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EXECUTIVE SUMMARY 

External assessments are opportunities for the school community, 

teachers, principals, parents/guardians and students to get involved in 

improving the quality of teaching. Every two years, 5th and 9th graders 

take the Basic Education Assessment System Test (SAEB), an external 

assessment prepared by the Ministry of Education. With a view to adapting 

to this assessment, Rio de Janeiro's municipal school system uses the SAEB 

Mock Test for its students. The aim of the intervention was to encourage 

5th and 9th grade students in Rio de Janeiro's municipal school system to 

commit to the SAEB Mock Test, by strengthening their relationship with their 

parents/guardians and sending them messages encouraging them to 

take the test, during the period in which the assessment was being carried 

out. To this end, the affirmative hypothesis "It is possible to improve 

students' performance in the ‘SAEB Mock Test’ when they are encouraged 

by their parents/guardians" was evaluated. To test this hypothesis, the 

experiment sought to encourage family participation, in which parents 

received WhatsApp messages from the Municipal Department of 

Education (SME/RJ) with emotional stimuli, asking them to pass them on to 

their children/students and thus affect their performance on the SAEB 

Exam, based on commitment behavior. The intervention included three 

treatment groups and a control group for the 5th grade and two treatment 

groups and a control group for the 9th grade. The results of the experiment 

showed that the most effective message increased the average 

Portuguese language and math scores of the 9th graders by 4.1% 

compared to the control group, while the 5th grade messages were not 



 

effective compared to the control group. 
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1.​ INTRODUCTION 

According to Thaler and Sunstein (2008), Nudge is any aspect of the 

choice architecture that promotes behavioral change without prohibiting 

or significantly altering economic incentives. Nudges are considered an 

important strategy in the field of public policy, as they make it possible to 

test the effectiveness of executive projects in a less costly manner, 

stimulating better decisions, with a consequent change in behavior, 

resulting in greater benefits for citizens and society. 

The purpose of the experiment conducted by NudgeRio, the Applied 

Behavioral Science unit of Rio de Janeiro City Hall, was to carry out 

controlled interventions for the SAEB Mock Test, with subsequent 

large-scale application of the "winning" interventions, i.e. the most effective 

ones, in the SAEB Exam. 

The Basic Education Assessment System (SAEB) is a set of 

assessments carried out by the Anísio Teixeira National Institute for 

Educational Studies and Research (INEP), a body linked to the Ministry of 

Education (MEC), whose function is to assess the quality of Brazilian basic 

education and diagnose the factors that can interfere with student 

performance. One of these instruments is the SAEB Exam, administered 

every two years. The results obtained, together with those of the School 

Census, are used to calculate the Basic Education Performance Index 



 

(IDEB). 

The Municipal Department of Education of the City of Rio de Janeiro 

(SME/RJ), as a tool to prepare students for the SAEB Exam, runs the SAEB 

Mock Test. This mechanism aims to prepare students emotionally, 

pedagogically and didactically for the test, which will therefore have an 

impact on the assessment of the quality of primary education. 

Given the importance of the role of parents/guardians in the 

educational process, it is believed that students who are encouraged by 

these actors tend to perform better in assessments, whether internal or 

external. In response to a request from the Municipal Secretary of 

Education, the NudgeRio team came up with an experimental design with 

the aim of improving the performance of 5th and 9th grade students in the 

municipal school system in the SAEB Exam, based on stimulating 

commitment behavior. 

 

2.​ JUSTIFICATION 

The results of the SAEB Mock Test and the SAEB Exam do not produce 

bonuses or burdens for the students' academic lives. In this sense, this 

could be one of the reasons why parents/guardians and their own 

children/students are not very motivated and engaged in preparing for 

and taking the assessments. External evaluations are important for public 

and school management as they provide a more accurate assessment of 

the development and quality of basic education in the country. 

Additionally, they are part of a set of measures that analyze, impact, and 

may compromise the allocation of resources for education, with student 



 

effort being an essential component of this process. 

In order to understand the relationship between the school 

community (parents, students, teachers, principals and managers) and 

the external evaluations, the SME/RJ has been investigating the level of 

engagement of students in participating in these evaluations, since they 

do not have a direct impact on their school life. The relevance of the SAEB 

Exam is that it is an instrument for analyzing basic education, which allows 

us to assimilate the educational strategies distributed throughout the 

country, to account for them to society and to see if they are in line with the 

various social realities and public agendas demanded by the population. 

 

3.​ EXPERIMENTAL METHODOLOGICAL APPROACH 

3.1.​ METHODOLOGY 

The study is of an applied nature, as it aims to generate knowledge 

to solve problems. It is an experimental approach that used qualitative and 

quantitative data to reflect on the objectives, the questions to be 

formulated for the purposes of the investigation and analysis of the 

environmental and operational context of the evaluation. Regarding the 

technical procedure, variables that may influence the experimental 

subjects were observed, with context delimitation, selection of causal 

mechanisms, treatment and control groups, thus ensuring internal and 

external validity while outlining the experiment. 

The nudge SAEB Mock Test project consisted of five phases for the 

study of behavioral principles, which will be described in this report. The 

definitions considered in each phase sometimes overlap, which is a good 



 

thing, because at each stage it is possible to see what the stakeholders 

consider to be relevant to the project. It is part of the validation process 

and the documentation of evidence to check the path that is being taken. 

In this way, it is possible to create approaches that are more likely to be 

effective, increase the chances of isolating variables and present 

questions that can be tested and statistically modeled. 

