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1.1 Introduction 
 
Mathematical knowledge and skills are important prerequisites for a person 
to function adequately in both school and today’s society. This is why 
students’ low or declining mathematics performance has become a source of 
concern for governments all over the world (OECD, 2014). Formative 
assessment is considered to be a promising means to enhance student 
performance. It is a process that is used to gather detailed information about 
students’ mastery of a learning goal, which is then used to provide students 
with feedback aimed at closing students’ gaps in knowledge and skills 
(Black & Wiliam, 2009; Callingham, 2008; Shepard, 2008). However, its 
form, feasibility and effectiveness are highly debated amongst policy 
makers, researchers and teachers, as there is no clear empirical evidence 
about what works in which way for students of different age groups (cf. 
Dunn & Mulvenon, 2009; Kingston & Nash, 2011; McMillan, Venable, & 
Varier, 2013). There is particularly little known about effective types of 
formative assessment in mathematics education (Kingston & Nash, 2011; 
McGatha & Bush, 2013). 

In this general introduction we present our definition of formative 
assessment and elaborate on the subtype – classroom formative assessment 
(CFA) – that will be the main focus of this dissertation. Furthermore, we 
provide an overview of the report by describing the main research question, 
the four studies that were conducted to answer the main research question 
and the way they are related to each other. 
 
1.2 Defining Formative Assessment 
 
In general, a major distinction is made between two types of assessment: 
Summative and formative assessment. Summative assessment is used after 
the completion of learning activities to monitor educational outcomes of 
students for the purpose of judging the level of students’ attainment in 
comparison with a (national) standard (Black & Wiliam, 2009; Callingham, 
2008). As the main purpose is judging learning, it is also referred to as 
‘assessment of learning’. In contrast to this type of assessment, formative 
assessment is a process specifically aimed at identifying gaps in students’ 
knowledge and skills in order to provide feedback that will close those gaps. 
It is also called ‘assessment for learning’ indicating that the purpose of the 
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assessment is to promote learning. Although both ‘formative assessment’ 
and ‘assessment for learning’ refer to the same process, in this dissertation, 
we will continuously use the term formative assessment. 

Formative assessment is a cyclical process consisting of three 
elements as shown in Figure 1.1 (Black & Wiliam, 2009; Conderman & 
Hedin, 2012; Supovitz, Ebby, & Sirinides, 2013; Wiliam & Thompson, 
2008): 

Figure 1.1: Formative assessment as a cyclical process. 
 

Setting a goal for instruction and providing instruction accordingly 
is considered to be the starting point of the formative assessment process. It 
is a precondition for assessment to take place effectively (Ashford & De 
Stobbeleir, 2013; Locke & Latham, 2006; Marzano, 2006). Without a 
specific description of the learning goal in mind it is difficult to determine 
whether a student has mastered it. Thus, to be able to draw conclusions about 
students’ mastery, a clear learning goal should be explicated. Goals can be 
set for a longer period of time, for instance a semester, or for shorter time 
spans, such as a lesson.  

The subsequent assessment should be in line with the instructed 
learning goal (Moon, 2005). Assessments are used to gather information 
about the students’ current mastery of the learning goal. There are different 
ways to assess students’ mastery of a learning goal. The most used 
distinction between assessment types is informal versus formal assessments. 
Informal assessments are often unplanned and occur while the learning 
activity takes place. They are also less structured than formal assessments. 
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For instance, when a teacher observes the students when they are having a 
group discussion or when they are working on assignments, this is 
considered to be an informal assessment. In contrast, formal assessments are 
usually planned for and allow the teacher to assess students’ mastery in a 
controlled setting, such as a test or a quiz (Shavelson et al., 2008; Heritage, 
2007). Nonetheless, in the end, all types of assessments can serve as input 
for providing instructional feedback. 

After the assessment has taken place and the necessary information 
about possible gaps in the students’ knowledge and skills with regard to the 
learning goal has been gathered, the assessment should be followed up with 
feedback. In the literature different definitions of feedback are given, varying 
from feedback that provides only a limited amount of information to the 
learner to feedback consisting of instructional help aimed at enhancing 
students’ knowledge and skills. Examples of feedback with little information 
are grades or number of errors, while examples of feedback consisting of 
instructional help are providing the correct answer in combination with an 
explanation or instructing students how to perform a task (cf. Ruiz-
Primo & Li, 2013 for a more elaborate discussion). Whenever we use the 
term ‘feedback’ in this dissertation, we will be referring to instructional 
feedback that the teacher provides to explain the learning goal in a different 
manner or by using different materials. Research shows that this kind of 
feedback is effective in enhancing student performance (Shute, 2008).  

Ideally, the elements as depicted in Figure 1.1 are used in interaction 
between three actors: the teacher, the student and peers (Wiliam & 
Thompson, 2008). Engaging students in the formative assessment process by 
means of self- and peer-assessment appears to be an excellent way to make 
students aware of their own learning process and to stimulate self-regulated 
learning (see Brown & Harris, 2013, and Topping, 2013 for a more elaborate 
discussion). However, research also indicates that young students, and 
particularly low-achieving students, often find it difficult to assess their own 
mastery of learning. Many times, they are unaware of and too optimistic 
about their own competencies leading to incorrect information of his or her 
understanding of the learning goal (Dunning, Heath, & Sulls, 2004). This 
kind of unreliability of assessments can also be expected when young 
students are assessing their peers (Topping, 2013). Therefore, despite their 
benefits, self- and peer-assessments may not be suitable as a basis for 
teachers to adequately provide instructional feedback. As the studies 
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described in this dissertation were situated in primary education, specifically 
grade 2 to grade 5, we chose to focus solely on the teachers’ role in the 
formative assessment process.  

 
1.3 Classroom Formative Assessment 
 
Based on the actors, place, timing and purpose of the elements described in 
paragraph 1.1, several types of formative assessment can be distinguished 
ranging from the use of standardized test data aimed at differentiated 
instruction plans to self-assessments to enhance students’ self-regulated 
learning. Today, many schools and teachers in the Netherlands practise a 
type of formative assessment in which they analyse the students’ results on 
half-yearly standardised mathematics tests. This information is used to set 
performance goals for students and to create differentiated instruction plans 
for the following months to adhere to these goals (Dutch Inspectorate of 
Education, 2010). Although this practice has been advocated for as a means 
to raise student performance, it often has a nonsignificant or only small 
effect on student performance (cf. Keuning & Van Geel, 2016 or Ritzema, 
2015). A possible explanation may be that in this practice the formative 
assessment cycle is not used frequently enough resulting in a large time span 
between the assessment (standardised test) and the subsequent differentiated 
instruction. Such a large time span may be less effective, as feedback should 
be provided as soon as possible or at least before proceeding to the learning 
goal for it to be effective in enhancing student performance (Irons, 2008; 
Marzano, Pickering, & Pollock, 2001). In fact, research indicates that 
applying formative assessment once every 15 weeks yields an effect size of 
.34, while using it for a minimum of two times a week produces effects sizes 
of no less than between .80 and .85 (Bangert-Drowns, Kulik, & Kulik, 1991; 
Fuchs & Fuchs, 1986). 

A, perhaps more promising, type of formative assessment is 
classroom formative assessment (CFA). CFA takes place during lessons, 
allowing for frequent assessments and, as a result, timely instructional 
feedback (Conderman & Hedin, 2012). Teachers’ use of CFA should be 
particularly effective in enhancing students’ mathematics performance, as 
the learning goals in mathematics are strongly aligned. This implies that 
whenever a student shows a gap in his/her knowledge or skills and this is not 
corrected in due time, it will cause him/her to experience difficulties in 
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mastering subsequent learning goals. Thus, students’ mastery of 
mathematics should be frequently assessed in order to provide timely 
instructional feedback that allows for an uninterrupted learning process. 

Often, CFA is used during instruction to allow for instructional 
decision making, such as pacing or instructing in a different manner by using 
different strategies or materials (cf. Heritage,  2010; Leahy, Lyon, 
Thompson, & Wiliam, 2005; Shepard, 2000). The teacher uses assessment 
techniques, such as questioning and classroom discussions to get an 
overview of the class’s understanding of the learning goal. Besides the 
difficulty teachers experience in applying these techniques (Furtak et al., 
2008), it is uncertain whether these interactive assessment techniques can 
provide teachers with sufficient insight into students’ individual difficulties 
that allows for instructional feedback aimed at individual students’ specific 
needs. For example, some techniques may result in an unstructured overload 
of information that is difficult to translate into instructional feedback for 
each individual student (cf. Veldhuis et al., 2013). Additionally, not all 
students may participate actively in the activities such as classroom 
discussions, resulting in a lack of insight in these students’ understanding of 
the learning goal and inadequate instructional feedback (Ateh, 2015). 
Therefore, in our studies, we focussed on the development and evaluation of 
a CFA model specifically directed at frequent individual assessments. The 
teachers use these assessments to gather information about individual 
students’ gaps in knowledge and skills in order to provide immediate 
instructional feedback to those students who need it during the lesson. 

 
1.4 Overview of the Dissertation 

 
To find evidence for the effectiveness of CFA a Research and Development-
project was started in regular primary education. The project consisted of 
four studies – consecutively discussed in Chapter 2 to 5 – aimed at 
answering the main research question: 
 
To what extent can a model for classroom formative assessment that is 
developed by researchers, teachers and curriculum experts be implemented 
by teachers and function as a means to enhance students’ mathematics 
performance? 
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Often, teachers find it difficult to align their CFA practice, such as 
setting clear goals that they can use to assess students’ mastery or providing 
instructional feedback based on their assessments (Antoniou & James 2014; 
Furtak et al. 2008; Wylie & Lyon, 2015). To improve a systematic use of 
CFA we developed a CFA model for mathematics education in collaboration 
with teachers and curriculum experts. Chapter 2 describes the results of three 
pilot studies in which six teachers of three schools implemented a prototype 
of the model developed by the researchers and curriculum experts in their 
teaching. During the pilot studies the teachers discussed with the researchers 
about how to amend the model step by step. 

Many studies report of implementation issues when testing 
formative assessment practices for their effectiveness (Antoniou & James, 
2014; Furtak et al., 2008; Wylie & Lyon, 2015). Therefore, we followed up 
our development study with an implementation study. In Chapter 3 we 
discuss the results of an implementation study that was used to determine to 
what extent teachers were able to use the CFA model, as developed during 
the pilot studies, in their mathematics teaching after training and coaching on 
the job. The study was also used to investigate whether the duration of the 
training and coaching on the job influenced the degree of use of CFA. The 
study consisted of two phases: In the first phase 19 second- and third-grade 
teachers were trained and coached on the job about the use of the CFA 
model for one semester, while in the second phase 17 fourth- and fifth-grade 
teachers were trained and coached on the job for a full school year. 

In Chapter 4 we report on the results of an impact evaluation, in 
which we investigated to what extent the teachers’ use of the CFA model is 
effective in enhancing students’ mathematics performance. Furthermore, we 
tried to find out whether there was a relationship between the degree of 
implementation of the CFA model and student performance. A quasi-
experiment was conducted to compare two conditions. In the treatment 
condition 17 teachers from seven schools implemented the CFA model in 
their mathematics teaching over the course of a full school year. Their 
students’ mathematics performance was compared to those of the students of 
17 teachers from eight different schools in a control condition. These 
teachers implemented a modification to their usual practice. They analysed 
their students’ results on half-yearly standardised mathematics tests and 
prepared pre-teaching sessions for groups of low-achieving students. 
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Chapter 5 describes a study in which we tried to establish whether 
some of the explanations that we provided in Chapters 3 and 4 for our results 
(a lack of coherence in the use of CFA and the influence of teachers’ 
mathematical knowledge and skills on this use) could be confirmed by 
means of a survey. A total of 137 teachers completely filled in a 
questionnaire concerning their use of the CFA elements (goal-directed 
instruction, assessment and instructional feedback) and their knowledge of 
mathematical errors and learning trajectories.   
 Finally, in Chapter 6 we summarize the results of our studies in 
order to answer the main research question and to describe their theoretical 
and practical implications. Finally, we will discuss the main limitations to 
our studies and provide recommendations for both practice and further 
research concerning classroom formative assessment. 
 
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 2 
 
Developing Classroom Formative Assessment in Dutch 
Primary Mathematics Education 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This chapter is based on the following publication:  
Van Den Berg, M., Harskamp E. G., & Suhre, C. J. M. (2016). Developing 
classroom formative assessment in Dutch primary mathematics education. 
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Abstract 
 

In the last two decades Dutch primary school students scored below 
expectation in international mathematics tests. An explanation for this may 
be that teachers fail to adequately assess their students’ understanding of 
learning goals and provide timely feedback during lessons, a process also 
known as classroom formative assessment (CFA). To improve the teachers’ 
CFA practice, researchers, curriculum experts and teachers worked together 
to develop a CFA model. In three pilot studies six teachers from three 
schools implemented the CFA model and evaluated its feasibility together 
with the researchers by means of checklists. The CFA model was primarily 
changed as regards the assessment techniques. Teachers indicated that 
classroom management and preparation time were preconditions for an 
optimal implementation. Analysis of covariance was used to explore 
students' learning outcomes. The results showed that a correct 
implementation of the CFA model might result in the enhancement of the 
students’ mathematical performance. The implications of the three pilots for 
the implementation of the CFA model on a larger scale are discussed. 
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2.1 Introduction 
 
In the last two decades Dutch primary school students scored below 
expectation on different mathematics tests (Janssen, Van Der Schoot, & 
Hemker, 2005; OECD, 2014, pp. 50-56). In fact, it was reported that 10 to 
18 percent of all Dutch primary school students was underachieving 
(Mulder, Roeleveld, & Vierke, 2007). This was assumed to be caused by the 
fact that teachers hardly assessed their students’ progress systematically by 
means of standards-based tests in order to provide feedback to adhere to 
their students’ needs (Dutch Inspectorate of Education, 2008). In other 
words, teachers did not use formative assessment adequately in their 
teaching. Formative assessment refers to the process of gathering and 
analysing information about the students’ understanding of a learning goal to 
provide instructional feedback that helps the students forward (Black & 
Wiliam, 2009; Callingham, 2008; Shepard, 2008).  

As in other western countries (Mandinach, 2012), the first initiative 
in the Netherlands to improve the teachers’ formative assessment practice 
was the introduction of a type of formative assessment  which consisted of 
the teacher analysing student data gathered from half-yearly standardized 
mathematics tests in order to set performance goals for subgroups within the 
class (e.g. low-achieving, average and high-achieving students) and to 
develop different instructional plans for these groups (Dutch Inspectorate of 
Education, 2010). In contrast to the expectations, several studies in the 
Netherlands and other western countries showed that this practice hardly 
enhanced student performance (Carlson et al., 2011; Quint et al., 2008; Van 
Weerden, Hemker, & Mulder, 2014). An explanation for the lack of 
improvement might be that teachers find it difficult to analyse student data 
and to use this information to provide timely and appropriate feedback to 
students who need it (Mandinach, 2012; Shaw & Wayman, 2012; Wayman, 
Stringfield, & Yakamowski, 2004). 

A different type of formative assessment, called classroom formative 
assessment (CFA), is considered to be more effective in enhancing student 
performance. CFA entails that the teacher assesses the students’ 
understanding during lessons and provides immediate instructional feedback, 
such as small group instruction or individual help (Conderman & Hedin, 
2012). Especially for conceptual and procedural skills, which are often 
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practiced in mathematics education, immediate instructional feedback is 
effective in enhancing student proficiency (Shute, 2008). Often, CFA is used 
to steer the teacher’s instruction. CFA techniques, such as questioning, 
classroom discussions or games, allow the teacher to get a global overview 
of the class’ understanding of the learning goal and differentiate during the 
instruction by, for instance, pacing the instruction or instructing in a different 
manner (Leahy et al., 2005; Shepard, 2000; Veldhuis et al., 2013). Although 
the use of such CFA techniques will ensure that the teacher provides an 
instruction that fits the majority of students in the class, it is questionable 
whether the techniques will help the teacher to gain insight in the students’ 
individual needs and provide feedback accordingly. For instance, if a teacher 
starts a classroom discussion to assess the students’ understanding of a 
particular mathematical problem, he or she will not know which specific 
student is experiencing difficulties with the task at hand and what these 
difficulties entail. As a consequence, the teacher cannot provide feedback 
that will help individual students forward. Therefore, we focused on CFA for 
the purpose of differentiation after the instruction. This means that the 
teacher should use an assessment after the instruction to determine each 
individual student’s understanding of the learning goal and provide 
immediate instructional feedback to those students who need it.  

Although CFA and differentiation have been linked to each other in 
the past, often only suggestions for CFA aimed at differentiation are 
provided (e.g. Falkoner Hall, 1992; Moon, 2005). To our knowledge a model 
for CFA in order to differentiate after the instruction has not been developed. 
Therefore, in this study, researchers, curriculum experts and teachers worked 
together to develop such a model. The model should improve teachers’ CFA 
practice and ultimately enhance students’ mathematics performance. 

 
2.2 Theoretical Framework 
  
2.2.1 Classroom formative assessment 

Formative assessment is considered to be a cycle consisting of three 
elements that are depicted in Figure 2.1 (Sadler, 1998; Wiliam & Thompson, 
2008).  
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Figure 2.1. Three elements of formative assessment. 
 

It is possible to distinguish types of formative assessment when 
looking at the place, timing and purpose of the three elements. In CFA, all 
elements are incorporated in the lessons to move the student forward as 
quickly as possible. As was mentioned in the introduction, in this study, we 
focused on CFA for the purpose of differentiation after the instruction. By 
planning the assessment after the instruction, the teacher has enough time to 
determine whether each student understands the learning goal and which 
difficulties he or she is encountering. This information allows the teacher to 
give specific instructional feedback that focuses on the individual student’s 
problems.  

The elements in Figure 2.1 imply that there is a certain degree of 
coherence between them: one step seems to lead to the other. However, it 
appears that teachers do not use CFA in such a coherent way (Wylie & 
Lyon, 2015). For instance, teachers tend to assess their students’ 
understanding without setting clear goals and criteria for success (Antoniou 
& James, 2014) or do not provide adequate feedback based on the 
information gathered during the assessment (Wylie & Lyon, 2015; Furtak et 
al., 2008). Therefore, in this study, we tried to develop a model in which a 
teacher uses all three elements coherently during mathematics lessons. 

 
2.2.2 Educational design: A collaboration 

In order to ensure that CFA is feasible in practice, it is necessary for 
researchers, curriculum experts and teachers to work together to design a 
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CFA model. Such a collaboration gives the researchers, curriculum experts 
and teachers the opportunity to share knowledge and develop new 
knowledge through interaction (Brandon et al., 2008). A collaboration 
acknowledges the fact that teachers often are too busy and ill trained to 
design and develop a CFA model based on scientific literature. Similarly, 
most researchers do not have knowledge of the complexities of teaching 
practice to create a feasible model (Anderson & Shattuck, 2012).  

The feasibility of a CFA model might be enhanced by embedding it 
in the curriculum. The curriculum materials provide information about 
lesson plans, learning goals and suggestions for instruction (Nicol & Crespo, 
2005). Often, both the teacher and the researcher lack an in-depth knowledge 
of the curriculum materials to fully understand its limitations and, more 
importantly, its opportunities. Therefore, the knowledge of a curriculum 
expert is of substantial value.  

In this study, the development of a CFA model consisted of four 
phases (Van Den Akker, 2010; Richey, Klein, & Nelson, 2003):  

− Phase 1 (researchers and curriculum experts):  
Definition of the research problem and reviewing related literature in 
order to create a concept of the model; 

− Phase 2 (researchers and teachers):  
Developing the concept in close collaboration and interaction with a 
small group of teachers including systematic documentation and 
analysis of the intervention by means of observations, evaluations 
and tests; 

− Phase 3 (researchers and teachers): 
Refining the model continually based on the observations, tests and 
feedback of teachers. 

− Phase 4 (researchers and teachers):  
Implementing the prototype for the model a second and third time to 
further develop the model by means of observations, evaluations and 
tests. 
 

2.3 Research Questions 
 
In this chapter, we report on a study in which two researchers, two 
curriculum experts and six teachers from three different schools shared 
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theoretical and practical insights in order to develop a curriculum-embedded 
model for CFA. The aim of the study was to develop a fully operational CFA 
model based on theoretical considerations about effective CFA that should 
improve teachers’ formative assessment practice and consequently enhance 
students’ mathematics performance. The questions we seek to answer in this 
chapter are: 

1. Which elements should be part of a model for CFA in Dutch primary 
mathematics education? 

2. Which amendments should be made to the CFA model for it to be 
feasible in practice? 

3. Do students of a teacher who uses the CFA model during 
mathematics education perform better on a mathematical test than 
students of a teacher who does not use the CFA model during 
mathematics education? 
 

2.4 Study Design 
 
2.4.1 Participants 

Six female teachers participated in three pilot studies. Each pilot was 
held at a different school in order to evaluate whether the developed model 
would be feasible for teachers with different amounts of teaching experience 
and within a variety of teaching environments (e.g. high, average and low 
SES-students). During the first pilot two second-grade teachers implemented 
a concept CFA model. Teacher A had one year of teaching experience; 
teacher B had approximately 15 years of teaching experience. During the 
second pilot one second-grade teacher and one third-grade teacher 
implemented the CFA model. Teacher C had approximately seven years of 
teaching experience, teacher D had approximately 20 years of teaching 
experience. Another second-grade and third-grade teacher participated in the 
third pilot. The second-grade teacher (teacher E) had approximately 40 years 
of teaching experience, whilst the third-grade teacher (teacher F) had 
approximately seven years of teaching experience. These six teachers seem 
to reflect the Dutch population of teachers with regard to teaching 
experience and gender adequately (Dutch Ministry of Education, Culture and 
Science, 2014). 
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During the first pilot 28 students (boys: 50%), in a class where the 
teacher used the concept CFA model took three different mathematics tests: 
one pretest and two posttests. The students’ performance was compared to 
the performance on these tests of 29 students (boys: 59%) in a parallel class 
within the same school. The classes did not differ significantly from each 
other with regard to gender (χ2 = .43, df = 1, p = .51). The pretest scores of 
the students were used in the analyses to correct for possible differences in 
performance between the two classes prior to the intervention. 

 
2.4.2 Procedure 
 
2.4.2.1 Phase 1: Reviewing the literature in order to design a concept CFA 
model 

Based on a review of literature about effective CFA, the researchers 
designed a concept for a CFA model in collaboration with curriculum 
experts. The researchers and curriculum experts analysed two curricula that 
were predominantly used in Dutch mathematics education. The analysis of 
the curriculum materials focussed on the three elements of CFA (see Figure 
2.1): 

− Goal-directed instruction (setting goals and providing instruction 
accordingly): The number of learning goals that were covered per 
lesson, the description of these learning goals and the extent to 
which the curriculum materials provided the teacher guidance (e.g. 
examples of mathematical scaffolds, such as representations or 
procedures) for instruction; 

− Assessment: The assignments and activities present in the 
curriculum materials that could be used to assess the students’ 
understanding.  

− Providing instructional feedback: The description of small group 
instruction to enhance the students’ understanding of the learning 
goal (e.g. description of prior knowledge or suggestions for 
instructional scaffolds); The assignments and activities present in the 
curriculum materials to facilitate small group instruction. 
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2.4.2.2 Phase 2 and 3: Developing the concept model in collaboration with 
teachers 

In the first pilot, a school team that was interested in improving their 
teaching practice, received information about the rationale of CFA and the 
concept CFA model that was developed so far. During this first meeting in 
week 1 the school team had the opportunity to suggest amendments to the 
model. After the meeting two teachers were willing to further discuss and 
then implement the concept CFA model in their mathematics lessons in 
order to help develop the model. The second meeting with the two teachers 
in week 2 was used to explain the concept CFA model in more detail, which 
allowed the teachers to provide in-depth feedback about its feasibility. The 
researchers also demonstrated how they envisioned the use of a classroom 
response system to assess the students’ understanding of the covered 
learning goals at the end of a week. The teachers were asked to suggest 
amendments to the entire CFA model to make it more feasible to use in daily 
practice.  
 Subsequently, the teachers implemented the CFA model in their 
mathematics lessons. From week 3 until week 5, the researchers visited the 
teachers six times. At the end of every visit the researcher and teachers 
discussed about a particular topic concerning (a key element of) the CFA 
model in order to make amendments to the model. After this first part of the 
pilot the researchers returned to the classroom for two more class visits: once 
in week 7 and once in week 10. This second part of the pilot was used to let 
the teachers experience the use of the CFA model on their own and suggest 
further amendments.  

In order to get an indication of the CFA model’s effectiveness, the 
students in the participating teachers’ class (experimental group) and a 
parallel class in the same school (control group) took a mathematics pretest 
during the second week of the pilot. During the fifth and tenth week the two 
classes took two different posttests. Table 2.1 shows the entire procedure for 
the first pilot. 
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Procedure of the First Pilot. 

Wk Participants Activity Topics for discussion 

 Researchers and curriculum 
experts 

Meeting Literature study; Analysis of curriculum materials;  
Development concept CFA model 

1 Researchers and teachers Introduction and discussion Rationale of CFA; First amendments 

2 Idem Mathematics test for students 
Meeting with teachers 

 
The CFA model in more detail; Set-up quiz 

3 Idem Class visit (lesson) and discussion 
 
Class visit (quiz) and discussion 

Goal-directed instruction; Selecting 
assignments and activities for assessment. 
Duration of quiz; Technical issues 

4 Idem Class visit (lesson) and discussion 
Class visit (quiz) and discussion 

Duration assessment; Small group instruction 
Duration of quiz; Technical issues; Analysis results 

5 Idem Class visit (lesson) and discussion 
 
Class visit (quiz) and discussion 
Mathematics test for students 

Content of assessment; Content small group  
instruction 
Technical issues; Providing feedback 

7 Idem Class visit (lesson) and discussion Experiences teachers 

10 Idem Class visit (lesson) and discussion 
Mathematics test for students 

Experiences teachers 
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2.4.2.3 Phase 4: Implementing the concept model a second and third time 
Four more teachers implemented the CFA model during a second 

and a third pilot. The procedure for these pilots was the same as the 
procedure of the first pilot with the exception of the mathematics tests for the 
students and the extra visits in the seventh and tenth week. Once again, 
during a first meeting the school team received information about the 
rationale of CFA and the amended concept CFA model. During this first 
meeting both school teams had the opportunity to suggest amendments to the 
model based on their own experience as teachers. The second meeting was 
used to discuss the concept CFA model in more detail with two teachers 
from a second-grade and a third-grade class in both schools. The researcher 
demonstrated how the use of the classroom response system to assess the 
students’ understanding of the covered learning goals at the end of the week 
was developed so far. The teachers were asked to suggest amendments to the 
entire CFA model.  
 Hereafter, the teachers implemented the CFA model in their 
mathematics lessons. The researchers visited the teachers six times over the 
course of three weeks. At the end of every visit the researchers and teachers 
discussed about the CFA model in order to make amendments to the model. 
During these visits the same topics were discussed as the topics in the first 
pilot. 

As neither school had parallel classes, the students’ performance in 
the CFA classes could not be compared to other classes in the school.  

 
2.4.3 Instruments 
 
2.4.3.1 Checklists for visits 

During the pilots the researchers visited the teachers six times: three 
times for a lesson and three times for a quiz (weekly assessment). The 
researchers used a checklist (see Appendices B and C) to make notes about 
the lesson or quiz. This checklist was also used to guide the discussion with 
the teachers afterwards. The discussion consisted of three parts:  

1. Preparation of the lesson/quiz:  
Question example: To what extent were you able to set one learning 
goal for this lesson?  

2. The lesson/quiz with specific topics for discussion: 
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Question example: To what extent were you able to assess the 
individual students’ understanding within a short amount of time?  

3. Input from the teachers: 
Question example: What kind of teacher knowledge or skills do you 
consider to be preconditions for implementing the CFA model? 
 

2.4.3.2 Mathematics tests in the first pilot 
During the first pilot the students in the experimental group (CFA 

class) and the control group took one pretest and two posttests. We screened 
the psychometric qualities of these tests by calculating p-values, corrected 
item total test score correlations and Cronbach’s alpha values. We deleted 
items with item-total test score correlations lower than .10 from any of these 
tests as such items discriminate poorly (cf. Nunnaly & Bernstein, 1994). 

The pretest consisted of 24 items about adding and subtracting till 
twenty. The students had ten seconds to answer each item. The internal 
consistency of the pretest was good with Cronbach’s α = 0.88. The mean 
difficulty of the items was .67 (SD = .21) and the corrected item-total 
correlations ranged from .23 to .71. These results indicate that although the 
test may have been somewhat difficult, it discriminated well between 
students with high and low mathematics ability. 

The first posttest was a curriculum-embedded test that consisted of 
60 items. These items were about the learning goals that were covered 
during one chapter (approximately a month), such as adding and subtracting 
till 20, jumping on a number line or telling time. Figure 2.2 depicts three 
items from the posttest about telling time. The internal consistency of the 
first posttest was high with Cronbach’s α = .95. However, the corrected 
item-total correlation of one item was very low, indicating that it did not 
discriminate between students. Therefore, we removed this item from the 
test, resulting in 59 items with a Cronbach’s α of .95, a mean difficulty of 
.82 (SD = .10) and corrected item-total correlations ranging from .14 to .71.  
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Figure 2.2: Three items from the first posttest about telling time. 
 

Approximately a month after the first posttest the students took a 
second posttest. The second posttest was a curriculum-embedded test 
covering a different chapter and different learning goals, for example, 
jumping on a number line, multiplications and reading a calendar. An 
example of an item in the second posttest is provided in Figure 2.3. The test 
initially consisted of 55 items. As nine items had corrected item-total 
correlations below .10, we removed these items from the test. The second 
posttest therefore consisted of 46 items with a mean difficulty of .85 (SD = 
.11) and corrected item-total correlations ranging from .11 to .73. Its internal 
consistency was high with Cronbach’s α = 0.91.  

Figure 2.3: One item from the second posttest about jumping with tens on a 
number line. 

 
By means of an independent samples t-test we tested whether the 

students in the two classes differed significantly from each other with regard 
to their mathematics performance. We used an analysis of covariance to test 
whether the students in the experimental group outperformed their peers in 
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the control group. The analysis of covariance allowed us to test the 
effectiveness of the teachers’ use of CFA while controlling for the students’ 
pretest scores. 
 
2.5 Results 
 
2.5.1 Phase 1: Reviewing the literature in order to design a concept CFA 

model 
The researchers and curriculum experts determined how CFA could 

best be embedded in two widely used mathematics curriculum materials in 
Dutch primary education. Our analyses showed that the curriculum materials 
provided daily lesson plans with one main goal per lesson, suggestions for 
instruction (including examples of mathematical scaffolds) assignments for 
students and performance tests at the end of each chapter. Both curriculum 
materials contained several ‘formative assessment cycles’: 

− A short-term cycle: for each lesson a main learning goal was 
provided including suggestions for instruction. Sometimes 
suggestions for the assessment of the class’ understanding of the 
learning goal during the instruction were provided, such as 
assessment games. Furthermore, the teacher was advised to check 
the work of the students after each lesson. There were few 
suggestions for instructional feedback after these assessments; 

− Two long-term cycles: The curriculum material provided learning 
goals per chapter. In addition suggestions for small group instruction 
during the lesson to low-achieving students were provided. It was 
implicitly stated that analysis of the standards-based test (half-
yearly) should be used to identify these students and form ability 
groups. The curriculum materials also provided some instructions on 
how to provide the students who failed the curriculum-embedded 
test, instructional feedback a final time. 
The analysis of the curriculum materials and the literature led us to 

believe that the main focus of the curriculum materials lay on the two long-
term cycles. These cycles create a rather large time span between the 
assessment and the instructional feedback. As a consequence, students can 
practice with faulty mathematical knowledge and procedures that may turn 
out to be difficult to correct later on. Therefore, the researchers and 
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curriculum experts decided that a CFA model should consist of a short-term 
(daily) cycle and an intermediate (weekly) cycle. 

Applied to a weekly lesson schedule, the concept model required 
that for each lesson the teacher should provide goal-directed instruction by 
deciding upon a basic learning goal for the entire class and providing 
instruction accordingly. By setting a goal for instruction the teacher 
determines which knowledge and skills need to be taught and assessed. This 
makes it possible to assess the students’ understanding, give appropriate 
feedback and subsequently improve proficiency (Ashford &De Stobbeleir, 
2013; Locke & Latham, 2006; Marzano, 2006). This first ‘step’ of the 
concept model should be easy to implement, since most of the required 
information was already present in the curriculum materials. 

