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Abstract. We evaluate whether a scalable online teacher professional development (OTPD) module 

that requires little time investment enhances students’ financial literacy. Two randomised controlled 

trials were performed, with 1827 students, 53 teachers and 47 schools participating. The financial 

education programme on its own increased students’ financial knowledge, but did not improve 

financial behaviour. Regarding the OTPD effects, we observed that students’ knowledge scores did not 

significantly improve, but that behaviour scores were enhanced relative to students whose teachers 

did not receive access to the OTPD module. In comparison with students in the control condition, 

behaviour scores improved with 0.39 SD. 
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1. Introduction  
Financial literacy is increasingly perceived as an essential competence for lifelong learning, as proven 

by its integration into multiple frameworks for twenty-first century skills (Partnership for 21st Century 

Learning, 2019; World Economic Forum, 2015). The Organisation for Economic Co-operation and 

Development (OECD) defines financial literacy as ‘the knowledge and understanding of financial 

concepts and risks, and the skills, motivation and confidence to apply such knowledge and 

understanding in order to make effective decisions across a range of financial contexts, to improve the 

financial well-being of individuals and society, and to enable participation in economic life’ (OECD, 

2017, p. 24). Existing research indicates that financial literacy correlates with financial outcomes in 

both the short and long terms (Hastings et al., 2013). Financially literate consumers invest more 

frequently in the stock market and engage more frequently in retirement planning, leading to 

increased wealth accumulation (Lusardi & Mitchell, 2007; van Rooij et al., 2011, 2012). In contrast, low 

financial literacy is correlated with disadvantageous financial behaviours and outcomes such as high-

cost borrowing and debt accumulation (Lusardi & Tufano, 2015; Pak, 2018; Sevim et al., 2012). 

Moreover, it is argued that the financial literacy of consumers encourages competition and innovation 

in financial markets, which enhances market efficiency (Hastings et al., 2013; Nicolini, 2019). Given the 

increasing importance of financial literacy, it is worrisome that only one-third of adults worldwide are 

financially literate (Klapper et al. (2015)).  

Striving to enhance the populations’ financial literacy levels, an increasing number of nations 

around the world have developed a strategy to offer school-based financial education (OECD, 2016). 

Among other reasons for targeting schools, school-based programmes ensure that all students are 

reached, independent of their socioeconomic background, the capacities of their parents to transfer 

financial skills, or self-selection in particular courses (Van Campenhout et al., 2017). A recent meta-

analysis on the effectiveness of financial education demonstrated a positive and significant effect of 

school-based financial education (Kaiser & Menkhoff, 2020). Despite shedding light on the various 

factors that influence the effect sizes of programmes (e.g. duration), the review did not evaluate the 

influence of the quality and instructional behaviours of teachers, or the impact of teacher training. 

However, based on a comparison of two financial education programmes in the US, Urban et al. (2020) 

suggest that the level of teacher training may explain the observed difference in effect sizes. They even 

conclude that teacher preparation may be critical to the effectiveness of financial education. 

Therefore, the aim of the present paper is to provide further insight into the role of teacher 

professional development (TPD) in the effectiveness of financial literacy education.  

 Competent teachers are indeed considered one of the major prerequisites for effective 

financial education (Blue et al., 2014). However, current in-service teachers tend to lack confidence 
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concerning their competences on financial topics (De Beckker et al., 2019a; Way & Holden, 2010). 

While multiple financial education programmes have integrated TPD efforts to prepare teachers (e.g., 

Batty et al., 2015; Bruhn et al., 2016; Walstad et al., 2010), the majority of studies have only evaluated 

student learning outcomes, neglecting to assess the extent to which TPD had contributed to the 

learning process (Compen et al., 2018). Some exceptions are the studies by Swinton et al. (2007) and 

Harter and Harter (2012), which showed a beneficial impact on student performance of teachers 

engaging in a graduate course in personal finance, and participation in teacher training related to 

Financial Fitness For Life programmes. However, teachers were not randomly assigned to the 

treatment conditions in either of these studies. In contrast, in the study of Compen et al. (2020), a RCT 

was performed to evaluate the impact of an online teacher professional development (OTPD) initiative 

in the form of an interactive webinar series. It was shown that the initiative successfully enhanced 

students’ financial literacy levels. A limitation of the webinar series, however, was its lack of scalability. 

Only a maximum of twelve teachers could participate simultaneously, since the webinars were hosted 

by a moderator and since active and collaborative learning was encouraged.  

The present study contributes to the existing literature on teacher professional development 

and financial literacy by conducting a RCT that evaluates whether a highly scalable TPD initiative in the 

form of OTPD module enhances the effectiveness of a financial education programme on students’ 

financial literacy. This feature of scalability is particularly desirable in contexts of curriculum reform as 

all teachers can be perceived as novices regarding the expected changes and therefore need adequate 

training (Starkey et al., 2009; Vivian et al., 2014). Furthermore, as TPD often needs to take place in a 

relatively short time period in reform contexts, the OTPD module was designed so that it could be 

covered in approximately three hours. To increase the scalability of the intervention, and in contrast 

to the webinar series evaluated in Compen et al. (2020), the learning activities in the module were 

asynchronous and self-directed by the teachers (i.e. teachers could take on the activities at their 

convenience). Furthermore, as the specific content might matter, it should be noted that earlier work 

by Compen et al. (2020) evaluated the impact of OTPD on the effectiveness of a financial education 

programme on saving and investment, while the programme that forms the basis for the present study 

focusses on the topic of payment methods. 

Recently, as part of a large research project funded by the Flemish Science Organisation, a 

number of randomized controlled trials assessed the impact of introducing financial education in 

secondary education in the region of Flanders (Belgium). Specifically, Maldonado et al. (2021) and 

Maldonado and De Witte (2021) evaluated how parental involvement through homework and 

information provision, respectively, impacts student financial literacy. In Iterbeke et al. (2020a) and 

Iterbeke et al. (2020b), it was studied to what extent elaborate feedback and differentiated instruction 
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can enhance learning outcomes in the context of financial education. In contrast to the present study, 

as well as in the study by Compen et al. (2020) that was discussed above, none of the teachers in these 

RCTs received any form of training targeted to the provision of financial education. As the topic of 

payment methods takes a pivotal role in the framework of financial literacy, the present study shares 

this focus with Maldonado et al. (2021) and Iterbeke et al. (2020a). However, the research question 

and experimental conditions in the present paper are clearly distinctive from these previous studies. 2  

To address our research objective, we performed two randomised controlled trials among two 

cohorts of secondary school students in Flanders (Belgium). A total of 1827 students, 53 teachers and 

47 schools participated. Schools were randomly allocated to different experimental conditions, and 

the financial literacy of students was measured before and after the intervention. Students and 

teachers in the control condition did not have access to the educational material or OTPD but 

completed the tests at the same time as those in the treatment conditions. In the first treatment 

condition, students followed a four-hour programme on financial literacy. Comparing the learning 

outcomes between the control condition and this first treatment condition allowed us to assess the 

impact of the programme. To gain insight into the potential of OTPD, we added a second treatment 

condition in which the students followed the programme and their teachers received access to an 

OTPD module that provided them with more information on the programme’s topic. 

Our results indicate that the financial education programme increases students’ overall 

financial literacy scores by 0.20 standard deviations (SD) relative to the control condition. This effect 

was mainly driven by improved financial knowledge scores. Furthermore, we show that the OTPD 

module is effective in enhancing the effect of the programme on students’ financial literacy levels. 

Students of teachers who received access to the professional development initiative outperform 

students in the control condition by 0.39 SD when focusing on the financial behaviour scores, resulting 

in a significant difference in the effects of the two treatment conditions. Although we did not find a 

significant effect of OTPD on students’ financial knowledge scores, students’ overall financial literacy 

levels improved due to the OTPD. These effects should be interpreted as intention-to-treat (ITT) effects 

as (1) participation in the OTPD module was on a voluntary basis for teachers assigned to this 

treatment condition, and (2) because teachers in both treatment conditions could deviate from the 

instructions that were provided. While we cannot control for this second source of potential 

endogeneity, we control for non-random selection into the OTPD module by making use of information 

on teachers’ actual participation (i.e. consulting the module at least once) and the intensity of 

 
2 Also the studies by Bargagli-Stoffi et al. (2021), Compen et al. (2018) and Compen and Schelfhout (2021) stem 
from the same research project on financial education in Flanders. However, in these studies using machine 
learning and qualitative methods, other research designs than RCTs were performed to obtain the results.  
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treatment (i.e. the number of clicks in the module). We follow an instrumental variables (IV) approach 

to identify an average treatment effect on the treated for students whose teachers actively 

participated in the OTPD module relative to students whose teachers did not participate in the OTPD 

module. The causal impact of participation and intensity of treatment can be identified by 

instrumenting both measures of teacher participation with assignment to the OTPD condition. The 

results of both regressions confirm the ITT estimates in showing that participation in the OTPD module 

enhances students’ learning outcomes. Underlying mechanisms for the obtained effects may be the 

observed differences in teachers’ self-efficacy regarding the provision of financial literacy education, 

as well as the differences in the duration of the introduction of the programme that were identified 

based on classroom observations. 