The understanding of the issues related to the problem to be 

addressed, as well as the definition of the experimental question and the 

hypotheses that could be measured and tested, were validated with 

theoretical and practical approaches. Concepts from disciplines such as 

Statistics, Psychology, Behavioral Economics, Design Thinking and Strategic 

Marketing were considered, in an integrative and comprehensive 

modeling, in a transdisciplinary way. The analytical set presented is based 

on evidence and experimentation, and has therefore been defined as 

Applied Behavioral Science. 

 

3.1.1.​ OBJECTIVES OF THE NUDGE PROJECT 

The use of various theoretical resources and primary and secondary 

data is part of the effort to understand the issue to be addressed in the 

project. In this sense, the construction of the approach this demand for a 

municipal public agenda. The idea behind the study is to show the 

importance of the SAEB Exam and Simulated Test for students in the 5th 

and 9th grades of elementary school, even if it doesn't result in a direct 

academic gain for the individual. 

The aim of the project is to create intervention to stimulate the 

commitment of 5th and 9th grade students in Rio de Janeiro's municipal 



 

school system to the SAEB Mock Test, by encouraging a closer relationship 

with their parents/guardians during the period of the assessment. 

Aligning strategic visions is one of the premises of the nudge SAEB 

Mock Test project and is fundamental to understanding its environmental 

and operational context, since it operates in different macro-political 

dimensions, such as the quality education index, integration with the 

community and commitment to basic education. 

 

3.1.2.​ DEFINING THE PROBLEM 

The definition of the problem, i.e. which aspect of the public agenda 

would be dealt with in the project, was validated in meetings with the 

SME/RJ and the monitoring team appointed by it. At this stage of the 

project, meetings were held to understand how the NudgeRio team could 

work with the SME/RJ, as well as to initially capture the restrictions that 

existed for the execution of the experiment. 

Secondary data was presented, from which it was possible to 

indicate best practices and actions that had an impact on the IDEB score 

in cities across Brazil. The data comes from research conducted by various 

institutions, articles, and interviews with specialists. The initial research and 

the observed data set resulted in a list of predictions. That is, aspects and 

best practices that have an impact on student performance in the SAEB 

Exam in the municipality of Rio de Janeiro. And so, possibilities were 

presented for investigation, assumption and experimentation, namely: 

a)​Extracurricular activities; 

 

b)​Creation and dissemination of targets for schools; 



 

c)​ Monitoring of school indices; 

d)​Monitoring and Engagement of Teachers and Students; 

e)​ School environment - Cleanliness; 

f)​ Socio-economic level of families; 

g)​Specific​ activities​ with​ students in​ situations​ of 

social vulnerability; 

h)​Family participation. 

 

It's important to note that these aspects go beyond the classroom, 

but are relevant to the school community (parents, students, principals 

and managers) and were part of the analytical process to understand how 

it would be possible to create an intervention that would meet the public 

agenda, from some perspective, with the nudge methodology. Based on 

the meetings and research, it was decided that the project should be 

carried out with the participation of the students' families and guardians. 

One of the factors attributed to the problem is the students' 

commitment to taking the SAEB Mock Test and the SAEB Exam. Poor 

performance in these evaluations does not result in direct and noticeable 

harm to the student's school life, but they are important tools for improving 

primary education in the country. From this perspective, the NudgeRio 

team decided that the problem at work in this context is student 

engagement and the experimental subjects are the 5th and 9th grade 

students in the SAEB Mock Test. 

Reflection on the experimental approach also validates the 

experimental question which, in this study, was based on the triad: Quality 

Education Index, Integration with Community and Commitment to Basic 



 

Education. The experimental reflection phase assesses whether it is 

possible to encourage the participation of parents in their children's 

education, and consists of the intervention's macro and strategic field of 

action. The strategic dimension is taken into account so that the project 

can be presented as part of public policies or government macro-policies 

In the study design, the causal relationship proposed in the 

experiment verifies whether students/children stimulated by 

guardians/parents tend to have greater commitment and, consequently, 

better performance in the SAEB Mock Test. The experiment will assess 

whether students who receive encouragement from their guardians tend 

to improve their performance on the . In this sense, the experiment will 

evaluate a hypothesis considering the environmental and operational 

aspects related to the project. 

 

3.1.3.​ ANALYZING THE CONTEXT 

3.1.3.1.​ GOVERNMENTAL STRATEGIC DIMENSIONS 

The Municipal Department of Education, an organ of the City of Rio 

de Janeiro (PCRJ), is responsible for drawing up the municipal education 

policy in the city of Rio de Janeiro, coordinating its implementation and 

evaluating the results, with the aim of ensuring excellence in Early 

Childhood Education, Primary Education and Youth and Adult Education. 

It should also be noted that one of the public agendas currently on 

the municipal executive's agenda is the Sustainable Development Plan 

(PDS) for the city of Rio de Janeiro. The PCRJ has held waves of votes to 

choose the so- called priority challenges, i.e. the main interests of the 

population for the implementation of public policies. The votes are 



 

presented from two perspectives, local and global. Locally, the demands 

are analyzed territorially by neighborhood and globally, they are the 

proposals indicated to be fulfilled by the executive for the city as a whole. 

At the time this project was carried out, the priority of the Education 

department, based on public demand, was: "Quality education 

consolidating the school as a place of integration with the community". 