Hereafter, the teacher should assess each individual student’s 
understanding of the learning goal. In a class with an average of 25 students, 
the most efficient way of collecting evidence about the students’ 
understanding is to give them specific tasks and subsequently assess their 
mathematical proficiency (Ginsburg, 2009). In our study, such an assessment 
could be done by 1) asking questions that the students answered by holding 
up cards, 2) an assessment round during which the teacher would check the 
students’ individual, or 3) standing up/sitting down games (‘When you think 
the correct answer is A, please stand up’). All three techniques would 
provide the teachers information about the individual students’ 
understanding of the learning goal. In addition, the teacher would ask the 
students to use a mathematical representation when making their 
assignments or answering questions. By doing so, the teacher should have 
more in-depth insight into the student’s understanding of the learning goal 
and should be better able to accommodate the feedback to the student’s 
needs (Heritage & Niemi, 2006). 

Subsequently, the teacher should use the information gathered about 
the understanding of the learning goal to provide immediate instructional 
feedback in the form of small group instruction to those students who did not 
show a sufficient understanding of the learning goal during the assessment 
task. In this way, the time span between the assessment and the feedback 
should be kept to a minimum. This sequence of lesson episodes constituted 
the daily CFA cycle.  

Whether the daily CFA cycle would suffice in identifying and 
correcting all students’ misconceptions was uncertain. Therefore, it seemed 
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reasonable to assess the students’ understanding of the learning goal by 
using a somewhat longer cycle. Moreover, assessment and instructional 
feedback that is spaced over a longer period of time is beneficial for the 
memorization of (mathematical) facts (Butler, Karpicke, & Roediger, 2007). 
In order to give teachers the opportunity to assess and provide feedback a 
second time, our concept model consisted of one more cycle: a weekly CFA 
cycle. 

In our concept model, the weekly cycle consisted of assessing the 
progress of the students every week by means of a quiz on the digital 
whiteboard. This quiz contained eight multiple choice questions based on the 
four learning goals that were covered during the weekly program. Figure 2.4 
depicts an example of a multiple-choice question in the quiz. 

Figure 2.4: Example of a multiple-choice question in the quiz. 
 

The multiple-choice questions should help to detect well-known 
misconceptions (Ginsburg, 2009). The students could answer these questions 
by means of a clicker (voting device). This approach was chosen to enhance 
the participation of the students (Lantz, 2010). During the quiz, the strategy 
of peer instruction would be used (Mazur, 1997). This strategy entailed that 
the students had the opportunity to answer the question one time, get a hint 
(for example the abacus in Figure 2.4), discuss with a peer and finally 
answer a second time. Afterwards, the teachers discussed with the students 
how the question should be solved. At the end of the quiz the teacher would 
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analyse the individual scores of the students to determine which students still 
needed instructional feedback about one or more learning goals that were 
covered during the lessons. During the last lesson of the week the teacher 
would provide this instructional feedback during small group instruction. 
The teacher would give the other students who performed satisfactorily more 
challenging tasks. Table 2.2 shows this concept model in a condensed form.  
 
 
 
 
 

 

 

 

 

 

 

 

 



 

 

34 Table 2.2 
Concept CFA Model.  

 Daily CFA cycle Weekly CFA cycle 

Goal-directed 
instruction 
 

- One learning goal for the entire class; 
- Short whole group instruction; 
- Use of mathematical scaffolds. 

- Goals that were covered during the week. 

Assessment 
 

- Holding up cards, assessment round or 
sitting/standing-game; 
- Assessment of students’ use of mathematical 
representations or procedures; 
- Selecting students for immediate instructional 
feedback. 

- Digital quiz; 
- Peer instruction; 
- Analysis of individual quiz results and 
selecting students for instructional feedback or 
more challenging assignments the next day. 

Instructional 
feedback: 
 

- Immediate goal-directed instructional feedback using 
appropriate mathematical scaffolds for the students 
that were selected based on the assessment. 

- Immediate goal-directed instructional feedback 
when most of the students answered the question 
incorrectly; 
- Goal-directed instructional feedback using 
appropriate mathematical scaffolds for the 
students that were selected based on the 
assessment. 

Note: Bold parts are the adjustments the teachers should make in their teaching. 
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2.5.2 Phase 2 and 3: Developing the concept model in collaboration with 
teachers 
During the first meeting the researchers and teachers discussed what 

needed to be amended within the model before it could be put into practice. 
As regards the daily CFA cycle the teachers remarked that they preferred to 
walk around the class and observe the students’ mathematical procedures 
instead of playing assessment games during the instruction. The teachers 
expected that an assessment round would take less time and demand less 
classroom management. Furthermore, concerning the weekly cycle, the 
teachers foresaw that the discussion between students and answering the 
question a second time during the quiz would lead to turmoil in the 
classroom. The researchers and teachers decided to let the students answer a 
first time, show the hint after answering and let the students answer a second 
time. 

After the first meeting the two second-grade teachers put the concept 
CFA model into practice. The researchers visited the teachers during the 
lessons and quizzes and discussed with the teachers which other changes had 
to be made to the CFA model. Practical issues such as registration of the 
students who needed small group instruction were discussed as well as 
theoretical issues such as the necessity of re-assessing the students’ 
understanding  during small group instruction (i.e. How does one assess the 
students’ understanding of the learning goal during small group instruction 
and how (many times) does one provide instructional feedback?). The 
teachers stated that choosing the right mathematical scaffolds, such as an 
appropriate representation, for (small group) instruction was difficult. For 
instance, sometimes the curriculum materials would suggest more than one 
mathematical representation or suggest a representation that they thought to 
be inappropriate. The researchers decided to provide the teachers with 
mathematical representations and strategies in line with the learning 
trajectory. These issues were taken up in the CFA model. Based on the 
teachers’ experiences with the quizzes and the analyses of the quiz results it 
appeared that the opportunity to answer the same question twice confused 
the students. Some students answered the question correctly the first time 
and thought they should better change their answer the second time. This 
complicated the interpretation of the quiz results: Should the teacher base the 
selection of students for instructional feedback on the first answer or the 
second answer or a combination of both? The most practical solution was 
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that the teacher would show the hint during the question – when it took 
students long to answer the question or when the teacher knew that the 
question was difficult – and let the students answer just once.  

At the end of the first four weeks the teachers expressed that they 
enjoyed working with the CFA model. Teacher A indicated that she had 
noticed that different students than the low-achieving students from the pre-
set ability groups, needed small group instruction based on her assessment. 
She also stated: 

 
− “I had expected to have to change my lessons drastically, but that was not 

the case at all.”– 
 
Teacher B found it difficult to refrain herself from helping students who 
were experiencing difficulties during the assessment round. However, at the 
end of the four weeks she commented that the CFA model gave structure to 
her lessons and saved her and her students time. At the end of the week, all 
students were better able to finish their tasks, whereas before this was not the 
case. 

Despite the optimistic nature of these statements, the visits in the 
seventh and tenth week of the pilot showed, that the teachers did not teach 
according to the concept CFA model anymore. Both teachers stated that for a 
period of time extracurricular activities took up a lot of time. This meant that 
the teachers did not have enough time to plan their lessons, fully execute the 
lessons according to the CFA model and administer the digital quiz. The 
teachers indicated that three weeks of implementing the CFA model was not 
enough to make it a routine. Another issue was the fact that the teachers did 
not always exactly know how to give and organize small group instruction 
after their assessment, seeing that the group composition – and with it the 
students’ prior knowledge – could differ per lesson. It was easier to teach the 
lesson as described in the curriculum materials: providing small group 
instruction to the pre-set ability groups and responding to questions of 
individual students at their workplace. This required less preparation time 
before the lesson and less flexibility during the lesson. These statements 
might mean that teachers need coaching on the job for more than three 
weeks for sustainable teacher change to take place.  
 As was mentioned in the procedure section, the students of the 
experimental group and the students of the control group were tested three 
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times. Due to illness one student in the experimental and one student in the 
control group were unable to take the first posttest. For the same reason, two 
students in the control group were not able to take the second posttest. 
 The students showed no significant differences on the pretest with 
t(55) = 1.51 and p = .14. The results of an analysis of covariance showed that 
the students in the experimental group scored somewhat higher on the first 
posttest than the students in the control group after correcting for the pretest 
scores with a partial η2 of .03, which is considered to be a small to medium 
effect (Cohen, 1988). However, this difference failed to reach significance 
with F(1,52) = 1.66 and p = .10 (one-sided). The difference between the 
students’ performance on the second posttest was comparable to the 
difference on the pretest. After correcting for the pretest scores this 
difference was not significant with F(1,52) = .63 and p = .22 (one-sided). 
Table 2.3 provides an overview of the student performance on all 
mathematics tests. 
 
Table 2.3 
Student Performance on the Pretest, Posttest 1 and Posttest 2 during the 
First Pilot. 

 Pretest  
(0 – 24) 

Posttest 1  
(0 – 59) 

Posttest 2  
(0 – 49) 

Condition n M SD n M SD n M SD 

Experimental 28 17.1 4.7 27 50.0 7.8 28 39.9 6.9 

Control 29 15.1 5.7 28 45.0 13.6 27 37.4 8.4 

 
2.5.3 Phase 4: Implementing the concept model a second and third time  

In the second pilot, the teachers used the same curriculum materials 
as the teachers in the first pilot. During the first two meetings the teachers 
did not suggest any amendments to the latest version of the CFA model. 
However, once the teachers implemented the model, they encountered some 
unforeseen difficulties. The teachers indicated that they found it difficult to 
determine what to do if their assessment indicated that every student 
understood the learning goal or – the other way around - hardly any student 
understood the learning goal. These findings led to further changes in the 
CFA model with more suggestions for the follow-up upon the assessment. 
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The assessment should not necessarily lead to immediate instructional 
feedback to a small group, but could also consist of immediate instructional 
feedback to the entire class or instruction about more challenging tasks if all 
students understood the learning goal. The teachers indicated that the weekly 
assessments by means of the quizzes went well. However, there was one 
issue that needed to be discussed, seeing that teacher C stated:  
 
− “One student out of my class needed to get small group instruction based 

on the quiz results. But it turned out she already understood everything, 
which made her insecure about herself.” – 

 
Teacher D indicated that she also noticed that some students did not perform 
as expected on the quiz. When the teachers were asked to elaborate upon 
their observations, they added that some students showed anxiety during the 
quiz. The researchers and teachers discussed what to do when such students 
would perform below expectation on the quiz due to – personal – 
circumstances. As a result, the CFA model was adjusted by incorporating the 
teachers’ daily assessments in the analysis of the quiz results. The teachers 
would use both their daily assessments and the weekly quiz results to 
determine whether a student needed small group instruction.  
 The teachers in the third pilot were also introduced to the rationale of 
CFA and the concept CFA model as developed so far. During the first two 
meetings the teachers indicated that they wanted to implement the CFA 
model the way it was described. However, both teachers did have some 
remarks after implementing the CFA model in their teaching. Teacher E 
noticed that she had the tendency to help the students during the assessment 
round, which resulted in a prolonged assessment round. This teacher also 
indicated that the model made sense to her, but it also entailed that a teacher 
should use the curriculum materials flexibly and have a clear understanding 
of the mathematical learning trajectories. Teacher F had more difficulties in 
implementing the CFA model. She remarked that sometimes her class was 
too unsettled for her to implement the CFA model as intended. Despite the 
fact that both teachers each had issues in implementing the model, these 
issues did not lead to substantial changes to the CFA model. Table 2.4 shows 
the final CFA model after the three pilots. All of the changes to the concept 
CFA model are underlined. 
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Table 2.4 
Final CFA Model. 

 Daily CFA cycle Weekly CFA cycle 

Goal-directed 
instruction 
 

- One learning goal for the entire class; 
- Short (max. 20 minutes)  whole group instruction; 
- Use of mathematical scaffolds. 

- Goals that were covered during the week. 

Assessment 
 

- Assessment round; 
- Assessment of students’ use of mathematical 
representations or procedures; 
- Selecting students for immediate instructional 
feedback and registration of these students. 

- Digital quiz;  
- Hint during answering the question; 
- One chance to answer; 
- Analysis of individual quiz results and selecting 
students for instructional feedback or more 
challenging assignments the next day. 

Instructional 
feedback 
 

- Immediate goal-directed instructional feedback, 
using appropriate scaffolds in a small group, for the 
entire class or instruction about more challenging 
tasks (depending on the results of the assessment): 
- Including assessment. 

- Immediate goal-directed instructional feedback 
when most of the students answered the question 
incorrectly; 
- Goal-directed instructional feedback, using 
appropriate mathematical scaffolds for the students 
that were selected based on the daily assessments 
and the weekly quiz results. 
- Including assessment. 

Note: Bold parts are the adjustments the teachers should make in their teaching; Underlined parts are the amendments the teachers 
made to the concept CFA model. 
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2.6 Conclusion 
 
The aim of this study was to design a coherent, curriculum-embedded CFA 
model for primary mathematics education in order to improve teachers’ CFA 
practice and consequently enhance students’ mathematical performance. 
Researchers, curriculum experts and teachers worked together and shared 
theoretical and practical insights in three pilot studies to develop a CFA 
model that would consist of a coherent use of the elements and be easy to 
implement.  

Based on a thorough review of scientific literature the researchers 
and curriculum experts designed a concept CFA model consisting of a daily 
and weekly CFA cycle. Both cycles contained the three elements of effective 
CFA: goal-directed instruction, assessment and instructional feedback 
(Ashford & De Stobbeleir, 2013; Butler, Karpicke, & Roediger, 2007; 
Ginsburg, 2009; Heritage & Niemi, 2006; Lantz, 2010; Locke & Latham, 
2006; Marzano, 2006; Mazur, 1997; Shute, 2008; Wiliam & Thompson, 
2008). 

Although the curriculum experts mainly took part in this first phase 
of the development of the CFA model, their input was indispensable, as the 
researchers were sometimes unaware of all the available materials in the 
curriculum. Some issues that the researchers addressed could be easily 
solved with the available materials in the curriculum. The curriculum 
experts’ input thus helped to keep the concept CFA model as straightforward 
as possible. On the downside, it sometimes seemed that the curriculum 
experts were hesitant to admit a shortcoming in the curriculum materials that 
they developed, which strained the development process of the CFA model 
somewhat. In future research, it might be advisable to involve curriculum 
experts that did not create the curriculum materials themselves, in the 
development of an educational innovation to ensure a more objective point 
of view. 
 The teachers in the three pilots indicated that the concept CFA 
model should be changed on several points for it to be feasible in practice. 
The main changes concerned the use of an assessment round during the 
lesson, including an assessment during small group instruction and limiting 
the duration of the quiz by letting the students only answer a question once. 
After these amendments, the teachers indicated that the CFA model could be 
implemented in their mathematics teaching rather easily. Though, for the 
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implementation of the CFA model on a larger scale, the teachers did indicate 
that many teachers will probably have difficulties with classroom 
management for the CFA model to be used appropriately and the time that is 
needed for the quiz.  

The issues that the teachers touched upon show the necessity of a 
collaboration between researchers and teachers to develop a CFA model or 
any other educational innovation. It seemed that the concept CFA model as 
developed by the researchers and curriculum experts was oversimplified. 
This is not uncommon, since most researchers are not fully aware of the 
complexities of teaching (Anderson & Shattuck, 2012). The researchers and 
curriculum experts clearly underestimated the preconditions – with regard to 
the lesson preparation time and skills in classroom management – for 
implementing the concept CFA model in practice. The preconditions might 
be of value once the final CFA model will be implemented on a larger scale.  
 To get a glimpse of the CFA model’s effectiveness, the students in 
the first pilot made three mathematics tests: one pretest and two posttests. 
The difference between the students in the CFA class and the students in the 
parallel class increased in favour of the CFA class when the teachers used 
the CFA model and decreased once the teachers stopped using the model. 
Although the sample of students was too small to draw any definite 
conclusions about the effectiveness of the model and the difference on the 
first posttest failed to reach significance, these results might indicate that the 
CFA model can be effective when it is implemented over a longer period of 
time. 

The visits in week 7 and 10 of the first pilot indicated that there 
might be some issues concerning the sustainability of the model. The 
teachers reported that the use of the CFA model had not become a routine 
after just three weeks of implementation. Stress coming from extracurricular 
activities made them relapse into old routines. It is not uncommon that 
teachers find it difficult to change their teaching routines. Usually, it takes 
teachers a vast amount of time and effort to make an educational innovation 
their own (Guskey, 2002). For this reason, it is often recommended that 
teachers are coached on the job intensively to ensure the implementation of 
an educational innovation, such as the CFA model (Graves Kretlow & 
Bartholomew, 2010; Guskey & Yoon, 2009).  

Overall, the final CFA model is not as easy to implement as we had 
hoped it would be. All the small details that a teacher needs to change in 
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his/her lesson taken together seems to end up in a rather invasive change in 
teaching routines. Although the teachers of the pilots were capable of 
implementing the CFA model for a short period of time and were optimistic 
about the feasibility of the final CFA model, it is unclear whether other 
teachers with other backgrounds will also be able to implement the model. It 
is also uncertain whether this larger number of teachers can implement the 
CFA model for a longer period of time, seeing that our study only dealt with 
six teachers that implemented the CFA model for no longer than two 
months. Thus, it is advisable to follow this study up with an implementation 
study, in which the CFA model is implemented by more teachers at different 
schools and for a longer period of time. Such a study should shed light on 
the feasibility of the CFA model as well as the sustainability of the model.  
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Implementing Classroom Formative Assessment  in 
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Abstract 
 

Formative assessment is considered to be a fundamental part of effective 
teaching. However, its form and feasibility are often debated. In this study, 
we investigated to what extent thirty-six primary school teachers were able 
to employ a model for classroom formative assessment. The model 
included both daily and weekly use of goal-directed instruction, assessment 
and immediate instructional feedback. The study showed that on a daily 
basis the teachers improved in assessing their students’ work by observing 
them while working on tasks. Significantly more the teachers also provided 
immediate instructional feedback. However, the overall proportion of 
teachers doing so remained rather low. Additionally, evaluations showed 
that often the assessments and instructional feedback provided by the 
teachers were of a low quality.  The teachers used the weekly assessments 
to an acceptable level. Both our professional development programme and 
the teachers’ mathematical knowledge and skills are discussed as 
explanations for our found results.  
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3.1 Introduction 
 

In order to fully participate in today’s society, it is imperative to be 
proficient in mathematics (OECD, 2014). Yet, research has shown that both 
in the Netherlands and in other western countries primary school students’ 
performance in mathematics tests has lingered below expectation (Janssen, 
Van Der Schoot, & Hemker, 2005; OECD, 2014, pp. 50-56). To raise 
student performance levels, governments all over the world have taken 
measures, such as introducing learning standards and standardised tests, for 
example the OECD with the PISA regime (2014) and the US Department of 
Education with the No Child Left Behind Act (2002). However, although the 
initial aim of these standards and tests was to help teachers improve their 
teaching based on students’ test results, in practice these instruments are 
being used for holding teachers accountable for their students’ progress (cf. 
Carlson, Borman, & Robinson, 2011). As a result, the tension that has arisen 
between using learning standards and assessments to hold teachers 
accountable for their students’ performance and deploying them to support 
students’ learning has led to a renewed interest in formative assessment. 
Formative assessment is a process in which students’ mastery of particular 
learning goals is assessed for the purpose of feedback provision aimed at 
enhancing student attainment (Black & Wiliam, 2009; Callingham, 2008; 
Shepard, 2008). It is a cyclical process (see Figure 3.1) consisting of three 
elements (Black & Wiliam, 2009; Supovitz, Ebby, & Sirinides, 2013; 
Wiliam & Thompson, 2008).  

The formative assessment process should be started by setting clear 
learning goals and providing instruction accordingly, as it determines the 
knowledge and skills that need to be taught and enables the teacher to assess 
the students’ levels of mastery (Ashford & De Stobbeleir, 2013; Locke & 
Latham, 2006; Marzano, 2006; Moon, 2005). As such, the assessment 
provides information about possible gaps in what students know and what 
they should know at a particular point in time (learning goal). This 
information is essential for giving effective instructional feedback focussed 
on closing these knowledge gaps (Hattie & Timperley, 2007; Moon, 2005). 
Based on the instructional feedback the teacher decides on the learning goal 
for the next lesson by, for example, choosing to adjust the learning goal 
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provided in the mathematics curriculum materials or setting a new goal for 
instruction. This will lead to the start of a new CFA cycle.  

Figure 3.1. Three elements of formative assessment. 
 

3.2 Theoretical Framework 
 
3.2.1 Classroom formative assessment as a type of formative assessment 

Based on the place, timing and purpose of the above-mentioned 
elements, several types of formative assessment can be distinguished, 
ranging from the use of standardised test data aimed at differentiated 
instruction to self-assessments to enhance students’ self-regulated learning. 
The form, feasibility and effectiveness of these different types of formative 
assessment are highly debated topics amongst policy makers, researchers 
and teachers, as there is no clear empirical evidence about what works in 
which way for students of different ages (cf. Dunn & Mulvenon, 2009; 
Kingston & Nash, 2011; McMillan, Venable, & Varier, 2013). There is 
particularly little known about effective types of formative assessment in 
mathematics education (Kingston & Nash, 2011; McGatha & Bush, 2013). 
In the Netherlands, many teachers analyse students’ mathematics test results 
in order to set goals and develop instruction plans for different ability groups 
within the class, e.g. low, average and high achieving students (Dutch 
Inspectorate of Education, 2010). Unfortunately, research has shown that 
teachers find it generally difficult to select, analyse and interpret the 
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complex student test data from tests and transfer the information gathered 
into appropriate instructional feedback (Dutch Inspectorate of Education, 
2010; Goertz, Olah, & Riggan, 2009; Mandinach, 2012; Wayman, 
Stringfield, & Yakamowski, 2004). Additionally, standardised and 
curriculum-embedded tests are usually carried out weeks or months after the 
initial instruction has taken place. As a result, the time span between the two 
may be too large to allow for effective instructional feedback (Conderman, 
& Hedin, 2012).  

Perhaps therefore, many teachers also use more short-term 
assessments in order to provide timely instructional feedback. This short-
term use of formative assessment is commonly referred to as classroom 
formative assessment (CFA). CFA entails that a teacher assesses the 
students’ understanding (e.g. by questioning, classroom discussions, and 
checking students’ written work) during a lesson cycle to allow for timely 
feedback (Conderman & Hedin, 2012). In this way, students have little time 
to practice with incorrect knowledge and procedures, allowing for an 
uninterrupted learning process. Particularly for conceptual and procedural 
tasks, which are very common in mathematics education, timely 
instructional feedback is effective in enhancing student proficiency (Shute, 
2008). CFA is often used to steer the teacher’s whole group instruction. 
Assessment techniques, such as questioning, classroom discussions or 
games, enable the teacher to obtain a global overview of the class’s 
understanding of the learning goal. This information is then used for 
instructional decision-making, such as slowing down or speeding up the 
instruction or adapting it (Heritage, 2010; Leahy, Lyon, Thompson, & 
Wiliam, 2005; Shepard, 2000; Suurtamm, Koch, & Arden, 2010; Veldhuis, 
Van Den Heuvel-Panhuizen, Vermeulen, & Eggen, 2013). However, these 
techniques are by their very nature difficult to apply (Furtak et al., 2008). In 
addition, they are less suitable for gaining a more thorough insight into 
students’ individual needs, as these techniques generally yield an overload of 
information (cf. Veldhuis et al., 2013). As a consequence, teachers will in 
most cases only gain a superficial impression of the individual students’ 
difficulties, resulting in inadequate instructional feedback (Ateh, 2015). For 
instance, if a teacher starts a classroom discussion to assess to which degree 
a particular mathematical problem is understood, he or she will not know 
which specific student is experiencing difficulties with the task at hand and 
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what these difficulties entail. Without this information it is difficult to 
provide appropriate instructional feedback (Wylie, & Lyon, 2015; Furtak et 
al., 2008). This may also explain why there is so little evidence of the 
effectiveness of the use of CFA in raising students’ performance levels in 
mathematics. We tried to overcome the above-mentioned issues by training 
and coaching teachers in how to use a CFA model specifically directed at 
individual assessments. The information can be used to provide immediate 
instructional feedback to those students who need it. The implementation 
study presented here sheds some light on the feasibility of implementing a 
curriculum-embedded CFA model after training and coaching teachers in 
Dutch primary mathematics education. 

 
3.2.2 Professional development programme 

Research indicates that participation in a professional development 
programme (PDP) supports teachers in applying formative assessment 
effectively (Kingston & Nash, 2011) In general, such a programme needs a 
number of key features to make it effective in enhancing teachers’ 
knowledge and skills and promoting the innovation’s implementation. In this 
study, we focussed on nine specific features: small group initial workshops, 
collective participation, coherence, barriers and support, active learning, a 
focus on content, on-site practice, coaching on the job, and the duration of 
the PDP (cf. Desimone, 2009, Penuel et al., 2007; Van Veen, Zwart, 
Meirink, & Verloop, 2010).  

Although it is known that informative workshops alone are not 
sufficient to accomplish teacher change, a highly engaged, initial small-
group workshop followed by coaching on the job can help to realize this 
(Graves Kretlow & Bartholomew, 2010; Guskey & Yoon, 2009). In this 
context, the focus should lie on the rationale and goals of the innovation, 
while the teachers get to experience exactly how the innovation can be 
implemented in their lessons. Quite often, an implementation process starts 
off wrongly by a lack of information or clarity about the innovation and its 
practical application (Fullan, 2007; Van Den Akker, 2010). A workshop, 
however, is an effective instrument in making teachers aware of the 
coherence between the goals of the innovation and those of the school 
(Desimone, 2009). It is important to make the teachers feel that the rationale 
behind the innovation is in line with their own teaching practices. 
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Highlighting shared goals during the PDP increases the chances that teachers 
will integrate the innovation into their teaching practices on a continuous 
basis (Lumpe, Haney, & Czerniak, 2000). A workshop is also an ideal 
setting to discuss possible barriers (e.g. school schedules, the quality of the 
curriculum materials and the time available for planning and reflection) that 
can negatively influence the implementation process and the support 
required to optimise the implementation process. To ensure the effectiveness 
of the PDP, these topics should be addressed both before the actual 
implementation of the innovation and during its realisation (Penuel et al., 
2007).  

The teachers should work on their professional development 
together with colleagues from the same school, department or grade, as it 
motivates teachers to discuss and solve practical problems collectively 
(Little, 1993; Porter, Garet, Desimone, Yoon, & Birman, 2000). This 
collective participation is considered to be effective in promoting teacher 
change as it enables those involved to discuss the innovation and to mutually 
reflect on specific issues (Porter et al., 2000). The group setting offers the 
participants the support of colleagues, including the school leader, which can 
significantly impact the degree to which one is willing to implement an 
innovation (Guskey & Yoon, 2009). Moreover, mutual support plays an 
important role in the sustainability of an educational innovation (Coburn, 
2004; Fullan, 2007; Moss, Brookhart, & Long, 2013).  

Different studies indicate that for a PDP to be effective it should also 
contain active learning with a focus on content (Garet, Porter, Desimone, 
Birman, & Yoon, 2001; Heller, Daehler, Wong, Shinohara, & Miratrix, 
2012). Active learning can consist of multiple activities, such as preparing 
lesson plans based on the knowledge acquired by the teacher, providing 
innovation-incorporated lessons and receiving feedback, or discussing how 
the innovation can be best implemented (Birman, Desimone, Garet, & 
Porter, 2000). Active learning can take place during a workshop, but also, 
perhaps even preferably, on-site. There is evidence that professional 
development applied on-site with a specific focus on how to use the 
innovation in one’s own practice is effective in accomplishing teacher 
change (Darling-Hammond, 1997; Darling-Hammond, Wei, Andree, 
Richardson, & Orphanos, 2009). The on-site practice should be supported by 
coaching on the job. Coaching on the job is especially useful when it 
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includes observation and reflective conversation between the teacher and the 
coach. Teachers tend to implement the innovation more quickly once they 
know that they will be observed (Cooper, Heron, & Heward, 2007). After 
these observations, particular goals can be discussed during reflective 
conversations. But first, the teacher has to self-evaluate his or her lesson. 
After that, the teacher’s self-evaluation and the coach’s observation can be 
compared. This kind of individualised feedback can help teachers change 
their teaching routines (Grierson & Woloshyn, 2013). 

Finally, research suggests that the duration of a PDP (including the 
time span covered and the hours spent on the programme) can also have an 
impact on changing teacher behaviour. A longer (Garet, Birman, Porter, 
Desimone, & Herman, 1999; Banilower, Heck, & Weiss, 2007; Boyle, 
Lamprianou, & Boyle, 2005; Gerard, Varma, Corliss, & Linn, 2011) and/or 
more intensive (Desimone, 2009; Penuel et al. 2007) trajectory is presumed 
to be more effective in establishing teacher change than a shorter one, 
provided that it is well organised and has clear goals (Guskey & Yoon, 
2009). It is argued that sufficient time should be provided to practise with 
the innovation, to reflect on one’s teaching and to be able to make the 
necessary adjustments (Penuel et al., 2007). Usually, one semester to a full 
school year is considered to be sufficient for teachers to practise with an 
innovation (Birman et al., 2000). The above-mentioned features were used to 
develop a PDP for the implementation of the CFA model. This programme is 
described in section 3.3.2. 

 
3.2.3 A curriculum embedded CFA model 

To improve the teachers’ use of CFA they were trained and coached 
in using the curriculum-embedded CFA model as described in Chapter 2. 
The CFA model was embedded in two commonly used mathematics 
curricula to facilitate the teacher during the implementation process. As most 
teachers work with mathematics curriculum materials (Mullis, Martin, Foy, 
& Arora, 2012), integrating CFA into the curriculum would facilitate them in 
assessing their students and providing effective instructional feedback 
accordingly. For instance, the curriculum materials offered the teachers 
assistance by identifying learning goals (e.g. adding up to twenty by 
breaking up numbers till nine) and providing guidelines for instruction (e.g. 
explanations of mathematical procedures or suggestions for mathematical 
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scaffolds, such as number lines or pie charts). Furthermore, the curriculum 
materials contained readily available assignments to assess the students’ 
mastery of the goals, suggestions for small group instruction, and more 
complex tasks for those students who already mastered the learning goal or 
did so quickly. Although the focus of our study lay on providing immediate 
instructional feedback to those students who needed it regardless of their 
presumed proficiency level, the teachers were encouraged to assign students 
to the more complex tasks and provide them with the necessary instructional 
feedback based on the assessment.    

The CFA model consisted of both daily and weekly formative 
assessment cycles. As the two mathematics curricula provided lesson plans 
for four days and reserved one day for finishing up, our model contained 
four daily CFA cycles after which the weekly cycle would take place. Figure 
3.2 shows this procedure. 

Figure 3.2. The curriculum-embedded CFA model consisting of four daily 
CFA cycles and one weekly cycle. 
 

For the daily CFA cycle, the teachers had to decide upon one 
learning goal for the entire class. This learning goal determined which 
knowledge and skills the teacher would be teaching and assessing during a 
particular lesson (Ashford & De Stobbeleir, 2013; Locke & Latham, 2006; 
Marzano, 2006). Based on this learning goal the teacher would provide a 
short goal-directed whole group instruction, using appropriate scaffolds, 
(e.g. an appropriate mathematical representation or procedure) and 
subsequently assess each student’s mastery of the learning goal. The most 
efficient way of collecting evidence on goal mastery in a class of 
approximately 25 students is to each give them specific tasks and 
subsequently assess their individual mathematical proficiency (Ginsburg, 
2009). In our study, the teachers were expected to observe each student 
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separately while they were working on the assignments. To gain more 
insight into their students’ mastery of the learning goal, the students had to 
use a mathematical representation or procedure for each problem item. This 
approach would help the teacher in accommodating the instructional 
feedback to the student’s needs (Heritage & Niemi, 2006). Subsequently, if 
the students failed in solving a problem correctly the teacher had to provide 
immediate instructional feedback in the form of small group instruction. 
Thus, instead of instructing a pre-set group of low-achieving students based 
on the half-yearly or monthly test results, which is common practice in the 
Netherlands, the teacher was expected to provide small group feedback to a 
group of students that may vary per lesson based on the assessment. 