  The remainder of this article is organised as follows. Section 2 provides a description of the 

experimental design. Section 3 describes the final sample and its baseline characteristics, while the 

results of the empirical analyses are presented in Section 4. Section 5 provides insights into the 

underlying mechanisms of the findings, and Section 6 ends with some concluding remarks. 

 

2. Experimental design 
2.1. Context of study  

This study was performed in Flanders, the Dutch-speaking region of Belgium. A secondary education 

trajectory is followed by students typically aged between 12 and 18 years, and consists of three cycles, 

each composed of two learning years. In the first cycle, students follow either a pre-vocational or a 

more theoretical track, but choose electives to prepare for the specific track they will eventually follow. 

Each school is part of one of three educational networks. These networks rely on a similar type of 

funding and are organised by either the Flemish Community, by city districts/municipalities, or by 

private organisations. Schools belonging to the first two educational networks are referred to as public 

schools. Most private schools are Catholic schools, which are highly regarded and therefore tend to 

attract students of relatively high socio-economic status. The Flemish curriculum and the 

corresponding learning standards are determined by the government and do not differ between the 

three types of schools. The school networks and the individual schools have a certain autonomy in how 

these standards are addressed. Furthermore, there are no centralised tests that students should pass 

to continue to the next year. 

Compared to other OECD regions, 15-year-olds in Flanders score well on PISA assessments of 

financial literacy. Specifically, the average score of Flemish students is 541, compared to the OECD 

average of 489. This implies that solely the region of Shanghai-China outperforms Flanders (OECD, 

2017). However, 12% of the Flemish students do not reach the baseline score. Furthermore, there has 
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been an increase of three percentage points in the share of students not reaching the baseline score 

compared to the PISA test administered in 2012.  

Following other countries and regions in Europe, educational reform mandating education on 

financial topics in all Flemish schools was implemented in September 2019. Since our intervention took 

place at the beginning of 2018, this ensured that other financial education initiatives did not interfere 

with our experiment. 

 

2.2. Intervention 

The intervention consisted of a financial education programme for students and an OTPD module for 

teachers. The material focused on payment methods and was delivered in the form of an educational 

game that was played using a digital medium, in which pairs of students solved problems using the 

information provided in a booklet. 

 It is increasingly recognised that financial literacy has two dimensions: knowledge (i.e. 

understanding) and application (i.e. translating this knowledge into appropriate financial behaviour) 

(Huston, 2010). Following the reasoning of Antonietti et al. (2016), we attempted to develop a 

programme that was not limited to increasing students’ financial knowledge, but would also help them 

change their behavioural intentions in their daily lives. Based on Lührmann et al. (2015), the content 

was related to students’ everyday financial decision-making. Since incentivising students may increase 

their efforts (e.g., Angrist & Lavy, 2009), a small prize was provided for the pair of students finishing 

the game first in their class.  

The programme could be integrated in any subject and was designed to cover four lessons of 

50 minutes. Teachers decided whether they would teach the lessons separately, in two blocks, or in 

one block. The material was standardised and designed to limit preparation time for teachers to 

enhance the scalability of the programme. The educational material was tested in two pilot schools.  

 As there is increasing awareness of the importance of differentiated instruction, which refers 

to the tailoring of instructions to meet the varying learning needs of different students (Iterbeke et al., 

2020a), this concept was integrated directly into the material. Teachers were instructed to form pairs 

of students based on the grades they had most recently obtained in mathematics. The pairs of students 

were divided into three categories based on mathematics scores, with those who had the lowest scores 

within the class receiving a version of the material that contained hints to solve the problems. Those 

in the group with the highest scores received a version without hints, while the other group of students 

received hints, but to a lesser extent. With this procedure, we aimed to make the programme 

sufficiently challenging for students with relatively strong mathematical abilities, while simultaneously 

ensuring that the weaker students could comprehend all of the content covered.  
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 The teachers whose schools were randomly assigned to the treatment condition with OTPD 

(see Section 2.4) received access to an OTPD module. The aim of this module was to enhance teachers’ 

knowledge of payment methods (content knowledge) and of how to apply differentiated instruction 

in the context of financial education (pedagogical content knowledge). The module provided 

information in the form of videos, quizzes and discussion forums, as well as other forms. Teachers were 

not obliged to engage in the module, and they could decide for themselves which sections to view, or 

which links to additional or external information to open. This allowed us to meet the potentially 

varying needs of the participating teachers (Chen et al., 2009). To increase scalability and 

simultaneously reduce non-compliance as much as possible, the environment was developed so that 

teachers required a maximum of three hours to cover the core aspects. 

 

2.3. Research design  

To examine the effects of the OTPD module on the financial literacy levels of students, we conducted 

two randomised controlled experiments with similar setups. The first experiment ran from January to 

March 2018 and was intended for students in the second year of secondary school, who are typically 

aged 13 or 14 (8th grade). The second experiment ran from February to April 2018, targeting students 

in the third year of secondary school, who are typically aged 14 or 15 (9th grade). The second 

experiment was conducted to test the validity of the results obtained in the first experiment. 

 Using an open call by a government-related financial education agency, all schools were 

eligible to engage in the experiment. The participating students completed a pretest that measured 

baseline financial literacy. Schools assigned to the treatment conditions received the educational 

material approximately three weeks after the completion of the pretest.3 A posttest was administered 

immediately after students finished the programme.4 Teachers were instructed to let students 

complete the tests during school hours to prevent that they would seek help from parents or the 

internet. Schools were directed to complete the tests and financial education programme within a 

specified period. As part of Experiment 1, schools received the link to the pretest in mid-January, and 

taught the programme in February and/or March. In Experiment 2, the schools received the link in the 

last week of February, and the programme was taught between the second half of April and end of 

May. 

 The student tests contained nine questions that were representative of the content covered 

in the programme. The questions were framed to reflect teenagers’ everyday financial decision-making 

 
3 The randomisation took place after registration, but before administration of the pretest. Allocation to one of 
the conditions was therefore independent of pretest completion.  
4 Six weeks after completion of the posttests, schools received a follow-up test. This test was designed to examine 
the longer-term effects of the programme. However, the high attrition rate from posttest to follow-up test 
obstructed the empirical analyses. 
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environment. Six questions measured knowledge on the programme’s topics, such as recognising 

different payment methods and calculating discounts. Three questions captured behavioural aspects 

related to payment methods. In particular, financial behaviour was measured through students’ 

responses to the hypothetical scenario of receiving a suspicious email from their bank, and by letting 

them indicate which activities they considered to amount to careful handling of their bankcard. Thus, 

these items measured students’ ability to make proper judgements and assessed how they would 

apply their practical knowledge in particular situations. This conceptualisation differs from previous 

studies, where students usually self-report on current money management practices such as saving 

(Kalmi, 2018). Considering that parents – who play an important role in the financial socialisation 

(Agnew & Cameron-Agnew, 2015; Maldonado et al., 2021) – may still largely take responsibility for the 

money management of their children at this age, measuring actual current behaviour may not be most 

informative, especially considering that students may only make a limited number of independent or 

other financial decisions at this stage of their lives (Kaiser & Menkhoff, 2020). Therefore, we phrased 

items that allowed us to measure the students’ intentions to behave in a particular manner. An 

overview of the test items constituting the three different scores is presented in Table A1 in Appendix 

A. Table A2 discusses indicators of the quality of the test instruments. 

To be able to control for individual-level predictors of financial literacy (De Beckker et al., 

2019b; Riitsalu & Põder, 2016), the pretest also examined several characteristics that have previously 

been shown to impact financial literacy levels, that is, gender, age, socioeconomic status, the language 

spoken at home, motivation to learn about financial topics and self-efficacy regarding financial 

knowledge (e.g., Lusardi et al., 2010; OECD, 2017). The posttest included questions similar to the 

pretest (i.e. measuring the same concepts but using different wording and different numbers), thus 

providing a valid measure that could reveal any changes in financial literacy. To prevent the occurrence 

of learning effects from the pretest, the correct answers were not shared with the students. Pretests 

and posttests were matched based on anonymous but unique student IDs. It was emphasised to the 

students that their test scores would not influence their study progress, but merely served research 

purposes. 

 The teachers also completed online tests. In addition to examining a variety of background 

characteristics (e.g. teaching discipline, perceived importance of financial education, and attitude 

towards online professional learning), the teachers’ financial literacy levels were also assessed. Similar 

to the tests for students, the pretest and posttest for teachers consisted of nine questions: six assessing 

financial knowledge and three assessing financial behaviour. To prevent ceiling effects, the majority of 

the knowledge questions were of a higher order than those included in the student tests. An overview 

of the test items is provided in Table A1 in Appendix A. The posttest items were similar to those in the 
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pretest. While the pretests for teachers were completed in the same time period as the student tests, 

the link to the posttests for teachers was sent six weeks after the completion of the programme. 