The municipal education network1, at the time of the experiment 

(2019), had 1,540 school units and served 626,778 students, making it the 

largest in Latin America. It had 39,017 teachers and 13,968 administrative 

support staff. The SME/RJ has 11 Regional Education Coordinators (CREs) in 

its structure, as shown in Figure 1 below: 

 

 

 

 

 

 

 

 

 

 

 

 
 

1 Data from the Municipal Department of Education website. Accessed on: January 2020. 



 

Figure 1: Illustration of the location of the CREs - Municipality of Rio de Janeiro 

 

Source: Municipal Department of Education 

 

The CREs are responsible for articulating and disseminating the 

educational policy drawn up by the SME/RJ, monitoring the 

implementation and development of this policy with the educational 

facilities. 

The executive strategic dimension is associated with the IDEB, 

developed in 2007 by INEP, and is one of the main federal educational 

policy guidelines for municipalities. The IDEB measures the quality of 

learning and guides the development targets for improving education. In 

this sense, "the IDEB was created to be an instrument for monitoring the 

quality of education, made up of quantifiable targets widely disseminated 

throughout the country, which society must take ownership of and for 

which public managers can be held accountable" (FERNANDES, 2010, p.4). It 



 

is within this context that the SAEB Exam is administered, and the SAEB 

Mock Test is conducted, which consists of a test for students with the goal 

of improving their performance in the SAEB Exam. 

The SAEB Exam has existed since 1990 and has undergone successive 

changes over the years. The subjects assessed by the SAEB Exam are: 

Portuguese Language (focus on reading) and Mathematics (focus 

problem solving). However, in 2019, the assessment process included 

students in the 2nd year of elementary school in the Portuguese Language 

and Mathematics skills and added the skills linked to Natural Sciences and 

Human Sciences for the 9th year of elementary school. 

According to Graph 1, the 2017 results for the 5th and 9th grades of 

education in the Municipality of Rio de Janeiro show that the IDEB was 

below projection. 



 

Graph 1: IDEB targets and results for the initial and final years - Municipality of Rio de 

Janeiro 

 

Source: Available at: https://www.qedu.org.br/cidade/2801-rio--de-janeiro/aprendizado 

 

The graph shows that, in 2017, the SME/RJ did not reach its target for 

both 5th and 9th grade students. One of the measures taken by the 

Secretary of Education to achieve the IDEB target, by improving 

performance in the SAEB Exam, was to encourage the commitment of 

guardians/parents in relation to the educational process of their students, 

in order to involve them in this process. 

 

3.1.3.2.​ ENVIRONMENTAL CONTEXT 

The context analysis included in-depth interviews to understand and 

validate how the aspects and best practices indicated in the research 

apply within the scope of municipal schools. This phase also focused on 

https://www.qedu.org.br/cidade/2801-rio-de-janeiro/aprendizado


 

analyzing and validating sample data from the results of the 

socioeconomic questionnaires applied to students and teachers in order 

to understand the profile of the children and adolescents who took the 

SAEB Exam in 2017. 

The interviews were semi-structured, with a pre-prepared script, 

which allowed the interviewees to gather information spontaneously. The 

following people were interviewed: the Municipal Secretary of Education, 

the Chief of Staff, municipal school principals (general and deputy), public 

education managers, teachers and regional coordinators, all of whom had 

extensive experience of day-to-day school life. The aim of the interview 

was to validate methodological preferences for the design of the 

experiment, align stakeholder divisions and understand the resources 

needed and available. In this sense, it was important to understand, from 

the interviewees, the benefits of taking the SAEB Exam, the main barriers 

and incentives, in terms of stimuli and behavioral influences, and how 

these behaviors were perceived, considering the classification into 

expected behaviors and behaviors to be changed. 

The study of the relationship between experimental questions, best 

practices and experimental subjects, based on primary and secondary 

data, resulted in the functional analysis of behavioral stimuli, which was 

based on: 

●​ the government's strategic dimension; 

●​ models of behavior; 

●​ behavioral stimuli; 

●​ heuristics; 

 



 

●​ biases; 

●​ expected behavior; 

●​ behavior to be changed in the decision-making context studied 

●​ who can be intervened against; 

●​ if anyone else is affected in the decision architecture; 

●​ the functional relationship of behavior, 

●​ function of the intervention; 

●​ what treatment can be applied; 

●​ framework for decision-making; 

The experimental subjects, those who will receive the stimulus to 

change their behavior, are 5th and 9th grade students from municipal 

schools in Rio de Janeiro. 

 

3.1.3.3.​ BEHAVIORAL PRINCIPLES 

The fact that the experiment is developed as an executive project 

helps to create and define criteria for choosing one experiment over 

another. This section reflects on specific conceptual model, in which 

categories and relationships were created to understand the gap between 

an individual's action and intention. 

These are nudge classification models, which include emotional, 

cognitive and social biases and the dual model of thinking, System 1 or 

System 2. Another relevant aspect is that this conclusion also considers the 

project's execution capacity and constraints, measurement and 

experimentation, whether the use of information is clear, the 

decision-making structure, and what can help the experimental subject 

decide to change their behavior for their own benefit and for society's. 



 

The definition of the experimental subjects made it possible to 

validate the possible treatments for this audience in the context studied, as 

well as highlighting the relevance of an approach that activates emotional 

stimuli from these subjects. At this stage of the project, it was also decided 

that the intervention would be to send messages to guardians via 

WhatsApp. We then assessed how the WhatsApp messages could be sent 

and then carried out the study and indicated the possible frameworks and 

emphases, behavioral effects that could be effective in the context of the 

intervention, the function of the intervention, bias, the dimension of action 

in government strategy and the conduct expected from the treatment. 