As the daily assessments and instructional feedback might not 
suffice in fully identifying and correcting all students’ misconceptions, the 
teacher was instructed to assess the students once more at the end of the 
week by means of a quiz on the digital whiteboard. Each quiz consisted of 
eight multiple choice questions based on four learning goals covered during 
the weekly programme. These multiple-choice questions could help the 
teacher detect well-known misconceptions (Ginsburg, 2009). A classroom 
response system was used to enhance the participation of the students in the 
quiz (Lantz, 2010). In this system, the students answered the questions by 
using voting devices, after which their answers were digitally stored. After 
each question, the teacher and students were informed about the class’s 
performance. Next, the teacher could give immediate instructional feedback 
by making use of an animation (e.g. jumping on a number line) below the 
question. This animation showed step by step how the problem posed in the 
multiple choice question could best be solved. Figure 3.3 depicts a multiple 
choice question plus instructional feedback.  
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Figure 3.3. An example of a multiple-choice question and instructional 
feedback from a second-grade quiz. 

 
At the end of the quiz, the teacher had to analyse the recorded scores 

to assess each individual student’s mastery of the learning goals. The teacher 
used this information to provide the students with instructional feedback 
once again, if necessary. Table 3.1 shows the entire CFA model in a 
condensed form.  
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The Curriculum-Embedded CFA Model. 

 Daily CFA cycle Weekly CFA cycle 

Goal-directed 
instruction 
 

- One learning goal for the entire class; 
- Short (max. 20 minutes)  whole group instruction; 
- Use of mathematical scaffolds. 

- Goals that were covered during the week. 

Assessment 
 

- Assessment round; 
- Assessment of students’ use of mathematical 
representations or procedures; 
- Selecting students for immediate instructional 
feedback and registration of these students. 

- Digital quiz;  
- Analysis of individual quiz results and selecting 
students for instructional feedback or more 
challenging assignments the next day. 

Instructional 
feedback 
 

- Immediate goal-directed instructional feedback, 
using appropriate scaffolds in a small group, for the 
entire class or instruction about more challenging 
tasks (depending on the results of the assessment): 
- Including assessment. 

- Immediate goal-directed instructional feedback 
when most of the students answered the question 
incorrectly; 
- Goal-directed instructional feedback, using 
appropriate mathematical scaffolds for the students 
that were selected based on the daily assessments 
and the weekly quiz results. 
- Including assessment. 
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3.3 Research Questions 
 
In this chapter, we report on a study in which 36 teachers from seven 
different schools implemented a CFA model in their mathematics teaching. 
The question we sought to answer in our research is: 

 
After receiving training and coaching on the job, how well are primary 
school teachers able to use the curriculum-embedded CFA model in their 
mathematics teaching? 
 
3.4 Study Design 
 
The study was conducted in two phases. In the first phase 19 second- and 
third-grade mathematics teachers from seven schools implemented the CFA 
model during one semester (January to July). During the second phase 17 
different teachers working in the fourth- and fifth-grade classes of the same 
schools implemented the CFA model for a full school year (September to 
July). In the upcoming sections the design of the study and differences 
between the two phases are discussed. 
 
3.4.1 Participants 

In the months preceding the first phase of the study, 17 schools were 
invited via e-mail to take part in the study. Of these 17 schools, seven took 
part in the study. Only teachers who taught two specific curricula (named 
‘Plus’ and ‘The World in Numbers’) could take part in the study. These 
curricula are widely used in the Netherlands and consist of daily 
mathematics lessons based on one main learning goal. Other curricula start 
from more than two learning goals per lesson, which would have made it too 
difficult for the teachers in our study to both assess whether the students had 
sufficiently mastered the learning goals and provide instructional feedback. 
For the same reason multi-grade classes were excluded from the study. 

The sample of the first phase consisted of 10 second-grade and nine 
third-grade teachers from the above-mentioned seven different schools. Of 
these 19 teachers, two were male and 17 female. The age of the teachers 
varied: 16% was between 20 and 30 years old, 32% between 30 and 40, 42% 
between 40 and 50, and 11% between 50 and 60. The second phase sample 
contained nine fourth-grade and eight fifth-grade teachers, of whom eight 
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were male and nine female. Of these 17 teachers 35% was between 30 and 
40 years old, 18% between 40 and 50, 41% between 50 and 60, and 6% 
between 60 and 65. In the different grades the group compositions in terms 
of gender and age formed an adequate reflection of the population of Dutch 
primary school teachers (Dutch Ministry of Education, Culture and Science, 
2014).  

 
3.4.2 Procedure 
 
3.4.2.1 Procedure phase 1 

In the weeks preceding the intervention, the interested schools 
received information about both the project and the CFA model during a 
meeting. Here, a researcher (in total four researchers participated in both 
phases of the study), the school leader and interested teachers tried to 
establish coherence in the goals of the CFA model and those of the school 
and discussed what was expected of the participating teachers as described in 
section 3.2.3. Once both issues were agreed upon, the school could take part 
in het project. Then, in the first two weeks of the intervention the researchers 
observed a mathematics lesson given by the second- and third-grade teachers 
to get an impression of their teaching practices. Next, the PDP based on the 
theoretical considerations described in section 3.2.2 was started. In the first 
phase, the programme covered a time span of one semester. It began with a 
workshop in week 3 led by a certified educational coach. In total three 
certified educational coaches from an external consultancy bureau, 
specialised in training and coaching primary school teachers, participated in 
the study. Each coach was assigned to a specific school and remained that 
school’s coach in the second phase. The workshop had to be attended by the 
participating teachers from all four grades (collective participation) and 
consisted of:  

− Confirming coherence between the rationale and goals of the CFA 
model and those of the school by discussing, for instance, that the 
teachers should not use ability grouping, but instead allow the 
groups of students in need of small group instruction to vary per 
lesson based on their assessments; 

− Discussing the use of the CFA model in practice and what kind of 
barriers had to be overcome and/or what kind of support was 
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needed (e.g. whether the teachers’ time schedule should be adjusted 
for administering the quiz);  

− Realising active learning with a focus on content by having the 
teachers first watch a video featuring a best practice example of the 
CFA model. Then, the teachers prepared some lessons based on the 
CFA model, receiving feedback from each other and the coach. The 
teachers could adapt the CFA model to fit their teaching routines as 
long as these changes did not interfere with its rationale. The 
teachers and coaches discussed which mathematical representations 
and procedures could be used in the lessons. To support the teachers 
in this process, they were provided with: An example of a lesson 
plan, an overview of the mathematical learning trajectories for their 
year grade including mathematical representations and procedures to 
be used during (small group) instruction, and a manual for the 
classroom response system; 

− Practising with the classroom response system after a demonstration.  
Hereafter, the training proceeded with coaching on the job. Starting 

immediately in week 4, the teachers practised (active learning) with the CFA 
model on-site. During week 4 and 5 they were observed four times by their 
coach: Twice during an instruction lesson and twice during a quiz. For all 
observations one or two specific goals (e.g. ‘The teacher is able to assess the 
students’ understanding immediately after the whole group instruction’) 
were the coach’s main focus during the observation. The coach informed the 
teacher of these goals and asked if there were specific topics that the teacher 
wanted to add. After each observation the coach gave the teacher the 
opportunity to evaluate his or her lesson and subsequently compare this 
assessment with the coach’s evaluation. Whenever possible, the coach would 
evaluate the lessons with all the teachers that were observed (collective 
participation).  

After week 4 and 5, the teachers were expected to carry out the CFA 
model by themselves. Halfway through the study (weeks 10 and 11), the 
researchers again observed the teachers, after which also the coach observed 
and coached them during two more lessons (weeks 11 to 13 and weeks 19 to 
21). At the end of the study (in weeks 21 to 23), the researchers observed the 
teachers for a last time. During the whole intervention the teachers could 
always ask for extra coaching or help in analysing the student quiz data, if 
necessary.  
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Over the course of phase 1 the researchers met with the coaches 
three times and engaged in informal evaluations with both the coaches and 
the teachers to identify issues that the latter had been confronted with during 
the project.  

 
3.4.2.2 Procedure phase 2 

Phase 2, which covered a time span of a full school year, started 
with observations of the third- and fourth-grade teachers by the researchers 
in week 1 and 2. Hereafter, the PDP started in week 3 with the same 
workshop as in phase 1. Again, the workshop was led by the school’s coach 
and had to be attended by the participating teachers from all four grades.  

The workshop was immediately followed up with coaching on the 
job similar to that in phase 1. During weeks 4 to 6 the teachers were 
observed during two instruction lessons and two quizzes by their coach. 
After each observation the coach and teacher evaluated and reflected on the 
lesson. In weeks 12 to 14 the teachers were observed a fifth time during an 
instruction lesson.  
 Halfway through the study (weeks 20 to 23), a researcher and the 
coach each observed the teachers. As the coaches indicated that it had been 
difficult to evaluate the lessons with all teachers at the same time during 
phase 1, in phase 2 a team meeting was organised at this point to allow for 
discussion about the difficulties the teachers experienced and support they 
needed.  
 In weeks 30 to 32 the sixth observation by the coach was planned. In 
weeks 39 and 40 the final observations by the coach took place, while in 
weeks 41 and 42 the researchers observed the teachers. During the entire 
project the teachers could request extra help or coaching on the job.  

Over the course of phase 2 the researchers met with the coaches five 
times and engaged in informal evaluations with both the coaches and the 
teachers to gain some insight into the extent to which the CFA model was 
implemented as intended. 

  
3.4.3 Instruments 
 
3.4.3.1 Observation instrument daily CFA 

To find out to what extent the teachers used the daily CFA cycle, in 
both phases three mathematics lessons per teacher were observed and 
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recorded on a time interval sheet (see Appendix A). This observation 
instrument was developed by the researchers and educational coaches prior 
to the study during three pilot studies. In these pilot studies, both the 
researchers and educational coaches used it during observations of teachers. 
They discussed their experiences with the instrument and amended it 
accordingly. This resulted in an observation instrument in which the 
teacher’s activities were indicated per minute on the sheet (instruction, 
assessment, feedback or classroom management). Every fifth minute the 
researcher wrote down the number of students who were not paying attention 
to the teacher or – in case of independent seat work – their assignments. The 
information about classroom management and the number of students not 
paying attention was used to determine possible barriers to the teachers’ use 
of the CFA model. Observation data about goal-directed instruction, 
assessment and immediate instructional feedback were used to construct an 
implementation score for the teachers’ use of daily CFA. The score was 
based on the following key features which could be observed during the 
lesson:  
Goal-directed instruction:  

− Feature 1: The teacher provides a short introduction; 
− Feature 2: The teacher provides an instruction for a maximum of 20 

minutes that is focussed on one learning goal; 
− Feature 3: The teacher uses appropriate scaffolds, such as a 

mathematical representation or procedure, that are in accordance 
with the learning goal. 

Assessment: 
− Feature 1: The teacher assesses the students’ work during seat work 

for two (class size: 15 to 20 students) to six  (class size: more than 
20 students) minutes before providing immediate instructional 
feedback; 

− Feature 2: The teacher’s primary focus lies on assessing the 
students’ work rather than on responding to the students’ questions. 

Immediate instructional feedback: 
− Feature 1: The teacher provides the selected students with 

instructional feedback immediately after the assessment; 
− Feature 2: The teacher uses appropriate scaffolds that are in 

accordance with the learning goal; 
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− Feature 3: The teacher assesses the selected students’ mastery of the 
learning goal after the immediate instructional feedback; 

− Feature 4: The teacher spends at least five minutes on providing 
immediate instructional feedback about the learning goal and re-
assessing the student’s mastery (five minutes was considered to be 
the minimum amount of time to perform these actions). 
The internal consistency of the scale for teachers’ daily use of CFA 

was good with a Cronbach’s α of .80. As was mentioned before, the teachers 
were observed by four different researchers. Prior to the study, the 
researchers scored two videos of two different mathematics lessons. After 
every fifth minute they discussed their scores and reached agreement on 
issues they encountered, such as how to score a minute in which a teacher 
shows more than one activity (the researchers would score the predominant 
activity within that minute). Then, the researchers scored a third video 
independently from each other. These scores were used to establish that the 
inter-observer reliability among the researchers was good with κ= .759 and p 
< .001 for multiple raters (Siegel & Castellan, 1988).  

For both phase 1 and phase 2 Wilcoxon Signed Ranks Tests were 
used to determine whether the scores for the first and third observation 
regarding the daily use of CFA was significantly different. To explore which 
features contributed most to a possible change in use, we used McNemar 
tests to find out whether the proportions of use of the different features 
during the third observation were significantly different from those during 
the first observation. 
 
3.4.3.2 Registration of quiz data 

The researchers used the quiz data stored by the classroom response 
system to check how frequently the teachers administered the weekly quiz 
and analysed the students’ quiz results. During phase 1 there were 
approximately 10 weeks of daily mathematics lessons per teacher. The 
remaining weeks within the curriculum consisted of ‘test weeks’. So the 
classroom response system had to store the results of 10 quizzes. In phase 2, 
the teachers gave daily mathematics lessons for 21 weeks. So here the 
classroom response system had to store the results of 21 quizzes. Based on 
these data, the proportion of quizzes administered and analysed by the 
teachers was calculated.  
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3.4.3.3 Implementation scale entire CFA model 
To construct an implementation scale for the use of the entire CFA 

model, we averaged the proportions of the teachers’ use of daily CFA and 
the proportions of their use of weekly CFA. As a result, the entire 
implementation scale ran from 0 to 1. With a Cronbach’s α of 0.76 its 
reliability was acceptable.  

 
3.4.3.4 Evaluation forms 
 During the PDP the coaches observed the teachers and filled in 
evaluation forms for the lessons and quizzes. The lesson evaluation forms 
(see Appendix B) contained a checklist and a space for general feedback 
plus the teacher’s comments. The checklist was divided into five lesson 
episodes: Introduction, instruction, independent seat work, small group 
instruction and rounding up. Observed features were marked on the form and 
commented upon. On the last page of the form the coach could write down 
general feedback about the teachers’ use of the CFA elements or other 
issues, such as classroom management. As the evaluation forms were used in 
the reflective conversations between the coach and the teacher, there was 
additional space for the coach to write down possible comments made by the 
teacher about the lesson.  

The quiz evaluation forms (see Appendix C) also contained a 
checklist and a space for general feedback and teacher remarks. During the 
quizzes the coaches scored per item how many students answered a question, 
how many answered a question correctly and whether the teacher provided 
immediate instructional feedback. Again on the last page, the coach could 
provide feedback and write down the teacher’s comments about the quiz. 

At the end of the study, the evaluation forms were used to score how 
often a specific element of the CFA model had been absent in the lesson or 
quiz and to what extent certain issues were addressed in the reflective 
conversation with the teacher. The evaluation forms were also used for 
qualitative purposes, for example to establish the teachers’ experiences with 
the CFA model.  
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3.5 Results 
 
3.5.1 Implementation of the professional development programme 

In informal evaluations the coaches indicated that in both phases the 
workshops had taken place in all schools and that coherence was confirmed 
between the rationale and goals of the CFA model and those of the teachers. 
Some teachers had, however, expressed their fear that exchanging the ability 
groups and original differentiated instruction plans for the CFA model would 
cause issues with the Inspectorate of Education, as these plans form the basis 
for teacher accountability with respect to the quality of the teaching 
practices. As the observation and evaluation forms only showed an 
incidental use of pre-set ability grouping during the lessons, these concerns 
seem to have been shed during the PDP. Additionally, the coaches remarked 
that they discussed possible barriers and support with the teachers to 
facilitate the implementation process. Topics that were dealt with included, 
for instance, the re-scheduling of mathematics lessons, where in the 
classroom to place a table allowing for small-group instruction or the use of 
timers for classroom management purposes.  

In both phases of the study, the coaching on the job as intended was 
partly carried out. In the first phase, 84% of the 114 intended visits were 
made, and in the second phase the coaches met with the teachers 106 times, 
which is 89% of the intended number of visits. Those which did not take 
place concerned visits for instructional mathematics lessons. All of the 
planned visits with regard to the quiz were carried out. These percentages 
suggest that the teachers took part in active learning by practising with the 
CFA model on-site. At the end of each visit the lesson was evaluated and 
reflected upon by both the coach and the teacher. During these evaluations 
the focus often lay on the use of the three CFA elements in combination with 
the content of the mathematics lessons. For instance, the evaluation forms 
showed that they discussed issues such as the criteria for selecting students 
for small group instruction or how to decide upon a suitable mathematical 
scaffold for small group instruction.  

In addition to the workshop and coaching on the job, the teachers in 
the second phase were expected to attend to one school team meeting to 
enhance collective participation. However, only three of the planned seven 
meetings were held. This number was too low. The coaches indicated that 
they sometimes experienced difficulties in planning visits and team 
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meetings. Often other activities, such as remedial teaching, testing, school 
festivities, or field trips stood in the way of these events. And sometimes, the 
(unexpected) absence of a teacher would prevent a visit. Overall, the coaches 
reported on a lack of support of the school teams and school leader for the 
PDP. Initially the school leaders and teachers had agreed upon the goals of 
the CFA model and the conditions for participating in the project. However, 
during the project only a few teachers and school leaders had made real 
efforts to participate in the workshop and/or the team meetings. The coaches 
indicated that often the school leaders hardly encouraged their teachers to 
participate in the projects’ activities. 

 
3.5.2 Implementation of the CFA model during the first phase 

In both phases the teachers were observed three times: The first time 
to determine their usual daily practices and the second and third time to 
establish to what extent they were able to use CFA on a daily and weekly 
basis. Table 3.2 shows the proportion of teachers that applied a specific 
feature during the observations. We used McNemars tests to explore whether 
there were significant differences in the proportions of use during the first 
and third observation. It turned out that significantly more teachers were able 
to provide a short introduction to their lesson during the third observation (p 
= .004), which implies that the instruction was more focussed on one main 
learning goal than the instruction during the first observation. Additionally, 
significantly more teachers assessed their students’ work during seat work (p 
= .016). Finally, significantly more teachers were able to provide the 
selected students with instructional feedback immediately after the 
assessment (p = .008) and to use appropriate scaffolds (p = .016). However, 
although more teachers assessed their students’ mastery of the learning goal 
and provided immediate instructional feedback, this proportion remained 
rather low with proportions between .40 and .60. 
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Table 3.2 
Teachers’ Use of the Underlying Features of the Daily CFA Cycle in Phase 
1. All Scores are Proportions. 

 Observation 1   
(n=19) 

Observation 2  
(n=19) 

Observation 3 
(n=19) 

Goal-directed instruction    

Short introduction .42 .79 .89 

Short instruction about 
one goal 

.95 .74 .95 

Appropriate scaffolds .58 .63 .63 

Assessment    

Assessment round after 
instruction 

.21 .63 .58 

Focus on assessment .26 .58 .58 

Instructional feedback    

Immediately after 
assessment 

.11 .63 .53 

Appropriate scaffolds  .11 .63 .47 

Assessment  .11 .37 .26 

Duration at least 5 min .05 .21 .21 
 

Table 3.3 depicts the extent to which the first phase teachers who 
were trained and coached for one semester, executed daily CFA, weekly 
CFA and the complete CFA model during the observations. A Wilcoxon 
Signed Ranks Test was used to determine whether the scores for the daily 
CFA cycle during the first and the third observation significantly differed. 
The results show that the teachers significantly improved in the use of daily 
CFA with Z = -2.98, p = .003.  

The data registered by the classroom response system were analysed 
to determine to what extent the first phase teachers had carried out the 
weekly quizzes and analysed the student quiz results. Half or more of the 
teachers administered 70% (Q1: .50 and Q3: .70) of all 10 available quizzes. 
This is an acceptable percentage. Some teachers mentioned that not carrying 
out a quiz was usually due to a lack of time during a particular week. For 
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most of the quizzes the teachers analysed the student quiz results (Mdn: .50). 
However, the first (.30) and the third quartile (.70) indicate that there were 
large differences in the teachers’ use of the reports. Evaluations with the 
teachers indicated that some had had difficulties in using the classroom 
response system to retrieve the student data. The teachers were expected to 
provide instructional feedback based on the quiz results to those students 
who needed it. Given the median score of .50 for the teachers’ use of the 
reports, however, we assume that the teachers hardly provided instructional 
feedback to individual students based on the students’ individual quiz 
results. Table 3.3 shows that these proportions led to a median score for 
teachers’ use of weekly CFA of .55. 
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Teachers’ Use of the Daily CFA Cycle, the Weekly CFA Cycle and the Complete CFA Model in Phase 1. All Scores are 
Proportions. 

 Observation 1   
(n=19) 

 Observation 2  
(n=19) 

 Observation 3  
(n=19) 

 Q1 Mdn Q3  Q1 Mdn Q3  Q1 Mdn Q3 

Daily CFA .11 .22 .44  .22 .67 .78  .33 .56 .78 

Weekly CFA         .40 .55 .70 

Complete CFA model     .46 .53 .72 

Note: Q1 refers to quartile 1, Mdn (Median) refers to quartile 2 and Q3 refers to quartile 3.
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In addition to interpreting the data registered by the classroom 
response system, the coaches observed two quizzes per teacher in both 
grades to determine to what extent immediate instructional feedback was 
provided after each question. Three of the 38 observed quizzes (8%) were 
not used because the coach did not completely fill in the evaluation form. In 
these instances the coach was usually too busy helping the teacher in 
administering the quiz. This implies that in total 280 (35 x 8 questions) 
questions were observed. Analysis of the evaluation forms showed that the 
first phase teachers provided immediate instructional feedback after a 
question for 43% of the items (SD = .26). With respect to the provision of 
immediate feedback, the standard deviation indicates that there was a lot of 
variability in the teachers’ use of the quiz. Nonetheless, these results seem to 
indicate that generally the teachers were quite willing to provide immediate 
instructional feedback, even when only a few students had answered the 
question incorrectly. For 93% of the questions that many students failed to 
answer correctly immediate instructional feedback was provided (SD = .11). 

As a result of the low scores on immediate instructional feedback 
and the weekly quizzes and reports, the implementation of the entire CFA 
model with a median proportion of .53 (see Table 3.3) did not meet our 
standards. 

 
3.5.3 Implementation of the CFA model during the second phase 

Table 3.4 shows the degree to which the second phase teachers – 
who were trained and coached for one school year – used the underlying 
features of the daily CFA cycle. McNemar tests showed that during the third 
observation significantly more teachers assessed their students’ 
understanding of the learning goal after the instruction (p = .002) and 
focussed their assessment on the students’ work (p = .002). Furthermore, 
significantly more teachers provided the selected students with immediate 
instructional feedback (p = .039) and used appropriate scaffolds (p = .021). 
As in phase 1, however, a mere proportion of .59 of the teachers provided 
immediate instructional feedback. 
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Table 3.4  
Teachers’ Use of the Underlying Features of the Daily CFA Cycle in Phase 
2. All Scores are Proportions. 

 Observation 1   
(n=17) 

Observation 2  
(n=17) 

Observation 3  
(n=17) 

Goal-directed instruction    

Short introduction .71 .94 .82 

Short instruction about 
one goal 

.76 .65 .82 

Appropriate scaffolds .82 .82 .88 

Assessment    

Assessment round after 
instruction 

.12 .71 .71 

Focus on assessment .18 .59 .76 

Instructional feedback    

Immediately after 
assessment 

.12 .59 .59 

Appropriate scaffolds  .12 .47 .59 

Assessment  .12 .24 .47 

Duration at least 5 min .12 .24 .24 

 
Table 3.5 shows to what extent the second phase teachers who were 

trained and coached for a full school year, applied daily CFA, weekly CFA 
and the complete CFA model during the observations. A Wilcoxon Signed 
Ranks Test was used to determine whether there were significant differences 
between the scores for daily CFA during the first and the third observation. 
It appears that the second phase teachers’ use of daily CFA significantly 
improved (Z = -2.61, p = .009).  

As regards the weekly use of the CFA model, the data showed that 
half or more of the second phase teachers administered at least 71% of all 21 
available quizzes. This proportion is acceptable. However, the first (Q1: .46) 
and third quartiles (Q3: .93) indicate large differences among the teachers in 
the implementation of the quizzes. During informal evaluations some 
teachers indicated that they experienced problems with the classroom 



 

71 

response system and that they did not always have enough time to administer 
the quiz. For practically all quizzes that were carried out, the teachers 
analysed the students’ quiz results (Q1: . 44, Mdn: .71, Q3: .86).  
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Teachers’ Use of the Daily CFA Cycle, the Weekly CFA Cycle and the Complete CFA Model in Phase 2. All Scores are 
Proportions. 

 Observation 1   
(n=19) 

 Observation 2  
(n=19) 

 Observation 3  
(n=19) 

 Q1 Mdn Q3  Q1 Mdn Q3  Q1 Mdn Q3 

Daily CFA .22 .33 .33  .28 .67 .83  .39 .78 .89 

Weekly CFA         .45 .71 .89 

Complete CFA model     .57 .67 .81 

Note: Q1 refers to quartile 1, Mdn (Median) refers to quartile 2 and Q3 refers to quartile 3. 
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As in phase 1, in both grades the coaches observed two quizzes per 
teacher to determine to what extent immediate instructional feedback was 
provided after the question items. Ten of the 34 quizzes observed (29%) 
were not used, again because the coach had to assist the teachers in 
administering the quiz, preventing him/her from filling in the evaluation 
form. In total 192 (24 x 8 questions) questions were observed on which in 
more than a third of the cases (M = .42 and SD = .34) immediate 
instructional feedback was provided by the teachers. As a considerable 
degree of variability can be observed in the teachers’ use of the quiz with 
regard to this element, it seems that some teachers may have been inclined to 
provide feedback more often than was necessary. As in the first phase, on 
93% of the questions that many students answered incorrectly immediate 
instructional feedback was provided (SD = .09).  

Combining the scores for the teachers’ use of daily and weekly CFA 
resulted in a median implementation score for the entire CFA model of .67 
(see Table 3.5), which is below our requirements. 

 
3.5.4 Evaluations by the coaches 

To gain insight into particular difficulties teachers experienced when 
applying the CFA model in their teaching, the evaluation forms of the 
coaches were quantitatively and qualitatively analysed. During the first 
phase the coaches fully completed 58 evaluation forms for the instructional 
mathematics lessons. In the second phase, they filled in 63 of these forms 
completely. As not all planned visits were carried out and some forms were 
not entirely filled in, the number of complete evaluation forms was lower 
than expected.  

Table 3.6 depicts the issues that came up recurrently in the 
evaluation forms. Note that most of the classroom visits took place at the 
beginning of the intervention. Considering the fact that our previous analyses 
showed that the teachers improved significantly in their use of the CFA 
model, the issues presented below may very well portray a more negative 
image of the teachers’ use of the CFA model than was the case half-way and 
at the end of the intervention.  
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Table 3.6 
Proportion of Evaluation Forms that Mentioned an Issue Concerning the 
Teachers’ Use of Goal-Directed Instruction, Assessment and Immediate, 
Instructional Feedback during Daily Lessons. 

 
First 
phase 
(n=58) 

Second 
phase 
(n=63) 

Goal-directed instruction .19 .38 

Not goal-directed .14 .25 

Quality of instruction .05 .13 

Assessment .23 .39 

No assessment .09 .14 

Quality of assessment .14 .25 

Immediate instructional feedback .53 .89 

No feedback at all .14 .10 

Quality of feedback .16 .37 

Individual help instead of group feedback .16 .19 

Pre-set ability groups instead of selected group 
based on the assessment during the lesson .07 .23 

Classroom management issues .12 .10 

Note: n refers to the number of evaluation forms. 
 

The evaluation forms indicated that there may have been some 
issues concerning the quality of the teachers’ assessments. According to the 
coaches, the students’ work was often not assessed thoroughly enough (first 
phase: 23%; second phase: 39%). Rather than fully assessing their work, the 
teachers generally merely asked the students if they understood the learning 
goal. We assume, however, that the quality of the assessments improved 
during the intervention.  

The most striking issue addressed in the evaluation forms is the low 
quality or even absence of immediate instructional feedback after the 
assessments (phase 1: 30%, phase 2: 47%). The coaches reported on many 
cases where the teachers did not provide this feedback in line with the 
students’ needs, but merely repeated the whole-group instruction without 
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using an appropriate mathematical representation/procedure or concrete 
materials. In addition, in 35% of the evaluation forms mention was made 
that rather than providing immediate instructional feedback based on the 
assessment of the students’ work, the teachers merely responded to the 
students’ questions in class. Many teachers indeed indicated that this matter 
was their greatest pitfall. The high percentage for the second phase teachers’ 
use of ability grouping is mainly the result of the teachers allowing high-
achieving students to skip the instruction and work independently on 
assignments. Most often, assessment of these students’ mastery of the 
learning goal and subsequent instructional feedback takes place after they 
have finished their tasks.  

Finally, an issue remains, which is not directly linked to the CFA 
model, but may well have interfered with the teachers’ ability to implement 
it. This topic concerns the teachers’ classroom management skills. The 
coaches indicated that classroom management issues mostly played a role 
during the provision of immediate instructional feedback in the form of 
small group instruction. During class, teachers were often so preoccupied 
with keeping the turmoil in the classroom to a minimum, that they were 
unable to focus sufficiently on this task. According to the coaches, this 
situation highly influenced the quality of the immediate instructional 
feedback provided. 

 
3.6 Conclusion 

 
The aim of this study was to find out to what extent Dutch primary school 
teachers were able to work effectively with a curriculum-embedded CFA 
model in their mathematics teaching after taking part in a PDP. Our study 
shows that most teachers seemed to succeed in learning how to use the CFA 
model during their mathematics lessons. In particular, the second-phase 
teachers improved in assessing their students’ mastery of the learning goals 
by observing their work. During both the first and second phase significantly 
more teachers provided immediate instructional feedback. Unfortunately, the 
proportion of teachers providing immediate instructional feedback remained 
rather low and many teachers also remained to have difficulties in this area. 
Analysis of the evaluation forms, as well as informal conversations with the 
coaches and teachers provided an indication of which factors undermined the 
teachers’ implementation process.  
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Firstly, our PDP may not have had the effect that was intended. For 
instance, prior to the start of the project, a researcher, the school leader and 
teachers reached agreement about the project’s goals and requirements. 
During the workshop that followed, the teachers once again discussed the 
coherence between the goals of the CFA model and those of the school. 
After this discussion they appeared to have resolved their issues with regard 
to exchanging their practice of using ability groups and instruction plans for 
the CFA model. Nonetheless, during informal conversations with the 
researchers, some teachers expressed that they continued to have concerns as 
regards this issue. It is not uncommon for teachers to experience tension 
between government policy-driven practices and their own beliefs (Bonner, 
2016). We may have underestimated the influence of this tension on the 
teachers’ willingness to implement the CFA model as intended in their day-
to-day practice. Although the school leader can play an important role in 
establishing coherence in goals and removing the teachers’ concerns as 
regards this issue, in future studies the PDP should make teachers aware that 
the CFA model and government policy-driven assessment practices are 
different ways of operationalising the formative assessment cycle (Bonner, 
2016). In that sense, they can, and perhaps should, be integrated to allow for 
an optimal use of the cycle. This viewpoint may relief some of the tension 
that some teachers experience. 

Another issue that may not have been dealt with adequately in our 
PDP were barriers and support. We were aware of barriers that could 
negatively influence the use of the CFA model (Penuel et al., 2007). 
Therefore we explicitly discussed ways to support teachers in overcoming 
these obstacles during the PDP. This support mainly focussed on barriers 
within the classroom context, such as classroom layout or classroom 
management. However, during the intervention, it became apparent that 
there were also other organisational bottlenecks (often on a school level 
beyond the teachers’ control) that hindered the teachers in fully 
implementing the CFA model. Examples are interruptions caused by 
remedial teaching, administering tests, extracurricular activities and physical 
exercise-lessons. Other studies also report on issues related to classroom 
management and distraction resulting from interruptions as causes for 
teachers’ difficulties in properly assessing their students and providing them 
with adequate instructional feedback (cf. Clarke & McCallum in Young & 
Kim, 2010). These factors might partly explain why most teachers in our 
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study did not always succeed in providing adequate immediate instructional 
feedback. Comparable barriers are likely to have played a role in the 
incomplete realisation of the coaching on the job. Activities such as school 
festivities, field trips or illness sometimes prevented the coaches from 
visiting the teachers. Nonetheless, all in all, the percentage of visits made 
indicates that the teachers had ample opportunity to participate in active 
learning with a focus on content by practicing on-site. It remains important, 
though, that the school leader participates in the PDP so teachers can 
communicate possible barriers and required support. The school leader can 
then create favourable conditions for the teachers to adequately implement 
the CFA model and remove organisational obstacles as described above. 

