

een positieve afwijking waargenomen. Er bleek geen algemene relatie te bestaan tussen 

de positieve afwijking en de rekenprestaties. Wel bleken de zwakke leerlingen met een 

positieve afwijking beter te presteren dan vergelijkbare zwakke leerlingen waarvoor 

verwachting en doel hetzelfde waren, terwijl de goede leerlingen met een positieve 

afwijking minder goed bleken te presteren dan vergelijkbare controleleerlingen. De 

zwakke leerlingen leken dus te profiteren van ofwel een bijgestelde te lage 

leerkrachtverwachting ofwel een te hoge verwachting, terwijl de betere leerlingen dat niet 

deden. Het is daarom de vraag of positieve afwijkingen voor de betere leerlingen tot 

acties van de leerkracht hebben geleid, die waren ingegeven door deze hogere doelen. 
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Het gebruik van differentiatie tijdens de lessen rekenen en begrijpend lezen 

Op het moment dat we leerkrachten vragen (prestatie)doelen voor elke leerling 

vast te stellen en deze doelen aan hun huidige niveau te koppelen, dan komen verschillen 

tussen leerlingen en hun onderwijsbehoeften naar voren. Leerkrachten zouden rekening 

met deze verschillen moeten houden: het gebruik van doelen en data vraagt (meestal) om 

differentiatie. De variatie tussen leerkrachten in het gebruik van differentiatie is 

bestudeerd in de tweede studie. Met behulp van een observatie-instrument is gekeken 

hoe drieënveertig leerkrachten die de training hadden gevolgd onderscheid maakten 

tussen leerlingen in hun lessen rekenen en begrijpend lezen. Voorwaarden voor 

differentiatie, de organisatie van de les en het gebruik van verlengde instructie zijn 

bestudeerd, daarbij de relatie met contextfactoren in ogenschouw nemend. Deze 

contextfactoren - het vak, het type klas (homogeen of combinatieklas) en de 

heterogeniteit van de prestaties in de klas – bleken inderdaad een rol te spelen bij de 

inzet van differentiatie. Tevens bleek dat er in een substantieel aantal klassen geen extra 

instructiemoment voor bepaalde groepen leerlingen plaats had. Een meer gedetailleerde 

studie naar hoe leerkrachten leerlingen van vier verschillende rekenniveaus benaderden, 

liet zien dat de leerkracht zich het meeste richtte tot de zeer zwakke leerlingen, vooral 

door iets uit te leggen of door inhoudelijke vragen aan ze te stellen. De goede leerlingen 

kregen geen extra instructiemoment en de klassikale fase werd voor hen niet verkort. 

Het effect van de leerkrachtentraining op de rekenprestaties van leerlingen 

In de derde studie staat de effectiviteit van de leerkrachtentraining voor het 

verbeteren van de rekenprestaties centraal. Hiertoe zijn de rekenprestaties van leerlingen 

die les hadden van leerkrachten die deelnamen aan de training vergeleken met de 

rekenprestaties van vergelijkbare leerlingen die les hadden van leerkrachten die niet aan 

deze training hadden deelgenomen. Om de effect-analyses te optimaliseren zijn twee 

matchingsprocedures uitgevoerd met behulp van propensity score matching. De eerste 

procedure was primair gericht op het behouden van een zo groot mogelijke steekproef. 

Leerlingen zijn aan elkaar gekoppeld op basis van zowel leerling- als klaskenmerken. 

Daarna is een robuustheidscheck uitgevoerd door óók leerkrachtvariabelen in de 

matchingsprocedure mee te nemen. Op deze manier werd gecontroleerd voor potentiële, 

reeds bestaande systematische verschillen tussen leerkrachten. Beide procedures leidden 

tot dezelfde conclusie: De leerkrachtentraining had geen effect op de rekenprestaties van 

de leerlingen. Tevens zijn er geen differentiële effecten van de training gevonden.  
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Implementatie van het programma: veranderingen in de attitudes en het gedrag 

van de leerkrachten 

Om het uitblijven van een effect op leerlingprestaties beter te kunnen begrijpen is 

in de vierde studie op exploratieve wijze onderzocht in hoeverre de leerkrachten de 