The intervention prioritized emotional stimulation when sending 

messages to guardians, asking them to talk to their children about the 

SAEB Mock Test and to take the opportunity to send or say the message 

indicated to their son/daughter. The messages were sent via WhatsApp in 

three formats: text, audio and images. 

The participation of the students' parents/guardians is part of the 

intervention mechanism (functional relationship) and is constituted as a 

function so that these individuals, affected by the experiment in a 

secondary way, are stimulated in the decision-making architecture. 

Emotion is considered a factor of expectation in making choices, based on 

emotional stimuli, activated by impulse or motivation, resulting in the 

operational behavioral practice of passing on messages to 

children/students. 

The present experiment, however, will not measure how important it 

was for these parents to encourage their children in their academic life, but 

we note that this is a prediction identified in the study. Thus, in a descriptive 



 

way, considering the functional analysis of behavior, we could say that, for 

the intervention, the participation of parents and guardians, culturally 

perceived as authorities in the education of young people, is a reinforcing 

event for a student. It is also a discriminative event, establishing the 

occasion on which this student may be reinforced by these 

parents/guardians. 

The behavioral principles were categorized as follows to reflect the 

behavioral effect that would produce the appropriate stimulus for 

behavioral change: 

●​ Strategic Governmental Dimension: Scope of the experiment for the 

SME/RJ, considering its strategic guidelines for the current public 

agendas, the vision of the public managers responsible for the topic 

in the SME/RJ and the implementation actions, projects and public 

policies. 

●​ Behavioral Effect: Identification and description of behavioral effects, 

environmental aspects and functions of behavior, acting in the 

context of the experimental approach. 

●​ Behavior Model: Framework for understanding behavior. 

●​ Behavioral stimuli: Behavioral stimuli activated by the treatment to 

increase the chances of enhancing a behavioral effect and exhort 

the desired behavior, which will be expressed in the expected 

conduct. 

●​ Behavior to be changed: Identification and prediction of current 

behavior patterns that do not benefit the experimental subject in the 

decision-making process for the expected behavior. 

●​ Expected course of action: Expected course of action with treatment. 



 

●​ Biases: Mapping the biases involved in decision-making. 

●​ Heuristics: Mental shortcuts activated by the treatment in order to 

increase the chances of achieving/potentiating some behavioral 

effect and exhorting the behavior that will present itself in the 

expected conduct. 

●​ Intervention Function: Decision architecture strategies. 

●​ Intervention: Type of treatment. 

●​ Message Format: Type of communication for the decision-making 

expectation, mapped in the functional analysis of behavior 

●​ Emphasis: Type of Framing and Valence - Positive and Negative. 

 

Through these steps it was possible to evaluate the behavioral 

principles robustly and qualify a design for the intervention and the Basic 

Behavioral Typology in the context. 

 

3.1.3.4.​ INDICATING TREATMENT 

The indication of treatments is the result of validating the entire 

process mentioned in the previous stages and understanding the 

behavioral principles at work in the context studied. In addition, this stage 

defines the experimental phase of the project (trial), the treatment groups, 

the frequency of the interventions and how to approach the experimental 

subject. 

The hypothesis to be tested is the statement: "It is possible to 

improve students' performance in the SAEB Mock Test when they are 

encouraged by their parents/guardians". To test it, the intervention 

indicated was to encourage family participation, in which parents receive 



 

WhatsApp messages from the SME/RJ with emotional stimuli for their 

children. 

The dependent variable is the average score for the Mathematics 

and Portuguese Language assessments in the SAEB Mock Test. The 

independent variable can be defined as the treatments in the experiment, 

namely: sending audios with texts and photos with texts. The messages are 

set out in item 4, "Intervention and Conduct of the Experiment (Trial)". 

 

3.2.​ SAMPLES 

In order to reduce the sampling error and improve the accuracy of 

the results when comparing the treatment and control groups, the use of 

stratified random sampling was chosen in this experiment. 

 

3.2.1.​ SIMILARITIES OF THE GROUPS 

Strata are made up of groups of individuals with common 

characteristics and this allows the groups to be homogeneous in the 

chosen characteristics and heterogeneous when compared to each other. 

The strata are well defined when the common characteristic factors of the 

individuals correlate with the objective of the study. The data set from the 

2017 SAEB Exam was used to define the common factors. 

Several factors were highly correlated with the average rating were 

considered as candidates for characteristic variables for the strata, for 

example: 

●​ hours dedicated to studying, 

●​ carrying out complementary activities at home, 

●​ study environment, 



 

●​ family support, 

●​ easy access to textbooks, 

●​ affinity with the teacher, 

●​ school infrastructure, 

●​ motivating school environment. 

Since many of these factors are difficult to measure, proprietary 

indicators were created: the Student Comfort Indicator Aggregated by 

School (ICA-ae) and the Parental Participation in Children's Education 

Indicator (IPREF). For this purpose, the student questionnaire administered 

by INEP during the 2017 SAEB Exam was used. 

The questionnaires completed by 5th and 9th-grade students 

contain 51 and 57 items, respectively. From both questionnaires, items 15, 

16, and 26 were analyzed. 

Item 15 was used to determine the number of bedrooms available for 

sleeping in the student's household (see Figure 2). 

