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Chapter 1 
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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 



10 

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 1