 Implementation of the experimental protocols was monitored on several dimensions. First, 

the OTPD module allowed us to retrieve log files on the activities of individual teachers in the module. 

These files were used to examine the intensity of treatment, that is, the extent of teacher participation 

in the module. This was done because teacher engagement is an endogenous factor which depends 

on aspects such as teacher motivation. A teacher’s level of engagement was derived from the number 

of logins and the number of clicks in the module. Second, we examined whether, despite the 

standardised programme, teachers differed in their use of the material. To this end, a random sample 

of 20% of schools in the treatment conditions were visited for observations. It appeared that the 

duration of teachers’ introductions varied. Thus, despite the educational material being offered in a 

standardised digital format, teachers with access to the OTPD module had the opportunity to apply 

their acquired knowledge.  

 

2.4. Experimental conditions 

Registered schools were randomly allocated to the control condition or to one of two treatment 

conditions. Randomisation at the school level prevented spill-over effects between conditions as the 

assigned treatment was similar for all students and teachers within the same school. Schools in the 

control condition completed the tests at a similar time to those in the treatment conditions, but they 

could only implement the financial education programme after the administration of the posttests.  

 In the first treatment condition (denoted by No OTPD), schools implemented the programme, 

but were not given access to the OTPD module. Comparing the student learning outcomes for the No 

OTPD condition with those in the control condition allowed us to evaluate the effectiveness of the 

financial education programme. Teachers in this condition merely received an online manual for the 

programme, with the educational objectives of the programme stated in terms of financial knowledge 

and behaviour, followed by instructions on implementing the programme. After a description of the 

set-up of the material, teachers were given the solutions to all of the questions. Furthermore, teachers 

received explicit content discussing all topics covered by the educational material.  

 In the second treatment condition (denoted by OTPD), teachers received access to the OTPD 

module in addition to receiving the same educational material and teacher manual as the No OTPD  

condition. Teachers were encouraged but not obliged to engage in the module. This implies that the 

extent to which teachers voluntarily engaged, is likely to influence the initiative’s effectiveness 

(Matzat, 2013). By comparing the learning outcomes of students in the No OTPD condition and the 

OTPD condition, we were able to evaluate whether teacher participation in the module enhances the 

effect of the programme. Table 1 provides a schematic overview of the research design and timing. 
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< Table 1 > 

 

3. Sample selection 
3.1. Descriptive statistics 

Table 2 displays the descriptive statistics of the sample at the level of the student (Panel A), teacher 

(Panel B) and school (Panel C). Combining the two experiments, data were collected for 1827 students 

and 53 teachers from 47 schools. We conducted t-tests to examine differences in characteristics 

between the control condition and the two treatment conditions.5  

 The first row of Panel A in Table 2 suggests that the distribution of the sample in terms of 

gender is approximately equal in each condition. On average, the participating students are 14 years 

old. As a proxy for socioeconomic status (SES), students reported the number of holidays abroad in the 

last year.6 Students in our sample travelled abroad on average two times in the last year. We note that 

35.8% of the students in the No OTPD condition speak a language other than Dutch at home. This 

implies that the share of non-native students is significantly larger in comparison with the control and 

OTPD conditions. To measure students’ motivation to learn about financial topics, they were asked to 

indicate the extent to which they agreed with the statement: ‘I find it important to have knowledge on 

financial matters, such as saving, costs, and payment methods’. With an average score of four out of 

five, it seems that the average student considered it important to learn about financial topics. Students 

in the No OTPD condition scored significantly lower on this item, although the absolute differences 

between conditions are relatively small. The self-efficacy of students was captured by the statement: 

‘I find that I have sufficient knowledge on financial matters, such as saving, costs, and payment 

methods’. The average score of approximately 3.5 out of 5 implies that students were not convinced 

of their current knowledge on the topic at baseline. Overall, from these data we can conclude that 

apart from the language spoken at home, students’ background characteristics are similar in the three 

conditions. 

 With respect to students’ baseline financial literacy, reflected in unstandardised measures of 

financial knowledge, financial behaviour and total scores, a comparison of the pretest scores for the 

three conditions showed that all three measures scored higher in the OTPD condition than in the 

control and No OTPD conditions. However, these differences were not significant. The final three rows 

 
5 The descriptive statistics for Experiments 1 and 2 separately are presented in Table B1 in Appendix B. 
6 Students were also asked to indicate the educational level of their mother. However, as 700 students in the 
sample indicated they did not know, we decided to follow Maldonado et al. (2021), and use the number of 
holidays abroad as a proxy for SES. Using data from the Household Budget Survey (HBS), a representative survey 
by the Belgian Statistical Office (Statbel), Maldonado et al. (2021), found a Pearson correlation coefficient of 
0.310 between total net household income and expenditure for travel abroad.  
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of Panel A show students’ unstandardised scores on the posttest. These results show that average 

knowledge, behaviour and total scores in the No OTPD condition are higher than in the control 

condition, but the differences in scores between these two conditions are not statistically significant. 

Furthermore, they indicate that all three scores for the OTPD condition are significantly higher than in 

the control condition. These results may be a first indication of the effectiveness of OTPD.  

 Panel B of Table 2 presents the financial literacy test scores of teachers before and after the 

intervention, and shows that scores substantially improve in both treatment groups, and only 

marginally improve in the control condition.7 In addition, this panel shows that 77% of teachers 

assigned to the OTPD condition actually engaged in the OTPD module. Panel C shows that the majority 

of schools in our sample are private schools, and that proportionally fewer schools in the no OTPD 

condition are academic schools compared to the other two conditions. 

 In line with Jones et al. (2019) we have performed joint balance tests to determine whether 

the variables in Panels A, B and C (i.e. the student, teacher and school levels), would jointly predict 

enrolment into the treatment conditions. The p-values resulting from these tests indicate for each 

panel an imbalance between the conditions. Therefore, the background characteristics were 

consistently controlled for in all subsequent analyses. Furthermore, multiple robustness tests that take 

the imbalance between conditions into account were performed (see Section 4.2.3.). 

 

< Table 2 > 

 

While the t-test results in Table 2 allow us to compare the average pretest and posttest scores 

between conditions, they do not demonstrate whether the conditions differ significantly in the average 

change from pretest to posttest. The plots in Figure 1 reflect the average difference between 

conditions in the absolute change from students’ pretest to posttest scores, with a 95% confidence 

interval. Focusing on the knowledge score, it is apparent that only the difference between the control 

condition and the OTPD condition is significant. Thus, the change from pretest to posttest is 

significantly higher in the OTPD condition than in the control condition. The confidence intervals 

suggest that the increase in knowledge is not significantly larger in the No OTPD condition than in the 

control condition. Nevertheless, it should be noted that this effect is significant at the 10% level in the 

 
7 We conducted a factor analysis on all background characteristics of teachers derived from the pretest (gender, 
age, years of teaching experience, having a certificate for teaching economics, having experience with financial 
literacy education, believing in the importance of financial literacy education at school, perceiving oneself as 
knowledgeable about financial topics, perceiving oneself as competent to teach financial topics, previous 
participation in TPD related to financial education and interest in participating in TPD related to financial literacy 
education). The results show that the pretest score, serving as a proxy for teacher quality, is the only factor with 
a uniqueness value higher than 0.8. Therefore, only this characteristic is included in the empirical analyses. 
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F-tests on which these plots were based. The graph for the behaviour score indicates that all three 

comparisons lead to significant differences. Thus, we find that the no OTPD condition outperformed 

the control condition, and the OTPD condition, in turn, outperformed the no OTPD condition. A similar 

pattern is observed for the total score.  

 However, note that this comparison of means only presents a first image of the impact of the 

educational material and the OTPD module. The results should be interpreted with caution, given that 

student characteristics are not perfectly balanced at baseline, as was shown in the previous section. 

These differences between conditions are controlled for in the empirical analysis in Section 4. 

Finally, the external validity of the sample is addressed in Table B2 Appendix B. The table 

demonstrates that the sample is representative for Grade 8 (Experiment 1), but that the share of Grade 

9 students (Experiment 2) attending public schools is below the Flemish average.   

 

< Figure 1 > 

 

3.2. Attrition 

There are two main causes for the imbalance in some student characteristics at baseline, as observed 

in Section 3.1. First, the randomisation was implemented at the school level. This higher-level 

randomisation does not automatically result in a balance in characteristics at the lower level. Second, 

schools dropped out both before and after randomisation. Figure E1 in Appendix E provides a detailed 

visualisation of the attrition at each stage of the two experiments. Initially, 44 schools replied positively 

to the open call in Experiment 1, and 32 schools registered to participate in Experiment 2. However, 

due to attrition, the final sample consisted of 35 schools in Experiment 1 and 12 schools in Experiment 

2. Moreover, as we only included students who completed both the pretest and posttest in the 

analyses, this further reduced the sample size. To test for differential attrition (i.e. whether the level 

of attrition differed between the conditions), we estimated the following regression, as in Fryer Jr. 