 

Figure 2: Item 15 of the student questionnaire 

 

Source: Prova Brasil 2017 

 

Item 16 gave the number of people living in the student's house (see 

figure 3). 

 



 

Figure 3: Item 16 of the student questionnaire 

 

Source: Prova Brasil 2017 

 

A.​ Building the ICA-ae 

Working on the hypothesis that a student who has their own room is 

more likely to devote themselves to their studies, the ICA, the Student 

Comfort Index, was initially created ("Comfort" here referring only to the 

possibility of the student having a suitable environment for their studies at 

home). 

The ICA comes from the quotient between the answer to item 16 (fig. 

3) and the answer to item 15 (fig. 2). In this way, the indicator measured the 

number of people per bedroom. 

In order for the indicator to be a positive value other than zero, it was 

decided to relate options A to E of question 15 to values from 1 to 5, 

respectively, and options A to F question 16 to values from 1 to 6, 

respectively. Thus, the indicator ranged from a minimum value of 0.2 (1 

person in 5 rooms) to a maximum value of 6 (6 people in just 1 room). It is 

important to note that in this first step, the lower the value obtained, the 

higher the "comfort index". 



 

These values were then normalized between 0 and 1, with 0 being the 

worst case (maximum quotient value equal to 6) and 1 being the best case 

(minimum quotient value equal to 0.2), and were classified according to 

table 1. Note the inversion: now we have the lowest value corresponding to 

the worst "comfort index". 

This normalized and inverted value is the ICA (Student Comfort 

Indicator). The different values obtained were grouped into four 

classifications, as shown in Table 1. 

 

Table 1: ICA Classifier - Student Comfort Indicator 

 

Prepared by Sérgio Bastos - Data Scientist 

 

Each student has their own ICA; information needed to be 

consolidated by school. This gave rise to the ICA-ae (Aggregate Student 

Comfort Indicator by School). 

The consolidation algorithm is simple: a weighted sum. Students with 

an ICA indicating "no comfort" have a weight of 1. The classification "not 



 

very comfortable" has a weight of 2 and so on. 

Table 2 illustrates the ICA-ae calculation for a fictitious school with 87 

students. The possible results for this school could range from 87 (all 

students "not comfortable") to 348 (all students "very comfortable"). This 

range of possibilities (87-348) was divided into four bands of equal size, i.e. 

subtract 87 from 348, resulting in 261 and divide this value by 4 bands. 

 

Table 2: Example of the values for each range, considering a school with 87 students 

 

Prepared by Sérgio Bastos - Data Scientist 

 

Table 3 shows the results observed in this fictitious school, where 1 

student was classified as "not comfortable", 10 as "not very comfortable", 16 

as "comfortable" and 60 as "very comfortable". The weighted sum results in 

309. This is the ICA-ae observed, placing this school in the 283 to 348 range 

and therefore in the "Very comfortable" category. It is important to note 

that each school is classified into its own possibilities, and schools are 

never compared to each other. 



 

 

Table 3: Example of the results at the hypothetical school in table 2 

 

Prepared by Sérgio Bastos - Data Scientist 

 

B.​ The construction of IPREF 

The Indicator of Parents' Participation in Children's Education (IPREF) 

is based on item 26 of the Prova Brasil student questionnaire (fig. 4). The 

hypothesis now is that the recurrent presence of parents or guardians at 

school meetings indicates that they value the student's education. 

 

Figure 4: Item 26 of the student questionnaire 

 

Source: Prova Brasil 2017 

 

Again, four categories were created: students who answered "never 



 

or almost never" had a weight of 1; "once in a while" had a weight of 2 and 

"always or almost always" had a weight of 3. Table 4 shows a hypothetical 

case where, in a school with 88 students, 32 answered "never or almost 

never", 7 "once in a while" and 49 "always or almost always". The result for 

this school is 193, placing it in the "participative parents" category. 

 

Table 4: Example of the results in the hypothetical school with 88 students 

 

Prepared by Sérgio Bastos - Data Scientist 

 

Table 5 illustrates the range of possibilities for this school, which 

varies from 88 (all students answering "never or almost never") to 264 (all 

answering "always or almost always"). With these extremes (which are 

specific to each school and depend on the total number of students), four 

equal ranges were created: "non-participating parents," "slightly 

participating parents," "participating parents," and "highly participating 

parents." 

 



 

Table 5: Example of the values for each range, considering a school with 88 students 

 

Prepared by Sérgio Bastos - Data Scientist 

 

Therefore, in the hypothetical example, as the school's score was 193, 

it was classified in the third band, "participative parents". 

The indicators were analyzed in the schools that took part in the SAEB 

Exam in 2017. The indicators obtained from the 2017 data were used to 

define the strata of schools participating in the nudge project in 2019. This 

was possible because the schools that took part in the SAEB Exam in 2017 

would be the same ones that would take part in the 2019 SAEB Mock Test 

and, consequently, the SAEB Exam in 2019. 

The strata identified above (ICA-ae x IPREF) and the respective 

number of school units for the 5th and 9th grades are shown in Table 5. 

 



 

Table 6: School Units - ICA-ae x IPREF 

 

Prepared by Sérgio Bastos - Data Scientist 

 

Although both indicators were initially classified into four categories, 

only the categories shown in table 6 were identified among the schools 

evaluated. 