training hadden geïmplementeerd. Allereerst zijn de attitudes en het zelf-gerapporteerde 

handelen van 33 leerkrachten die hadden deelgenomen aan de training vergeleken met 

die van leerkrachten die niet aan deze training hadden deelgenomen. Alleen op het 

gebied van doelgerichtheid en aandacht voor opbrengsten hadden de getrainde 

leerkrachten positievere scores. Daarna is getracht leerkrachtprofielen vast te stellen. Dit 

leidde tot twee profielen, een profiel voor leerkrachten die meer datagericht waren en een 

profiel voor leerkrachten die dat in mindere mate waren. Een vergelijking van zowel 

survey- als observatieresultaten vóór de start van de training liet zien dat de groep 

leerkrachten die meer datagericht was reeds op voorhand meer gericht was op 

opbrengsten en meer differentieerde tijdens de rekenles. Gedurende de training bleken 

de leerkrachten in beide profielen nauwelijks te veranderen, behalve dat de leerkrachten 

met beide profielen meer bekend waren geworden met leerstandaarden. De leerkrachten 

met het datagerichte profiel rapporteerden bovendien dat zij vaker gebruik maakten van 

expliciete doelen en hun geobserveerde lessen aan het eind van de training bleken een 

hogere algehele kwaliteit te hebben dan hun lessen aan het begin van de training. 

Tenslotte zijn de profielen aan de rekenprestaties van de leerlingen gerelateerd. Een 

hogere datagerichtheid bleek niet samen te hangen met betere rekenprestaties van de 

leerlingen. Samengevat bleek de mate van implementatie gering en verschillen in 

datagerichtheid van leerkrachten bleken niet samen te hangen met leerlingprestaties. 

Interpretatie 

Het uitblijven van effecten van de leerkrachtentraining op zowel het 

leerkrachthandelen als de rekenprestaties is zowel in termen van de opzet en inhoud van 

het programma als van haar tijdsbestek besproken. Met betrekking tot het tijdsbestek 

rapporteerden diverse onderzoekers dat effecten op leerlingprestaties niet snel verwacht 

kunnen worden (bijvoorbeeld Borko, 2004; Desimone, 2009; Shaw & Wayman, 2012) en 

ook de implementatie verloopt niet voor iedere deelnemer even snel (Borko, 2004). Het 

uitblijven van effecten kan wellicht ook worden verklaard doordat de opzet en de inhoud 

onvoldoende aansloten bij de behoeften die leerkrachten hadden om hun rekenonderwijs 

te verbeteren. Hiertoe is een vergelijking met de onderzoeksuitkomsten van de 

leerkrachtentraining op het gebied van begrijpend lezen op zijn plaats. De training had op 
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het gebied van begrijpend lezen namelijk wel een zwak tot middelgroot positief effect 

(d=.37, Van Kuijk et al., 2015). Het vermoeden is dat de invulling van het 

domeinspecifieke deel bij lezen beter aansloot bij wat de leerkrachten nodig hadden. 

Leerkrachten vinden het geven van begrijpend lezen over het algemeen moeilijk 

(Stoeldraijer & Vernooy, 2007) en de lesmethoden zijn vaak overvol en weinig 

gestructureerd (Houtveen & Van de Grift, 2012). Hoewel de vakspecifieke component 

slechts een gering onderdeel was van het totale programma-aanbod, lijken de drie 

componenten van het programma, met daarin een onderdeel dat gericht was op het 

verbeteren van vakinhoudelijke en vakdidactische kennis op het gebied van lezen, 

effectief te zijn geweest voor het verbeteren van de leesprestaties van de leerlingen.  

Discussie 

Drie belangrijke aspecten beperken de interpretatie van het onderzoek. De eerste 

beperking betreft het ontbreken van onderzoek naar de geschiktheid van het programma 

zelf en het achterliggende model. Op voorhand was er zowel een theoretische als 

empirische onderbouwing voor de drie componenten in de OGW-training: de drie 

componenten kunnen worden beschouwd als de kernelementen van OGW en alle drie 

blijken volgens eerdere studies gerelateerd aan verbeterde leerlingprestaties. Er is echter 

niet onderzocht of de verwachte relaties tussen de verschillende componenten en de 

veranderingen in kennis en kunde van de leerkracht wel bestonden.  