(2016): 

 

(1)   !""#$"$%&!,# = ($ +	∑ (#,#-."/-&"%
#&' !,#	 + 01! + 2!     

 

where !""#$"$%&!,# 	is a dummy variable with a value of 1 when student i completed the pretest but 

not the posttest. The dummy variable ,#-."/-&"!,# indicates to which of the k conditions the school 

of student i was allocated, and (# estimates the effect of the treatment on attrition. A vector of control 

variables at student, teacher and school levels, as presented in Table 2, is captured by 1!. Standard 

errors, indicated by 2!, are clustered at the school level.  
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 Table 3 shows the results of the attrition analysis for the analysis on the combined sample (i.e. 

accumulating the samples of Experiments 1 and 2). When controlling for student’ characteristics, 

attrition in both treatment groups is significantly higher than in the control group. This differential 

attrition might be due to schools in the control condition having an incentive, as they only received the 

educational material if they completed both tests. In contrast, there was no incentive to complete the 

posttest in the treatment conditions. The results of the attrition analyses for Experiments 1 and 2 

separately are presented in Table B3 in Appendix B. 

 

< Table 3 > 

 

4. Empirical analysis 
4.1. Estimation 

The statistical analysis was performed in multiple steps. First, we evaluated the effectiveness of the 

financial education programme and the OTPD module by comparing student posttest scores between 

the control condition and each of the two treatment conditions. The results should be interpreted as 

intention-to-treat (ITT) estimates, as some teachers may not have complied with the allocated 

treatment. We used the following ordinary least squares (OLS) regression to obtain the estimates:  

   

              (2)   3!,#' = 	4$ +∑ 4#,#-."/-&")
#&' !,# + 	53!$ + 61! + 2!, 

 

with 3!,#'  reflecting the outcome of student i in experimental condition k on the posttest (knowledge 

score, behaviour  score, and total score). 4#	estimates the effect of being assigned to experimental 

condition k. We controlled for baseline financial literacy scores 3!$ as measured in the pretest, and 

included a vector of control variables 1! 	at the student, teacher, and school levels. Standard errors 2!  
were clustered at school level.  

 Since teachers in the OTPD condition were not obliged to engage in the online module, not all 

teachers did so (as illustrated in Table 2). This implies that teacher participation is an endogenous 

factor which depends on aspects such as teacher motivation. To account for this non-random selection 

in the treatment, we instrument the intensity of participation in the OTPD module of student i’s 

teacher by exogenous allocation to the OTPD condition in the first stage of the following two-stage 

least squares (2SLS) analysis:  

 

(3a)  		7&8.8-/-&"! = 	4$ +	4'9,:; + 	4)3!$ + 	<1! 	+ 2!    

(3b)   	3!' = 5$ + 5',#-."/-&"!+	5)7&8.8-/-&"= ! 	 + 	5%3!$ + >1! + 2!  
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where 7&8.8-/-&"!  is used as a proxy for teacher engagement in the online professional 

development module. In particular, we assessed teacher’s actual participation in the module by 

monitoring their activity using log files. These log files provided information on the number of logins 

and the number of clicks in the module. The ‘Treatment’ variable in the second stage of the 2SLS 

regression represents the average ITT effect of the financial education programme on student 

achievement for the No OTPD and OTPD conditions combined. We consider this an ITT effect since 

there could be other sources of endogeneity regarding the implementation of the programme for 

which this IV approach does not control. By using assignment to the OTPD condition as an instrument 

for actual participation in the OTPD module, the IV estimator	5) can be interpreted as the treatment 

effect on the treated (TOT) for the students whose teachers actually participated in the OTPD module. 

Concretely, it measures the extent to which test scores of students improve if their teachers actively 

participated in the OTPD module relative to the scores of students whose teachers did not actively 

participate.  

 

4.2. Empirical results  

4.2.1. Intention-to-treat (ITT)  

The estimates from the ITT regressions, and their 95% confidence intervals, are graphically presented 

in Figure 2. We estimated the impact of the financial education programme on the standardised 

posttest scores of students, presenting the estimates for the knowledge, behaviour and total scores 

separately. This figure shows the estimates for the combined sample, and for the specification in which 

we controlled for background characteristics at the student, teacher and school levels. The upper line 

(i.e. No OTPD – Control) presents the estimate that indicates the effect of receiving financial education. 

The lower line (i.e. OTPD – Control) indicates the combined effect of financial education and 

assignment to the OTPD condition. 

 The graphs indicate that the knowledge scores are, on average, 0.17 SD higher for students in 

the No OTPD condition than for students in the control condition. The confidence interval in Figure 2 

includes zero, which implies that this difference is not significant at the 5% level. However, the more 

detailed ITT estimates in Table 4 indicate that this effect is significant at the 10% level. The graph 

further shows that allocation to the OTPD condition improves students’ knowledge scores relative to 

scores of students in the control condition. However, we observe in Table 4 that the difference in 

coefficients between the No OTPD condition and OTPD condition is not significant. In other words, 

there is no additional impact of OTPD on the knowledge score of students. 

 Focusing on the behaviour scores of students, we observe in both Figure 2 and Table 4 that the 

educational material itself does not significantly improve these scores. However, assignment to the 
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OTPD condition results in an average increase in behaviour scores of 0.39 SD compared to the control 

condition. Results of the F-test comparing the estimates of both treatment conditions indicate that 

students in the OTPD condition significantly outperform those in the No OTPD condition.   

 The results for the total scores indicate an improvement in scores of 0.20 SD for the No OTPD 

condition. This effect is statistically significant at the 10% level. Allocation of teachers to the OTPD 

condition resulted in an estimate of 0.43 SD compared to the control condition. These findings indicate 

that giving teachers access to the OTPD module benefits students’ overall financial literacy levels, and 

that this improvement is due to increased performance on the behaviour items of the financial literacy 

test rather than on the knowledge items. The estimates for Experiments 1 and 2 separately, as well as 

the full regression outputs, are presented in Table B4 in Appendix B. 

 

< Figure 2 & Table 4 > 

 

4.2.2. Intensity of treatment 

The log files retrieved from the OTPD module revealed that not all teachers who were assigned to the 

OTPD condition actually participated in it. This implies that the ITT estimates are not the most 

informative in indicating the effects of actual engagement in the OTPD, and probably underestimate 

the OTPD effect. Table 5 shows the effect of engagement in the OTPD module on students’ posttest 

scores, while simultaneously controlling for the endogeneity caused by self-selection in the OTPD 

treatment. Two measures of teacher participation were observed. First, we examined whether a 

teacher logged in to the module at least once. Second, as a measure of intensity of treatment, we 

recorded how many times each teacher clicked in the module.  

 Panel A of Table 5 shows the results of the 2SLS analyses for the dichotomous predictor of 

Login.8 The first stage of the 2SLS analysis shows a positive relationship between the instrument (being 

allocated to the OTPD condition) and the endogenous predictor (Login). When allocated to the OTPD 

condition, engagement in the module increased by 64 percentage points when control variables were 

included. However, focusing on the OTPD treatment, teacher participation in the module did not lead 

to a statistically significant improvement in the knowledge scores of students.  

The behaviour scores of students receiving financial education improved by 0.17 SD. Scores 

increased by an additional 0.39 SD for students whose teachers engaged in the module. This last effect 

can be interpreted as an average treatment of the treated effect for the students whose teachers 

actually participated in the OTPD module. This effect is larger than the corresponding ITT estimate 

 
8 Login = 0 for the teachers in all three conditions who did not log in at all; Login = 1 for teachers in the OTPD 
condition who logged in at least once. 
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because it now measures the impact of actual participation in the OTPD treatment. The total financial 

literacy scores indicate that students benefit from the educational material, and that this effect is 

enhanced when teachers engage in the module. These results confirm the ITT analysis in 

demonstrating that teacher participation in the OTPD module improves students’ financial behaviour 

scores but does not affect their financial knowledge. The effect of OTPD on the total score is therefore 

driven by the increased scores on behavioural intentions. Table B5 in Appendix B shows the full 

regression output. 
 The results are similar when we use the total number of clicks in the module as a measure of 

intensity of the treatment, as presented in Panel B of Table 7.9 The second stage results of the 2SLS 

analysis show that the intensity of treatment has no effect on students’ financial knowledge. However, 

due to a significant impact on the behaviour scores, an additional effect on students’ financial literacy 

was still observed. Specifically, when control variables are included, 100 additional clicks in the module 

increased students’ financial literacy scores by 0.24 SD.  