In addition to the lack of support of the school leader the coaches 
conveyed a lack of support in general. Only the teachers who were 
immediately coached on the job had made serious efforts in implementing 
the CFA model. The other teachers had generally declined to participate in 
the workshop and had lost interest altogether during the implementation 
phase. Furthermore, the coaches indicated that throughout the programme 
the school leaders had shown little interest in the rationale of the CFA model 
and did not hold teachers responsible for implementation fidelity. It seems as 
if the school leaders considered participation in the project solely as the 
responsibility of the individual teachers. Therefore, they did not interfere 
with some teachers’ reluctance in applying the CFA model. This conduct 
may be explained by the primary focus of most school leaders, which is not 
on educating the teachers, but on educating the students (Van Veen et al., 
2010). It may also indicate that there was no professional learning climate, in 
which teachers learn from each other by providing professional feedback, 
discuss their vision, share responsibilities and make collective choices 
(Little, 2006), present at the schools.  It is conceivable that this has 
undermined a full implementation of the project and confirms the notion that 
school leaders are essential in making innovative projects, such as changing 
teaching practices, a success (Coburn, 2004; Fullan, 2007; Guskey & Yoon, 
2009; Moss et al., 2013). Perhaps the school leader and teachers would have 
been more engaged in the implementation process if we had focussed on 
supervision within the school. In that case the coaching on the job would 
have been executed by the school leader and teachers instead of the 
educational coaches. This might have been a more effective means to 
establish collective participation and a more professional learning climate. 
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A second factor that may have influenced the teachers’ 
implementation process, were the adaptations that the teachers had to make 
to (the preparation of) their mathematics lessons, the required knowledge 
and skills and their self-perceived competence to implement the CFA model 
properly. Particularly the teachers’ provision of immediate instructional 
feedback based on their assessments is a concern. Although a lack of goal 
coherence and insufficient support by the school teams and leaders may 
partly explain why teachers did not always successfully use this element 
(Bonner, 2016), the teachers’ mathematical knowledge and skills possibly 
also played an important role. For a successful implementation of the CFA 
model, the teacher should be able to analyse the students’ work on the spot 
and make immediate decisions about the instructional feedback required at 
that particular moment. This ‘on the fly’ use of mathematical knowledge and 
skills is a demanding task for many teachers (Cowie & Harrison, 2016). In 
fact, studies have shown that teachers find it difficult to determine exactly 
what kind of feedback is required immediately after they have identified a 
student’s error (Heritage et al., 2009; Schneider & Gowan, 2013), let alone 
doing so in class. Perhaps some of the teachers in this study decided not to 
provide immediate instructional feedback simply because they felt that they 
were not competent enough to do so (Bonner, 2016). This suggestion also 
indicates that the handout of learning trajectories and the curriculum 
materials obviously did not provide the teachers with enough didactic 
support as regards this issue. As the provision of effective feedback seems to 
be a recurring issue in studies after (classroom) formative assessment (cf. 
Antoniou & James, 2014; Heritage et al., 2009; Wylie & Lyon, 2015) it 
would be worthwhile to find out how a PDP could best cater to the teachers’ 
needs as regards this particular aspect of formative assessment. 

Thirdly, our CFA model required the teachers to adopt a flexible 
approach, given that it was impossible to know in advance which students 
would experience difficulties and what these difficulties would entail. If 
teachers are not used to working in this way and do not possess the 
necessary knowledge and skills, a great deal of time and effort needs to be 
invested before CFA can be used properly. Teachers have been observed to 
implement only parts of an innovation because of the time and efforts 
required (Coburn, 2004). This finding may be an explanation as to why the 
teachers in this study only used certain elements of the CFA model.  
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Finally, the quiz data and the coaches’ evaluations showed that the 
teachers had some difficulties with the use of the classroom response system. 
Retrieving data from this system proved to be particularly problematic. It is 
not unlikely that teachers lack a certain degree of ICT skills. Usually, these 
skills can be learned fairly easily, and often teachers experience no 
difficulties anymore after having worked with a programme a few times 
(Lee, Feldman, & Beatty, 2011). In order to make the analyses easier, we 
recommend that future research specifically focusses on the clarity of the 
output of the classroom response systems. This output could, for example, be 
presented in the form of an overview that instantly shows the topics of 
interest, such as the questions perceived as difficult and the names of the 
individual students who experienced difficulties.  

In conclusion, this study has made clear that implementing a 
curriculum-embedded CFA model, which at first sight seems low in 
complexity, is a strenuous process. Although our informal evaluative 
conversations with the teachers and coaches do not allow us to draw any 
definite conclusions about the effectiveness of our PDP, they do indicate that 
it did not entirely function as planned. In spite of our efforts to ensure that 
there was enough support within the school as well as intensive coaching on 
the job, there were still plenty of barriers to overcome. In implementing the 
CFA model in schools, our advice on the basis of this study is to ensure that 
the school leader actively takes part in the implementation process, for 
example by creating favourable conditions and providing support. The 
question that remains is: How can school leaders be motivated to play an 
active role in the implementation process? Our study has shown that simply 
requesting their help and asking for their word is not enough. Finally, the 
PDP should not only be focussed on supporting the teachers in how to use 
the elements of the CFA model. It should also emphasise the preconditions 
for its effective use, such as the development of mathematical content 
knowledge and classroom management skills. If these issues are taken care 
of, teachers should be able to successfully implement the CFA model as 
presented in this study and the model could be tested for its effectiveness. 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Chapter 4 

 

Testing the Effectiveness of Classroom Formative 

Assessment in Dutch Primary Mathematics Education 
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Abstract 
 

Classroom formative assessment (CFA) is considered to be a fundamental 
part of effective teaching, as it is presumed to enhance student 
performance. However, there is only limited empirical evidence to support 
this notion. In this effect study, a quasi-experiment was conducted to 
compare two conditions. In the treatment condition 17 teachers 
implemented a CFA model both daily and weekly goal-directed instruction, 
assessment and immediate instructional feedback for students who needed 
additional support. In the control condition 17 teachers implemented a 
modification to their usual practice. They assessed their students’ mastery 
of learning goals on the basis of half-yearly mathematics tests, and 
prepared weekly pre-teaching sessions for groups of low-achieving 
students. The posttests showed no significant differences in student 
performance between the two conditions after controlling for student and 
teacher characteristics. The degree of implementation of the CFA model, 
however, appeared to be positively related to the fifth-grade students’ 
performance.  
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4.1 Introduction 
 
Basic mathematical knowledge and skills are prerequisites to fully 
participate in today’s society (OECD, 2014). Unfortunately, in many 
countries primary school students’ mathematics performance is below 
expectation or is declining (OECD, 2014, pp. 50-56; OECD, 2016, pp. 181-
184). To improve students’ mathematical abilities governments, researchers 
and teachers often turn their attention to instructional practices that include 
the use of elements such as goal setting and providing instruction 
accordingly, assessment, adaptive teaching, grouping strategies, feedback, 
and reinforcement, as they are generally considered to be effective in 
enhancing student performance (Good, Wiley, & Flores, 2009; Reynolds et 
al., 2014; Scheerens, 2016). Particularly the use of formative assessment as a 
combination of three of these elements, namely goal setting and providing 
instruction accordingly, assessment and feedback, has gained renewed 
interest (Conderman & Hedin, 2012; Dutch Inspectorate of Education, 2010; 
Mandinach, 2012). Formative assessment refers to the process of gathering 
and analysing information about the students’ understanding of a learning 
goal to provide instructional feedback that moves students forward in their 
learning process (Black & Wiliam, 2009; Callingham, 2008; Shepard, 2008). 

Figure 4.1. Three elements of formative assessment. 
 

It is thus a process (see Figure 4.1) consisting of three key elements 
‘goal-directed instruction’, ‘assessment’ and ‘instructional feedback’ that is 
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used to promote adaptive teaching (Black & Wiliam, 2009; Wiliam & 
Thompson, 2008).  

A formative assessment cycle is started by setting clear learning 
goals for the students. Formulating clear learning goals is a precondition for 
the subsequent assessment to take place, as it determines which knowledge 
and skills are going to be taught and assessed (Ashford & De Stobbeleir, 
2013; Locke & Latham, 2006; Marzano, 2006). Furthermore, it enables 
drawing conclusions about students’ levels of mastery (Moon, 2005).  

The subsequent assessment is used to gather information about the 
possible gaps in students’ current knowledge and skills and those described 
by the learning goals. The assessment should also provide information about 
a student’s zone of proximal development. This zone of proximal 
development is best described as the level of competence that a student can 
reach with the help of a more competent other (Vygotsky, 1978). This kind 
of information is crucial for providing effective instructional feedback aimed 
at closing students’ gaps in knowledge and skills (Hattie & Timperley, 2007; 
Moon, 2005; Shepard, 2005). A teacher can provide instructional feedback 
by means of scaffolding within the zone of proximal development. This 
entails that a teacher supports a student in completing a task by for instance 
modelling it, providing explicit instruction or providing visual 
representations (Pfister, Moser Opitz, & Pauli, 2015). This support is 
gradually released up until the point that the student can perform the task on 
his or her own (Wood, Bruner, & Ross, 1976). Once the instructional 
feedback has been provided and all students have mastered the learning goal, 
the formative assessment cycle starts all over again. Based on the place, 
timing and purpose of the above-mentioned elements, several types of 
formative assessment can be distinguished, ranging from the use of 
standardised test data aimed at differentiated instruction to self-assessments 
to enhance students’ self-regulated learning.  

Although there appears to be a consensus on the value added of 
formative assessment in promoting student performance, there is much 
debate about which form of formative assessment is most effective. There 
appears to be no clear empirical evidence about what works in which way 
for students of different ages (cf. Dunn & Mulvenon, 2009; Kingston & 
Nash, 2011; McMillan, Venable, & Varier, 2013). There is especially little 
known about the effectiveness of formative assessment in mathematics 
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education. A meta-analysis by Kingston and Nash (2011) about the effect of 
formative assessment on student performance has reported on only five 
studies regarding mathematics education. These studies yielded a mean 
effect size of .17 with 95% confidence intervals ranging from .14 to .20 (n = 
19). This is considered to be a small effect size (Cohen, 1988). 

There is, however, reason to believe that formative assessment 
consisting of frequent assessments in combination with timely instructional 
feedback is effective in enhancing student performance. In fact, a minimal 
frequency of two times a week has been reported to yield effect sizes no 
smaller than between .80 and .85 and percentile point gains of 29.0 to 30.0 
(Bangert-Drowns, Kulik, & Kulik, 1991; Fuchs & Fuchs, 1986). This may 
explain why a common formative assessment practice in which half-yearly 
standardised tests are used to create differentiated instruction plans often 
have a nonsignificant or small effect on student performance (cf. Keuning & 
Van Geel, 2016 or Ritzema, 2015): The time span between the assessment 
and the instructional feedback may be too long (Conderman & Hedin, 2012). 
Therefore, a different kind of formative assessment, called classroom 
formative assessment (CFA), may be a more promising means to enhance 
student performance, as it is used during a lesson cycle (Conderman & 
Hedin, 2012). In this chapter, we assess the potential value added of a CFA 
practice by comparing student performance on mathematics tests in two 
conditions. In the treatment condition (CFA condition), 17 teachers from 
seven schools used a CFA model in which frequent assessments of each 
student’s mastery were applied to allow for specific instructional feedback 
during the mathematics lessons, whilst in the control condition 17 teachers 
from eight different schools implemented a modification to their usual 
practice of analysing their students’ half-yearly standardised mathematics 
tests to plan instructional support for low-achieving students. To diminish 
implementation issues the teachers were intensively trained and coached 
during a professional development programme (PDP). Both conditions and 
their differences will be discussed in more detail in the upcoming sections.  
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4.2 Theoretical Framework 
 

4.2.1 Classroom formative assessment 
CFA is a type of formative assessment that is used during a lesson to 

allow for frequent assessments in combination with timely and continuous 
feedback. For this reason, it makes sense to expect that CFA is effective in 
improving student achievement. Perhaps therefore, many teachers use CFA 
to gain additional information about students’ understanding for the purpose 
of instructional decision making (Conderman & Hedin, 2012). In practice, 
CFA requires the teacher to assess the students’ mastery of a particular 
learning goal during the lesson and provide immediate instructional 
feedback. By providing instructional feedback during the lesson, students’ 
misconceptions are corrected as quickly as possible allowing for an 
uninterrupted learning process. CFA should be particularly effective in 
enhancing student performance in the domain of mathematics, as mastery of 
new topics hinges on previously acquired mathematical knowledge and 
skills. It thus seems reasonable to assume that a teacher should continuously 
assess the students’ mastery and provide instructional feedback to prevent 
students from developing knowledge gaps.  

Often, CFA consists of an interaction between the teacher and 
students to allow for decision making during instruction (cf. Heritage, 2010; 
Leahy, Lyon, Thompson, & Wiliam, 2005; Shepard, 2000). Assessment 
techniques, such as questioning (preferably with the aid of answering cards) 
and classroom discussions are used to provide the teacher with an impression 
of the class’s understanding of the learning goal. It is debateable, however, 
whether these interactive assessment techniques provide teachers with 
sufficient insight into students’ individual difficulties. For example, not all 
students may participate actively in the discussion resulting in a lack of 
insight in these students’ skills and proficiencies. Furthermore, in general 
these interactive techniques tend to generate an unstructured overload of 
information that is difficult to translate into instructional feedback for each 
individual student. Without specific information about students’ individual 
difficulties, the provision of adequate instructional feedback is problematic 
(Ateh, 2015). It thus seems, that teachers should frequently apply classroom 
formative assessments during the lessons that allow them to gain insight into 
each individual student’s struggles.  
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4.2.2 Comparing two conditions 
A common method of establishing the effectiveness of an 

intervention is comparing a business-as-usual control condition with a 
treatment condition. This practice, however, has some drawbacks. Firstly, it 
is susceptible to the so-called Hawthorne effect. This kind of effect entails 
that teachers and/or students in the treatment condition may behave 
differently than those in the control group because of the specific treatment 
they are given. This change in behaviour may lead to an effect of the 
intervention that is thus biased (Shadish, Cook, & Campbell, 2002). 
Secondly, when using a business-as-usual control condition, we would have 
no real knowledge of or influence on what happened in those schools. Some 
teachers, for instance, could already be using (elements of) the CFA model, 
which would influence the results of the study. As many schools are hesitant 
to take part in a study and engage in observations, testing and interviews 
without receiving anything in return, we provided a low-impact intervention 
to be able to observe the teachers in class. Thus, in order to diminish the 
chance of a Hawthorne effect, and to have some insight into what teachers in 
the control schools were doing during the mathematics lessons, we created 
interventions for both the treatment (CFA) condition and the control 
condition. 
 
4.2.2.1 Classroom formative assessment condition 

In the CFA condition the teachers implemented a model that was 
based on frequent use of the formative assessment cycle described in the 
introduction. To support the teachers during the implementation process, the 
model was embedded in two commonly used sets of mathematics curriculum 
materials. The teachers could use the materials to identify the learning goals, 
consult guidelines for instruction (e.g. explanation of mathematical 
procedures, such as ciphering or suggestions for mathematical 
representations, such as number lines or an abacus) and draw from readily 
available assignments to assess the students’ mastery of the goals. To 
facilitate frequent assessments followed by immediate instructional feedback 
the CFA model consisted of four daily CFA cycles and a weekly cycle. 
Figure 4.2 illustrates this procedure.  
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Figure 4.2. The CFA model consisting of four daily CFA cycles and one 
weekly cycle. 

 
On a daily basis, the teachers were expected to decide upon one 

learning goal that was going to be taught and assessed at a class level. They 
had to provide a short whole group instruction that was focussed on this goal 
and use an appropriate mathematical procedure or representation. Then, the 
teacher assessed each student’s mastery of the learning goal by giving them 
a specific task related to the learning goal, such as adding up to a hundred by 
means of jumping on a number line. The teachers observed the students 
while they were working on this task. This approach is an efficient way of 
assessing individual students in a class of approximately 25 students 
(Ginsburg, 2009). To allow the teachers to gain more insight into the 
students’ issues and provide more effective immediate instructional 
feedback, the students were expected to write down their mathematical 
procedures or use mathematical representations when making the 
assignments (Heritage & Niemi, 2006; Kouba & Franklin, 1995). Based on 
these assessments the teachers selected students who showed an insufficient 
understanding of the task. These students received immediate instructional 
feedback, which took place in the form of small group instruction. This 
setting allowed the teachers to scaffold the students’ learning, for example 
by addressing the prior knowledge required to master the learning goal, or 
introducing other mathematical representations or concrete materials. As the 
selection of the students was dependent on the assessment during the lesson, 
the students who needed instructional feedback could vary per lesson. 

At the end of the week the teachers assessed the students’ 
understanding of the learning goals once more by means of a quiz on the 
digital whiteboard. Each quiz consisted of eight multiple choice questions 
based on the four learning goals that had been covered during the weekly 
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programme. The questions were all developed by the researchers and 
presented in the same format as the tasks in the students’ textbooks. The 
three incorrect answer possibilities were based on common mathematical 
errors, such as procedural errors (34 + 46 = 70) or place value errors (34 + 
46 = 98) (Kraemer, 2009; Ryan & Williams, 2007). The multiple-choice 
questions enabled the teachers to detect the students’ misconceptions that 
they had not identified and corrected during the daily CFA cycles (Ginsburg, 
2009). To enhance the participation in the quiz, the students had to answer 
the questions by means of a clicker (voting device). Their answers were then 
digitally stored by a classroom response system (Lantz, 2010). After each 
question, the teacher and students could see the class’s performance on a 
response frequency chart. Based on this information the teacher could 
choose to provide immediate instructional feedback by making use of an 
animation (e.g. jumping on a number line) below the question. This 
animation showed a step-by-step solution to the problem that was posed in 
the multiple choice question. Prior to the study described in this chapter, six 
quizzes were piloted on three different schools to check whether the quizzes 
were user friendly, unambiguous and at an appropriate level of difficulty. An 
example of a multiple choice question including instructional feedback is 
depicted in Figure 4.3.  

 

Figure 4.3. An example of a multiple-choice question and instructional 
feedback from a fifth-grade quiz. 
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At the end of the quiz the teachers were expected to analyse the 
students’ recorded scores to decide which students needed some more 
instructional feedback.  

Although the use of CFA can be considered to be an essential 
professional skill for teachers to master (Assessment Reform Group, 2002), 
teachers often experience problems in implementing it. Teachers find it 
particularly difficult to use the three aspects – goal-directed instruction, 
assessment and instructional feedback – in a coherent manner. For instance, 
teachers tend to assess their students’ understanding without setting clear 
goals and criteria for success (Antoniou & James, 2014) or do not provide 
adequate feedback based on the information gathered during the assessment 
(Furtak et al., 2008; Wylie & Lyon, 2015-).  

To ensure an optimal implementation of the CFA model, the 
teachers took part in a PDP led by a certified educational coach. In total 
three certified educational coaches from an external consultancy bureau 
participated in the study. The PDP  started with a small-group workshop in 
which the teachers were made aware of the coherence between the goals of 
the innovation and those of the school (Desimone, 2009) by discussing, for 
instance, that the teachers should assess the students’ mastery of the learning 
goal themselves, instead of relying solely on their students to come to them 
with questions. It was important to make the teachers feel that the rationale 
behind the innovation was in line with their own teaching practices, as this 
would increase the chances that the teachers would implement the 
innovation on a continuous basis (Lumpe, Haney, & Czerniak, 2000). The 
workshop was also used to discuss possible barriers (e.g. school schedules, 
the quality of the curriculum materials and the time available for planning 
and reflection) and the support (e.g. whether the teachers had all the 
necessary mathematical materials, such as coins and bills or fraction cubes, 
available in their classroom to provide small group instruction) required to 
optimise the implementation process (Penuel, Fishman, Yamaguchi, & 
Gallagher, 2007). Subsequently, the workshop focussed on realising active 
learning with a focus on content (Garet, Porter, Desimone, Birman, & Yoon, 
2001; Heller, Daehler, Wong, Shinohara, & Miratrix, 2012) by having the 
teachers first watch a video featuring a best practice example of the CFA 
model. Then, the teachers prepared a few lessons according to the CFA 
model and received feedback from each other and the coach. The teachers 
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and coach also discussed which mathematical representations and 
procedures could best be used for instruction of particular learning goals. To 
support the teachers, they were provided with: An example of a lesson plan, 
an overview of the mathematical learning trajectories for their year grade 
including mathematical representations and procedures to be used during 
(small group) instruction, and a manual for the classroom response system. 
Finally, the teachers were expected to practise with the classroom response 
system after a demonstration.  

The workshop was followed up with on-site professional 
development. There is evidence that a focus on how to use the innovation in 
one’s own practice is effective in accomplishing teacher change (Darling-
Hammond, 1997; Darling-Hammond, Wei, Andree, Richardson, & 
Orphanos, 2009). The on-site practice was combined with coaching on the 
job. This allowed the teachers to receive timely individualised feedback on 
their use of the model, which should help teachers change their teaching 
behaviour (Birman, Desimone, Porter, & Garet, 2000; Grierson & 
Woloshyn, 2013). The coaching on the job included both an observation and 
a reflective conversation between the teacher and the coach, in which the 
teacher would self-evaluate his or her lesson and compare these findings to 
those of the coach. Throughout the PDP the teachers were stimulated to 
evaluate their use of the CFA model together, as collective participation 
motivates teachers to discuss and solve practical problems collectively 
(Little, 1993; Porter, Garet, Desimone, Yoon, & Birman, 2000) and 
enhances the sustainability of an educational innovation (Coburn, 2004; 
Fullan, 2007; Moss, Brookhart, & Long, 2013). For instance, in addition to 
the initial workshop a team meeting was organised half-way through the 
intervention in which the teachers and coach evaluated the use of the CFA 
model and discussed specific difficulties collectively. The PDP lasted a full 
school year. This is considered to be sufficient for teachers to practise with 
an innovation (Birman et al., 2000). 

 
4.2.2.2 Control condition 

In the control condition the teachers implemented a model that was 
based on a currently favoured practice in the Netherlands, in which teachers 
use half-yearly standardised tests to monitor the students’ progress. Based on 
the test results, a number of ability groups are then formed within class, of 
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which often the high-achieving students are allowed to skip the whole group 
instruction while the low-achieving students always receive extra small 
group instruction after the whole group instruction regardless of the learning 
goal that is discussed (Dutch Inspectorate of Education, 2010). Comparable 
to this common practice, the teachers in the control condition also used the 
half-yearly mathematics test results to assess the low-achieving students’ 
mastery of the goals. Contrary to the currently favoured practice in the 
Netherlands, this information was not used for providing extra small group 
instruction, but to prepare weekly pre-teaching sessions for these students. 
This procedure is represented in Figure 4.4. 

 

 

Figure 4.4. The model used in the control condition consisting of half-yearly 
standardised test results as input for weekly pre-teaching sessions for low-
achieving students during a semester. 
 

The teachers entered the low-achieving students’ responses to the 
standardised test in an Excel macro. The macro identified these students’ 
specific mathematical problem domains (e.g. adding, subtracting or metrics). 
For instance, when a student would answer only three out of ten questions 
within the domain of metrics correctly, the macro would highlight this 
domain as a problem area. The macro also provided the teachers with pre-
teaching plans for the low-achieving students in need of instructional support 
for a particular learning goal within a problem domain during the upcoming 
semester. The pre-teaching plans contained the student’s problem domain, 
the learning goal related to this domain, and the related curriculum materials 
that the teachers should use during the pre-teaching sessions.  

The teachers in the control condition taught their daily lessons as 
described by the curriculum materials. At the end of the week the selected 
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low-achieving students received pre-teaching on the upcoming lessons. Pre-
teaching is considered just as effective in enhancing the mathematics 
performance of low-achieving students as small group instruction after 
whole group instruction (Carnine, 1980; Lalley & Miller, 2006), which is a 
common practice in the Netherlands (Dutch Inspectorate of Education, 
2010). Compared to the CFA condition the control condition can thus be 
viewed as a low-impact intervention. 

The teachers in the control condition also took part in a PDP (see 
Table 4.1 for comparison purposes).  
 
Table 4.1 
Overview of the CFA Condition and the Control Condition. 

 CFA condition Control condition 

Teaching practice Daily and weekly goals Learning standards 

 Daily and weekly 
assessments 

Half yearly (and monthly) 
assessments 

 Daily immediate 
instructional feedback to 
varying groups of students 

Weekly pre-teaching 
sessions to pre-set groups 
of low-achieving students 

Professional 
development 
programme 

One workshop 
Coaching on the job  
Team meeting 

Three workshops 

 
This PDP was less intensive compared to the PDP in the CFA 

condition. The teachers in the control condition participated in three small-
group workshops led by a certified educational coach, in which they 
discussed the coherence between the goals of the innovation and those of the 
school, possible barriers to overcome and support needed to allow for a 
successful implementation process. During the workshops the teachers 
learned how to use the Excel macro to interpret the standard-based test 
results of their low-achieving students and to formulate pre-teaching plans. 
Based on these plans the teachers prepared the pre-teaching sessions for the 
upcoming week by determining which mathematical representations or 
procedures could best be used. The teachers received the Excel macro 
including a manual, an example of a lesson plan, and an overview of the 
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mathematical learning trajectories for their year grade including 
mathematical representations and procedures to be used during the pre-
teaching sessions. Comparable to the PDP in the treatment condition the 
PDP of the control condition was spread over a period of a full school year.  
 

4.3 Research Questions 
 
The questions we seek to answer in this chapter are: 

 
1. To what extent do teachers in a CFA condition use features of goal-

directed instruction, assessment and immediate instructional 
feedback more frequently than teachers in a control condition? 

2. To what extent is the teachers’ use of the CFA model effective in 
enhancing students’ mathematics performance?  

3. To what extent does a higher degree of implementation of the CFA 
model lead to higher student performance?  
 
We expected that, as a result of our PDP, teachers in the CFA 

condition would use goal-directed instruction, assessment and immediate 
instructional feedback more frequently than the teachers in the control 
setting. Given the frequency of the assessments and immediate instructional 
feedback for all students who need it, we expected that the students in the 
CFA condition would outperform the students in the control condition on 
mathematics tests. Additionally, we expected that a there would be a positive 
relationship between the degree of implementation and student performance. 
For the latter two research questions, we also investigated whether the CFA 
model was more or less effective for students with different mathematics 
abilities. 
 
4.4 Study Design 
 
We conducted a quasi-experimental pretest posttest design in which 34 
teachers participated in either the CFA condition or the control condition. In 
the upcoming paragraphs we will first explain how our participants were 
selected, and specify their characteristics. Next, we will describe our 
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research procedure. Finally, we will present the instruments and data 
analysis methods that were used.  
 
4.4.1 Participants 

In the school year preceding the study, 24 schools were randomly 
assigned to the CFA condition and the control condition. These schools were 
accommodating single grade classes in grade 4 and 5, and worked with one 
of two sets of mathematics curriculum materials (named ‘Plus’ and ‘The 
World in Numbers’). The curriculum materials consisted of, amongst others, 
learning trajectories, tests, guidelines for instruction and differentiated 
assignments. After the schools were randomly assigned to either the CFA or 
the control condition, they were informed about the study and asked if their 
fourth and fifth grade teachers were willing to take part. During a meeting a 
researcher (in total four researchers participated in the study) provided the 
school leader and interested teachers with information about the project. 
Together they tried to establish coherence in the goals of the project and 
those of the school and discussed what was expected of the teachers during 
the project. Once both issues were agreed upon, the teachers could take part 
in het project. 

This resulted in 13 teachers from five schools willing to take part in 
the CFA condition and six teachers from three different schools willing to 
participate in the control condition. As we aimed for a minimum of 16 
teachers per condition, we repeated the procedure with another 10 schools 
resulting in four additional teachers (two schools) taking part in the CFA 
condition and six more teachers (three schools in the control condition). 
Since we had enough teachers for the CFA condition but fell short of four 
teachers in the control condition, we contacted four more schools to ask if 
their teachers wanted to take part in our study as well. This resulted in the 
participation of five more teachers (two schools) in the control condition.  

Our final sample thus consisted of 34 teachers from 15 schools. Nine 
fourth-grade and eight fifth-grade classes from seven schools participated in 
the CFA condition. The teachers of these classes implemented the CFA 
model in their mathematics lessons. Eight of them were male and nine 
female. Another nine fourth-grade classes and eight fifth-grade classes from 
eight different schools functioned as the control group. As in the CFA 
condition eight of their teachers were male and nine female. The teachers in 
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the CFA condition were on average 46.94 years old (SD = 9.19) and had 
21.06 years of teaching experience (SD = 9.91). In the control condition, the 
teachers were on average 44.76 years old (SD = 14.06) and had 21.76 years 
of teaching experience (SD = 14.37). The groups of teachers did not differ 
significantly from each other with regard to these characteristics (age: t(32) 
= -.534, p = .597; teaching experience: t(32) = .167, p = .869). Our sample 
consisted of proportionally more male teachers than there are in the general 
population of Dutch primary school teachers. As there is no empirical 
evidence that gender plays a role in teachers’ use of formative assessment 
practices, we did not consider this to be an issue. The average age of the 
teachers in our sample was sufficiently comparable to that of the population 
of Dutch primary school teachers (Dutch Ministry of Education, Culture and 
Science, 2014).  

The effectiveness of the CFA model was tested at the student level. 
In total, 873 students participated in the study. Due to illness 38 of them 
failed to take the pretest (4% of the sample) while another 49 students (6% 
of the sample) did not take the posttest, adding up to 10% of missing data (n 
= 87). Of the 87 students whose test results were not included in the data 
analyses, 53% was in the CFA condition. Our final sample contained 786 
students of which 381 were in the CFA condition, consisting of 53.4% boys. 
In the control condition there were 405 students of which 55.2% was a boy. 
The difference in gender between the two groups was not significant with 
χ2(1) = .42, p = .52. The results of the 381 students in the CFA condition 
were used to determine the relationship between the degree of CFA 
implementation and student performance in mathematics. 

 
4.4.2 Procedure 

At the beginning of the school year, the students in all classes took a 
paper-and-pencil mathematics pretest about the learning goals covered the 
school year before. The researchers administered the test following a fixed 
protocol. In addition, they observed the teachers’ usual mathematics teaching 
practices to determine whether the teachers were already using elements of 
the CFA model and to establish any initial differences between the teachers’ 
teaching practices in both conditions. After these observations, the 
professional development programmes started as described in section 4.2.2.1 
and 4.2.2.2. First, the teachers in both conditions attended a workshop. 
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During week 3 and 4 those in the CFA condition were coached on the job 
four times: Twice during a daily mathematics lesson and twice during a 
weekly quiz. After these two weeks the teachers were expected to carry out 
the CFA model by themselves.  

Halfway through the school year the researchers observed the 
teachers in both conditions again. In addition, the CFA teachers were 
coached on the job during one lesson after which they participated in a 
school team meeting. The teachers in the control condition followed a 
similar workshop to the first where they analysed the half-yearly test results 
and prepared a pre-teaching plan. 

For the remainder of the school year the teachers in the CFA 
condition were coached on the job for a minimum of two lessons. The 
teachers in the control condition attended a final workshop in which they 
evaluated the use of the half-yearly tests and the pre-teaching sessions. In 
addition, they analysed the half-yearly tests to make a pre-teaching plan for 
the upcoming school year. Finally, at the end of the school year the 
researchers observed the teachers in both conditions during a mathematics 
lesson. Then, the students took a paper-and-pencil mathematics posttest 
covering the learning goals taught during the project. Again, the test was 
administered according to a testing protocol.  

 
4.4.3 Instruments 
 
4.4.3.1 Observation instrument 

To determine to what extent the teachers used goal-directed 
instruction, assessment, and immediate instructional feedback on a daily 
basis, three mathematics lessons per teacher were observed. During each of 
these lessons the researchers scored the teacher’s activities (instruction, 
assessment, feedback or classroom management) per minute on a time 
interval scoring sheet (see Appendix A). Observation data about goal-
directed instruction, assessment and immediate instructional feedback were 
used to construct an implementation score for the teachers’ use of daily 
CFA. The score was based on the following key features which could be 
observed during the lesson:  
Goal-directed instruction:  

− Feature 1: The teacher provides a short introduction; 
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− Feature 2: The teacher provides an instruction of a maximum of 20 
minutes that is focussed on one learning goal; 

− Feature 3: The teacher uses appropriate scaffolds, such as a 
mathematical representation or procedure, that are in accordance 
with the learning goal. 

Assessment: 
− Feature 1: The teacher assesses the students’ work during seat work 

for two (class size: 15 to 20 students) to six  (class size: more than 
20 students) minutes before providing immediate instructional 
feedback; 

− Feature 2: The teacher’s primary focus lies on assessing the 
students’ work rather than on responding to the students’ questions. 

