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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 



 

150 

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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