 

< Table 5 > 

 

4.2.3. Robustness tests and heterogeneity analysis 

A series of tests were run to assess the robustness of the ITT estimates. Table 6 assesses the robustness 

of the ITT estimates. First, as we randomised at the school level, we repeated the ITT analyses using 

the average school scores instead of the average student scores as the dependent variables in Panel 

A. We note that the effect of treatment itself appears more convincing than in the main analyses, 

whereas the opposite holds for the additional effect of assignment to the OTPD condition. Given the 

relatively low number of clusters, however, these estimates should be interpreted with caution.  

Panel B of Table 6 provides the estimates of a difference-in-differences (DID) model as in 

Lührmann et al. (2015) and compares the change in test scores between the pretest and posttest of 

students in the treatment conditions relative to students in the control condition. We solely report the 

treatment effects, i.e. the interaction effects of the test scores with the post-treatment dummy. The 

effects of the OTPD module on the behaviour score and total score are, although still positive and 

significant, smaller than in the ITT. However, when focusing on the difference between the two 

treatment conditions, we note that the OTPD condition no longer outperforms the OTPD condition. 

This implies that the DID model deviates from the ITT analysis.  

As a third robustness test, we applied the Coarsened Exact Matching (CEM) algorithm, similar 

to Iacus et al. (2012), to control for the differences in control variables existing at baseline. In matching 

 
9 Multiplied by 100 in order to obtain meaningful and interpretable coefficients. 
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approaches, particular observations are pruned from the initial sample based on a selection of control 

variables. Running the empirical analyses on this more restricted, but also more balanced sample, 

results in more reliable estimates of the causal effects. The findings of the CEM analysis, in which we 

compared the effects of the separate treatment conditions with the control condition are presented 

in Panel C of Table 6. The results indicate that students’ financial literacy significantly increases by 0.12 

SD when following the programme, confirming the effectiveness of the educational material. The OTPD 

module has a beneficial impact compared to both the control condition and the No OTPD condition, 

suggesting that assignment to the OTPD condition further improves students’ financial literacy.  

Fourth, to correct for the differential attrition, we estimated the lower and upper bounds of 

the ITT effects following the procedure of Lee (2009). These bounds correct for the possibility that 

findings might be biased when attrition in the sample was non-random (Tauchmann, 2014). The 

intuition behind the Lee Bounds is that observations are trimmed from either of the conditions, 

ensuring that the share of observations with observed outcomes is equal. The estimates are presented 

in Panel D of Table 6. Since in Lee Bounds estimations, control variables such as pretest score are not 

included in the analysis, we conducted OLS regressions without the inclusion of control variables or 

the clustering of standard errors. The results indicate that the confidence intervals for the OTPD 

condition do not contain zero and that the lower bounds are significantly different from zero, 

indicating that the differential attrition does not lead to a biased result on the impact of the OTPD 

module. Note that the lower bound for the No OTPD condition is significantly negative. Therefore, the 

Lee Bounds analysis cannot confirm the finding that the financial literacy education programme itself 

has a positive effect on the total financial literacy score.  

We correct for multiple testing using the two-stage procedure discussed in Benjamini et al. 

(2006) and Anderson (2008). All p-values relating to the ITT estimates included in Tables 4 and B4 were 

transformed into q-values. The results in Panel E of Table 6 indicate that the initial ITT estimates of the 

impact of OTPD are robust when the estimates for the effect of the OTDP module are concerned and 

could, therefore, not be considered false positives resulting from multiple testing. 

Finally, since this study is conducted on three hierarchical levels (i.e. students, classes, and 

schools), we test whether our results are robust to two-way clustering. Panel F of Table 6 shows that 

the standard errors are only limitedly influenced by the type of clustering, leaving the conclusions 

unaffected. 

< Table 6 > 

 

In addition to these robustness tests, a heterogeneity analysis was run to observe whether the 

OTPD initiative was particularly beneficial to students in specific subgroups. The results in Table 7 show 

that the effectiveness of the OTPD module does not depend on students’ pretest scores or gender. 
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Furthermore, we demonstrate that particularly for high SES students, there is an additional impact of 

the OTPD module. Interestingly, we observe that the programme itself was shown to be more effective 

for low SES students than for high SES students. Finally, concerning whether or not the student is a 

native Dutch speaker, the results indicate that the OTPD module only seems to benefit native Dutch 

speakers. Similar to the SES results, following the financial education itself seemed to mainly improve 

the scores of non-native students. 

 

< Table 7 > 

 

5. Mechanisms at the teacher level 
We evaluate four mechanisms that could have caused the observed positive effect of the OTPD 

module. The existing literature suggests that effective TPD results in better teacher quality and that 

this can ultimately benefit student scores (e.g., Desimone, 2009; Merchie et al., 2016). Therefore, as a 

first potential mechanism, we examined whether the teachers who engaged in OTPD had higher 

average posttest scores on the teacher test than those who did not. The results are presented in Panel 

A of Table 8, from which it is apparent that despite a relatively high average pretest score in the control 

condition, the teachers in the OTPD condition have the highest absolute average posttest score. 

However, as the increase in test scores between the pretest and posttest is similar in the two treatment 

groups, we cannot confirm that the positive effects of the OTPD initiative result from an increase in 

the teachers’ financial literacy. 

 The second potential underlying mechanism is an increase in teacher efficacy, defined as ‘a 

teacher’s judgment of his/her capabilities to bring about desired outcomes of student engagement 

and learning’ (Tschannen-Moran & Hoy, 2001, p. 783). As positive correlations between teacher 

efficacy and desirable outcomes on both the teacher level (e.g. enthusiasm and commitment) and the 

student level (e.g. achievement and motivation) have been established (e.g., Tschannen-Moran & Hoy, 

2001), we compared average pretest and posttest scores on the teacher efficacy item from the teacher 

survey. The results are presented in Panel B of Table 8, showing that in the control and No OTPD 

conditions, the average responses on the teacher efficacy item tend to decrease, while a small increase 

is observed in the OTPD condition. Additional t-tests demonstrated that the coefficients for the pretest 

to posttest change are significantly different between the two treatment conditions (p ≤ 0.01). It is 

plausible that the treated teachers felt more capable of providing their students with additional 

support and instructions.  

 Third, given that attitudes towards technology influence its usage and acceptance, and that  

the effectiveness of OTPD initiatives, in turn, relies on the acceptance of online professional learning 
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(Kao & Tsai, 2009; Smith & Sivo, 2012), we examined teachers’ initial attitudes towards online 

professional learning. Therefore, the positive impact of the initiative could have resulted from more 

positive attitudes towards OTPD among those teachers who participated in the module. In both the 

pretest and posttest, teachers were asked to report on their attitudes towards online professional 

learning. Panel C of Table 8 provides an overview of the descriptive statistics from both tests for each 

condition and shows that attitudes towards OTPD do not differ between conditions, nor is there a 

significant change between the pretest and posttest in any of the conditions. We can therefore 

conclude that the results were not biased by differences in attitudes towards OTPD.   

 The final potential mechanism we identified is related to teachers’ instructional practices. This 

concerns the transfer of teacher quality to actual teaching behaviour in the classroom (Desimone, 

2009). To measure this, 20% of the schools in the No OTPD and OTPD conditions were visited for a 

classroom observation. Ultimately, we found no systematic differences between the treatment 

conditions for aspects such as the amount or type of help provided to the students while they went 

through the material. However, the duration of the introduction that preceded the educational game 

differed between the two intervention groups. While teachers in the No OTPD condition spent 

between 5 and 15 minutes introducing the topic, teachers in the OTPD condition consistently spent 

more than 15 minutes. Teachers’ explanations about, for example, the purpose of the programme, the 

related practicalities, or a first introduction to the concepts covered, might have resulted in students 

having higher levels of motivation or prior knowledge before going through the material. 

A limitation is that the number of teachers in the final sample was relatively limited. As a result, 

the findings concerning the underlying mechanisms that may explain the impact of OTPD need to be 

interpreted with caution. Furthermore, this implied that the power was insufficient to perform a causal 

mediation analysis on a larger share of the teacher characteristics that were measured in the teacher 

pretest (e.g. years of teaching experience and teaching economics). This type of analysis, as well as a 

higher number of classroom observations shedding light on changes in teaching behaviour, would have 

provided more insight into the mechanisms playing a role in the process from OTPD participation to 

student learning. 

 

< Table 8 > 

 

6. Discussion  
It has been posited that the effectiveness of financial education is partly determined by the quality of 

teachers. Nevertheless, the evidence on the role of teacher professional development in the 

effectiveness of financial education as obtained by large-scale RCTs is limited. Therefore, the present 
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study examined the extent to which teacher participation in an OTPD module enhanced students’ 

financial literacy. This module was characterised by its scalability and the limited time investment 

required from teachers, which are desirable TPD features in times of curriculum reform. Two 

randomised controlled trials were conducted, with a total of 1827 students, 53 teachers and 47 schools 

participating.  