Immediate instructional feedback: 
− Feature 1: The teacher provides the selected students with 

instructional feedback immediately after the assessment; 
− Feature 2: The teacher uses appropriate scaffolds that are in 

accordance with the learning goal; 
− Feature 3: The teacher assesses the selected students’ mastery of the 

learning goal after the immediate instructional feedback; 
− Feature 4: The teacher spends at least five minutes on providing 

immediate instructional feedback about the learning goal and re-
assessing the student’s mastery (five minutes was considered to be 
the minimum amount of time to perform these actions). 

As the number of features that were observed for the three elements of the 
CFA model differed, the scores on each scale were transformed into 
proportions. For instance, as regards goal-directed instruction, if a teacher 
started the lesson with a short introduction (feature 1) and provided 
instruction about one learning goal for a maximum of 20 minutes (feature 2), 
but did not use an appropriate mathematical representation or procedure 
(feature 3), then this teacher would score two out of three points. This score 
was transformed into a proportion of .67. As a result, we were able to 
combine the proportions on the teachers’ use of daily CFA regarding the 
second and third observation with the proportions pertaining to the use of the 
weekly quizzes and report (see section 4.2.4.2) to construct one 
implementation scale for the complete CFA model. This scale ran from 0-1, 
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as the use of CFA during the lessons and the weekly quizzes were all based 
on proportions. With a Cronbach’s α of 0.83 its reliability was good. 

The teachers were observed by four different researchers. The inter-
observer reliability for multiple raters among the researchers was good with 
κ = .759 and p < .001 (Siegel & Castellan, 1988).  

 
4.4.3.2 Registration of quiz data 

The quiz data stored by the classroom response system was used to 
check how often the teachers in the CFA condition administered the weekly 
quiz and analysed the students’ quiz results. The teachers gave mathematics 
lessons for 21 weeks while the remaining weeks were ‘test weeks’ within the 
curriculum. The classroom response system therefore had to store the results 
of 21 quizzes. The data was used to determine the proportion of quizzes 
administered and analysed by the teachers.  
 
4.4.3.3 Mathematics Tests 
The students took two mathematics tests: A pretest at the beginning of the 
project and a posttest and the end. As we wished to determine whether the 
teachers’ use of the CFA model was effective in enhancing the students’ 
understanding of the learning goals, we developed new mathematics tests 
that primarily focussed on the topics that were taught in both conditions 
during the project. The newly developed tests also prevented teaching to the 
test, as the items – contrary to the items of the standardised tests – would be 
unknown to both the teachers and the students. To construct our tests we 
analysed what kind of domains (e.g. multiplying and dividing) and subskills 
(e.g. multiplications with a one-digit and a three-digit number) were covered 
in both sets of curriculum materials. The domains that were found to be 
present in both sets were:  

− Numeracy 
− Adding and subtracting 
− Multiplying and dividing 
− Money (not in the fifth grade posttest) 
− Time 
− Measurement and geometry 
− Fractions, ratio (both not in the fourth grade pretest) and percentages 

(only in the fifth grade posttest) 
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We used a matrix in which we crossed these domains with the subskills to 
ensure content validity. The number of questions about a domain within a 
test was based on the number of times the domain was taught in both sets of 
curriculum materials. All developed tests consisted of open-ended and 
multiple choice questions comparable to the tasks in the students’ textbooks. 
Figure 4.5 depicts two example questions of the fifth-grade posttest. 
 

37 x 255 = 

 

 

Every day Linda delivers 179 
papers. How many papers in total 
does she deliver in 28 days? 

Answer: Answer: 

Figure 4.5. Two examples of questions in the fifth-grade posttest. 
 

The psychometric qualities of all tests were examined by calculating 
p-values, corrected item-total correlations and Cronbach’s alpha values. 
Table 4.2 shows that the internal consistency of all tests was high with 
Cronbach’s alphas ranging from .81 to .84.  

 
Table 4.2 
Psychometric Qualities of All Tests. 

 n Cronbach’s 
α  

p-values corrected item-
total correlations  

Fourth-grade 
pretest 

25 .82 M=. 53  SD=.22 .20 – .50 

Fourth-grade 
posttest 

24 .81 M=. 48  SD=.23 .13 – .52 

Fifth-grade 
pretest 

26 .84 M=. 50  SD=.17 .19 – .56 

Fifth-grade 
posttest 

24 .83 M=. 37  SD=.15 .19 – .52 
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The tests appeared to be quite difficult, particularly the fifth-grade 
posttest with a mean difficulty of p = .37 (SD = .15). Nonetheless, the tests 
discriminated well between students with high and low mathematics ability 
levels with corrected item-total correlations of between .13 and .56. One 
item in the fifth-grade pretest with a corrected item-total correlation 
below .10 was deleted, as such items discriminate poorly between students’ 
abilities (cf. Nunnally & Bernstein, 1994). This resulted in a pretest 
containing 26 items with a high internal consistency of Cronbach’s α = .84. 
We wished to use the pre- and posttest scores of both the fourth- and the 
fifth-grade students in our statistical analyses. Therefore, we transformed all 
of the student test scores to z-scores per grade.   

 
4.4.4 Statistical Analyses 

We described the proportions of use for the underlying features of 
the CFA elements to find out to what extent the teachers in both conditions 
used these features of the CFA model during the intervention. Furthermore, 
we used Pearson’s Chi-squared tests to determine whether there were initial 
differences between the CFA teachers and control teachers in their use of the 
features and to establish whether, as intended, more teachers in the CFA 
condition than in the control condition applied the features during the 
intervention.  

The initial student performance differences between the two 
conditions, the effect of the CFA model on the students’ posttest 
performance, and the effect of the degree of implementation on the students’ 
posttest performance were all estimated by means of a multilevel regression 
analysis using MLwiN (Rasbash, Browne, Healy, Cameron, & Charlton, 
2015). As the students were nested within classes, we performed a two-level 
analysis to take the variability at both the class and the student level into 
account. The effects of both the CFA model and the degree of 
implementation were corrected for the influence of the students’ pretest 
scores, their gender (using a dummy variable with boy as the reference 
category), their year grade (using a dummy variable with fourth grade as the 
reference category), the classes’ mean pretest scores and the teachers’ years 
of teaching experience. Furthermore, we explored possible differential 
effects of the CFA model and the degree of implementation, for instance 
whether the teachers’ use of the model was more effective for low-achieving 
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than for high-achieving students or whether it was more effective in grade 
four than in grade five. 
 
4.5 Results 
           
4.5.1 Frequency of use of daily CFA 

Frequent use of goal-directed instruction, assessment and immediate 
instructional feedback is considered to be effective in enhancing student 
performance. This is why, as a result of the PDP, the CFA teachers were 
expected to apply these elements more frequently during their lessons than 
the control-teachers. In both conditions the teachers were observed three 
times over the course of the intervention to test this hypothesis. One teacher 
in the control condition was not observed during the first observation round 
due to illness.  

Tables 4.3 and 4.4 provide an overview of the proportions of 
teachers in both conditions applying the features underlying the CFA 
elements during their daily mathematics lessons. The results of the first 
observation indicate that most of the teachers in both the CFA condition and 
the control condition provided goal-directed instruction. This result was 
expected, as both sets of curriculum materials are focused on one learning 
goal per lesson. In both conditions few teachers used assessments or 
immediate instructional feedback prior to the project. Pearson’s Chi-squared 
tests showed no significant differences between the two conditions as 
regards the use of the features prior to the intervention. During the project 
the teachers in both conditions did not differ much in their provision of goal-
directed instruction. Only during the second observation did more teachers in 
the CFA-condition than in the control condition keep their introduction to a 
minimum duration to allow a focused instruction. This difference was 
significant with χ2 = 4.5, df = 1 and p = .34. There were also significant 
differences as regards the teachers’ use of the features underlying assessment 
and immediate instructional feedback. Significantly more teachers in the 
CFA condition assessed their students’ mastery after the instruction (second 
observation: χ2 = 18.55, df = 1, p < .001; third observation: χ2 = 15.07, df = 
1, p < .001) and provided instructional feedback immediately after the 
assessment (second observation: χ2 = 14.17, df = 1, p < .001; third 
observation:  χ2 = 10.89, df = 1, p = .001). Especially during the third 
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observation most of these teachers also used appropriate scaffolds and re-
assessed their students’ understanding of the learning goal during the 
provision of immediate instructional feedback. These results indicate that, as 
intended, more CFA teachers than control teachers assessed their students’ 
mastery of the learning goal and subsequently provided immediate 
instructional feedback during the lessons. The results do not imply, however, 
that the teachers in the control condition did not provide any instructional 
feedback during their lessons. In 48% of the 50 observations, the control 
teachers provided small group instruction to a preset group of low-achieving 
students selected based on the half-yearly standardised mathematics tests. 
This finding appears to be in line with the usual practice in the Netherlands.
  
Table 4.3 
CFA Teachers’ Use of the Underlying Features of the Daily CFA Cycle.  

 Observation 1 Observation 2 Observation 3 

Features of daily CFA n p n p n p 

Goal-directed instruction       

Short introduction 17 .71 17 .94 17 .82 

Short instruction about 
one goal 17 .76 17 .65 17 .82 

Appropriate scaffolds 17 .82 17 .82 17 .88 

Assessment       

Assessment round 
after instruction 17 .12 17 .71 17 .71 

Focus on assessment 17 .18 17 .59 17 .76 

Instructional feedback       

Immediately after 
assessment 17 .12 17 .59 17 .59 

Appropriate scaffolds  17 .12 17 .47 17 .59 

Assessment  17 .12 17 .24 17 .47 

Duration at least 5 min 17 .12 17 .24 17 .24 
 
 
 



 

104 

Table 4.4 
Control Teachers’ Use of the Underlying Features of the Daily CFA Cycle.  

 Observation 1 Observation 2 Observation 3 

Features of daily CFA n p n p n p 

Goal-directed instruction       

Short introduction 16 .81 17 .65 17 .53 

Short instruction about 
one goal 16 .75 17 .71 17 .82 

Appropriate scaffolds 16 .69 17 .76 17 .71 

Assessment       

Assessment round after 
instruction 16 .06 17 .00 17 .06 

Focus on assessment 16 .19 17 .00 17 .06 

Instructional feedback       

Immediately after 
assessment 16 .00 17 .00 17 .06 

Appropriate scaffolds  16 .00 17 .00 17 .06 

Assessment  16 .06 17 .00 17 .00 

Duration at least 5 min 16 .06 17 .00 17 .06 

 
4.5.2 Student performance on the mathematics tests 

We used the students’ test scores to determine the effectiveness of 
the CFA model. Table 4.5 shows the mean pre- and posttest scores and 
standard deviations for the fourth- and fifth-grade students in both 
conditions. A multilevel regression analysis showed that the fourth-grade 
students’ in the CFA condition scored significantly higher on the pretest than 
the students in the control condition, with t(401) = 1.93 and p = 0.03. There 
were no significant differences in the pretest scores of the fifth-grade 
students between the two conditions, with t(383) = 0.77 and p = 0.22. 
Because of the significant difference in the fourth-grade students’ pretest 
scores, we used the students’ pretest scores as a covariate in our statistical 
analyses. 
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Table 4.5 
Fourth- and Fifth-Grade Students’ Pre- and Posttest Scores. 

   Pretest  Posttest 

Grade Condition n Scale M SD  Scale M SD 

4 CFA 196 0-25 14.03 4.70  0-24 11.86 4.55 

 Control 206  12.81 4.82   10.94 4.59 

5 CFA 185 0-26 13.37 5.58  0-24 9.01 4.96 

 Control 199  12.78 5.29   8.87 4.91 

Note: The pre- and posttests are not comparable tests. The results cannot be used to 
establish gain in student performance. 

 
4.5.3 Comparing two conditions: CFA versus a control setting 

Table 4.6 depicts a summary of the multilevel models that we tested 
for the prediction of the students’ posttest scores. The empty model with the 
students’ posttest score as a dependent variable and a random intercept 
shows that the variability at the student level (0.942) was much higher than 
that at the class level (0.055). The intra-class correlation coefficient, which 
indicates similarity among individuals in the same class, is ρ = 0.055/0.997 = 
0.055. This coefficient is quite low, and thus indicates that the differences 
within a class were relatively large compared to the differences among 
classes. In our covariate model we added our five covariates: The students’ 
pretest scores, their gender, their year grade, the classes’ mean z-score on the 
pretest and the teachers’ years of teaching experience. As a result, the 
deviance decreased by 553.203. Compared to a chi-squared distribution with 
five degrees of freedom this decrease indicates that the covariate model 
fitted our data significantly better than the empty model with p < 0.001. In 
this model, the students’ pretest scores appeared to be the only covariate that 
had a significant positive effect on the students’ posttest scores. Next, we 
added the teachers’ participation in the CFA condition as an explanatory 
variable, which resulted in our main effect model. Adding this variable did 
not lead to a significantly better model fit (χ2 = .081, df = 1, p = .776). 
Finally, we tested all interactions between the teachers’ participation in the 
CFA condition and the covariates. Adding these interactions did not result in 
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an increased model fit. These findings indicate that in this study the teachers’ 
participation in the CFA condition did not enhance student performance. 
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Table 4.6 
Multilevel Models Predicting Students’ Mathematics Posttest Scores. 

 Models 
 Empty model Covariate Model Main Effect Model Interaction Model 
 β SE β SE β SE β SE 
Fixed part 

Intercept 
Pretest 
Girl 
Fifth grade 
Mean pretest score class 
Experience teacher 
CFA condition 
CFA*Pretest 

 
-0.001 

 
0.053 

 
0.086 

 0.713* 
0.098 
-0.017 
-0.034 
-0.006 

 
0.093 
0.026 
0.050 
0.076 
0.128 
0.003 

 
0.098 

 0.713* 

0.098 
-0.017 
-0.023 
-0.006 
-0.023 

 
0.102 
0.026 
0.050 
0.076 
0.134 
0.003 
0.079 

 

 
0.097 
0.712* 
0.099 
-0.017 
-0.023 
-0.006 
-0.023 
0.002 

 
0.102 
0.036 
0.050 
0.076 
0.134 
0.003 
0.079 
0.050 

Random part 
Variance at class level 
Variance at student level 

 
0.055 
0.942 

 
0.023 
0.049 

 
0.028 
0.466 

 
0.012 
0.024 

 
0.028 
0.466 

 
0.012 
0.024 

 
0.028 
0.466 

 
0.012 
0.024 

Deviance 
No. of groups 
No. of students 

2212.663 
34 

786 

1659.460 
34 

786 

1659.379 
34 
786 

1659.378 
34 

786 
*: p < 0.001 
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4.5.4 The effect of degree of implementation of CFA on student 
performance  
In order to explore whether differences in the degree to which the 

teachers implemented the CFA model were related to the students’ 
mathematics performance we analysed the test data of the students in the 
CFA condition (381 students in 17 classes) using multilevel models 
comparable to those in the previous section. We used the implementation 
scale that included both the teachers’ daily use of goal-directed instruction, 
assessment and immediate instructional feedback and their weekly use of the 
quizzes and reports.  

Table 4.7 shows the minimum scores, maximum scores, mean scores 
and standard deviations for the teachers’ implementation of the CFA model 
in each separate grade and in both grades combined. The minimum (.26) and 
maximum scores (.91) in both grades combined show that the spread in 
implementation makes it worthwhile to investigate whether the degree of 
implementation had an effect on student performance. 

 
Table 4.7 
Fourth- and Fifth-Grade Teachers’ Implementation of the CFA Model in 
Proportions. 

Grade n   Min Max M SD 

4 9  .42 .91 .75 .16 

5 8  .26 .77 .57 .14 

4 and 5 
combined 

17  .26 .91 .67 .17 

 
The results of the multilevel model analyses are shown in Table 4.8. 

Our empty model indicates that in the CFA condition the variability at the 
student level (0.945) was much higher than the variability at the class level 
(0.048). Next, we added our five covariates (the students’ pretest scores, 
their gender, the grade they were in, the classes’ mean z-score on the pretest 
and the teachers’ years of teaching experience) to the empty model. This led 
to a significant better model fit with χ2 = 271.943, df = 5, p < .001. The 
students’ pretest scores were a significant predictor for the students’ posttest 
scores. Hereafter, we added the degree of implementation to determine 
whether it had a significant effect on student performance. However, the 
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model fit was not increased (χ2 = .855, df = 1, p = .355). Finally, we added 
interactions among the covariates and the degree of implementation. We 
found one significant interaction effect between the students’ year grade and 
the degree of implementation on student performance. Adding this 
interaction to the model resulted in an increased model fit (χ2 = 7.323, df = 1, 
p = .007).  
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Table 4.8 
Multilevel Models Predicting Students’ Mathematics Posttest Scores. 

 Models 
 Empty model Covariate Model Main Effect Model Interaction Model 
 β SE β SE β SE β SE 
Fixed part 

Intercept 
Pretest 
Girl 
Fifth grade 
Mean pretest score class 
Experience teacher 
Implementation 
Implementation* Fifth grade 

 
0.057 

 
0.073 

 
0.169 
0.713* 
0.070 
-0.004 
-0.069 
-0.010 

 
0.149 
0.036 
0.071 
0.119 
0.233 
0.006 

 
-0.098 
0.713* 

0.067 
0.061 
-0.063 
-0.009 
0.346 

 
0.318 
0.036 
0.071 
0.136 
0.226 
0.006 
0.369 

 

 
0.549 
0.713* 
0.060 

-1.185* 
0.078 
-0.007 
-0.654 
1.895* 

 
0.347 
0.036 
0.071 
0.424 
0.188 
0.005 
0.446 
0.622 

Random part 
Variance at class level 
Variance at student level 

 
0.048 
0.945 

 
0.031 
0.070 

 
0.037 
0.457 

 
0.020 
0.034 

 
0.037 
0.457 

 
0.019 
0.034 

 
0.015 
0.458 

 
0.012 
0.034 

Deviance 
No. of groups 
No. of students 

1072.658 
17 

381 

800.715 
17 

381 

799.860 
17 

381 

792.537 
17 

381 
*: p < 0.001 
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As we can see in Figure 4.6, this interaction effect indicates that the degree 
of implementation has had a significant positive effect on student 
performance in grade 5. The slight negative effect of the degree of 
implementation on the fourth-grade students’ performance was not 
significant. 

Figure 4.6. The effect of degree of implementation on the students’ 
mathematics posttest scores in grades 4 and 5. 

 
4.6 Conclusion 
 
Goal-directed instruction, assessment and providing instructional feedback 
are, amongst others,  considered to be key elements of instructional 
effectiveness in general (Good et al., 2009; Reynolds et al., 2014; Scheerens, 
2016) and formative assessment in particular (Black & Wiliam, 2009; 
Wiliam & Thompson, 2008). Our study focussed on the value added of a 
CFA model, in which these elements are used on a daily and weekly basis, 
on student performance. Our analyses show that, as intended, significantly 
more teachers in the CFA condition than in the control condition used 
assessments and immediate instructional feedback during their lessons. 
However, this did not result in significant differences in student performance 
between the two conditions after controlling for student, class and teacher 
characteristics. This lack of an effect might be the result of using a condition 
in which teachers made a modification to their usual practice instead of a 
business-as-usual control condition. The modification of providing pre-
teaching to low-achieving students based on their half-yearly test results may 
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have had an effect in itself. In addition, our observations showed that about 
half of the teachers in the control condition provided their low-achieving 
students with small group instruction during the lesson as is common 
practice in the Netherlands. If these teachers combined this common practice 
with the weekly pre-teaching sessions, this may also have had a positive 
effect on the low-achieving students’ performance.  

Still, regardless of the number of times that the control teachers 
provided the low-achieving students with instructional feedback, in the CFA 
condition all students were assessed and provided the necessary immediate 
instructional feedback on a daily basis. Therefore, the CFA condition should 
still have been more effective in enhancing student performance. Perhaps a 
more plausible explanation for the absence of an effect is that although the 
CFA teachers made use of assessments and immediate instructional feedback 
more often than the control-teachers, they did not do so as frequently as 
intended. Therefore, the extent to which these elements were used may have 
been too low to result in significantly better student performance results. 
Furthermore, the teachers may not have applied the CFA model in an 
effective manner. Studies have shown that in assessing their students 
teachers find it difficult to pinpoint precisely what the problems are, and to 
instantly decide what help is required (Even, 2005; Heritage, Kim, 
Vendlinski, & Herman, 2009). Perhaps, the CFA teachers were not able to 
properly select those students who needed immediate instructional feedback, 
to correctly identify their errors or to determine their zone of proximal 
development. This may have led to a mismatch between the students’ 
misconceptions and the teachers’ instructional feedback (Furtak, Morrison, 
& Kroog, 2014; Heritage et al., 2009; Schneider & Gowan, 2013), which 
would have been detrimental for the effectiveness of the CFA model. 
Unfortunately, we did not qualitatively analyse how the teachers used goal-
directed instruction, assessment and immediate instructional feedback and 
how the students responded to the immediate instructional feedback, making 
it difficult to draw definite conclusions about the quality of use. 

Finally, we investigated whether the degree of implementation of the 
CFA model was related to student performance. It turned out that the degree 
of implementation had no significant main effect on the students’ 
mathematics posttest scores. However, there was an interaction effect of the 
degree of implementation and the students’ year grade on student 
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performance. This interaction effect implied that a higher degree of 
implementation resulted in higher student performance, but only in grade 5. 
This result may have been generated by the posttests that were used. The 
fifth-grade posttest contained task items that were much more complex than 
those of the fourth-grade posttest. Task complexity has been identified as a 
moderator of the effect of feedback (Kluger & DeNisi, 1996). This implies 
that students can show more of what they have learned from the instructional 
feedback in difficult tasks. The effect of the immediate instructional 
feedback in our study is therefore perhaps better noticeable in grade 5. The 
effects of goal-directed instruction and assessment in grade 5 may also be 
more visible because of the test’s task complexity (Kingston & Nash, 2011). 

The above-described findings seem to indicate that the CFA model 
as implemented in this study does not lead to enhanced student performance. 
The small positive effect of the degree of implementation on the fifth-grade 
students’ performance may be an indication that the degree and quality of 
implementation plays a role in the effectiveness of the CFA model.  

In drawing these conclusions it is important to keep in mind that 
there are some limitations to our study that may have influenced our results. 
Firstly, because of the large differences between our two conditions in terms 
of the intervention and the intensity of the PDP, we decided to assign each 
school to one of the two conditions before asking them to take part in the 
study. This approach may have led to selection bias, as some schools may 
have been more inclined to participate in the condition allotted to them than 
other schools. Therefore, we cannot be certain that our sample is 
representative for other teachers and students in the Netherlands or abroad.  

Secondly, although we assume that the teaching practice in the 
control condition resembled the usual practices in the Netherlands, we 
cannot be sure that this was in fact the case. Because we did not include a 
business-as-usual control condition in our study, we therefore cannot make 
definite claims about the effectiveness of the CFA model (and the control 
setting) in comparison to the usual practice. It is thus advisable for future 
research to add a real business-as-usual control condition. 

Thirdly, as mentioned above, we did not evaluate how skilled the 
teachers were in applying the CFA model, what difficulties they encountered 
during the process, and how the students reacted to the immediate 
instructional feedback. It would be worthwhile to qualitatively study these 
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aspects. The results could be used to amend the PDP, if necessary. Catering 
this support exactly to the teachers’ needs would improve the use of the CFA 
model, rendering the analysis of its effectiveness in increasing student 
performance more reliable. 
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Chapter 5 

 

Classroom Formative Assessment and its Relationship 

with Teachers’ Knowledge of Mathematical Errors and 

Learning Trajectories 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

This chapter is based on the following article that has been submitted for 
publication:  
Van den Berg, M., Bosker, R. J., & Suhre, C. J. M. (2017). Classroom formative 
assessment and its relationship with teachers’ knowledge of mathematical errors 
and learning trajectories.
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Abstract 
 

Classroom formative assessment (CFA) is considered to be a promising 
way to enhance primary school students’ mathematics achievement. In this 
study, we used a questionnaire to investigate how teachers’ use of three 
CFA elements (goal-directed instruction, assessment, and instructional 
feedback) are related to each other. Additionally, we explored whether 
teachers’ knowledge of mathematical errors and learning trajectories 
influence the use of these elements. A sample of 137 teachers completely 
filled in this questionnaire. The results showed that most of the 
participating teachers almost always used the CFA elements during 
mathematics lessons and had adequate knowledge of mathematical errors 
and learning trajectories. There were moderate positive relations between 
the CFA elements suggesting a coherent use of CFA. The teachers’ 
knowledge of errors was weakly related to goal-directed instruction and 
their knowledge of learning trajectories was weakly related to the teachers’ 
provision of instructional feedback.  
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5.1 Introduction 
 
Recent reports have shown that in many countries primary school students’ 
mathematics performance is not up to par or is declining (OECD, 2014, pp. 
50-56; OECD, 2016, pp. 181-184). To reverse this trend and improve 
students’ mathematical abilities policy makers, researchers and teachers tend 
to focus on elements of effective teaching such as goal-directed instruction, 
assessment, adaptive teaching, grouping strategies, feedback, and 
reinforcement (Good, Wiley, & Flores, 2009; Reynolds et al., 2014; 
Scheerens, 2016). As a combination of goal-directed instruction, assessment 
and feedback, classroom formative assessment (CFA) is considered to be 
promising in enhancing student performance. CFA is considered to be an 
iterative cycle (see Figure 5.1) of gathering and analysing information about 
the students’ understanding of a learning goal to provide instructional 
feedback that moves students forward in their learning process during a 
lesson cycle (Black & Wiliam, 2009; Conderman & Hedin, 2012; Supovitz, 
Ebby, & Sirinides, 2013; Wiliam & Thompson, 2008).  

Figure 5.1. Three elements of formative assessment. 
 

CFA starts with goal-directed instruction. This implies that a teacher 
sets a goal for each lesson and thereby focuses the instruction, seeing that a 
clear goal describes which knowledge and skills will be taught. As the 
intention of instruction is that students will eventually master the learning 
goal, this mastery should be assessed during the same lesson. Therefore, 
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goal-directed instruction is also a precondition for effective assessment to 
take place. It determines the precise knowledge and skills that need to be 
assessed (Ashford & De Stobbeleir, 2013; Locke & Latham, 2006; Marzano, 
2006). The assessment provides information about gaps in what the students 
should master (learning goal) and what the students in practice actually do 
master. Thus, setting a clear goal allows a teacher to draw conclusions about 
the extent to which the students have mastered it (Moon, 2005). This 
information is essential for a teacher to give effective instructional feedback 
that focuses on closing the students’ knowledge gap, for instance by pacing 
the instruction of providing small group instruction (Hattie & Timperley, 
2007; Moon, 2005). Ideally, the use of the three elements is repeated until 
the learning goal is mastered. The provision of instructional feedback can 
thus lead to the teacher making decisions about, for instance, maintaining the 
existing learning goal until mastery is reached or setting a new one for the 
next lesson (Supovitz et al., 2013). However, to our knowledge, the 
assumption that the CFA cycle is used in such a coherent manner has never 
been tested. It is unknown whether teachers actually use these elements in a 
structured way. 

Nonetheless, applying the CFA cycle in an iterative manner is 
considered to be effective in enhancing student performance. This should 
particularly be the case for a subject like mathematics, where all subject 
matter is strongly interdependent: A student needs previously learned 
mathematical knowledge and skills to master new topics. It thus seems that a 
teacher should apply the CFA cycle during the lesson in order to provide 
timely instructional feedback that prevents students from practicing with 
faulty mathematical knowledge and procedures allowing for an 
uninterrupted learning cycle (Irons, 2008; Marzano, Pickering, & Pollock, 
2001). 

Despite its assumed benefits, CFA has, unfortunately, been reported 
to be difficult to implement (cf. Even, 2005 and Chapter 3 of this 
dissertation). It is suggested that teachers’ mathematical knowledge can 
present itself as a barrier that impedes the effective implementation of CFA 
(Even, 2005; Heritage, Kim, Vendlinski, & Herman, 2009; Hodgen & 
Marshall, 2005). Recently, attention has shifted to teachers’ knowledge of 
mathematical errors and learning trajectories as important prerequisites for 
the use of effective CFA (Furtak, Morisson, & Kroog, 2014; Scheider & 
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Gowan, 2013; Supovitz et al., 2013). Although research has shown that 
mathematical knowledge for teaching in general is positively related to 
quality of instruction (Hill et al., 2008) and has a positive effect on student 
achievement (Hill, Rowan, & Ball, 2005), it has never been investigated to 
what extent these particular types of mathematical knowledge influence 
teachers’ use of CFA as a specific part of effective instruction. 

In this study, we tried to find out to what extent the three CFA 
elements (goal-directed instruction, assessment, and instructional feedback) 
are used in a coherent manner by Dutch primary mathematics teachers. 
Furthermore, we investigated how teachers’ knowledge of mathematical 
errors and learning trajectories affect the teachers’ use of the CFA elements. 
In the upcoming sections we will elaborate on the CFA elements, the 
teachers’ knowledge of mathematical errors and learning trajectories, and 
their presumed relationships. Hereafter, we will describe our study design, 
used instruments and statistical analyses. 
 
5.2 Theoretical Framework 
 
5.2.1 Classroom formative assessment 
 
5.2.1.1 Goal-directed instruction 

As we mentioned in the introduction, CFA is an iterative cycle 
consisting of goal-directed instruction, assessment and instructional 
feedback (Black & Wiliam, 2009; Conderman & Hedin, 2012; Supovitz et 
al., 2013; Wiliam & Thompson, 2008). As such, CFA aims at closing the 
gap between a learner’s current status and his/her learning goals (Sadler, 
1989). Effective CFA starts with goal-directed instruction. In this study, 
goal-directed instruction consists of setting a goal for instruction, preparing 
the lesson with this goal in mind and focusing the instruction on this goal. 
Before the lesson a teacher should formulate attainable and assessable goals 
(Brookhart, 2011). These goals describe what should be the results of the 
following instruction (Andrade, 2013) and are essential for the stages of 
assessment and providing instructional feedback. Goal-directed instruction at 
the beginning of the cycle allows for assessment of possible gaps in student 
knowledge and for providing appropriate feedback aimed at closing these 
gaps.  
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To be able to assess students’ mastery of the learning goal, a teacher 
should formulate ‘assessable’ learning goals. Although this might sound like 
stating the obvious, many goals in mathematics textbooks are formulated in 
ways that make it difficult to do that very thing. For instance, in a 
mathematics textbook the learning goal might only describe the content that 
will be taught, such as ‘Adding up till 100’. However, such a ‘goal’ does not 
shed any light on what kind of knowledge or skills students should be 
demonstrating to be able to assess their mastery of the goal. A learning goal 
formulated as ‘The student can add up till 100 and cross tens by jumping on 
a number line’ provides much more information about the skills that a 
student should be able to show and is therefore easier to assess. In addition 
to formulating one attainable and assessable learning goal, a teacher should 
prepare mathematics tasks for the students that concur with the learning goal 
and by which they can show their mastery of the learning goal 
(Hollingsworth & Ybarra, 2009). Once the lesson starts, the teacher should 
communicate with the students about the goal for them to understand what is 
expected and what will be assessed (Hollingsworth & Ybarra, 2009; Wiliam 
& Thompson, 2008). 

 
5.2.1.2 Assessment 

Teachers can assess the students’ understanding of the learning goal 
during different lesson episodes. For instance, several studies (e.g. 
Suurtamm, Koch, & Arden, 2010; Veldhuis, Van Den Heuvel-Panhuizen, 
Vermeulen, & Eggen, 2013) have focused on the extent to which teachers 
use different assessments, such as classroom discussions, questioning, or 
games during instruction to gain insight into the class’s understanding of the 
learning goal. The teacher can use this information to make instructional 
decisions, such as pacing the instruction or select appropriate scaffolds to 
support the instruction. However, a teacher can also assess each individual 
student’s understanding (e.g. by observing the students or checking seat 
work) of the learning goal after the instruction. This information can be used 
to provide timely instructional feedback (for example small group 
instruction) to those students who need it. The use of different kinds of 
assessments at different moments during the lesson is considered to be 
particularly effective in mathematics education. Unlike end-of-unit-tests, 
assessments during the lesson trigger students to express their mathematical 
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thinking and are therefore most insightful for teachers (Suurtamm et al. 
2010; Wiliam, 2007). As a result, the information gathered during these 
assessments could serve as a solid basis on which to build the instructional 
feedback. 
 