 

3.2.2.​ NEYMAN'S OPTIMAL ALLOCATION (internal validity) 

Once the strata had been defined, the Neyman distribution was 

chosen instead of the proportional distribution. Neyman’s optimal 

stratification is more advantageous than proportional stratification, as it 

determines the sample size within each stratum in such a way that more 

homogeneous strata include proportionally fewer individuals than 

heterogeneous strata. In this way, it can be said that the optimum 

stratification is the one that minimizes the variance of the variables 

defined in the stratum. As presented in Cochran (1997), the equation that 

determines the optimum allocation of individuals in the strata is shown in 



 

figure 5. 

 

Figure 5: Representation of the Neyman equation 

 

 

 

Where: 

 Size of sample elements in stratum h; 𝑛
ℎ 

⟹

 Size of sample elements; 𝑛  ⟹

 Size of stratum elements; 𝑁
ℎ
⟹

 Standard deviation of the variable of interest in stratum h; 𝑆
ℎ 

⟹

 Cost of research in stratum h. 𝐶
ℎ 

⟹

 

If the costs of obtaining data in the strata do not depend on the 

stratum, as is the case in this work, the equation shown in figure 6 can be 

simplified, as shown in figure 6. 

 

Figure 6: Representation of the Neyman equation 

 

 

3.2.3.​ DETERMINING THE SAMPLES IN THE STRATA 

As the aim of this nudge project was to improve the overall average 



 

of the school units in the SAEB Mock Test, the dependent variable chosen to 

generate the samples was the average of the Mathematics and 

Portuguese Language and Literature tests. The sample size of the school 

units was determined based on the average of all the school units in the 

5th and 9th grades. 

Table 7 shows the figures obtained from the 2017 SAEB Exam data. 

 

Table 7: Data from the 2017 SAEB Exam - municipal 5th and 9th grades - Rio de Janeiro 

 

Prepared by Sérgio Bastos - Data Scientist 

 

Assuming an error of 2% of the mean value of the tests at a 95% 

confidence level, three samples of 105 school units (UEs) were generated 

for the 5th grade treatments and two samples of 96 UEs for the 9th grade 

treatments. 

For the school unit strata shown in Table 7, it can be seen that the 



 

standard deviations for 5th grade are quite close to each other, which 

shows that the strata are homogeneous and that the sample analysis 

could have been carried out without defining strata. The same was not true 

of the strata in the 9th grade schools, as some strata were not 

homogeneous in relation to others. 

As the group of 9th grade schools was heterogeneous, we opted for 

stratified random sampling for both years. 

 

Table 8: Standard Deviation of the Average Portuguese and Math test scores for the 5th 

and 9th grade school units in the strata 

 

Prepared by Sérgio Bastos - Data Scientist 

 

The equation shown in figure 6 was applied to obtain the sizes of the 

strata shown in table 9. The decimal values were approximated to integer 

values and the school units were randomly selected within each stratum. 

 



 

Table 9: Sample size in the strata for the 5th and 9th grade school units 

 

Prepared by Sérgio Bastos - Data Scientist 

 

The treatment groups were constructed by the NudgeRio team 

based on the SAEB 2017 data and sent to the SME/RJ to set up the 

WhatsApp lists. It is important to note that in 2019 some UEs stopped 

working in the 5th and/or 9th grades and the sample size changed. The 

school units that were not randomly allocated to the treatment groups, 313 

and 120 UEs, respectively in the 5th and 9th grades, were randomly 

selected to make up the control group, 102 and 95 UEs. 

Finally, each project with a nudge methodology and an experimental 

approach may have a specific or more appropriate set of tools and 

theoretical basis. However, in order for criteria to be defined and for the 

best application for each one to be perceived and evaluated, a rigorous 

analytical process is required, which also takes place during the execution 

of the project, i.e. it will not always be what was planned, as some research 

biases and intervening variables may bring to light the need to use other 

experimental designs. In the case of this project specifically, all of these 

phases have been necessary. 



 

 

4.​ INTERVENTION AND CONDUCTING THE  EXPERIMENT 

(TRIAL) 

The Nudge tool was applied to parents/guardians of 5th and 9th 

graders in Rio de Janeiro's municipal school system. 

 

The messages were prepared by the NudgeRio team and sent by the 

Social Media Coordination of the Municipal Education Department of the 

Municipality of Rio de Janeiro, through the creation of transmission lists via 

the WhatsApp application. These messages aimed to encourage the 

student's commitment to the SAEB Mock Test, strengthening the 

relationship between parents and children in the period leading up to the 

exam. 

In summary, the treatment group approach considered aspects for 

which the use of the Whatsapp tool was appropriate for hypothesis testing, 

such as: emotion as an expectation factor for decisions; exposure to 

stimuli, based on a social norm involving similar exchanges between 

people, in this case children/students and parents/guardians; and the 

premise that people tend to take risks to avoid social losses, when 

compared to the involvement of other parents in their children's 

upbringing. 



 

For each sample, a message (audio, text and/or image with text) 

was sent to those responsible during the week of the simulation, which took 

place between August 26 and 29, 2019. 

In order to send the messages, the Social Media Coordination team 

at SME/RJ carried out a number of actions prior to sending them: 

●​ Collecting the telephone numbers of the guardians of students in the 

5th and 9th grades; 

●​ Formatting messages according to the WhatsApp application; 

●​ Creation of three emails, from the Gmail service, to place the contact 

lists, since a cell phone with an Android system was used; 

●​ Distribution of telephone numbers according to treatment groups in 

emails; 

●​ Adding e-mail accounts to the handset and downloading contacts 

to it; 

●​ Install the WhatsApp application; 

●​ Creation of transmission lists on WhatsApp, according to the 

treatment groups sent by NudgeRio, with the units of each group, 

totaling 106 lists. 