 The results demonstrated that the financial education programme increased students’ 

financial knowledge (0.17 SD). This finding is in line with existing literature, as Kaiser and Menkhoff 

(2020) found a similar average positive effect of 0.15 SD on financial knowledge in RCTs evaluating 

school-based financial education.10 Our study also confirmed the findings of Batty et al. (2015), which 

demonstrated that even programmes of short duration (i.e. four or five lessons) are able to enhance 

students’ financial knowledge. While it may be expected that programmes of sustained duration have 

the most impact, Kaiser and Menkhoff (2020) provided evidence supporting the hypothesis of Miller 

et al. (2015) by revealing declining marginal returns of programme intensity.11 Specifically, an average 

effect size of 0.17 SD was shown for interventions lasting up to 5 hours. Potential explanations for the 

effectiveness of short programmes may be related to the ‘novelty’ of the material, and the opportunity 

to keep the environment well controlled (Cheung & Slavin, 2013). Our results further showed that 

providing teachers with access to the OTPD module did not significantly enhance the effectiveness of 

the programme on knowledge scores.  

 Focusing on the behaviour scores, no significant increase was found to result from following 

the programme itself. This contrasts with the findings of two recent meta-analyses, which revealed a 

significant impact of financial education interventions on financial behaviours; although the effect size 

was considerably smaller than for the impact on financial knowledge (Kaiser et al., 2020; Kaiser & 

Menkhoff, 2020). Nevertheless, our results showed an increase in behaviour scores (0.39 SD relative 

to the control condition) when the teachers were given the opportunity to participate in the OTPD 

initiative. Also the difference between the two treatment conditions was shown to be significant. 

These results suggest that professional development initiatives that require relatively little time 

investment of teachers, are still effective in enhancing student learning. This contrasts the TPD model 

of Desimone (2009), in which sustained duration of initiatives is considered a key requirement for 

effective TPD initiatives.  

Although effect sizes of a quarter of a standard deviation have been demonstrated for financial 

knowledge (Bruhn et al., 2016), the magnitude of the effect obtained in the present study appears 

 
10 In a meta-analysis of RCTs evaluating interventions in various educational domains (e.g. language and 
mathematics), Lortie-Forgues and Inglis (2019) found an average effect size of 0.06 SD. This implies that financial 
education interventions generally produce sizeable effects compared to interventions in other domains.  
11 Decreasing marginal returns of the duration of interventions have also been revealed in other educational 
domains (de Boer et al., 2014). 
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large for behavioural items. One potential explanation is related to how financial behaviour was 

captured. Studies usually evaluate the impact on current behaviours of students, such as saving or 

intertemporal decision-making (Kalmi, 2018; Lührmann et al., 2018). Quasi-experiments tend to 

investigate long-term effects, such as the likelihood of debt during adolescence, student loan 

repayments or payday borrowing (e.g., Brown et al., 2016; Mangrum, 2019). However, as parents may 

still largely determine how children spend their (pocket) money at the age of 14-15, one could ask how 

informative reported changes in current behaviours are for the age group considered in our analysis. 

Ultimately, students of this age are unlikely to engage in a lot of financial decision-making. Therefore, 

we assessed whether students could detect and properly respond to receiving fraudulent bank emails, 

and if they were aware of how they should handle a bankcard. This implies that, strictly speaking, we 

measured students’ intentions to engage in wise financial behaviours. Thus, the fact that the construct 

was measured differently in the present study, may provide an explanation for why the effect size that 

we found was larger in magnitude than those found in previous RCTs or quasi-experiments. 

 Combining the knowledge and behaviour scores to measure students’ financial literacy led to 

the conclusion that the programme itself enhanced financial literacy (0.20 SD) and that access to the 

OTPD module enhanced this effectiveness (with an estimate of 0.43 SD relative to the control 

condition). These findings are in line with Compen et al. (2020), where teacher participation in a 

webinar series was shown to benefit student learning outcomes by 0.39 SD. The results for the 

separate knowledge and behaviour scores in the present study showed that the beneficial effect of 

OTPD was driven by increased performance on items measuring financial behaviour rather than items 

measuring financial knowledge. A plausible explanation may be that financial literacy is one of the few 

topics taught in schools that actively attempts to influence the behaviour of students, in addition to 

increasing their knowledge. While teachers in both treatment conditions might have been able to 

increase students’ financial knowledge, the OTPD module might have been particularly effective in 

preparing teachers to influence students’ behavioural intentions.  

 Our results have confirmed previous studies in demonstrating that financial education is 

effective in increasing students’ financial literacy. In addition, we showed that students’ behavioural 

intentions benefit from their teachers engaging in professional development. Given that financial 

literacy has been shown to be a competence that persists throughout people’s lives (Lusardi et al., 

2010), these results are promising. Targeting today’s youth may improve their financial decision-

making at later ages, when they become more active consumers. Especially considering that the OTPD 

initiative only required approximately three hours of the teachers’ time, and that the initiative is highly 

scalable, we recommend that policymakers enhance financial education programmes by encouraging 

teacher training initiatives.  
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 There are a few limitations of this study which should be mentioned. First, the results are based 

on posttests that were completed immediately after the programme. The meta-analyses of Fernandes 

et al. (2014) and Kaiser and Menkhoff (2020) found that the effect sizes of financial education 

programmes are generally largest immediately after programme implementation and tend to decrease 

over time. Additionally, it has been shown that TPD effects tend to fade over time (Wolf & Peele, 2019). 

Therefore, it is likely that the effect sizes of the programme and OTPD module obtained in this chapter 

will also decrease. However, we were unable to measure the long-term effects due to the high attrition 

rate. Although Compen et al. (2020) demonstrated a positive impact of the evaluated TPD initiative on 

students’ financial literacy both immediately after programme implementation, as well as six weeks 

later, an avenue for future research would be to estimate the long-term impact of OTPD. Finally, the 

limited number of participating teachers does not allow us to perform a causal analysis of how teacher 

characteristics can explain the positive impact of OTPD on student’ test scores. In response to both 

limitations, future studies could consider providing schools with incentives to reduce the attrition rates 

in both the student and the teacher samples. The resulting increase in power would allow analysing 

longitudinal effects and gaining more understanding of the teacher-level mechanisms. 
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Tables 

Table 1: Research design and timing 
Panel A: Experiment 1  

 Pretest    OTPD module Financial literacy      
    education 

      Posttest 

     
 

 

January 2018 
 
 

      February –  
     March 2018 

 

  February – 
March 2018 

 

    February – 
   March 2018 
 

Control condition ✓               -            -             ✓ 
No OTPD condition  ✓            -        ✓           ✓ 
OTPD condition  ✓            ✓        ✓           ✓ 
Panel B: Experiment 2  

 Pretest    OTPD module Financial literacy  
    education 

Posttest 

     
 

 

 

February – 
March 2018  

 

      April 2018   April 2018     
 

April 2018    
 

Control condition ✓               -             -            ✓ 
No OTPD condition  ✓            -         ✓           ✓ 
OTPD condition  ✓            ✓         ✓           ✓ 
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Table 2: Descriptive statistics at the student, teacher and school levels  

Panel A: Students    

 Control No OTPD OTPD 
Background characteristics   
    

Gender (female) 

 

0.534 

(0.055) 

0.506 

(0.056) 

0.501 

(0.057) 

Age  

 

14.26 

(0.138) 

14.48 

(0.136) 

14.25 

(0.147) 

SES indicator 

 

1.945 

(0.079) 

1.870 

(0.082) 

2.078 

(0.080) 

Language (no Dutch) 

 

0.142 

(0.069) 

0.358** 

(0.068) 

0.143 

(0.042) 

Motivation  

 

4.172 

(0.039) 

4.057* 

(0.044) 

4.219 

(0.031) 

Self-efficacy 3.499 

(0.050) 

3.431 

(0.056) 

3.425 

(0.064) 

Financial literacy - pretest    

Knowledge score 1.865 

(0.095) 

1.854 

(0.098) 

2.042 

(0.104) 

Behaviour score 1.159 

(0.086) 

1.035 

(0.087) 

1.256 

(0.077) 

Total score 3.023 

(0.164) 

2.888 

(0.166) 

3.298 

(0.167) 

Financial literacy - posttest   

Knowledge score 1.962 

(0.110) 

2.106 

(0.125) 

2.371** 

(0.122) 

Behaviour score 1.044 

(0.077) 

1.075 

(0.080) 

1.500*** 

(0.076) 

Total score 3.007 

(0.187) 

3.181 

(0.189) 

3.822*** 

(0.177) 

    

N 768 492 567 

Joint balance test  .000   

Panel B: Teachers 
 Control No OTPD  OTPD 
Financial literacy - pretest    

Total score 

 
5.708 

(0.322) 

4.438** 

(0.429) 

4.769* 

(0.407) 

Financial literacy - posttest    

Total score 5.875 

(0.300) 

5.688 

(0.387) 

6.077 

(0.380) 