5.2.1.3 Instructional Feedback 

The assessments that the teacher applies during a lesson should lead 
to the provision of instructional feedback aimed at closing gaps in students’ 
knowledge and skills or – in some cases – helping students progress in their 
learning if they have shown to have already mastered the learning goal. In 
the literature many different definitions for and interpretations of the term 
‘feedback’ are used. For instance, Shute (2008) reserves the term feedback 
for “information communicated to the learner that is intended to modify his 
or her thinking or behaviour for the purpose of improving learning” (p. 154). 
However, this definition leaves room for multiple interpretations. 
Information provided to students to change their thinking or behaviour can 
vary from feedback that provides a limited amount of information to the 
learner to feedback consisting of instructional help aimed at enhancing 
students’ knowledge and skills. Grades or number of errors are examples of 
feedback with little information, while providing the correct answer in 
combination with an explanation or instructing students how to perform a 
task are examples of feedback consisting of instructional help (cf. Ruiz-
Primo & Li, 2013 for a more elaborate discussion). In this study, we use the 
term ‘instructional feedback’ for feedback that consists of instructional help 
to move the students’ learning progress forward. The assessment that 
precedes the instructional feedback provides the teacher with information 
about the students’ current level of understanding of the learning goal. This 
information is of the utmost importance for providing effective instructional 
feedback (Hattie & Timperley, 2007; Moon, 2005). For example, a teacher 
might be observing a student who is practising with the table of six. The 
student makes multiple mistakes and the teacher asks him to explain what he 
is doing. The student shows how he tries to solve the problem ‘7 x 6 = ’ by 
jumping on a number line (abstract representation of the calculation), but the 
student cannot figure out how many times he should jump on the number 
line or what number the ‘jumps’ should consist of. Based on this information 
the teacher might find it worthwhile to provide feedback by using a more 



 

124 

concrete representation of the calculation in the form of seven baskets with 
six apples in them and relating it to the number line. Without the detailed 
information gathered during the assessment, the teacher might have provided 
the wrong kind of instructional feedback to this student. This implies that 
instructional feedback is highly dependent on the preceding assessment. 

The instructional feedback should be provided as soon as possible, 
seeing that students benefit from timely instructional feedback, such as re-
teaching or small group instruction (Irons, 2008; Marzano et al., 2001). 
Specifically for difficult, conceptual or procedural tasks – which are 
common tasks in mathematics education – feedback should be provided 
immediately (Shute, 2008). In addition to the timing of the feedback, the 
feedback should be presented in manageable units and be specific and clear. 
Especially for low-achieving students the feedback should be explicit and 
immediate, while the feedback can be more facilitative and sometimes 
delayed for high-achieving students. This implies that the provided feedback 
should be based on the learner’s instructional needs (Shute, 2008). 
 
5.2.2 Teachers’ knowledge of mathematical errors 

Teachers’ knowledge of students’ mathematical errors and learning 
trajectories, which are considered to be specific elements of teachers’ 
mathematical knowledge for teaching (Hill et al., 2008), can be regarded as 
being most important for effective use of CFA. Teachers’ knowledge of 
mathematical errors raises a teachers’ awareness of possible difficulties that 
students experience with a particular learning goal. It allows the teacher to 
focus his or her assessment as the teacher understands what kind of errors 
and their patterns he/she should be aware of. This information helps a 
teacher to determine the content of the instructional feedback that should be 
provided to correct these misconceptions (Mastropieri & Scruggs, 2002; 
Schneider & Gowan, 2013; Shuhua & Zhongwe, 2012). Thus, teachers’ 
knowledge of errors will have an influence on teachers’ use of both 
assessment and instructional feedback.  
 
5.2.3 Teachers’ knowledge of learning trajectories 

In recent years, attention has been drawn to the importance of 
knowledge of learning trajectories in applying CFA (Furtak et al., 2014; 
Scheider & Gowan, 2013; Supovitz et al., 2013). In both the Netherlands and 
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abroad, learning trajectories covering different domains, such as number 
reasoning, adding and subtracting, multiplying and dividing, geometry and 
measurement, have been developed (cf. Boswinkel, Buijs, & Klein Tank, 
2014; Daro, Mosher, & Corcoran, 2011; Noteboom, Aartsen, & Lit, 2017). 
These learning trajectories often describe the development of mathematics 
concepts (in relation to other concepts and domains), common 
misconceptions, examples of lessons and examples of tasks that can be used 
as assessments. This information can be used to not only understand which 
prior knowledge students need to possess in order to master a particular 
learning goal, but also to gain insight into the kind of knowledge and skills 
that build upon the learning goal being taught. Therefore, knowledge of 
learning trajectories enables teachers on the one hand to assess where in the 
student’s development problems arise and on the other hand to subsequently 
provide more precise instructional feedback that helps the student forward 
(Furtak et al., 2014; Ginsburg, 2009; Marzano, 2006). For example, a teacher 
has set a goal for instruction about adding up to twenty with two one-digit 
numbers. The teacher is aware that students need to understand how to break 
down numbers till nine before he or she can correctly complete these tasks 
(e.g. for the task ‘7 + 5’, the student needs to know that ‘5’ can be broken 
down into ‘3’ and ‘2’ in order to compute the broken down task ‘7 + 3 + 2 = 
12’). The teacher also knows that students usually experience difficulties 
with this particular topic because they do not understand how to break down 
numbers till nine and use this for the bridge-to-ten strategy. This knowledge 
will focus the teachers’ assessment practice and allows the teacher to provide 
students who face this problem with instructional feedback about breaking 
down numbers till nine in combination with the bridge-to-ten strategy and to 
select appropriate scaffolds such as a double-ten frame. If a teacher lacks this 
kind of knowledge he or she has limited ways to adapt his or her 
instructional feedback to the students’ needs. Thus, learning trajectories form 
a framework that supports teachers in assessing students’ mastery of learning 
goals and providing feedback that adheres to the students’ needs (Ebby, 
Sirinides, Supovitz, & Oettinger, 2013). 
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5.3 Research Questions  
 
By means of an online survey, we gathered information about the relations 
between the participating teachers’ use of the three CFA elements: ‘goal-
directed instruction’, ‘assessment’, and ‘instructional feedback’. We also 
assessed the teachers’ knowledge of mathematical errors and their 
knowledge of learning trajectories to be able to investigate their influence on 
the teachers’ CFA practice.  The study is descriptive in nature and aims to 
answer the following research questions: 
 

1. To what extent are the teachers’ use of the different elements of CFA 
related to each other? 

2. To what extent do the teachers’ knowledge of mathematical errors 
and learning trajectories influence their use of the CFA elements?  
 

Based on the above-described literature we hypothesized a model for 
relations between the teachers’ knowledge of mathematical errors and 
learning trajectories and the CFA elements that can be seen in Figure 5.2.  

Figure 5.2: Model for the use of CFA. 
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The model consists of two parts. The left part contains the teachers’ 
knowledge of mathematical errors and their knowledge of learning 
trajectories. We expect that there will be a correlation between the two, as 
they are both parts of teachers’ mathematical knowledge for teaching. The 
two factors will directly influence two of the CFA elements that are depicted 
on the right side of the model, namely ‘assessment’, and ‘instructional 
feedback’. We hypothesize that teachers who have insight into mathematical 
errors and learning trajectories will be more inclined to assess their students’ 
mastery of those goals, as they will be more able to assess what kind of 
errors the students make and what kind of help should be provided. 
Additionally, teachers with knowledge of mathematical errors and learning 
trajectories will provide timely instructional feedback more frequently. 
These teachers will have the necessary knowledge to provide effective 
feedback readily available during the lesson, whilst teachers who do not 
possess this knowledge will perhaps be more inclined to delay the feedback 
in order to prepare it better. Finally, we expect that goal-directed instruction 
will enable teachers to assess each student’s mastery. We also expect that the 
assessment will lead to timely instructional feedback to the students who 
need it. Once a teacher establishes whether the instructional feedback has led 
to mastery of the learning goal, he/she will probably decide on the learning 
goal for the next lesson. Based on the instructional feedback the teacher can, 
for example, choose to adjust the learning goal provided in the mathematics 
curriculum materials or set a new goal for instruction. In any case this will 
lead to the start of a new CFA cycle. We thus presume that teachers who 
frequently provide instructional feedback will also be more inclined to set 
specific goals for instruction and provide instruction accordingly.  
 
5.4 Study Design 

  
5.4.1 Participants 

At the beginning of the study 400 Dutch primary school principals 
received an e-mail containing a request to fill in a questionnaire and a link to 
the website. The school principal was asked to forward the e-mail to the 
teachers of grade 1 to 6. In total, 14 of the e-mail requests could not be 
delivered and bounced back. Therefore, another 14 school principals were 
send the e-mail with the request to forward it to their teachers. After a few 
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weeks, the response turned out to be quite low, despite several reminders 
that were sent to the schools. Consequently, we send another 100 schools an 
e-mail and used our network to request schools to participate in the study. 
This resulted an effective sample of approximately 500 schools (7.9%) out 
of a possible number of 6362 schools. Considering that the schools on 
average had six teachers (one per grade) who could fill in the questionnaire, 
this meant that around 3000 teachers were asked to reply. Out of these 3000 
teachers 137 teachers filled in the complete questionnaire. This response was 
approximately 4.6 percent.  

The teachers were asked to provide information about their age, 
gender, years of teaching experience, class size and the percentages of low 
and high achieving students in their class. Out of the 137 respondents 89.1 
percent were female teachers. Most teachers (54.7%) were between 31 and 
50 years old and had on average 16.58 years of teaching experience (SD = 
9.45). A class size of between 21 and 30 students was most common among 
the teachers (63.5%). Many teachers (73.7%) indicated that between 0 and 
20% of their students showed low performance on mathematics and 57.6% 
of the teachers indicated that between 11 and 30% of their students showed 
high mathematics achievements. The teachers were not asked to provide 
information about their schools (e.g. denomination or location).  

Although the sample group composition concerning gender, age and 
class size seems to reflect the population of Dutch primary school teachers 
(Dekker, 2016; CBS, 2016; CBS, Dutch Ministry of Education, Culture and 
Science, & DUO, 2016), we cannot be sure that this is in fact the case due to 
our small number of respondents. For instance, our small sample size may 
have been influenced by self-selection bias. Perhaps our 137 teachers were 
already interested in CFA and chose to thus fill in the questionnaire, whilst 
others chose to end the questionnaire prematurely because of, for example, 
its length. For the purpose of this study, the small sample size (and with it its 
representativeness) will be less of a concern, as we are not aiming to 
describe teachers’ use of CFA, but are mainly interested in estimating the 
strength of the relationships between the different CFA elements and the 
teachers’ knowledge of mathematical errors and learning goals.  
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5.4.2 Instruments 
An online questionnaire (see Appendix D) was used to collect data 

about the primary school teachers. The questionnaire contained questions 
about the teachers' background, their use of the CFA elements, and their 
knowledge of mathematical errors and learning trajectories. The 
questionnaire was tested three times. During the first and second time a total 
of six persons filled in the complete questionnaire. These respondents were 
asked to highlight questions that they found to be unclear and gave their 
interpretation of the question. If this interpretation was not in accordance 
with the researcher’s intention, the researcher and respondent discussed how 
to paraphrase the question. Hereafter, a group of 20 persons filled in the 
questions about mathematical errors and learning trajectories. These 
respondents were also asked about the clarity of the questions. Their 
responses were used to test the reliability of the scales. After each pilot 
several changes were made to the questionnaire. In the following sections all 
scales that were used in the questionnaire are discussed.  

 
5.4.2.1 Teachers’ use of CFA elements in mathematics education 

The questions about the practical use of the elements were divided 
into three scales: ‘goal-directed instruction’, ‘assessment’, and ‘instructional 
feedback’. The items for the scales were based on our review of the literature 
as described in our theoretical framework. 

The scale for ‘goal-directed instruction’ consisted of 13 items. 
Examples of items about goal-directed instruction are 'Before the start of the 
lesson I prepare an instruction that focuses on one specific goal’ and ‘At the 
beginning of the lesson I communicate the learning goal to my students’. 
Teachers could reply to these statements by selecting one of the following 
answers: Never (score 1), rarely (score 2), sometimes (score 3), almost 
always (score 4), always (score 5). An average score was computed to 
signify the use of goal-directed instruction. The internal consistency of the 
scale was good with Cronbach’s α=.81. 

Eleven items determined the frequency with which teachers assessed 
the mastery of the learning goal of the students. Examples of these items are 
‘I check my students’ understanding of the learning goal by observing them 
while they are working together on tasks’ and ‘During my instruction I 
check my students’ understanding of the learning goal via questioning’. 
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Teachers could reply to these statements by selecting one of the following 
answers: Never (score 1), rarely (score 2), sometimes (score 3), almost 
always (score 4), always (score 5). A final scale score was computed based 
on the average score of the respondents. This scale had an internal 
consistency of Cronbach’s α=.79, which is considered to be acceptable.  

The teachers’ provision of instructional feedback was measured by 
twelve items, such as ‘I adjust my instruction by breaking it down in small 
and specific steps’ and ‘Immediately after the instruction I provide small 
group instruction’. Teachers could reply to these statements by selecting one 
of the following answers: Never (score 1), rarely (score 2), sometimes (score 
3), almost always (score 4), always (score 5). Again, the average score was 
computed as a final score. The internal consistency was good with 
Cronbach’s α=.80. 
 
5.4.2.2 Teachers’ knowledge of mathematical errors 

The scale of teachers’ knowledge of errors initially consisted of 14 
items. These items represented particular classifications of student error 
patterns (Ashlock, 2010; Burrows, 1976; Geary, 2006; Kraemer, 2009): 

− Conceptual error: The student made a mistake, because he/she 
does not understand the underlying concept of the mathematical 
task; 

− Procedural error: The student made a mistake in the procedure 
that he/she used to complete the task; 

− Place value error: The student made a mistake, because, whilst 
completing the task, he/she did not take into account that the 
position of a cipher determines its value; 

− Error in the automaticity and memorisation of basic mathematics 
facts and skills: Incorrect memorisation of facts, such as addition 
and subtraction up to 20 or basic multiplications. 

To prevent the teachers from making mistakes in identifying types of errors 
merely because of terminology, they were provided with an explanation of 
the categories on each page of the survey that concerned the mathematical 
errors. Hereupon, the teachers were asked to qualify 14 student errors 
according to the categories that are described above. The teachers could also 
respond with a question mark, if they felt they were not able to identify the 
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type of error. This option was made available to avoid that teachers would 
randomly fill in an answer. 

For each item one category was most probable. A teacher would 
receive a score of 1 when he/she identified the correct error category. In 
some cases a second category would be awarded a score of 0.5, as this 
category could be a possible explanation for the error made, albeit a less 
plausible one. For example, the teachers were presented the following error:  

− Adira (fifth grade): 368 + 6 = 373 
This error could best be identified as an error due to an incorrect 
memorisation of basic mathematical facts, as students in the fifth grade 
should have memorised that 8 + 6 = 14 and not 13. Teachers who filled in 
this answer received a score of 1. Another possible, yet less plausible, error 
would be a procedural error. This would imply that a fifth grade student 
would still count to solve this problem. When starting to count this student 
included the first addend (368, 369, 370, 371, 372, 373) resulting in the 
incorrect answer. Teachers who gave this response would receive a score of 
0.5. 

When analysing the reliability of this scale, we found that four items 
had a corrected item-total correlation below .10, which are considered to 
discriminate poorly between different abilities (cf. Nunnally & Bernstein, 
1994). Therefore, we deleted these items. This resulted in a scale of 10 items 
with an acceptable internal consistency of Cronbach’s α=.67. The number of 
correctly diagnosed items was computed to function as a final score. 
 
5.4.2.3 Teachers’ knowledge of learning trajectories 

In order to determine the teachers’ knowledge of mathematical 
learning trajectories, the teachers were asked to complete three arrangement 
questions. For every question the teachers had to arrange five mathematical 
tasks within a mathematical domain (multiplications, fractions and number 
sense) in such a way that they would fit the mathematical learning trajectory. 
For every item the teachers would receive a score of 1 if he/she put the 
mathematical task at the right place or one place lower/higher with regard to 
the ideal order. If the teacher placed the mathematical task anywhere else 
he/she would receive a score of 0. A score for each mathematical domain 
was then formulated by adding up the scores for each mathematical task. 
Finally, we computed an index score running from 0 to 3 for the teachers’ 
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knowledge of learning trajectories by adding up the teachers’ scores for the 
three mathematical domains. 
 
5.4.3 Data Analysis 

The central questions of this study concern the relations between the 
CFA elements and the impact of the teachers’ knowledge of errors and 
learning trajectories on their’ use of the CFA elements in mathematics 
education. Descriptive statistics were applied concerning these variables to 
provide an impression of the teachers’ background and practice, not to show 
their representativeness. Correlations between the CFA scale scores were 
analysed to assess the relation between the elements of CFA. To determine 
the impact of the teachers’ knowledge of errors and learning trajectories on 
their use of the CFA elements correlations between these scale scores were 
analysed too.  

Based on our theoretical hypothetical model as represented in Figure 
5.2 constituted the foundation for the path analysis examined by the 
computer program LISREL VIII (Jöreskog & Sörbom, 1996). LISREL VIII 
uses the specifications of our proposed model and tries to find out to what 
extent this model is a good reproduction of (or ‘fit’ for) the correlation 
matrix. The extent to which the model deviates from the original correlation 
matrix can be determined by looking at the χ2-test for goodness of fit, and 
the root mean square error of approximation (RMSEA). The χ2-test tests to 
what extent the correlation matrix as estimated from the proposed model and 
the observed correlation matrix are different from one another. This means, 
that a low χ2-statistic indicates a good fit. With regard to RMSEA a perfect 
model fit would be indicated by a RMSEA of 0, while values close to or 
lower than 0.05 indicate an acceptable fit. In other words, the lower value of 
RMSEA the better the fit of the model is. One can change the model by 
changing the causal paths between the variables. Preconditions for changes 
in our model were that all changes to the model should be based on 
theoretical considerations, modification indices in LISREL VIII and t-values 
of path coefficients.  

To account for measurement error in the variables we included error 
variances in the measurement part of the path model. The error variances 
were based on the Cronbach’s alpha coefficients described above.  
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5.5 Results 
 
5.5.1 Description of teachers’ CFA practice 

Table 5.1 contains descriptive data on the teachers’ use of the CFA 
elements. Because of our small sample size and the possibility of bias due to 
self-selection, this data should not be interpreted as being representative of 
the population of Dutch teachers’ use of the CFA elements and their 
knowledge of mathematical errors and learning trajectories. 

The descriptive data shows that most of the teachers that participated 
in the study almost always set specific goals for their mathematics 
instruction. The mean scores and standard deviations of ‘assessment’ and 
‘instructional feedback’ indicate that many respondents regularly, though not 
always, assess their students’ mastery and provide their students with 
instructional feedback during the mathematics lesson. 
 
Table 5.1 
Mean Scores and Standard Deviations for CFA during Mathematics 
Lessons. All Scales Run from 1 to 5, with 1 Referring to ‘Never’ and 5 
Referring to ‘Always’.  

  
5.5.2 Description of teachers’ knowledge of errors and learning 

trajectories 
Table 5.2 shows the descriptive data for the teachers’ knowledge of 

errors and their knowledge of learning trajectories. The participating 
teachers’ knowledge of students’ mathematical errors appears to be 
reasonably well developed. On average the teachers in this study were able 
to classify more than six out of ten mathematical errors. The teachers’ 
knowledge of the learning trajectories was of a sufficient level. The 
sequencing of mathematics tasks in number sense according to the learning 
trajectory was the least difficult for the teachers. Out of all the teachers who 

 n Scale M SD 

Goal-directed instruction 137 1 – 5  4.10 0.42 

Assessment  137 1 – 5  3.82 0.51 

Instructional feedback 137 1 – 5  3.91 0.45 
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filled in this question, 75.9% was able to put these five tasks in a correct 
order. It is important to remark that there was quite some variance for both 
variables, which indicates that not all teachers were able to identify 
mathematical errors and align the learning trajectories to a sufficient level. 

 
Table 5.2  
Descriptive Data about the Teachers’ Knowledge of Errors and of Learning 
Trajectories.  

 n Scale M SD 

Knowledge of mathematical errors  137 0 – 10  6.77 1.73 

Knowledge of mathematical learning 
trajectories 

137 0 – 3  2.04 0.81 

 
5.5.3 Relationships between the teachers’ use of the CFA elements and 

their knowledge of mathematical errors and learning trajectories  
Table 5.3 contains correlations between the three CFA elements and 

the teachers’ knowledge of mathematical errors and learning trajectories. 
Analysis of these correlations shows that there are significant correlations 
between ‘goal-directed instruction’ and ‘assessment’, between ‘assessment’ 
and ‘instructional feedback’, and between ‘goal-directed instruction’ and 
‘instructional feedback’. Table 5.3 also shows that ‘teachers’ knowledge of 
errors’ relates to ‘goal-directed instruction’, albeit to a small extent. 
‘Teachers’ knowledge of learning trajectories’ appears to be related to both 
‘goal-directed instruction’ and ‘instructional feedback’, but not to 
‘assessment’.  
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Table 5.3 
Pearson Product Moment Correlations between the Teachers’ Use of the 
CFA Elements and their Knowledge of Mathematical Errors and Learning 
Trajectories. 

* p <.05 (2-sided) 
** p <.01 (2-sided) 
 

 Next, we specified our theoretical model in LISREL and tested 
whether it fitted the correlation data. It turned out that this model had a 
reasonable fit to the data with a χ2-statistic of 5.38 (df = 2, p = 0.067) and a 
RMSEA of 0.112. However, four paths were found to be non-significant (see 
Figure 5.3). 

 

 1. 2. 3. 4. 5. 

1. Goal-directed instruction 1.00     

2. Assessment 0.49** 1.00    

3. Instructional feedback 0.49** 0.66* 1.00   

4. Teachers’ knowledge of errors 0.18* 0.08 0.05 1.00  

5. Teachers’ knowledge of learning 
trajectories 0.15 -0.01 0.14 0.23* 1.00 



 

 

136 

Figure 5.3: Model for the use of CFA including path coefficients and error variances. 
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We tried to improve the fit of the model in four steps. Based on the 
modification indices in LISREL VIII we first added a path between the 
teachers' knowledge of errors and goal-directed instruction. This led to a 
significant improvement of fit with χ2

diff (1) = 5.08 and p < .05. However, 
this model contained some insignificant paths, which we removed from our 
model one by one. This resulted in a final model as depicted in Figure 5.4. 
All paths are unidirectional, with their direction indicated by arrows. All 
path coefficients are significant. The strength of the causal paths between 
variables depends on the standardized path coefficients that indicate the 
increase in the dependent variable caused by one standard unit on the 
independent variable scale (Jöreskog & Sörbom, 1996). For example, an 
increase in teachers’ knowledge of errors leads to an increase in the teachers’ 
use of setting goals for instruction with .22. The path model fits the data well 
with χ2 = 1.55, df = 4, p = 0.817, RMSEA = 0.000.  There is no significant 
difference (χ2

diff (3) = 1.25 and p >.50) between our second and our final 
model, providing an additional argument – taking into account that there 
were insignificant paths in our second model – to  opt for the more 
parsimonious model. 

 Figure 5.4 shows that, in this study, the teachers’ knowledge of 
errors influences the frequency by which teachers provide goal-directed 
instruction. The figure also reveals that teachers’ knowledge of learning 
trajectories affects the teachers’ use of instructional feedback to a small 
extent. Goal-directed instruction is only moderately positively related to 
assessment. This finding suggests that the teachers in our sample do not 
necessarily base their assessment of each student’s mastery on the goals they 
set for instruction. There is a rather strong causal path between teachers’ use 
of assessments to instructional feedback. This means that teachers who 
assess their students’ mastery also tend to provide instructional feedback 
during the lesson. Finally, there is a moderately positive relation between the 
teachers’ provision of instructional feedback and goal-directed instruction. 
This implies that teachers who provide frequently provide instructional 
feedback are also more inclined to focus their instruction on specific learning 
goals by, for example, adjusting a learning goal based on the students’ prior 
knowledge. However, it also indicates that some teachers do not base their 
goals for instruction on the instructional feedback they have provided before. 
This may be caused by the teachers’ use of mathematics curricula, as most 
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mention one or two learning goals per lesson whilst assuming that all 
students have mastered the previous learning goals. 

In our theoretical framework we explained how we expected there to 
be a relationship between the teachers’ knowledge of errors and learning 
trajectories and their use of assessment. However, our final model suggests 
that there is merely an indirect relationship between teachers’ knowledge of 
errors and assessment through goal-directed instruction and no direct 
relationship between teachers’ knowledge of learning trajectories and 
assessment.  
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Figure 5.4. The final path model depicting the influence of the teachers’ knowledge of mathematical errors and learning 
trajectories on the CFA elements and the relations between the CFA elements. 
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5.6 Conclusion 
 
In this study, we have tried to find out to what extent the participating 
teachers’ use of the CFA elements ‘goal-directed instruction’, ‘assessment’ 
and ‘instructional feedback’ are related to each other. Additionally, we have 
investigated to what extent the teachers’ knowledge of mathematical errors 
and learning trajectories affect their use of the CFA elements.  

The descriptive analyses of the teachers’ answers suggest that most 
teachers who filled in the questionnaire frequently (‘almost always’) provide 
goal-directed instruction. These high scores may imply that the participating 
teachers follow up on the instructions in the curriculum materials, as these 
materials contain learning goals and suggestions for instruction (Dutch 
Inspectorate of Education, 2010; Nicol & Crespo, 2005; Stylianides, 2008). 
The teachers assess their students’ mastery and provide them with 
instructional feedback less frequently than that they provide goal-directed 
instruction. The teachers’ ability to identify mathematical errors and their 
knowledge of learning trajectories was in both cases sufficiently well 
developed. Be that as it may, the variance for both variables indicates that 
not all teachers had a sufficient understanding of the mathematical errors and 
the learning trajectories. Other research confirms this finding suggesting that 
teachers are capable of analysing the students’ errors, but that this is 
nonetheless a challenging endeavour (Heritage et al., 2009; McGuire, 2013; 
Schneider & Gowan, 2013). 

As we expected with regard to the relations between the three CFA 
elements, in this study, the teachers who provide goal-directed instruction 
also tend to assess their students’ mastery of these goals more often. This 
relation was, however, only moderately positive. This might mean that, 
although teachers do assess their students’ mastery often, the assessment 
might not always be based on the goals they have set for instruction. This 
finding is in line with other research stating that some teachers tend to assess 
their students’ understanding without setting clear goals and criteria for 
success (cf. Antoniou & James, 2013). Our analyses also show that there is a 
rather strong relation between the teachers’ use of assessments and timely 
instructional feedback. This is not surprising as the assessment should 
provide the teacher with information about gaps in the students’ current level 
of understanding of the learning goal. This information is considered to be a 
prerequisite for providing effective instructional feedback (Hattie & 
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Timperley, 2007; Moon, 2005). Finally, we found that there is only a 
moderate positive relationship between the teachers’ provision of 
instructional feedback and goal-directed instruction. This indicates that not 
all teachers base their goals for instruction on the instructional feedback they 
have provided before. This is perhaps a result of the teachers’ use of the 
curriculum materials, which specify learning goals for each lesson that 
teachers seem to follow up on regardless of their findings during the lessons. 
 As regards the relations between the teachers’ knowledge of 
mathematical errors and learning trajectories and the teachers’ use of the 
CFA elements we found some unexpected results. Firstly, there was a weak 
positive relationship between the teachers’ knowledge of errors and goal-
directed instruction. Possibly, in some cases teachers’ knowledge of errors 
helps them to focus their instruction and set appropriate goals by taking into 
account possible errors and addressing them during instruction (Hill et al., 
2008; Riccomini, 2005). Secondly, contrary to our expectations, the 
teachers’ knowledge of errors and learning trajectories appeared to be 
unrelated to the teachers’ use of assessment. In addition, the teachers’ 
knowledge of learning trajectories was only slightly positively related to the 
frequency of timely instructional feedback. In our study, these factors do not 
seem to have a lot of predictive value for the frequency by which the 
teachers use the CFA elements. An explanation might be that the curriculum 
materials provide teachers with suggestions for instructional feedback when 
students experience difficulties. Therefore, the teachers might not feel the 
need to know precisely which errors students make, while some knowledge 
of mathematical learning trajectories may suffice in being able to select 
appropriate scaffolds for instructional feedback from the curriculum 
materials. Another explanation for these unexpected results might be that 
knowledge of errors and learning trajectories perhaps say more about the 
quality by which the CFA elements are used than about their mere presence. 
Teachers do not have to have knowledge of mathematical errors or learning 
trajectories to believe that they are assessing the work of their students and 
giving appropriate feedback. Therefore, it might be necessary to pay 
attention to the knowledge of teachers as a quality measure, but not as a 
restrictive condition for CFA to take place. 

During this study, we were confronted with several issues that might 
have influenced the results of our study. Firstly, we have tried to find out 
whether the teachers in our study used the CFA elements in a coherent 



 

142 

manner. We found that the elements related rather strongly to one another. 
However, as we used a cross-sectional design, we do not know whether 
teachers who provide goal-directed instruction indeed follow this up with 
assessment. Nor do we know for a fact whether the teachers who assess their 
students’ mastery, will use this information to provide instructional 
feedback. We were merely able to determine the plausibility of these 
relations by means of our path model. 

Secondly, our sample of 137 respondents was small and perhaps 
biased by self-selection. It is possible that the 137 participating teachers 
were more interested in CFA than the teachers who chose to not fill in the 
survey. This may have resulted in more positive outcomes as regards 
teachers’ use of the CFA elements and perhaps even their knowledge of 
mathematical errors and learning trajectories. Thus, our sample makes it 
difficult to extend our conclusions to the whole population of teachers. 
Additionally, this study was conducted in Dutch primary education. We 
cannot be sure that our results will also be found if the study is conducted 
elsewhere. 

Nonetheless, the results of this study in combination with the 
growing interest for teachers’ use of CFA and the influence of teachers’ 
mathematical knowledge for teaching on this practice may serve as a starting 
point for further research with larger samples and in other countries. It would 
be particularly interesting to find out whether the model found in this study 
can be retraced in practice.  
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General Conclusion and Discussion 
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6.1 Introduction 
 
Proficiency in mathematics is essential for fully participating in today’s 
society. Unfortunately, recent reports have shown that in many countries 
primary school students’ mathematics performance is not up to par or is 
declining (OECD, 2014, pp. 50-56; OECD, 2016, pp. 181-184). 
Understandably, this is causing policy makers and teachers concern. As a 
result, teachers’ use of formative assessment to enhance students’ 
mathematical abilities has gained renewed interest (Dutch Inspectorate of 
Education, 2010; Mandinach, 2012). Formative assessment is a process that 
is used to gather information about gaps in students’ knowledge and skills 
aimed at providing students with feedback to close those gaps (Black & 
Wiliam, 2009; Callingham, 2008; Shepard, 2008). To improve teachers’ 
formative assessment practice, many western countries introduced learning 
standards and standardised tests, such as the United States with the No Child 
Left Behind Act (2002). In the Netherlands, many schools and teachers since 
then have used learning standards (the so called ‘Kerndoelen’) and half-
yearly standardised tests to analyse their students’ progress. Next, this 
information is used to set performance goals for subgroups within the class 
(e.g. low-achieving, average and high-achieving students) and to create 
differentiated instruction plans to adhere to these differentiated goals (Dutch 
Inspectorate of Education, 2010).  

Unfortunately, the above-described practice is often found to have a 
nonsignificant or only a small effect on student performance (cf. Keuning & 
Van Geel, 2016 or Ritzema, 2015). This may be due to the fact that this 
practice results in a large time span between the assessment (standardised 
test) and the subsequent differentiated instruction. Considering that feedback 
should be provided as soon as possible or at least before proceeding to the 
learning goal for it to be effective in enhancing student performance (Irons, 
2008; Marzano, Pickering, & Pollock, 2001), this large time span may be a 
reason for a lack of effectiveness.  
 The use of formative assessment during lessons, commonly referred 
to as classroom formative assessment (CFA) may be more effective in 
enhancing student performance, as the time span between the assessment and 
instructional feedback is kept to a minimum (Conderman & Hedin, 2012). In 
this dissertation, we have discussed the results of four different studies 
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which were focused on answering our main research question regarding 
teachers’ use of CFA: 
 
To what extent can a model for classroom formative assessment that is 
developed by researchers, teachers and curriculum experts be implemented 
by teachers and function as a means to enhance students’ mathematics 
performance? 
 
In this final chapter, we will summarize our main findings to answer our 
main research question and to describe both their theoretical and practical 
implications. Hereafter, we will discuss the main limitations of our studies 
and provide recommendations for both practice and future research. 
 