Een tweede beperking heeft betrekking op de manier waarop OGW in deze studie 

is gemeten. Het uitgangspunt, dat we ons wilden focussen op acties die leerkrachten 

ondernamen op basis van data, zodat we konden begrijpen wat leerlingen ervan merkten, 

leidde tot een gebruik van indirecte maten voor het meten van OGW. Meer directe maten, 

zoals het correct kunnen interpreteren van analyses uit het leerlingvolgsysteem, zouden 

meer informatie hebben opgeleverd over het daadwerkelijke kennis- en 

vaardigheidsniveau van leerkrachten. Maar in dat geval zou onbekend zijn of de data ook 

daadwerkelijk tot instructionele beslissingen en acties zouden hebben geleid, hetgeen 

cruciaal is voor een formatief gebruik van data (Bennett, 2011). De huidige studie heeft 

laten zien dat het niet eenduidig is hoe OGW het beste gemeten kan worden. De 

breedheid van OGW bemoeilijkt een adequate meting van alle manieren waarop 

leerkrachten gebruik maken van data (en de kwaliteit daarvan) tijdens hun 

lesvoorbereiding en tijdens de lessen zelf. Een verdiepende studie, bestaande uit diverse 

meetinstrumenten zoals bijvoorbeeld leerkrachtlogboeken, interviews en diverse 

observatie-instrumenten zou gebruikt kunnen worden om meer zicht te krijgen op hoe 
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leerkrachten data gebruiken. Daaraan gekoppeld is dat het ook niet vanzelfsprekend is 

welke uitkomstmaten op leerlingniveau het beste uitdrukking kunnen geven aan een 

opbrengstgerichte manier van werken. Er wordt gepleit voor een veelzijdig beeld: naast 

(genormeerde) toetsen zouden ook maten moeten worden gebruikt waarmee in kaart 

wordt gebracht hoe de acties van de leerkracht in de klas het begrip van de leerling 

beïnvloeden. 

Als derde beperking wordt aangevoerd dat er op voorhand een onvoldoende 

uitgekristalliseerd beeld bestond van hoe leerkrachten op basis van de geboden 

ondersteuning de vertaling zouden maken naar het daadwerkelijk inzetten van data in 

concreet aangepaste handelingen in de klas. De ondersteuning in de leerkrachtentraining 

bestond uit het doelmatig werken, het samenbrengen, analyseren en interpreteren van 

verschillende data, het aanbieden, oefenen en geven van feedback op het gebied van 

algemene effectieve instructiemethodieken en het leren van elkaar in een professionele 

leergemeenschap. Uitgaande van de eigen professionaliteit van de leerkracht werd 

verwacht dat leerkrachten de data zouden kunnen omzetten in gepaste en weloverwogen 

(differentiatie)acties. Dit bleek niet zo eenvoudig te zijn, zoals ook in andere onderzoeken 

wordt bevestigd (Goertz et al., 2009; Heritage, Kim, Vendlinski, & Herman, 2009; 

Timperley & Parr, 2009). Leerkrachten lijken concrete suggesties en een grote 

vakinhoudelijke en vakdidactische kennis nodig te hebben om de juiste keuzes te kunnen 

maken. Een meer adaptieve aanpak waarbij het programma veeleer tot stand zou komen 

in samenspraak met de leerkrachten zou wellicht tot een betere aansluiting van aanbod 

naar actie kunnen leiden. Het gebrek aan conceptuele duidelijkheid over wat 

onderzoekers, beleidsmakers en mensen in de praktijk verstaan onder het construct data-

geletterdheid en daarmee over haar operationalisatie (Mandinach, 2012) bemoeilijkt 

daarbij de interpretatie van evaluaties van professionaliseringsprogramma’s die gericht 

zijn op OGW en daarmee op een formatief gebruik van toetsgegevens (Bennett, 2011). Er 

is nog geen eensgezindheid omtrent dé kernelementen van dergelijke 

professionaliseringsprogramma’s, hun implementatie en evaluatie (Schildkamp et al., 

2014). Deze conceptuele problematiek bemoeilijkt niet alleen professionaliseringsstudies, 

maar ook de evaluatie van beleid op het gebied van OGW. 