Participation in OTPD   

Login at least once N.A. N.A. 76.9% 

Number of clicks  N.A. N.A. 157 

 
N 24 16 13 

Joint balance test .003   

Panel C: Schools                 
 Control No OTPD OTPD 
    
Public school 

 

0.353 

(0.118) 

0.313 

(0.122) 

0.357 

(0.132) 

Academic school 
0.588 

(0.120) 

0.313 

(0.123) 

0.500 

(0.137) 

    

N 17 16 14 

Joint balance test .000   
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Note: Only students and teachers that completed both the pretest and the posttest are included. Gender is a dummy variable 

taking the value 1 if the student is female. Age reflects the age at pretest. SES indicator is measured using the number of 

holidays abroad as a proxy (0 = none, 1 = one, 2 = two, 3 = more than two). Language is a dummy variable taking the value 1 

if a foreign language is spoken at home. Motivation is the response to the statement: ‘I find it important to have knowledge 

on financial matters, such as saving, costs, and payment methods’ (answered on a Likert scale from 0 = completely disagree 

to 5 = completely agree). Self-efficacy is the response to the statement: ‘I find that I have sufficient knowledge on financial 

matters, such as saving, costs, and payment methods’ (answered on a Likert scale from 0 = completely disagree to 5 = 

completely agree). Pretest and posttest scores are unstandardised and scored on a scale of 9 (total score), 6 (knowledge 

score), and 3 (behaviour score). Login at least once reflects the share of teachers in the OTPD condition who logged in into 

the OTPD module. Number of clicks refers to the average number of clicks of the teachers who logged in at least once. Public 

school is a dummy variable taking the value of 1 if the school is public rather than private, and academic school is a dummy 

variable taking the value of 1 if the school solely offered the academic track. The joint balance test rows indicate the p-values 

from jointly testing whether the variables at the student, teacher and school levels, respectively, are jointly insignificant in 

predicting enrolment into the treatment conditions. Standard errors clustered at the school level in parentheses. Significance 

levels correspond to differences relative to the control condition, derived from t-tests. *p < .10, **p < .05, ***p < .01. 
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Table 3: Differential attrition 
 
 
 
 
 
 
 
 
 
 
 

Note: N refers to the number of students completing the pretest and for whom there are no missing values. The control 

condition serves as the reference group. Control variables are standardised pretest score, gender, SES indicator, language, 

motivation, self-efficacy, pretest score teacher (standardised), and type of school (public and academic). In the combined 

sample, grade is additionally controlled for. The p-values resulting from F-tests (No OTPD = OTPD) comparing the effects of 

the treatment conditions are represented in the bottom row. Standard errors clustered at the school level in parentheses 

Standard errors clustered at the school level in parentheses. * p ≤ .10 ** p ≤ .05 *** p ≤ .01.  

 
 
  

No OTPD 0.196** 

(0.084) 

0.173* 

(0.089) 
OTPD 

 
0.137** 

(0.059) 

0.130* 

(0.066) 

   

Pretest score -0.030** -0.021 

Controls No Yes 

N 2496 2496 

   

No OTPD = OTPD .479 .632 
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Table 4: Empirical results: ITT 

Note: Dependent variables represent standardised posttest scores. The control condition serves as the reference group. 

Control variables are standardised pretest score, gender, grade, SES indicator, language, motivation, self-efficacy, pretest 

score teacher (standardised), public, and general education. The p-values resulting from F-tests (No OTPD = OTPD) comparing 

the effects of the treatment conditions are represented in the bottom row. Standard errors clustered at the school level in 

parentheses. * p ≤ .10 ** p ≤ .05 *** p ≤ .01.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

      Knowledge score        Behaviour  score          Total score 
       

No OTPD 0.135 

(0.109) 

0.172* 

(0.100) 

0.056 

(0.091) 

0.131 

(0.098) 

0.129 

(0.115) 

0.197* 

(0.108) 

OTPD 

 

0.295*** 

(0.102) 

0.294*** 

(0.096) 

0.383*** 

(0.073) 

0.386*** 

(0.078) 

0.424*** 

(0.095) 

0.425*** 

(0.092) 

       

Pretest score 0.214*** 0.192*** 0.271*** 0.247*** 0.304*** 0.275*** 

Controls No Yes No Yes No Yes 

R2 .065 .075 .110 .127 .134 .150 

N 1827 1827 1827 1827 1827 1827 

       

No OTPD = OTPD .067 .222 .001 .005 .001 .020 
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Table 5: Empirical results: 2SLS 

Panel A: Having logged in at least once as the indicator for participation in OTPD 
First stage  
                                           Knowledge score                     Behaviour score                      Total score 
 
Instrument (OTPD) 0.563*** 

(0.135) 

0.644*** 

(0.114) 

0.563*** 

(0.135) 

0.644*** 

(0.114) 

0.563*** 

(0.135) 

0.644*** 

(0.114) 

Controls No Yes No Yes No Yes 

 
Second stage         
  Knowledge score                     Behaviour score                      Total score 
  
Treatment 0.136 

(0.108) 

0.191** 

(0.093) 

0.057 

(0.089) 

0.171* 

(0.093) 

0.130 

(0.113) 

0.232** 

(0.101) 

Login 0.284 

(0.180) 

0.189 

(0.157) 

0.580*** 

(0.196) 

0.394*** 

(0.139) 

0.525** 

(0.209) 

0.354** 

(0.157) 

       

Pretest score 0.220*** 0.194*** 0.283*** 0.252*** 0.315*** 0.280*** 

Controls No Yes No Yes No Yes 

R2 .048 .067 .083 .117 .098 .133 

N 1827 1827 1827 1827 1827 1827 

Panel B: Number of clicks as the indicator for participation in OTPD 
First stage       

                                           Knowledge score                   Behaviour score                         Total score 
       

Instrument (OTPD) 0.793*** 

(0.252) 

0.958*** 

(0.237) 

0.793*** 

(0.252) 

0.958*** 

(0.237) 

0.793*** 

(0.252) 

0.958*** 

(0.237) 

Controls No Yes No Yes No Yes 

       

Second stage       
  Knowledge score                    Behaviour score                       Total score 

       

Treatment 0.135 

(0.108) 

0.195** 

(0.091) 

0.056 

(0.090) 

0.180** 

(0.090) 

0.128 

(0.114) 

0.240** 

(0.099) 

Clicks 0.202* 

(0.122) 

0.127 

(0.098) 

0.412*** 

(0.159) 

0.265*** 

(0.100) 

0.372** 

(0.151) 

0.238** 

(0.098) 

       

Pretest score 0.211*** 0.189** 0.264*** 0.241*** 0.298*** 0.269*** 

Controls No Yes No Yes No Yes 

R2 .045 .067 .044 .104 .074 .128 

N 1827 1827 1827 1827 1827 1827 

Note: Dependent variables represent standardised posttest scores. The control condition serves as the reference group. 

Treatment is a dummy variable equal to 1 if the student is allocated to one of the two treatment conditions, and therefore 

represents the average effect of the financial education programme on student achievement for the no OTPD and OTPD 

conditions combined. Control variables are standardised pretest score, gender, SES indicator, language, motivation, self-

efficacy, grade, pretest score teacher (standardised), public, and general education. Standard errors clustered at school level 

in parentheses. * p ≤ .10 ** p ≤ .05 *** p ≤ .01. 
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Table 6: Robustness tests 
Panel A: ITT – School level      

 Knowledge score Behaviour score Total score 

       

No OTPD 

 
0.269** 

(0.127) 

0.308** 

(0.130) 

0.175** 

(0.086) 

0.191** 

(0.084) 

0.291** 

(0.121) 

0.328*** 

(0.119) 

OTPD 

 
0.286**  

(0.108) 

0.306*** 

(0.113) 

0.278*** 

(0.092) 

0.280*** 

(0.098) 

0.359*** 

(0.104) 

0.376*** 

(0.111) 

       

Pretest score 0.373*** 0.333*** 0.510*** 0.512*** 0.551*** 0.523*** 

Controls No Yes No Yes No Yes 

R2 .379 .398 .621 .640 .571 .589 

N 47 47 47 47 47 47 

       

No OTPD = OTPD .894 .988 .296 .366 .562 .696 

Panel B: Difference-in-differences         

      Knowledge score Behaviour score Total score 

       

No OTPD 0.126 

(0.097) 

0.126 

(0.097) 

0.186 

(0.113) 

0.186 

(0.113) 

0.189* 

(0.107) 

0.189* 

(0.107) 

OTPD 0.179* 

(0.098) 

0.180* 

(0.098) 

0.311*** 

(0.074) 

0.311*** 

(0.074) 

0.301*** 

(0.094) 

0.302*** 

(0.095) 

       

Controls No Yes No Yes No Yes 

R2 .013 .048 .024 .058 .027 .076 

N 1827 1827 1827 1827 1827 1827 

       

No OTPD = OTPD .571 .571 .273 .274 .218 .218 

Panel C: Coarsened Exact Matching             

 Total  
score 

N    

      