6.2 Main Findings 
 
In our first study, in which we conducted three pilot studies, we developed a 
CFA model. A first concept model was based on a review of the literature on 
(classroom) formative assessment. To facilitate the teachers in their use of 
the CFA model, we embedded our model in two commonly used 
mathematics curricula (named ‘World in Numbers’ and ‘Plus’). These 
curricula allowed the teachers to draw from, amongst others, suggestions for 
learning goals, guidelines for instruction (e.g. suggestions for mathematical 
scaffolds, such as effective procedures, number lines or pie charts), readily 
available assignments to assess the students’ mastery of the goals, 
suggestions for instructional feedback, and more complex tasks. The concept 
CFA model was amended step by step in collaboration with teachers and 
curriculum experts. This resulted in a final CFA model consisting of both 
daily and weekly use of: 1. Goal-directed instruction, 2. Assessment, and 3. 
Immediate instructional feedback. On a daily basis this model entailed that 
the teacher had to set one learning goal and subsequently provide a short 
goal-directed whole group instruction, using appropriate scaffolds, such as a 
mathematical representation or procedure. Immediately after the instruction, 
the teacher would assess the students’ understanding of the learning goal by 
giving them specific tasks and observing them while working on the tasks. 
Finally, the teacher had to provide immediate instructional feedback, again 
using appropriate scaffolds, to those students who did not show a sufficient 
mastery of the learning goal during seat work. Additionally, at the end of the 
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week, the teacher would assess the students’ understanding of the learning 
goals that were taught during that week once more. The teacher had to show 
the students a quiz on the digital whiteboard consisting of eight multiple 
choice questions based on four learning goals that were covered during the 
weekly programme. A classroom response system was used that allowed the 
students to answer the questions by means of a voting device, after which 
their answers were digitally stored. The teacher could use this information to 
provide instructional feedback to the class immediately after each question 
or to a small group of students after finishing the quiz. The results of 
developmental study showed that teachers were able to use this CFA model 
for a short period of time. Moreover, the teachers were positive about the 
usefulness and feasibility of the model. Nonetheless, they did indicate that 
intensive training and coaching would be needed and that there were some 
preconditions, such as time allocation and classroom management, that 
should be met before the CFA model could be used adequately. 

To test whether a larger group of teachers could implement the 
developed CFA model over a longer period of time after training and 
coaching on the job, we conducted an implementation study. The teachers 
participated in a PDP based on nine features of effective professional 
development: small group initial workshops, collective participation, 
coherence, barriers and support, active learning, a focus on content, on-site 
practice, coaching on the job, and a sufficient duration of the PDP (cf. 
Desimone, 2009, Penuel, Fishman, Yamaguchi, & Gallagher, 2007; Van 
Veen, Zwart, Meirink, & Verloop, 2010). The study showed that the 
participating teachers experienced difficulties in using the CFA model for a 
longer period of time. Although most teachers were able to provide goal-
directed instruction and assess the students’ mastery, it appeared that many 
teachers found it difficult to provide immediate instructional feedback based 
on their assessments. The evaluations by the coaches also indicated that 
there may have been some issues regarding the quality of use of the 
assessments and immediate instructional feedback. In addition, the teachers 
did not use all of the quizzes, nor did they always draw reports from the 
classroom response system. The effectiveness of our PDP may be one 
explanation for the found results. Issues such as tension between government 
policy-driven practices and the teachers’ own beliefs, a lack of support, the 
absence of a professional learning environment, and incomplete realisation 
of the coaching on the job may have impeded the teachers’ implementation 
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of the CFA model. Furthermore, the teachers’ mathematical knowledge and 
skills for teaching may have been a factor in the teachers’ ability to 
implement the CFA model.  

Hereafter, in our third study, we used a quasi-experimental pretest-
posttest design to test the effectiveness of the CFA model. Our CFA 
condition consisted of 17 teachers who implemented the CFA model in their 
mathematics teaching. In our control condition 17 teachers applied a model 
that was based on a common formative assessment practice in the 
Netherlands in which teachers use standardised tests results to set 
performance goals for ability groups within class and develop differentiated 
instruction plans focussing on these differentiated goals. The modification to 
teachers’ usual practice entailed that the teachers analysed their students’ 
standardised test scores to provide their low-achieving students with pre-
teaching about those tasks they found difficult. Our analyses indicated that 
there were no differences between the students’ mathematics performance in 
classes where the teacher taught according to the CFA model and of students 
in classes where the teacher analysed half-yearly mathematics tests and 
provided pre-teaching to the low-achieving students. We also tested whether 
the degree of implementation of the CFA model was of influence on the 
students’ mathematics performance. The results showed that the degree of 
implementation had no significant main effect on student performance. We 
did, however, find an interaction effect of the degree of implementation and 
the students’ year grade on student performance. These findings seem to 
imply that the CFA model as implemented by our participating teachers does 
not lead to enhanced student performance. Based on the small positive effect 
of the degree of implementation on the fifth-grade students’ performance, 
perhaps the quality of implementation plays a role in the effectiveness of the 
CFA model. Another explanation for this interaction effect may be the fact 
that the tasks in the fifth-grade posttest were more difficult than those in the 
fourth-grade posttest. As task complexity has been identified as a moderator 
of the effect of goal-directed instruction, assessment and feedback (Kingston 
& Nash, 2011; Kluger & DeNisi, 1996), maybe the fifth-grade students 
could show more mastery of the learning goal as a result of the teachers’ use 
of the CFA model in this posttest. 

In both our implementation study and our effect study mention was 
made of the fact that the teachers did not fully implement the CFA model as 
intended. The results of these studies indicated that the teachers may have 
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had insufficient mathematical knowledge for teaching and hence experienced 
difficulties in using the CFA model in a coherent manner. In light of these 
results and recent attention researchers have been drawing to teachers’ 
knowledge of mathematical errors and learning trajectories as important 
prerequisites for the use of effective CFA (Furtak, Morisson, & Kroog, 
2014; Scheider & Gowan, 2013; Supovitz, Ebby, & Sirinides, 2013), we 
investigated the relationships between both the CFA elements and teachers’ 
knowledge of mathematical errors and learning trajectories in our final study 
by means of a survey. By filling in a questionnaire the participating teachers 
indicated the frequency by which they used the CFA elements (goal-directed 
instruction, assessment and instructional feedback) and demonstrated their 
knowledge of mathematical errors and learning trajectories. Our analyses 
showed that, in our study, there were moderate to strong positive 
relationships between the CFA elements. This indicates that there might be 
some coherence in the teachers’ use of CFA, but that the teachers, for 
instance, not always base their assessment on the goals they have set for 
instruction or that not all of the teachers in our sample base their goals for 
instruction on their findings during instructional feedback they have 
provided before. Furthermore, we found that there were weakly positive 
relationships between the teachers’ knowledge of errors and goal-directed 
instruction on the one hand and the teachers’ knowledge of learning 
trajectories and the frequency of instructional feedback on the other hand. 
Finally, the teachers’ knowledge of errors and learning trajectories appeared 
to be unrelated to the teachers’ use of assessment. An explanation may be 
that knowledge of errors and learning trajectories perhaps say more about the 
quality by which the CFA elements are used than about their mere presence.  
 
6.3 Integrating the Main Findings: Practical and Theoretical 

Implications 
 
Our aim with the project described in this dissertation was to develop a 
feasible model for CFA that teachers could use during their mathematics 
education to improve their students’ mathematics performance. In our quest 
to do so we tried to keep the CFA model as simple as possible. As a result, 
we translated the three elements of effective CFA (goal-directed instruction, 
assessment and instructional feedback) into actions teachers needed to 
undertake, for instance setting one learning goal per lesson or observing the 
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students while they were working on assignments. The results of our 
developmental study imply that teachers are able to apply these steps in their 
mathematics teaching. In contrast, the teachers in the implementation study 
experienced some difficulties in applying the CFA model. In addition, 
questions were raised by the coaches about the quality of use of the CFA 
elements. Often, they indicated that the assessments and immediate 
instructional feedback were of an insufficient level. It thus seems that 
simplifying CFA is not as straightforward as it might seem when looking at 
the three elements as described by, amongst others, Wiliam and Thompson 
(2008). Reducing CFA to a cycle of steps and strategies does not seem to do 
justice to the intricacy of formative assessment in general and CFA in 
particular. Especially CFA seems to consist of a dynamic use of the steps, 
making on the spot decisions whilst going back and forth between 
assessment and instructional feedback before starting a new cycle. This may 
also explain the results of the survey which implied a strong relationship 
between assessment and instructional feedback and less strong relations 
between the other elements. Additionally, the complexity of CFA seems to 
lie in the coherence between the steps. For example, one challenge lies in 
teachers’ alignment of the information gathered during the assessment with 
the provision of effective instructional feedback. Thus, perhaps the focus 
should shift from the individual CFA elements to the arrows between them. 
In other words, attention should be paid to teachers connecting one element 
to the other.  
 The feasibility, quality and following effectiveness of the CFA 
model may have been influenced by the PDP we developed. During the 
implementation study we used a PDP to train and coach the teachers on the 
job in using the CFA model. These teachers were only allowed to make 
small changes to the model. In a sense, the teachers in the implementation 
study were expected to adopt the CFA model. In contrast, the teachers in the 
developmental study were expected and encouraged to suggest amendments 
to the model based on their experiences with it. These teachers were thus 
allowed to change the innovation as they saw fit. According to Fullan (2007) 
teacher change benefits from providing teachers with this kind of leeway in 
implementing a proposed innovation, as it allows the teachers to gain 
ownership of the innovation. Another explanation why the teachers in the 
developmental study experienced less issues in implementing the CFA 
model may be caused by the fact that the teachers in the developmental study 
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intensively worked together with the researchers to implement the model in 
their teaching. They were encouraged to discuss the main principles of CFA, 
think of ways of operationalising these main principles and providing each 
other and the researcher with feedback. In other words, in a small setting a 
professional learning environment was established. A professional learning 
environment where teachers are accustomed to learning from each other by 
providing professional feedback, discussing their vision, sharing 
responsibilities and choices, and where an effective school leader supports 
this environment (Little, 2006), seems essential for establishing teacher 
change. We may have overestimated the extent to which professional 
learning environments were present or could be created at the participating 
schools. Based on the input from the coaches most schools’ professional 
learning environment was far from ideal for implementing an innovation like 
the CFA model. Therefore, it seems necessary to put much more emphasis 
on this precondition for implementation during a PDP before even 
introducing the innovation. Furthermore, our PDP should have perhaps also 
focussed on discussing a vision on CFA and integrating it in the school’s 
policy (Van Veen et al., 2010). This would allow for adaption of our 
innovation instead of adoption.  
 
6.4 Limitations  
 
In each chapter we have described limitations to our studies that may have 
influenced the results we found. Some of these limitations may have also 
affected our main findings of this dissertation as a whole. A first issue 
concerns the decisions we made at the beginning of our project to develop a 
feasible model for CFA. Often, studies report on teachers experiencing 
difficulties in aligning their CFA practice or implementing CFA strategies 
(Antoniou & James 2014; Furtak et al. 2008; Wylie & Lyon, 2015). 
Therefore, we tried to develop a model in which the teachers would apply 
the CFA elements in a coherent way by using a minimum of CFA strategies. 
In this process, we may have underestimated the dynamic nature of CFA and 
its preconditions for use. Subsequently, we may have focussed too much on 
practical steps the teachers should undertake instead of preconditions and 
principles underlying those steps. In that sense, we may have stepped in the 
pitfall we described ourselves in Chapter 2, namely that most researchers are 
not fully aware of the complexities of teaching (Anderson & Shattuck, 
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2012). Perhaps, our CFA model would have been more effective if we had 
focussed more on the preconditions for use, the dynamic nature of CFA and 
its underlying principles allowing for adaptation of CFA during the 
development of both the model and our PDP.  
 One other recurring issue we experienced with the implementation 
and effect study was the absence of qualitative data to investigate possible 
explanations for our implementation issues and lack of effectiveness. For 
example, we did not have the necessary data to explore to what extent the 
teachers were capable of assessing the students’ precise misconceptions and 
providing appropriate instructional feedback in line with this assessment. A 
lack of qualitative data also did not allow us to gain insight into other 
problems teachers encountered when implementing the CFA model.  
 A second main limitation of this project was the conditions we used 
to compare students’ mathematics performance in our effort to find an effect 
of our intervention. As described above, our control condition consisted of a 
modification of the teachers’ usual practice. As a result, the teachers in the 
control condition would analyse their low-achieving students’ test results 
and provide pre-teaching to those students when lessons about specific 
problem domains would be covered the following week. Perhaps this 
modification has had an effect on the control students’ mathematics 
performance. As a result of both this control condition and the 
implementation issues, we cannot draw any definite conclusions about the 
effectiveness of our CFA model.  

Additionally, we developed the tests to compare student 
performance ourselves to ensure that focussed on the topics that were taught 
in both conditions during the project and would be unknown to both the 
teachers and the students to prevent teaching to the test. This resulted in two 
pre-tests and two post-tests that could not be compared to each other. As a 
consequence, the interaction effect that we found implying that the CFA 
model had a small positive effect on the fifth-grade students’ mathematics 
performance, but not on that of the fourth-grade students, was difficult to 
interpret.  

Finally, the samples we used in our studies seem to reflect the Dutch 
population of teachers with regard to, for example, teaching experience, 
gender and age adequately (Dutch Ministry of Education, Culture and 
Science, 2014). Unfortunately, we cannot be sure that this was in fact the 
case due to our small sample sizes. Our results may, therefore, not be 
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representative for the population of Dutch primary school teachers and/or 
primary school teachers abroad. Additionally, the combination of a small 
sample size and our use of cross-sectional data makes it difficult to interpret 
the results of our survey. We cannot draw any definite conclusions about the 
teachers’ coherence in use of the CFA element and the influence of their 
knowledge of mathematical errors and learning trajectories on this use. 
 
6.5 Suggestions for Further Research 
 
Our findings have shown that a CFA model as developed during the project 
is feasible in practice, but may have focussed too much on practical steps 
teachers should undertake resulting in a rather low quality of use of the CFA 
model. However, due to a lack of qualitative data we cannot determine 
precisely what preconditions should be met (such as creating a professional 
learning environment within school or teachers’ mathematical knowledge 
and skills for teaching) for teachers’ to implement high quality CFA in their 
mathematics teaching. It is thus advisable to conduct a qualitative study in 
which the teachers’ use of the CFA elements is studied in more detail. Such 
a study could, for instance, focus on a recurring issue in both our project and 
other studies (cf. Antoniou & James, 2014; Heritage et al., 2009; Wylie & 
Lyon, 2015), namely the teachers’ ability to identify student misconceptions 
and students’ invention of buggy procedures (cf. Brown & Burton, 1978) 
and to align the instructional feedback they should provide with their 
assessment. This part of the CFA seems to be a crucial and, at the same time, 
most difficult aspect of effective CFA. Teachers should be capable of 
analysing students’ work and making immediate and informed decisions 
about appropriate instructional feedback on the spot. Classroom observations 
in combination with analysis of student work could provide more insight into 
this issue.  

It is assumed that assessing student work and providing immediate 
instructional feedback on the spot, requires flexible use of mathematical 
knowledge and skills and is considered to be a demanding task for many 
teachers (Cowie & Harrison, 2016). It thus seems sensible to further 
investigate the influence of teachers’ mathematical knowledge for teaching 
in general and their knowledge of mathematical errors and learning 
trajectories in particular on the use of CFA. Although we know from 
different studies that mathematical knowledge for teaching is positively 
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related to quality of instruction (Hill et al., 2008) and results in enhanced 
student achievement (Hill, Rowan, & Ball, 2005), it remains interesting to 
further explore what specific kind of knowledge is needed for effective CFA. 
More insight into these specific types of knowledge could help in developing 
an effective and efficient PDP that caters to the teachers’ needs as regards 
this particular aspect of CFA. 
 Another dimension to the implementation of CFA that should be 
explored is the teachers’ felt support and experienced barriers during the 
implementation process. Informal conversations with the teachers and 
coaches indicated that the teachers did not feel that they were supported by 
the school leader and team during the implementation process and, perhaps 
as a result, encountered practical barriers in implementing the CFA model. 
We assume that this was partly the result of our PDP which perhaps focussed 
too much on practical issues. It probably also lacked collective participation 
in combination with insight into and a shared vision on the underlying 
principles of CFA. Therefore, when starting to implement CFA in school, it 
is advisable to integrate the implementation of CFA with the school’s policy. 
This ensures that the implementation of CFA is not restricted to the 
participating teachers (Van Veen et al., 2010) and it may help in relieving 
the tension some teachers experienced between policy-driven practices and 
their own beliefs. Furthermore, integrating the implementation of CFA in the 
school’s policy would perhaps encourage the teachers to think about a vision 
on CFA based on its underlying principles. It would be interesting to find out 
whether teachers who spend time on collectively creating a shared vision on 
CFA based on its underlying principles would have more opportunities to 
adapt the innovation and as a result come to a higher quality of 
implementation of a CFA model. The results of such a study would also 
provide essential information for the development of an effective PDP.  
 When the CFA model is amended and an effective PDP is developed 
based on studies such as described above, then such a model could be tested 
for its effectiveness. When assessing the effectiveness of CFA, it is advisable 
to use three conditions: a CFA condition, a condition with a small 
modification to the teachers’ usual practice, and a business-as-usual 
condition. Using these three conditions would diminish the chance of a 
Hawthorne effect while eliminating the possibility of not finding an effect of 
the intervention because a modification in the other condition might also 
have an effect. Furthermore, when testing the students’ mathematics tests it 
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would be advisable to use both tests covering the learning goals in the 
curriculum materials and standardised tests for validation and comparison 
purposes. 
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Appendix A: Time interval scoring sheet 
 
A. Noteer de algemene gegevens in de eerste regel: datum, naam school en 

klas, naam leerkracht, aantal leerlingen, starttijd en eindtijd van de les. 
 
B. Vul het observatiedeel in. De observatiecyclus herhaalt zich om de 5 

minuten. In de eerste, tweede, derde en vierde minuut wordt de 
leerkracht geobserveerd. Per minuut wordt genoteerd welke handeling 
de leerkracht verricht tijdens een lesonderdeel. In de vijfde minuut 
worden de leerlingen geobserveerd.  

 
Observatie leerkracht: 
I Instructie: de leerkracht legt uit wat leerlingen moeten doen/maken; de 

leerkracht geeft verbaal aan hoe leerlingen rekenhandelingen moeten 
uitvoeren; 

IM  Instructie met model: de leerkracht gebruikt een model om de structuur 
van rekenhandelingen te verbeelden met a) concreet materiaal, b) een 
visuele weergave op het bord of c) bewegingen of gebaren (vb. levende 
getallenlijn van kinderen in de klas of sprongen op de getallenlijn 
uitbeelden); 

AS Assessment: de leerkracht controleert of de leerlingen bepaalde kennis 
en vaardigheden beheersen (beurten geven, staan/zitten-spelletjes, 
controleronde); 

KM Klassenmanagement; 
− Leerkracht verricht geen onderwijshandelingen (vb. de leerkracht zit 

achter de computer); 
(ind) Individueel: de leerkracht voert de hierboven beschreven 

handelingen uit bij een individuele leerling (vb. de leerkracht geeft 
instructie aan de tafel van de leerling: I(ind)). 

 
Observatie leerling: 
In de vijfde minuut wordt het aantal leerlingen genoteerd dat niet aan het 
werk is. Niet aan het werk = wachten op hulp van de leerkracht, naar buiten 
kijken, kletsen/klieren met anderen, rommelen in de la etc. 
 
NB: Vaak zal het zelfstandig werken en de verlengde instructie tegelijkertijd 
plaatsvinden. Op dat moment wordt tijdens de vijfde minuut genoteerd 
hoeveel leerlingen tijdens zelfstandig werken inactief zijn, hoeveel leerlingen 
bij de verlengde instructie zitten en hoeveel van deze leerlingen inactief zijn.  
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Datum: School en klas: Leerkracht:  Aantal lln:  Start les: Einde les: 
Les(doel): Rekenmodel: 
 Min. 5 10 15 20 25 30 35 40 45 50 55 60 
Introductie Leerkracht 

(I, IM,  AS, KM) 
            
            
            
            

Lln. inactief             
Instructie Leerkracht 

(I, IM,  AS, KM) 
            
            
            
            

Lln. inactief             
Zelfstandig 
werken 

Leerkracht 
(I, IM,  AS, KM) 

            
            
            
            

Lln. inactief             
Verlengde 
instructie 

Leerkracht 
(I, IM,  AS, KM) 

            
            
            
            

Aantal lln.             
Lln. inactief             

Afsluiting Leerkracht 
(I, IM,  AS, KM) 

            
            
            
            

Lln. inactief             
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Appendix B: Evaluation form for mathematics lessons 
 
Voorbespreking met de leerkracht 
Wat is het doel van deze les en welk rekenmodel ga je 
gebruiken tijdens de instructie? 
 

 
 
 

Hoe heb je de les weggezet in de tijd? 
 

Introductie: 
Instructie: 
Controle: 
Zelfstandig werken: 
Verlengde instructie: 
Afsluiting: 

Heb je voor jezelf een doel gesteld dat je wilt bereiken in 
deze les? Zie je ergens tegenop of heb je vragen? 
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Checklist observatie instructieles  

Introductie Ja Opmerkingen 
De leerkracht geeft een korte introductie van de les van 
maximaal 5 minuten. 

  

 

Instructie Ja Opmerkingen 
De leerkracht geeft een klassikale instructie die gericht is 
op het lesdoel. 

  

De leerkracht gebruikt een rekenmodel dat aansluit bij het 
lesdoel tijdens de klassikale instructie. 

  

De klassikale instructie duurt maximaal 15 min.   
De leerkracht zorgt ervoor dat alle leerlingen meedoen met 
de instructie (ook sterke rekenaars). 

  

De leerkracht legt aan het einde van de klassikale instructie 
uit wat de leerlingen aan oefenstof gaan maken en wat ze 
moeten doen als ze klaar zijn. 

  

 

Controle Ja Opmerkingen 
De leerkracht controleert tijdens het oefenen bij elke 
leerling of deze het lesdoel beheerst (proces/product). 

  

De leerkracht noteert welke leerling het lesdoel niet 
beheerst. 
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De leerkracht geeft uitleg over het lesdoel tijdens de 
controleronde. 

  

Tijdens de controleronde werken de leerlingen zelfstandig 
aan de verwerkingsstof. 

  

De controleronde duurt maximaal 5 minuten.   
 

Zelfstandig werken Ja Opmerkingen 
De leerkracht legt aan de leerlingen uit dat hij/zij met een 
groepje gaat werken en 10 minuten niet gestoord kan 
worden. 

  

De leerlingen werken zelfstandig aan hun werk.   
Na 10 minuten loopt de leerkracht een tweede 
controleronde door de klas. 

  

Het zelfstandig werken duurt maximaal 25 minuten.   
 

Verlengde instructie Ja Opmerkingen 
De leerkracht geeft de leerlingen die hij/zij geselecteerd 
heeft tijdens de controleronde, gezamenlijk verlengde 
instructie met behulp van concreet materiaal/een 
rekenmodel dat aansluit bij het lesdoel. 

  

Alle leerlingen nemen actief deel aan het gezamenlijke deel 
van de verlengde instructie. 
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De leerkracht laat de leerlingen zelfstandig enkele 
opdrachten maken (met behulp van concreet 
materiaal/rekenmodel). 

  

Door middel van kijken of bevragen controleert de 
leerkracht bij elke leerling of hij/zij de opdrachten 
zelfstandig kan maken (proces/product). 

  

De leerkracht stuurt leerlingen die het lesdoel beheersen, 
naar hun eigen plek om zelfstandig verder te werken. 

  

Per instructiegroepje besteedt de leerkracht maximaal 10 
minuten aan verlengde instructie (niet meer dan twee keer 
herhaling instructie). 

  

 

Afsluiting Ja Opmerkingen 
Aan het einde van de les reflecteert de leerkracht met de 
leerlingen op de les. 

  

De afsluiting duurt maximaal 5 minuten.   
 

 

 

 

 



 

 

167 

Nabespreking met de leerkracht 

Doelen:  

Doel 1: de leerkracht is in staat een instructie te geven 
waarbij de nadruk op het lesdoel ligt en een rekenmodel 
gebruikt wordt dat aansluit bij het doel (instructie max. 15 
min.); 

 
 
 

Doel 2: de leerkracht is in staat om via een controleronde 
tijdens het zelfstandig oefenen te controleren of de 
leerlingen het lesdoel begrijpen/beheersen en de juiste 
leerlingen selecteren voor verlengde instructie (max. 5 
min); 

 
 

Doel 3: de leerkracht kan een verlengde instructie over het 
lesdoel van maximaal 10 minuten aan de leerlingen bieden 
en gebruikt daarbij een rekenmodel dat aansluit bij het doel.  

 

Opmerkingen: 
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Appendix C: Evaluation form for quizzes 
  
Voorbespreking met de leerkracht 
Welke doelen worden behandeld in de quiz? 
 

1. 

2. 

3. 

4.  

Wat verwacht je van de quizresultaten op grond van de 
afgelopen week? Met welke opgaven zullen leerlingen 
moeite hebben, welke leerlingen vallen uit? 

 

 

 

 

Heb je voor jezelf een doel gesteld dat je wilt bereiken in 
deze les? Zie je ergens tegenop of heb je vragen? 
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Checklist observatie quiz  

Uitdelen clickers Ja Opmerkingen 
De leerkracht deelt de clickers uit binnen 5 minuten of 
heeft de clickers klaargelegd voor aanvang van de quiz. 

  

 

Instructie Ja Opmerkingen 
De leerkracht legt uit dat de leerlingen acht 
meerkeuzevragen krijgen over de rekenonderdelen die ze 
die week behandeld hebben. 

  

De leerkracht legt uit dat de leerlingen met hun stemkastje 
kunnen kiezen door naar de ontvanger te wijzen en op de 
juiste knop te drukken. 

  

De leerkracht legt uit dat de leerlingen een kladblaadje 
mogen gebruiken. 

  

De leerkracht legt uit dat de leerlingen op een hint mogen 
wachten voordat ze antwoord geven. 

  

De leerkracht legt uit dat het niet de bedoeling is dat de 
leerlingen overleggen met elkaar. 

  

De instructie duurt maximaal 5 minuten.   
 

Quizafname Ja Opmerkingen 
De leerkracht is in staat de quiz technisch gezien af te 
nemen. 
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De leerkracht zorgt ervoor dat de leerlingen zelfstandig 
antwoord geven (niet afkijken of overleggen). 

  

De leerkracht geeft alleen een hint wanneer dit nodig is 
(moeilijke vraag/na 10 seconden heeft nog niet iedereen 
geantwoord). 

  

De leerkracht stimuleert alle leerlingen om antwoord te 
geven. 

  

De leerkracht en de leerlingen bekijken samen de grafiek 
met de resultaten. 

  

De leerkracht geeft uitleg over de opdracht (met behulp 
van de ‘uitleg’-slide), wanneer minder dan 67% van de 
leerlingen een goed antwoord gegeven heeft. 

  

Alle leerlingen weten hoe ze moeten stemmen.   
Alle leerlingen doen actief mee met de quiz.   
De leerkracht zorgt voor een ontspannen sfeer tijdens de 
quiz, waarbij de nadruk ligt op het begrip van de stof. 

  

De quiz duurt maximaal 20 minuten.   
 

Afsluiting Ja Opmerkingen 
De leerkracht reflecteert kort op de quiz met de leerlingen.   
De afsluiting en het innemen van de clickers duurt 
maximaal 5 minuten. 
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Resultaten analyseren Ja Opmerkingen 
De leerkracht is in staat de resultaten van de quiz te 
analyseren en interpreteren. 

  

De leerkracht is in staat leerlingen toe te wijzen aan 
groepjes voor extra instructie. 

  

 

Nabespreking met de leerkracht 

Doelen  
Doel 1: de leerkracht weet welke doelen behandeld 
worden in de quiz; 

 

Doel 2: de leerkracht kan voorspellen hoe de leerlingen 
presteren op de quiz;  

  
 

Doel 3: de leerkracht kan binnen de gestelde tijd de quiz 
(technisch) uitvoeren; 

 

Doel 4: de leerkracht is in staat te herkennen wanneer een 
hint en onmiddellijke feedback na een vraag gegeven 
moet worden; 

 
 
 

Doel 5: de leerkracht oefent met analyseren van de 
quizresultaten. 

 

Opmerkingen: 
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Appendix D: Questionnaire 
 
Deel 1: Uw achtergrond en onderwijspraktijk 
 
Q3  Ik ben een ... 

o Man 
o Vrouw 

 
Q4  Mijn leeftijd is tussen de .... 

o 20 – 30 jaar 
o 31 – 40 jaar 
o 41 – 50 jaar 
o 51 – 60 jaar 
o 61 jaar of ouder 

 
Q5  Ik heb ... jaren ervaring in het onderwijs. 
 
Q6  Ik geef les in …. 

o groep 3 
o groep 4 
o groep 5 
o groep 6 
o groep 7 
o groep 8 
o anders, namelijk … 

 
Q7  In mijn klas zitten .... 

o 10 – 15 leerlingen 
o 16 – 20 leerlingen 
o 21 – 25 leerlingen 
o 26 – 30 leerlingen  
o 31 of meer leerlingen 

 
Q8  In mijn klas is ongeveer … een V (of D/E) leerling bij rekenen: 

o 0 – 10 % 
o 11 – 20 % 
o 21 – 30 % 
o 31 % of meer 
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Q9  In mijn klas is ongeveer … een I (of A) leerling bij rekenen: 
o 0 – 10 % 
o 11 – 20 % 
o 21 – 30 % 
o 31 % of meer 

 
Q10 Voor de les ... 

 

 Nooit Zelden Soms Bijna 
altijd Altijd 

bereid ik één doel voor dat ik 
ga behandelen in de les. O O O O O 

pas ik het doel dat in de 
methode beschreven staat, 
naar eigen inzicht aan. 

O O O O O 

weet ik wat de leerlingen 
voor voorkennis moeten 
hebben ten aanzien van het 
doel. 

O O O O O 

weet ik wat de volgende stap 
in de rekenontwikkeling ten 
aanzien van het doel is.  

O O O O O 

weet ik wat 
veelvoorkomende fouten zijn 
bij het doel. 

O O O O O 

weet ik op welke manier ik 
leerlingen zou kunnen 
helpen bij veelvoorkomende 
fouten (bv. teruggrijpen naar 
voorwaardelijke 
vaardigheden). 

O O O O O 

bekijk ik of de 
verwerkingsopdrachten 
aansluiten bij het doel 

O O O O O 

 
 
 
 



 

175 

Q11 Aan het begin van de les ... 

 Nooit Zelden Soms Bijna 
altijd Altijd 

benoem ik het doel.  O O O O O 

laat ik het doel op het bord 
zien.  O O O O O 

bespreek ik met de 
leerlingen waarom ze het 
doel gaan leren. 

O O O O O 

bespreek ik met de 
leerlingen in welke situaties 
ze het doel kunnen 
gebruiken. 

O O O O O 

benoem ik criteria waaraan 
je kunt zien dat je het doel 
beheerst. 

O O O O O 

 
Q12 Tijdens de instructie ... 

 

 Nooit Zelden Soms Bijna 
altijd Altijd 

behandel ik één doel. O O O O O 

controleer ik of de leerlingen 
het doel beheersen door hen 
vragen te stellen. 

O O O O O 

controleer ik of de leerlingen 
het doel beheersen door te 
observeren als zij overleggen 
of samenwerken. 

O O O O O 

controleer ik of de leerlingen 
het doel beheersen door 
middel van spelvormen (bv. 
quiz met wisbordjes). 

O O O O O 

pas ik het tempo van de 
instructie aan. O O O O O 
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pas ik de instructie aan door 
kleinere en specifiekere 
(denk)stappen te maken. 

O O O O O 

pas ik de instructie aan door 
het doel moeilijker te maken. O O O O O 

pas ik de instructie aan door 
het handelingsniveau te 
veranderen (bv. door te 
doen, te tekenen of een 
model te gebruiken). 

O O O O O 

laat ik de leerlingen van wie 
ik merk dat ze het doel al 
begrijpen, eerder zelfstandig 
aan het werk gaan.  

O O O O O 

 
Q13 Zodra de leerlingen na mijn instructie aan het werk gaan, controleer ik 
hun beheersing van het doel door ... 

 Nooit Zelden Soms Bijna 
altijd Altijd 

de antwoorden van alle 
leerlingen te bekijken. O O O O O 

de uitwerkingen van alle 
leerlingen te bekijken. O O O O O 

te luisteren naar de 
leerlingen als zij hun 
uitwerkingen aan elkaar 
vertellen 

O O O O O 

aan de leerlingen te vragen 
om hun uitwerking nader uit 
te leggen. 