Aanbevelingen voor verder onderzoek en praktische implicaties 

De resultaten in dit proefschrift leiden tot suggesties voor de praktijk, onderwijs 

en onderzoek. Het huidige programma zou op drie gebieden kunnen worden verbeterd. 

Allereerst wordt gepleit voor een sterkere focus op vakdidactische kennis, en dan met 
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name op concrete handreikingen hoe de verschillende data kunnen worden vertaald naar 

specifieke instructiebeslissingen en acties in de klas (Bennett, 2011; Faber & Visscher, 

2014; Means, Padilla, & Gallagher, 2010; Shaw & Wayman, 2012; Timperley & Parr, 

2009, Heritage, et al., 2009). Ten tweede zou een langere duur van het programma 

(minimaal twee jaar) ruimte bieden om vanuit daadwerkelijke problemen in de school te 

werken (Schildkamp et al., 2014) en om voldoende tijd te besteden aan sense-making 

(Hubbard et al., 2014; Jimerson, 2014; Wayman & Jimerson, 2014), dat wil zeggen het 

volledig kunnen doorgronden van doelen en implicaties van de nieuwe manier van 

werken – beide bevorderend voor het verhelderen van het programma en het vergroten 

van de motivatie van leerkrachten om de nieuwe manier van werken te implementeren. 

De derde programmaverbetering is gelegen in het gebruik van coaching bij de 

implementatie van het programma. Door leerkrachten zowel in de lesvoorbereiding als 

ook in de lesuitvoering te ondersteunen wordt verwacht dat hun handelingsrepertoire 

zowel in de diepte als in de breedte kan worden verbeterd. 

Op basis van de resultaten worden twee suggesties voor de lerarenopleiding 

geformuleerd. Ten eerste zouden lerarenopleidingen voldoende aandacht moeten 

besteden aan OGW. Daarbij is het belangrijk om OGW vanuit de brede visie te 

benaderen. Niet alleen zouden aanstaande leerkrachten voldoende moeten kunnen 

oefenen in het uitvoeren en interpreteren van analyses, maar ook in het samenbrengen 

van verschillende data, het op basis daarvan komen tot instructiebeslissingen en het 

voeren van datagesprekken met medestudenten. Dit veronderstelt dat zowel de 

vakinhoudelijke als de vakdidactische kennis van de studenten van een goed niveau zijn. 

Daarnaast wordt aangeraden om studenten te leren om doelen vast te stellen en hiernaar 

te handelen. 

Suggesties voor nader onderzoek richten zich ten eerste op de aard van het 

programma. Aangeraden wordt om, in studies naar OGW, proces-georiënteerde 

interventies uit te voeren die een gedeeltelijke aanpassing van het programma aan de 

context van de scholen toestaan (McNaughton, Lai, & Hsiao, 2012). Een tweede suggestie 

betreft de behoefte aan een duidelijke, algemeen geaccepteerde definitie van het 

construct data-literacy. Hierbij wordt tevens gewezen op de potentiële problemen die 

steeds ruimere opvattingen van data use (Hubbard et al., 2014; Jimerson, 2014) met zich 

meebrengen als het gaat om een uniforme definitie en vergelijkingen van 

studiebevindingen. 
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De studie heeft laten zien dat professionalisering van leerkrachten op het gebied 

van OGW niet eenvoudig is. De combinatie van a. door de leerkracht vastgestelde, 

inhoudelijk onderbouwde prestatiedoelen, b. door leerkrachten aangeleerde 

vaardigheden om data te analyseren en interpreteren en c. de introductie en/of 

versterking van algemene effectieve instructiestrategieën, leidde niet of nauwelijks tot 

aanpassingen in leerkrachtattitudes en handelen in de klas en, als gevolg daarvan, ook 

niet tot verbeteringen van de rekenprestaties van leerlingen. De studie illustreert 

daarmee de onduidelijkheid die momenteel nog heerst met betrekking tot de gewenste 

inhoud, implementatie en evaluatie van leerkrachtentrainingen die gericht zijn op een 

formatief gebruik van data. Beleidsmakers zouden zich hiervan bewust moeten zijn en 

zouden voorzichtigheid moeten betrachten bij het interpreteren van beleidsresultaten.  
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