No OTPD 

 
0.119** 

(0.053) 

1017    

OTPD 

 

0.371*** 

(0.048) 

1104    

No OTPD = OTPD 0.214*** 

(0.057) 

812    

Panel D: Lee Bounds                                   

 Total score Lower bound Upper bound 95% CI of effect N 

      
No OTPD 

 

0.084* 

(0.047) 
-0.181*** 

(0.054) 
0.417*** 

(0.053) 
[ -0.270, 0.504 ] 1260 

OTPD 

 

0.394*** 

(0.044) 
0.190*** 

(0.057) 
0.541*** 

(0.054) 
[ 0.096, 0.630 ] 1135 

No OTPD = OTPD 

 
0.310*** 

(0.050) 

0.237*** 

(0.065) 

0.453*** 

(0.061) 

[ 0.130, 0.554 ]              1059 

 

Panel E: Multiple testing correction    

     Knowledge score            Behaviour score                             Total score  
      

No OTPD 0.135 

(0.109) 

0.172 

(0.100) 

0.056 

(0.091) 

0.131                      0.129 

(0.098)                   (0.115) 

0.197 

(0.108) 

OTPD 

 

0.295** 

(0.102) 

0.294** 

(0.096) 

0.383*** 

(0.073) 

0.386***               0.424*** 

(0.078)                   (0.095) 

0.425*** 

(0.092) 

      

Pretest score 0.214*** 0.192*** 0.271*** 0.247***               0.304*** 0.275*** 

Controls No Yes No Yes                          No Yes 

R2 .065 .075 .110 .127                        .134 .150 
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N 1827 1827 1827 1827                        1827 1827 

      

No OTPD = OTPD .095 .202 .004 .014                         .004  .031 

Panel F: Two-way clustering     

     Knowledge score        Behaviour score                                            Total score 
      

No OTPD 0.135 

(0.108) 

0.172* 

(0.099) 

0.056 

(0.093) 

0.132                            0.129 

(0.101)                         (0.114) 

0.197* 

(0.108) 

OTPD 

 
0.295*** 

(0.099) 

0.294*** 

(0.093) 

0.383*** 

(0.072) 

0.386***                     0.424*** 

(0.077)                         (0.092) 

0.425*** 

(0.089) 

      

Pretest score 0.214*** 0.192*** 0.271*** 0.247***                     0.304*** 0.275 

Controls No Yes No Yes                     No       Yes 

R2 .065 .075 .110 .127                              0.134 .150 

N 1827 1827 1827 1827                            1827 1827 

      

No OTPD = OTPD .074 .216 .000 .002                             .001 .015 

Note. Dependent variables in Panel A represent standardised posttest scores at the school level, whereas dependent variables 

in Panel B represent standardised differences between pretest and posttest scores at the student level. Dependent variables 

in Panels C, D, E and F represent standardised posttest scores at the student level. The control condition serves as the 

reference category in all panels. Control variables in Panels B, E and F are standardised pretest score, gender, grade, SES 

indicator, language, motivation, self-efficacy, pretest score teacher (standardised), public, and general education. In Panel C, 

the following variables were included in the matching procedure: pretest score student standardised (scoring either in the 

lower or upper half of the distribution), gender, SES proxy, language, importance of knowledge and self-assessed knowledge. 

The multivariate L1 distances for all three scores approached zero in the matched sample. In Panel D, the trimming 

proportions are 23.8% (No OTPD – Control), 15.9% (OTPD – Control) and 9.4% (No OTPD – OTPD). In Panel E, the indicated 

significance levels are based on q-values calculated as in Benjamini et al. (2006) and Anderson (2008) to correct for multiple 

hypothesis testing. The p-values resulting from F-tests (No OTPD = OTPD) comparing the effects of the treatment conditions 

are represented in the bottom row of each panel. Standard errors clustered at the school level in all panels, except in Panels 

C and D. * p ≤ .10, ** p ≤ .05, *** p ≤ .01. 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



37 
 

Table 7:  Heterogeneity analysis 

                                              Pretest score                       Gender                   Socioeconomic status              Language  
   Low   High Male Female   Low   High Dutch  No Dutch   
           

No OTPD 0.134 

(0.092) 

0.201 

(0.122) 

0.054 

(0.093) 

0.270** 

(0.107) 

0.219** 

(0.094) 

0.154 

(0.101) 

0.101 

(0.092) 

0.373*** 

(0.114) 

  

OTPD 0.317*** 

(0.081) 

0.396*** 

(0.089) 

0.214*** 

(0.080) 

0.505*** 

(0.080) 

0.291*** 

(0.090) 

0.387*** 

(0.082) 

0.375*** 

(0.077) 

0.290*** 

(0.100) 

  

           

Pretest score 0.256*** 0.058** 0.265*** 0.181*** 0.270*** 0.209*** 0.242*** 0.160***   

Controls Yes Yes Yes Yes Yes Yes Yes Yes   

R2 .103 .069 .162 .156 .179 .139 0.146 0.158   

N 1128 699 884 943 606 1221 1461 366   

           

No OTPD = OTPD .034 .009 .031 .025 .478 .010 .002 .398   

Note. Dependent variables represent standardised total posttest scores. The control condition serves as the reference 

category. Pretest score is a binary variable coded 0 when the student obtained a standardised pretest score lower than zero, 

and 1 when a pretest score higher than zero was obtained. Socio-economic status is a binary variable coded 0 when the 

student went on less than two holidays abroad in the last year, and 1 when the student had been on at least two holidays 

abroad. Language is a binary variable coded 0 when the student speaks Dutch at home, and 1 when another language is 

spoken at home. The following background characteristics are controlled for: standardised pretest score, gender, grade, SES 

proxy, language, importance of knowledge, self-assessed knowledge, standardised pretest score (teacher), academic 

education and public school. The p-values resulting from F-tests (No OTPD = OTPD) comparing the effects of the treatment 

conditions are represented in the bottom row. Standard errors clustered at the school level in parentheses. * p ≤ .10, ** p ≤ 

.05, *** p ≤ .01. 
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Table 8: Teachers’ test scores, teacher efficacy and attitudes towards OTPD 
 

Note: The average number of questions answered correctly on the 9-item tests (Panel A), the average response to the 

statement: ‘I find that I have sufficient knowledge on payment methods to teach about this in the second/third year of 

secondary education’ (answered on a Likert scale from 1 = completely disagree to 7 = completely agree) (Panel B), and the 

average response to the statement: ‘I feel positive about individual, online learning on a digital platform for teachers’ 

(answered on a Likert scale from 1 = completely disagree to 7 = completely agree) (Panel C). Standard errors in parentheses. 

Significance levels correspond to differences relative to the control condition, derived from t-tests. *p ≤ .10, **p ≤ .05, ***p 

≤ 0.01. 

 

Panel A: Average total scores of teacher pretest and posttest 
 Control No OTPD OTPD 
    

Pretest 5.708 

(0.259) 

4.438*** 

(0.376) 

4.769* 

(0.441) 

Posttest 5.875 

(0.250) 

5.688 

(0.384) 

6.077 

(0.366) 

Difference 

 

0.167 

(0.305)   

1.250* 

(0.496) 

1.308* 

(0.548) 

N 24 16 13 

Panel B: Average scores on teacher efficacy in pretest and posttest 
 Control No OTPD OTPD 
    
Pretest 6.042  

(0.153) 
5.750 

(0.266) 
6.231 

(0.231) 
Posttest 5.667 

(0.223) 

4.813** 

(0.379) 

6.308* 

(0.133) 

Difference -0.375 

(0.168) 

-0.938* 

(0.309) 

0.077* 

(0.178) 

N 24 16 13 

Panel C: Attitudes towards online teacher professional development 
 Control No OTPD OTPD 

    
Pretest 5.292  

(0.229) 

4.625 

(0.397) 

5.000 

(0.340) 

Posttest 5.333 

(0.253) 

4.733 

(0.384) 

5.077 

(0.309) 

Difference 0.042 

(0.259) 

0.067 

(0.316) 

0.077 

(0.459) 

N 24 16 13 
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Difference in change from pretest to posttest 
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Total score
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Difference in change from pretest to posttest 

Figures 

 

 

  

  

 

 
 

Figure 1. Comparison between conditions in average change from pretest to posttest.  

Note: Dots represent the difference between conditions in score improvement from pretest to posttest and are surrounded by their 95% confidence intervals. Confidence intervals containing 

zero imply that the two conditions do not differ significantly in the average score change. Graphs are based on the combined sample (N = 1827). 
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Figure 2. Comparison between conditions in the estimated treatment effects (ITT).  

Note: Dots represent the difference in SD between conditions in estimated treatment effects and are surrounded by their 95% confidence intervals. Confidence intervals containing zero imply 

that the two conditions do not differ significantly in the estimated effects. Graphs are based on the combined sample (N = 1827). 
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