O O O O O 

 
Q14 Geef aan wat voor u van toepassing is na de groepsinstructie. 
 

 Nooit Zelden Soms Bijna 
altijd Altijd 

Ik geef de leerlingen 
specifieke opdrachten om te 
maken (bv. minimum-, 

O O O O O 
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basis- of plusopdrachten). 

Tijdens de les geef ik 
verlengde instructie. O O O O O 

Ik geef de verlengde 
instructie zo snel mogelijk 
na de groepsinstructie. 

O O O O O 

De verlengde instructie is 
gericht op het (basis)doel dat 
geldt voor de hele klas. 

O O O O O 

Ik bied de verlengde 
instructie aan in kleine, 
specifieke stappen. 

O O O O O 

Tijdens de verlengde 
instructie bekijk ik de 
uitwerkingen van de 
leerlingen om hun 
beheersing van het doel te 
controleren. 

O O O O O 

Tijdens de verlengde 
instructie vraag ik de 
leerlingen naar hun 
uitwerkingen om hun 
beheersing van het doel te 
controleren. 

O O O O O 

 
Q15 Geef aan wat voor u van toepassing is na de groepsinstructie. 
 

 Nooit Zelden Soms Bijna 
altijd Altijd 

Tijdens de les geef ik 
verdiepende instructie 
(instructie waarbij ik een 
stapje verder ga met 
leerlingen die het basisdoel 
al beheersen). 

O O O O O 

De verdiepende instructie is 
gericht op complexere taken 
passend bij het doel. 

O O O O O 
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Tijdens de verdiepende 
instructie stel ik open vragen 
en geef ik kleine 
aanwijzingen (hints). 

O O O O O 

Tijdens de verdiepende 
instructie bekijk ik de 
uitwerkingen van de 
leerlingen om hun 
beheersing van de 
complexere taken te 
controleren. 

O O O O O 

Tijdens de verdiepende 
instructie vraag ik de 
leerlingen naar hun 
uitwerkingen om hun 
beheersing van de 
complexere taken te 
controleren. 

O O O O O 

 
Q16 Aan het einde van de week doe(t) mijn duo-partner/ik het volgende ... 

 

 Nooit Zelden Soms Bijna 
altijd Altijd 

nogmaals controleren of de 
leerlingen de doelen van de 
week beheersen. 

O O O O O 

de doelen van de week die 
de groep lastig vond, 
klassikaal herhalen. 

O O O O O 

extra instructie geven over 
de doelen van de week aan 
leerlingen die daar moeite 
mee hadden. 

O O O O O 

verdiepende instructie geven 
aan leerlingen die weinig 
moeite hadden met de doelen 
van de week. 

O O O O O 

preteaching geven. O O O O O 
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Q17 Deel 2: Uw mening over rekenfouten en leerlijnen.  
    
Hieronder staan 14 sommen en uitwerkingen van leerlingen uit groep 3 tot 
en met 8. Elke leerling heeft een fout gemaakt. Wij willen graag uw mening 
over verschillende typen fouten die de leerlingen gemaakt hebben. Geef 
daarom bij elke fout aan wat volgens u de meest waarschijnlijke rekenfout 
van de betreffende leerling is geweest.  
  
U kunt daarbij kiezen uit de volgende veelvoorkomende rekenfouten:     

• Conceptuele fout: een fout omdat de begripsvorming van de leerling 
ten aanzien van een rekenkundig concept, zoals procenten, 
onvoldoende ontwikkeld is. 

• Bewerkingsfout: een fout omdat de leerling de benodigde bewerking 
niet goed heeft uitgevoerd, zoals een telfout of verkeerd onthouden 
bij cijferend optellen. 

• Positiewaardefout: een fout omdat de leerling (onbewust) negeert 
dat de positie van een cijfer in een getal de waarde bepaalt.  

• Fout in feitenkennis: een fout omdat de leerling rekenhandelingen en 
-feiten onvoldoende geautomatiseerd of gememoriseerd heeft. 
 

Hieronder staan 14 sommen en uitwerkingen van leerlingen uit groep 3 tot 
en met 8. Elke leerling heeft een fout gemaakt. Wij willen graag uw mening 
over verschillende typen fouten die de leerlingen gemaakt hebben. Geef 
daarom bij elke fout aan wat volgens u de meest waarschijnlijke rekenfout 
van de betreffende leerling is geweest.  
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Q18 
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Q19 
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Q20 
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Q21
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Q22 Bij deze laatste drie vragen willen wij graag uw mening over leerlijnen. 
Bij elke vraag staan vijf opgaven (en bewerkingen) weergegeven. Wilt u 
aangeven in welke volgorde u vindt dat de opgaven aangeboden zouden 
moeten worden? Plaats de opgave die u als eerste aan zou bieden (de 
makkelijkste) bovenaan door de opgave te verslepen. Sleep de opgave die 
u daarna aan zou bieden daaronder enzovoort. 

 

Q23 Leerlijn vermenigvuldigen 
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Q24 Leerlijn breuken 
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Q25 Leerlijn getalbegrip 
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Dutch Summary 
 

Introductie 
 
Rekenkennis en –vaardigheden zijn nodig om goed te kunnen functioneren 
op school en in de hedendaagse maatschappij. Onderzoeken hebben evenwel 
aangetoond dat in veel landen, waaronder Nederland, de rekenprestaties van 
basisschoolleerlingen onvoldoende zijn of afnemen (Janssen, Van Der 
Schoot, & Hemker, 2005; OECD, 2014, pp. 50-56; OECD, 2016, pp. 181-
184). Om de rekenprestaties van leerlingen te verbeteren is er opnieuw 
aandacht uitgegaan naar het gebruik van formatieve assessment door 
leerkrachten (Dutch Inspectorate of Education, 2010; Mandinach, 2012). 
Formatieve assessment is een proces waarbij via een assessment informatie 
verzameld wordt over hiaten in de kennis en vaardigheden van leerlingen ten 
aanzien van een gesteld leerdoel. Deze informatie wordt gebruikt om 
feedback te geven gericht op het dichten van deze hiaten (Black & Wiliam, 
2009; Callingham, 2008; Shepard, 2008). Over de vorm, haalbaarheid en 
effectiviteit van formatieve assessment is veel discussie, omdat er – vooral in 
het rekenonderwijs – nog veel ongewis is over wat werkt en op welke manier 
(zie Dunn & Mulvenon, 2009; Kingston & Nash, 2011; McGatha & Bush, 
2013; McMillan, Venable, & Varier, 2013).  
 Desondanks is er in veel westerse landen ingezet op het verbeteren 
van de formatieve assessment-praktijk door leerdoelen en gestandaardiseerde 
toetsen in te voeren. In Nederland zijn bijvoorbeeld sinds 2006 de derde 
generatie ‘kerndoelen’ van kracht met de daarbij behorende tussendoelen en 
leerlijnen (TULE). Deze doelen en leerlijnen in combinatie met de 
halfjaarlijkse leerlingvolgsysteemtoetsen worden door leerkrachten gebruikt 
om de ontwikkeling van leerlingen te volgen. Over het algemeen wordt deze 
informatie vervolgens ingezet om doelen te stellen voor subgroepen in de 
klas (bv. zwakke, gemiddelde en sterke rekenaars) en groepsplannen op te 
stellen. In de groepsplannen wordt omschreven wat de leerkracht met elke 
subgroep gaat doen (bv. vaste verlengde-instructiemomenten voor de 
zwakke rekenaars of sterke rekenaars de instructie laten overslaan) om de 
gestelde doelen te behalen (Dutch Inspectorate of Education, 2010). Helaas 
heeft deze manier van werken niet of nauwelijks verbeterde leerprestaties bij 
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leerlingen tot gevolg (zie Keuning & Van Geel, 2016 of Ritzema, 2015). Een 
verklaring hiervoor zou kunnen zijn dat er veel tijdsverschil zit tussen de 
assessment (leerlingvolgsysteemtoets) en de benodigde feedback 
(gedifferentieerde instructie), terwijl feedback juist zo snel mogelijk 
aangeboden moet worden om effectief te zijn (Irons, 2008; Marzano, 
Pickering, & Pollock, 2001). 
 Het gebruik van formatieve assessment tijdens de les, oftewel 
classroom formative assessment (CFA), waarbij de assessment en de 
daaropvolgende feedback tijdens de les worden ingezet, is wellicht 
effectiever om leerprestaties te verbeteren. De tijdspanne tussen de 
assessment en feedback wordt immers tot een minimum beperkt (Conderman 
& Hedin, 2012). Met name bij rekenen zou het gebruik van CFA effectief 
kunnen zijn, omdat leerdoelen bij rekenen op elkaar voortbouwen. Het lijkt 
daarom nodig om de beheersing van de leerdoelen bij de leerlingen 
regelmatig te controleren en tijdig feedback te geven teneinde een doorgaand 
leerproces te waarborgen. CFA kan op verschillende momenten tijdens de 
les gebruikt worden om de instructie aan te passen aan de behoefte van de 
groep. Hierbij kan gedacht worden aan het gebruik van wisbordjes waarbij 
leerlingen hun antwoord op een som kunnen laten zien, opdat de leerkracht 
direct feedback kan geven. In dit proefschrift hebben we ons echter gericht 
op het gebruik van een CFA model waarbij de leerkracht frequente 
individuele assessments na de instructie gebruikt om onmiddellijke feedback 
te bieden aan die leerlingen die het nodig hebben. Aan de hand van vier 
verschillende studies hebben we een antwoord proberen te geven op onze 
hoofdvraag: 
 
In hoeverre kan een model voor classroom formatieve assessment dat 
ontwikkeld is door onderzoekers, leerkrachten en curriculum experts 
geïmplementeerd worden door leerkrachten en ingezet worden om de 
rekenprestaties van leerlingen te verbeteren? 
 
In de volgende paragrafen zullen de bevindingen en conclusies van de 
studies uit dit proefschrift samengevat worden. 
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Studie 1: Ontwikkelstudie 
 
Tijdens onze eerste studie hebben we een model voor CFA ontwikkeld. Een 
eerste concept van het model is vormgegeven door de onderzoekers en 
curriculum experts en gebaseerd op een review van wetenschappelijke 
literatuur over (classroom) formative assessment. Om de leerkrachten te 
ondersteunen in hun gebruik van het model hebben we het geïntegreerd in 
twee veelgebruikte rekenmethoden, namelijk ‘De Wereld in Getallen’ en 
‘Pluspunt’. In deze methoden staat informatie beschreven, zoals leerdoelen, 
suggesties voor (verlengde) instructie en opgaven voor assessment, waar de 
leerkrachten uit zouden kunnen putten tijdens het toepassen van het CFA 
model. Het concept model is vervolgens in drie pilots door zes leerkrachten 
geïmplementeerd. De pilots hebben geleid tot een stapsgewijze verbetering 
van het model. Dit heeft geresulteerd in een uiteindelijk CFA model 
bestaande uit zowel dagelijks als wekelijks gebruik van: 1. Doelgerichte 
instructie, 2. Assessment, en 3. Onmiddellijke feedback. Uitgaande van het 
model moest de leerkracht elke dag een leerdoel voor de rekenles stellen en 
de groepsinstructie daar ook op richten. Hierbij maakte de leerkracht gebruik 
van geschikte ‘scaffolds’, zoals een rekenmodel of –procedure. Direct na de 
instructie observeerde de leerkracht tijdens het zelfstandig werken of de 
leerlingen de opgaven over het behandelde leerdoel goed konden maken 
(assessment). De vergaarde informatie werd vervolgens gebruikt om zo snel 
mogelijk feedback (veelal in de vorm van verlengde instructie) aan te bieden 
aan die leerlingen die het lesdoel nog niet beheersten. Dit had tot gevolg dat 
de leerkracht niet meer werkte met vaste niveaugroepen, maar dat de 
groepjes leerlingen die in aanmerking voor feedback kwamen per les konden 
verschillen. Aan het einde van de week nam de leerkracht een digitale quiz 
af om na te gaan of de leerlingen de leerdoelen van die week beheersten. 
Deze quiz bestond uit acht meerkeuzevragen over de vier leerdoelen van de 
week en werd getoond op het digitale schoolbord. De leerlingen 
beantwoordden de vragen met behulp van een stemkastje. De reacties van de 
leerlingen werden digitaal opgeslagen. De leerkracht kon deze informatie 
gebruiken om na elke vraag feedback te geven of om na de quiz nogmaals 
feedback te geven aan leerlingen die een of meerdere doelen niet bleken te 
beheersen. De resultaten van de ontwikkelstudie toonden aan dat de 
leerkrachten in staat waren het CFA model voor een korte periode toe te 
passen en positief waren over het nut en de haalbaarheid van het model. 
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Desondanks gaven zij aan dat intensieve training en coaching nodig zou zijn 
om het model duurzaam te implementeren en dat er aan bepaalde 
voorwaarden, zoals klassenmanagement, moest worden voldaan voordat het 
CFA model goed gebruikt kon worden.  
 
Studie 2: Implementatiestudie 
 
Na de ontwikkelstudie is een implementatiestudie uitgevoerd om na te gaan 
of een grotere groep leerkrachten, na het volgen van training en coaching, 
het ontwikkelde CFA model gedurende een langere periode kon 
implementeren in hun rekenonderwijs. De training en coaching waren 
gebaseerd op negen kenmerken van effectieve professionele ontwikkeling: 
workshops, gezamenlijke deelname, samenhang in doelen, barrières voor de 
implementatie, benodigde steun, actief leren, een focus op inhoud, oefening 
in de praktijk, coaching in de praktijk en voldoende tijd om tot ontwikkeling 
te komen (zie Desimone, 2009, Penuel, Fishman, Yamaguchi, & Gallagher, 
2007; Van Veen, Zwart, Meirink, & Verloop, 2010). Uit het onderzoek bleek 
dat de deelnemende leerkrachten moeite hadden om het volledige CFA 
model toe te passen over een langere periode. De meeste leerkrachten waren 
in staat om een doelgerichte instructie te geven en de beheersing van hun 
leerlingen te controleren door middel van observaties. Daarentegen gaven 
lang niet alle leerkrachten onmiddellijke feedback in de vorm van verlengde 
instructie na hun assessments. Bovendien verklaarden de coaches in de 
evaluaties zich zorgen te maken over de kwaliteit van de assessments en de 
onmiddellijke feedback. Wat betreft de wekelijkse quizzen bleek dat de 
leerkrachten niet alle quizzen hadden afgenomen en ook niet altijd rapporten 
van de antwoorden opvroegen uit het digitale systeem. Het geboden 
trainings- en coachingstraject zou een rol gespeeld kunnen hebben bij de 
onvolledige implementatie van het CFA model. Wellicht dat het 
spanningsveld tussen overheids- en schoolbeleid en de eigen visie van de 
leerkrachten, een tekort aan ondersteuning, de afwezigheid van een 
professioneel leerklimaat en onvolledige realisatie van de coaching in de 
praktijk de implementatie van het CFA model in de weg hebben gestaan. 
Daarnaast kunnen de rekeninhoudelijke kennis en vaardigheden van de 
leerkrachten die nodig zijn om effectief rekenonderwijs te geven, van 
invloed zijn geweest voor de implementatie van het model.  
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Studie 3: Effectstudie 
 
In studie 3 is een quasi-experimenteel pretest-posttest onderzoek uitgevoerd 
om de effectiviteit van het CFA model te toetsen. Aan onze CFA-conditie 
namen 17 leerkrachten deel die het CFA model in hun rekenonderwijs 
implementeerden. In onze controleconditie zaten 17 leerkrachten die een 
model toepasten waarbij het veel voorkomende gebruik van toetsresultaten 
om te differentiëren in instructie aan niveaugroepen in de klas enigszins was 
aangepast. Deze aanpassing hield in dat de leerkrachten de toetsresultaten 
van de leerlingen analyseerden om de zwakke leerlingen pre-teaching te 
bieden over de rekendomeinen (zoals getalbegrip, bewerkingen of meten) 
waar zij moeite mee hadden. Onze analyses gaven aan dat er geen 
verschillen waren tussen de rekenprestaties van de leerlingen in de CFA 
conditie en die van de leerlingen in de controleconditie. Daarnaast hebben 
we onderzocht of de mate van implementatie van het CFA model invloed 
had op de rekenprestaties van de leerlingen in de CFA conditie. Het bleek 
dat de mate van implementatie er in groep 6 niet toe deed, maar in groep 7 
daarentegen wel. Concluderend, lijkt het erop dat het CFA model zoals 
geïmplementeerd in deze studie niet leidt tot verbeterde rekenprestaties. Het 
is mogelijk dat de training en coaching, alsmede de kennis en vaardigheden 
van de leerkrachten implementatie van kwalitatief goede CFA in de weg 
heeft gestaan. Het kleine, positieve effect van de mate van implementatie op 
de rekenprestaties van de leerlingen in groep 7 zou kunnen betekenen dat de 
kwaliteit van implementatie de effectiviteit van het CFA model beïnvloedt. 
Een andere verklaring voor het interactie-effect zou de moeilijkheid van de 
posttests kunnen zijn. De taken in de posttest van groep 7 waren moeilijker 
dan die in de posttest van groep 6. Aangezien de complexiteit van een taak 
het effect van doelgerichte instructie, assessment en feedback op 
leerprestaties kan beïnvloeden (Kingston & Nash, 2011; Kluger & DeNisi, 
1996), is het mogelijk dat de leerlingen van groep 7 het effect van het CFA-
model beter konden laten zien in hun posttest dan de leerlingen van groep 6.  
 
Studie 4: Classroom Formatieve Assessment en zijn relaties met de 
Kennis van Rekenfouten en Leerlijnen van de Leerkrachten 
 
In zowel de implementatiestudie als de effectstudie hebben we gewezen op 
het mogelijk ontbreken van de benodigde rekenkennis en –vaardigheden bij 
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de leerkrachten als verklaring voor de gebrekkige implementatie van het 
CFA model tijdens onze interventies. Mede vanwege deze uitleg en de 
recente aandacht die er in de onderwijswetenschappen is voor de kennis van 
leerkrachten ten aanzien van rekenfouten en leerlijnen als belangrijke 
voorwaarden om CFA effectief in te zetten (Furtak, Morisson, & Kroog, 
2014; Scheider & Gowan, 2013; Supovitz, Ebby, & Sirinides, 2013), hebben 
we in onze vierde en laatste studie door middel van een vragenlijstonderzoek 
onderzocht in hoeverre er verbanden zijn tussen de CFA elementen en de 
kennis van de leerkrachten over rekenfouten en leerlijnen. Via de vragenlijst 
gaven 137 leerkrachten aan hoe vaak ze de CFA elementen (doelgerichte 
instructie, assessment en feedback) toepasten tijdens hun rekenlessen en 
beantwoordden ze vragen over rekenfouten en leerlijnen. De analyses 
toonden aan dat er in onze studie gemiddeld tot sterk positieve verbanden 
waren tussen de CFA elementen. Dit betekent dat er enige mate van 
samenhang in het gebruik van CFA door de leerkrachten lijkt te zijn. 
Tegelijkertijd geven deze verbanden ook aan dat leerkrachten de elementen 
niet altijd op elkaar afstemmen. Het lijkt er bijvoorbeeld op dat leerkrachten 
uit onze steekproef hun assessment niet altijd afstemmen op de doelen die ze 
gesteld hebben. Verder bleek dat er slechts zwak positieve verbanden waren 
tussen enerzijds de kennis van de leerkrachten over rekenfouten en hun 
gebruik van doelgerichte instructie en anderzijds de kennis van de 
leerkrachten over leerlijnen en het bieden van feedback. De kennis van de 
leerkrachten met betrekking tot rekenfouten en leerlijnen bleek in onze 
studie niet gerelateerd te zijn aan het gebruik van assessments door de 
leerkrachten. Een mogelijke verklaring hiervoor is dat kennis over 
rekenfouten en leerlijnen meer invloed heeft op de kwaliteit van de 
assessments dan op het simpelweg uitvoeren ervan. Met andere woorden: 
leerkrachten kunnen in de veronderstelling zijn dat ze frequent assessments 
gebruiken tijdens de les, maar tegelijkertijd de benodigde kennis ontberen 
om dit op een effectieve manier te doen.  
 
Algemene Conclusie 
 
In dit proefschrift hebben we vier studies beschreven waarmee we wilden 
onderzoeken in hoeverre het door ons ontwikkelde model bestaande uit 
dagelijks en wekelijks gebruik van CFA geïmplementeerd kon worden door 
leerkrachten in hun rekenonderwijs en zou leiden tot verbeterde 
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rekenprestaties bij leerlingen. Op basis van de uitkomsten van de studies 
concluderen wij dat het CFA model zoals beschreven in dit proefschrift in 
principe geïmplementeerd kan worden door leerkrachten – al kost dit de 
nodige tijd en moeite – maar dat er meer nodig is om het model effectief te 
laten zijn in het verbeteren van rekenprestaties bij leerlingen.  
 Een mogelijke verklaring voor de implementatieproblemen en het 
uitblijven van een effect van ons CFA model, zijn wellicht de keuzes die we 
hebben gemaakt in de ontwikkeling ervan. Omdat we een uitvoerbaar model 
wilden ontwikkelen, hebben we CFA teruggebracht naar een stappenmodel 
met een beperkt aantal strategieën dat de leerkrachten moesten uitvoeren. 
Ondanks dat er in de training en coaching aandacht is geweest voor de 
onderliggende principes en rekeninhoudelijke onderdelen, zijn we er vanuit 
gegaan dat de methoden de leerkrachten voldoende handvatten zouden 
bieden om het CFA-model te implementeren in het eigen rekenonderwijs. 
Hiermee hebben we wellicht onrecht gedaan aan de dynamische manier van 
werken en de vakinhoudelijke kennis die CFA vereist. Bij CFA is het 
namelijk nodig om ter plekke onderwijskundige beslissingen te nemen 
waarbij de leerkracht continu heen en weer gaat tussen de verschillende CFA 
elementen en deze op elkaar afstemt. Bij nader inzien zouden assessments en 
onmiddellijke feedback door de leerkracht herhaaldelijk tijdens de les 
moeten worden ingezet. Dit verklaart misschien ook de resultaten van ons 
vragenlijstonderzoek waar met name een hoge samenhang tussen deze 
elementen te bemerken was.  
 Daarnaast kan de uitvoerbaarheid, kwaliteit en effectiviteit van het 
CFA model beïnvloed zijn door ons trainings- en coachingstraject. Tijdens 
de implementatiestudie mochten de leerkrachten enkel kleine aanpassingen 
doorvoeren in hun gebruik van het CFA model. Verder werd eigenlijk 
verwacht dat de leerkrachten het CFA model zouden overnemen zoals 
bedoeld. De leerkrachten in de ontwikkelstudie waren echter expliciet 
gevraagd om aanpassingen te maken in het model, waarbij de principes van 
CFA in stand zouden blijven maar de uitvoering wel bij hun 
onderwijspraktijk zou passen. Het bieden van dergelijke ruimte om een 
innovatie te implementeren lijkt over het algemeen te leiden tot 
veranderingen bij leerkrachten, omdat ze hierdoor meer eigenaarschap 
ervaren (Fullan, 2007). Door de discussies die deze leerkrachten gevoerd 
hebben over de onderliggende principes van CFA en manieren om dit in de 
praktijk tot uitvoering te brengen en elkaar te voorzien van feedback, is er 
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wellicht ook een professioneel leerklimaat ontstaan dat bevorderlijk was 
voor de invoering van het CFA model. Op basis van de reacties van de 
coaches hebben we opgemerkt dat een professioneel leerklimaat op lang niet 
alle scholen optimaal aanwezig was.  
 
Beperkingen 
 
Onze bevindingen kunnen beïnvloed zijn door enkele beperkingen van onze 
onderzoeken. Over het algemeen kunnen we stellen dat de implementatie 
van het CFA model te wensen over liet. Dit ligt waarschijnlijk deels in de 
keuzes die wij zelf hebben gemaakt in de beginfase van ons project door het 
trainings- en coachingstraject te weinig te richten op de onderliggende 
principes van en voorwaardelijke eisen voor het gebruik van CFA. Het 
ontbreken van kwalitatieve data heeft ons echter verhinderd om verder 
onderzoek te doen naar mogelijke verklaringen voor onze 
implementatieproblemen en het uitblijven van een effect op de 
rekenprestaties van de leerlingen. We hebben bijvoorbeeld geen data 
verzameld waarmee we konden onderzoeken in hoeverre de leerkrachten in 
staat waren om de exacte rekenfouten van leerlingen vast te stellen en 
vervolgens de juiste feedback te geven. 
 Een andere beperking vloeit voort uit onze keuzes voor een quasi-
experimentele onderzoeksopzet met gebruik van een controleconditie waarin 
de leerkrachten een lichte aanpassing in hun gebruikelijke onderwijspraktijk 
moesten maken, én voor het ontwikkelen van eigen rekentoetsen. Hoewel dit 
bewuste keuzes waren, hebben ze wel hun keerzijde. Wat betreft onze 
effectstudie is het bijvoorbeeld goed mogelijk dat we geen effect hebben 
gevonden van onze CFA conditie op de rekenprestaties van de leerlingen, 
omdat de controleconditie waarbij de leerkrachten een aanpassing maakten 
in hun reguliere manier van werken zelf mogelijk al een effect heeft gehad 
op de prestaties van de leerlingen. De interpretatie van het interactie-effect 
dat we vonden, werd bovendien beperkt door de door ons ontwikkelde 
toetsen. De ontwikkelde toetsen hebben ons ervan verzekerd dat er geen 
‘teaching to the test’ zou plaatsvinden, maar hebben ons tegelijkertijd niet in 
staat gesteld om ze met elkaar te vergelijken. 
 Tenslotte is het mogelijk dat met name de resultaten van de 
effectstudie niet generaliseerbaar zijn naar alle leerkrachten op Nederlandse 
basisscholen: we werkten immers zowel in de controle als in de CFA 
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conditie met leerkrachten die bereid waren veranderingen door te voeren in 
hun rekenonderwijs. 
 
Aanbevelingen 
 
Onze onderzoeken hebben laten zien dat het ontwikkelen van een effectief 
en uitvoerbaar CFA model geen sinecure is. Vanwege het ontbreken van 
kwalitatieve data kunnen we niet aangeven waar precies verbetering nodig 
is. Daarom adviseren we een kwalitatieve studie op te zetten waarbij het 
gebruik van de CFA elementen door leerkrachten meer in detail wordt 
bestudeerd. Hierbij kan bijvoorbeeld aandacht besteed worden aan een 
terugkerend probleem in zowel ons project als andere onderzoeken (bv. 
Antoniou & James, 2014; Heritage, Kim, Vendlinski, & Herman, 2009; 
Wylie & Lyon, 2015), namelijk het vermogen van leerkrachten om 
rekenproblemen te identificeren en om de feedback hierop af te stemmen. 
Klassenobservaties in combinatie met analyses van het gemaakte rekenwerk 
van leerlingen zouden hier meer inzicht in kunnen bieden. Daarnaast is er – 
ondanks dat we weten dat rekenkennis en –vaardigheden nodig zijn om 
kwalitatief goed en effectief rekenonderwijs te geven (Hill, Rowan, & Ball, 
2005; Hill et al., 2008) – nog niet veel bekend over de invloed van de 
rekenkennis en –vaardigheden van leerkrachten in het algemeen en kennis 
van rekenfouten en leerlijnen in het bijzonder op het gebruik van CFA. 
Verder onderzoek zou informatie kunnen opleveren die bijdraagt aan het 
ontwikkelen van effectieve en efficiënte training en coaching. 
 Een ander onderdeel van ons project dat verdere verkenning vereist, 
is de inzet van ons trainings- en coachingstraject. Ons inziens zou er 
aandacht besteed moeten worden aan de mate van ruimte die een traject geeft 
aan leerkrachten om een innovatie zoals het CFA model aan te passen aan de 
eigen onderwijspraktijk. Uit onderzoek blijkt dat zowel te veel als te weinig 
ruimte weinig verandering van onderwijsgedrag tot stand brengt (Fullan, 
2007). Het lijkt in ieder geval wel nodig om tijdens het begeleidingstraject 
met leerkrachten uitvoerig na te denken over de onderliggende principes van 
CFA en manieren om dit in de praktijk tot uitvoering te brengen. Hierbij is 
het verstandig om met het team en de schoolleider een gedeelde visie op 
CFA te vormen die geïntegreerd en weggezet wordt in het schoolbeleid (Van 
Veen e.a., 2010). Dit zou kunnen voorkomen dat leerkrachten te weinig 
ondersteuning en te veel barrières ervaren tijdens het implementatieproces. 
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Het zou interessant zijn om te onderzoeken of leerkrachten die tijd besteden 
aan het gezamenlijk opstellen van een visie op CFA meer mogelijkheden 
zouden krijgen om de innovatie aan te passen aan hun onderwijspraktijk en 
zodoende tot een kwalitatief betere implementatie van CFA komen. Deze 
informatie zou gebruikt kunnen worden bij de ontwikkeling van een effectief 
trainings- en coachingstraject.  
 Als het CFA model verbeterd wordt en een effectief trainings- en 
coachingstraject ontwikkeld is op basis van studies zoals hierboven 
beschreven, dan zou de effectiviteit van het vernieuwde model getoetst 
kunnen worden. In dat geval is het aan te bevelen om drie condities te 
gebruiken: een CFA conditie, een controleconditie waarbij een kleine 
aanpassing wordt gemaakt in de gebruikelijke praktijk van de leerkracht en 
een business-as-usual controleconditie. Hiermee worden de kansen op een 
Hawthorne effect verkleind, maar wordt ook de kans beperkt dat er geen 
effect van de interventie gevonden wordt, omdat de aanpassing in de 
controleconditie ook een effect vertoont. Daarnaast is het verstandig om 
zowel toetsen te gebruiken die de lesstof van de interventieperiode dekken 
en nieuw zijn voor zowel de leerkracht als leerlingen, alsmede 
gestandaardiseerde toetsen om de gevonden resultaten te kunnen 
kruisvalideren.  
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alle tijd en energie die je gestoken hebt in het project en het promotietraject. 
Alle andere collega’s die op de een of andere manier mij geholpen hebben 
wanneer ik een vraag had of behoefte had aan een praatje: bedankt! 
 Verder wil ik iedereen die op de een of andere manier zich heeft 
ingezet om dit project tot een succes te maken bedanken: de student-
assistenten die hebben geholpen met het afnemen van toetsen, alle 
leerkrachten en leerlingen die zich ingezet hebben tijdens de verschillende 
studies en de onderwijsadviseurs van Cedin: Bernadet, Piers, Marjolijn en 
Ferdau. Bernadet, graag wil ik jou nog in het bijzonder noemen. De 
afgelopen jaren heb je veel en vaak met me meegedacht over mijn 
onderzoek. Dit hoefde je niet te doen, maar deed je wel. Ik stel dat bijzonder 
op prijs! 
 In de laatste plaats wil ik mijn vrienden, familie en gezin bedanken. 
Jantje en Anouk, ik prijs mezelf ontzettend gelukkig dat jullie me tijdens dit 
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hele traject hebben bijgestaan en op deze dag mijn paranimfen zijn. Behalve 
dat jullie me met van alles en nog wat hebben geholpen, heb ik veel met 
jullie kunnen delen en met jullie kunnen lachen. Karin, bedankt dat ik van 
alles, inclusief promotiedingen, met je kan bespreken. Bas, Wouter, Jolien, 
Paulien, Catharina, Sabina Kee en Stefan, bedankt voor jullie belangstelling 
voor mijn proefschrift. Het was fijn dat ik altijd bij jullie terecht kon als dat 
nodig was. Pap en mam, ik weet niet eens waar ik moet beginnen. Jullie 
hebben ontzettend veel gedaan - en misschien daardoor ook wel veel gelaten 
- voor mij en mijn gezin, zodat ik dit promotietraject tot een goed einde kon 
brengen. Ik kan niet omschrijven hoe dankbaar ik daarvoor ben. Arjan, 
Daven en Aelin, ik ben jullie dankbaar voor een heleboel dingen, maar voor 
twee in het bijzonder. Jullie laten me lachen, zelfs als ik liever wil huilen. 
Jullie duwen, soms letterlijk, mijn hoofd omhoog, als ik hem laat hangen. Ik 
houd oneindig veel van jullie! 
 
 
Marian van den Berg 
September, 2018 
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In the ICO Dissertation Series the dissertations of graduate students from 
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Universities are published: Eindhoven University of Technology, Leiden 
University, Maastricht University, Open University of the Netherlands, 
University of Amsterdam, University of Twente, Utrecht University, VU 
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