 

 



 

●​ Treatment group 1 – Parents/guardians of 5th-grade students: an 

audio message recorded by the Municipal Secretary of Education 

and sent the night before the SAEB Mock Test: 

 

Hello! 

This is Talma, Municipal Secretary of Education, teacher and mother 

of a public school student in the municipality of Rio de Janeiro. 

This week, your son or daughter, who is one of our students, will take 

the SAEB Mock Test. All 5th graders in Brazil will take the SAEB Exam. 

A good result in this test will be one more brick in building the 

confidence that is so important for a successful life. 

To give their son or daughter a boost, the vast majority of parents 

are telling their children how special they are and that they're going 

to do well in the exam. Don't miss this chance to do something easy, 

but that works! 

Cheers! I'm counting on you! 



 

 

 



 

●​ Treatment group 2 - Parents/Guardians of 5th-grade students: an 

audio message, sent the night before the SAEB Mock Test. It is 

important to highlight that the audio message was also sent in 

writing below to preserve the temporal dimension of the intervention, 

in case parents were unable to listen at that moment, minimizing 

any noise or losses associated with the timing of the message 

delivery. 

 

Text sent in writing along with the audio: 

 

 



 

Audio text: 

 

Hello! 

This is Talma, Municipal Secretary of Education, teacher and mother 

of a public school student in the municipality of Rio de Janeiro. 

This week, your son or daughter, who is one of our students, will take 

the SAEB Mock Test. All 5th graders in Brazil will take the SAEB Exam. 

A good result in this test will be one more brick in building the 

confidence that is so important for a successful life. 

To give their son or daughter a boost, the vast majority of parents 

are telling their children how special they are and that they're going 

to do well in the exam. Don't miss this chance to do something easy, 

but that works! 

Cheers! I'm counting on you! 



 

 

 



 

●​ Treatment group 3 - Parents/Guardians of 5th-grade students: 

sending of two images, with the first one sent three days before the 

mock test and the second one sent the night before the test. 

 

 



 

 

 



 

 

 

 

 

 

 

 

 



 

 

 



 

 



 

●​ Treatment group 1 - Parents/Guardians of 9th-grade students: 

sending of the image below the night before the SAEB Mock Test: 

 

 



 

 

 



 

●​ Treatment group 2 - Parents/Guardians of 9th-grade students: an 

audio message immediately followed by an image file with text. Text 

of the audio message sent: 

 

Hello! 

This is Talma, Secretary of Education, teacher and mother of a public 

school student in the municipality of Rio de Janeiro. 

The SAEB Exam is this week. All 9th graders in Brazil will take the SAEB 

Exam. 

You can help your child a lot. Most guardians will send the image 

below to their children via WhatsApp today. 

Send this image too! 

Cheers! I'm counting on you! 

 

 

 



 

 



 

 

 



 

5.​ DATA ANALYSIS AND RESULTS 

The results of the SAEB Mock Test made it possible to answer whether 

there are differences between the average scores of the schools in the 

treatment groups and the schools in the control group, or whether the 

differences are just sample variation, what we might colloquially call 

chance. 

 

5.1.​ STATISTICAL BASIS FOR CALCULATING RESULTS 

This section will explain the calculations to determine whether the 

interventions were statistically significant. 

For the SAEB Mock Test scores, we have that: 

 

●​ The population variances are distinct and are given by , σ
𝑥

𝑡

2  𝑎𝑛𝑑 σ
𝑥

𝑐

2

where t represents treatment and c represents control. 

●​ The distribution for the difference in sample means (treatment and 

control - ) is a normal distribution;  𝑥
𝑡

−  𝑥
𝑐

●​ The mean of the difference in sample means is equal to the value of 

the difference in population means:  ; µ
𝑥

𝑡
− 𝑥

𝑐

= µ
𝑥

𝑡

−  µ
𝑥

𝑐

= µ
𝑡

−  µ
𝑐

●​ The variance of the difference in sample means is equal to the sum 

of the population variances, divided by the number of school units in 

the population: . σ
𝑥

𝑡
− 𝑥

𝑐

2 =  σ
𝑥

𝑡

2 +  σ
𝑥

𝑐

2 =  
σ

𝑡
2

𝑛
𝑡

+
σ

𝑐
2

𝑛
𝑐



 

Remember that the hypothesis is the statement: "It is possible to 

improve students' performance in the SAEB Mock Test when they are 

encouraged by their parents/guardians". To test it, the intervention 

indicated was to encourage family participation, in which parents receive 

WhatsApp messages from the SME/RJ with emotional stimuli for their 

children. 

 

Statistically we have that: 

 

 µ
𝑡

−  µ
𝑐

= 0  

⇒ Hypothesis 

rejected 

 µ
𝑡

−  µ
𝑐
≠ 0

 

 
⇒ 

Hypothesis 

confirmed 

 

The z-value of the two-sided test to test the  hypothesis is given 𝐻
0

by: 

 𝑧 =
𝑥

𝑡
− 𝑥

𝑐( )− µ
𝑡
− µ

𝑐( )
σ

𝑡
2

𝑛
𝑡

+
σ

𝑐
2

𝑛
𝑐

 ~ 𝑁 0, 1( )

 

As the SAEB Mock Test samples are large, the population variance 

can be replaced by the sample variance: 



 

 𝑧
𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑑𝑜

=
𝑥

𝑡
− 𝑥

𝑐( )− µ
𝑡
− µ

𝑐( )
𝑆

𝑡
2

𝑛
𝑡

+
𝑆

𝑐
2

𝑛
𝑐

~ 𝑁 0, 1( )

 

The null hypothesis will be rejected if . 𝑧
𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑑𝑜| | >  𝑧 α

2

The confidence level adopted in this study was 95%, which provides a 

value of 1.96 for . What confirms that the positive percentage is the result 𝑧 α
2

of the nudge interventions is the  value being greater than = 𝑧
𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑑𝑜

 𝑧 α
2

1,96. If the  value is less than 1.96, nothing can be concluded 𝑧
𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑑𝑜

about the superiority of the treatments over the control or vice versa, as 

the analysis would be subject to random fluctuations in the results. 

 

5.2.​ ANALYSIS OF RESULTS 

Table 10 shows the values of . It can be seen that for all the 𝑧
𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑑𝑜

interventions in the treatment groups, there was an improvement in 

grades compared to the control groups, both in the 5th and 9th grades. 

In the same table, the interventions with statistically significant 

results are highlighted in bold. 

For the 5th grade, the average math score for treatment group 2 was 

significantly different from the average score for the control group.  In other 

words, it can be stated that the intervention (audio and text message) had 

a positive impact on the Math scores that cannot be attributed to chance. 



 

For the 9th grade, the interventions had positive results with 

statistical significance in all the averages of Treatment Groups 1 and 2, 

except only in the Portuguese Language and Literature average of 

Treatment Group 1. 

 

Table 10: Values from  and percentage difference between the means of the 𝑧
𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑑𝑜

treatments in relation to the control group 

 

 

Caption: 

zc=  𝑧
𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑑𝑜

MAT= Values observed for the Mathematics Test 

LPL= Values observed in the Portuguese Language and Literature Test 

General= Values observed for the average of the Mathematics Test and the Portuguese Language and 

Literature Test 

Prepared by Sérgio Bastos - Data Scientist 

 

The results show the sample analysis of three different averages: 

Mathematics, Portuguese Language and Literature and General (average 

of the two previous averages). The presentation of the results of the 



 

experiment was based on the overall average because it is a criterion 

related to the evaluation of school units for the IDEB. 

Table 10 shows that treatments 1 and 2 for 9th graders were superior 

to the control, with treatment 2 (audio and image with text) performing 

more effectively. 

All the treatment groups, regardless of school year, showed positive 

values for the percentage of difference between the means of the 

treatments, when compared to the mean of the control group. This shows 

that the average performance of the school units in the treatment groups 

was higher than the average performance of the UEs in the control group. 

Specifically, although this approach did not show statistical significance for 

all the treatment groups, the results were positive. It is important to 

emphasize the importance of this aspect as data to facilitate the testing 

new approaches, based on this experience, since it can reduce 

experimentation costs. This relevant factor may suggest an indication for 

replication in other experimental opportunities, and may present aspects 

to be calibrated and tested again. 

The results of the experiment were analyzed for each treatment. In 

this approach, the average grades for the subjects assessed and the 

overall average grades for the 5th and 9th grades were taken into account. 

 

6.​ EXPERIMENT LIMITATIONS 

The constraints of the project were the time it would take to 

implement it and the ability of the SME/RJ team to devote itself exclusively 

to the demands required to involve the school community, since an 



 

analysis was also made of the project's difficulties in relation to the 

possible experimental subjects: students, guardians, teachers and 

principals. In this sense, it was decided to carry out the intervention with 

the students, in terms of family participation. 

The choice to work with parents/guardians was based on qualitative 

data that confirmed the importance of family participation in student 

performance in basic education and also specifically in the SAEB Exam, 

increasing the likelihood that the SAEB Mock Test would be relevant. 

The choice to send messages directly to parents/guardians in order 

to motivate students is due to two factors: parents/guardians play an 

important role in the students' educational process, being the greatest 

encouragers in their academic journey; and Law No. 4.734 of January 4, 

2008, which prohibits the use of cell phones and other equipment in the 

classroom. 

 

7.​ CONCLUSION 

The results obtained with this nudge experiment show that it is 

possible to develop other ways of tackling the problem of improving the 

Basic Education Development Index (IDEB) at low cost. 

NudgeRio approached the problem as an Applied Behavioral 

Science project, with an emphasis on the Nudge methodology. To do this, it 

sought to answer the following experimental question: "Is it possible to 

improve students' performance in the SAEB Mock Test with encouragement 

from their parents/guardians?". 

The UEs were divided into random samples, forming treatment and 



 

control groups. Each sample received WhatsApp messages sent to 

parents/guardians before the simulation, asking and/or encouraging them 

to pass on the messages to their children or to encourage them about the 

importance of the assessment. 

The result showed that the most effective intervention was 

Treatment Group 2 (audio and text message), which increased the overall 

average of 9th graders by 4.1%. As a result of this intervention, an adapted 

version of treatment 2 was implemented in the 2019 SAEB Exam, which took 

place a few weeks after the simulation. 

It is through experimentation that the decision-making process of 

individuals and its impacts can be observed, generating results that 

reduce costs in access to public systems that provide services to citizens, 

but without losing their quality and considering their decision-making 

perspective. The study of emotional, cognitive and social influences allows 

us to model decision-making processes to change behavior, increasing 

individual satisfaction and bringing benefits themselves and society. 
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