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Executive Summary 

Purpose 

The Chevron Enjoy Science Project is a $30 million, five-year, public-private partnership to 

strengthen Thailand’s competitiveness and innovation by improving science, technology, 

engineering, and math (STEM) education and technical vocational education and training (TVET) 

across the country. It will accomplish this by developing STEM teachers and rolling out STEM 

and TVET hubs nationwide. Convening a range of partners in civil society, academia, the private 

sector, and the government, Enjoy Science has directly benefited more than 720 schools and 

3,133,617 students, teachers, principals, government education officials, community members, 

and workers, providing more career opportunities and higher wages.  

In May 2016, Kenan Foundation Asia partnered with Management Systems International (MSI) 

to provide third-party evaluation services to the Chevron Enjoy Science Project, on which Kenan 

serves as the lead implementing and coordinating agency. The Enjoy Science evaluation team 

consists of evaluation and education experts from MSI and the members of the National 

Research Team (NRT)—education faculty and research assistants from 16 regional universities 

throughout Thailand.  

The Enjoy Science evaluation aims to deliver rigorous and reliable measurements of program 

effectiveness through an innovative model of engagement with academicians and researchers 

across Thailand. MSI’s partnership with the NRT ensures the Enjoy Science research agenda’s 

relevance and sustainability in the Thai context.  

This endline evaluation focuses on STEM and TVET components and their activities. As the project 

implementation and evaluation approach have evolved since the baseline evaluation, the 

evaluation team has refined the original research questions to reflect this changing scale and 

scope. For example, outcomes such as increased graduation rates from STEM/TVET academic 

tracks and improvements in employers’ perceptions of the quality of labor supply take significant 

time and resources to achieve and fall beyond the timeframe of the Enjoy Science Project and 

MSI’s evaluation. Such outcomes depend on a complex interplay of factors related to the Enjoy 

Science Project and to economic, political, and other forces outside the project’s control. 

Investigating these outcomes is thus better suited to a longitudinal evaluation that enables detailed 

investigation and documentation of conditions. 

The baseline research questions are presented in Annex 7.2 for reference. The endline evaluation 

addressed the following amended research questions, reflecting shifts in project activities and 

analytic strategies:  

1. STEM Component 

1. Does professional development and mentoring of math and science teachers in the areas 

of project- and inquiry-based learning strengthen teacher engagement and instructional 

practice?  
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2. Do strengthened curriculum materials and improved teacher engagement and 

instructional practice lead to increased student interest and engagement in math and 

science subjects? 

3. Does improved teacher engagement and instructional practice lead to increased student 

achievement on national math and science metrics? 

4. Does increased student achievement in math and science lead to increased selection of 

STEM/TVET academic tracks? 

2. TVET Component – STEM for TVET (STVET) Activity 

1. Does professional development and mentoring of science teachers in the areas of 

project- and inquiry-based learning strengthen teacher competency and practice? 

2. Do strengthened curriculum materials lead to increased curriculum relevance?  

3. Does increased curriculum relevance and improved teacher practice improve student 

learning of applied science and math? 

3. TVET Component – Robotics 

1. Does professional development and curriculum enhancement improve teacher 

competency? 

2. Do curriculum enhancements make the curriculum more industry relevant? 

3. Do improved teacher competency, industry-relevant curriculum, short courses, and work 

placement improve the skills, abilities, and experience of students? 

 

Methodology 

The endline evaluation used a mixed-methods approach relying on both primary and secondary 

data analyses to establish endline measurements of Enjoy Science in Thailand in 2019 and the 

direction and magnitude of any changes from baseline, midline, and endline values of key 

indicators. Primary data (quantitative and qualitative) documented perceptions of students and 

math/science teachers on a diverse range of topics, such as students’ perceived competence in 

STEM, teachers’ practices in the classroom, students’ and teachers’ perceptions on the utility of 

STEM, and their perspectives on the long-term usefulness of STEM studies. Secondary data 

included Ordinary National Educational Test (O-NET) and Vocational National Educational Test 

(V-NET) assessment data.  

This design provided nuanced and robust estimates on quantitative Enjoy Science outcomes. 

These findings are further supplemented with qualitative insights on the context in which Enjoy 

Science professional development activities take place and stakeholder perceptions on other 

factors that may influence the project’s effectiveness, relevance, and sustainability.  

The Enjoy Science Project has proven to be nimble and adaptive to the needs of students, 

teachers, and other key stakeholders; accordingly, planned activities and implementation 

timelines have varied between baseline and endline, and new activities were introduced prior to 

midline data collection. MSI’s analysis approach has thus shifted to reflect changes in the 

implementation approach. The endline analyses presented in this report provide a snapshot of 

the key project components in 2019 and report baseline-to-endline comparisons of the Enjoy 

Science activities with at least two time points of data collection and available disaggregation.  
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Ethical Review and IRB Approval 

MSI and Kenan Foundation Asia received approval to conduct evaluation activities from Khon 

Kaen University’s Institutional Review Board (IRB), a committee that ensures the ethical 

compliance of research design and data collection, management, analysis, and reporting 

procedures. Data collection activities in Khon Kaen served as a pilot of the tools and data 

management systems that were later implemented in other provinces during baseline and midline 

data collection. TVET activities and evaluation tools were also reviewed and approved by King 

Mongkut’s University of Technology Thonburi’s (KMUTT’s) IRB committee. MSI also received 

overall IRB approval (exempt status) from Advarra IRB (formerly Chesapeake IRB), a leading 

Association for the Accreditation of Human Research Protection Programs (AAHRPP)-accredited 

North American review board that has extensive experience regulating and examining the ethical 

implications of research designs and processes in the United States and other countries.  

Sampling and School Selection 

After receiving the identification details and characteristics of the intervention schools, MSI ran 

a matching analysis to select control schools with a comparable set of characteristics. The 

primary characteristics of each school were urban/rural locality, size of school, the administrative 

oversight authority, and pre-intervention values on test scores. Some Enjoy Science schools do 

not have ideal matches from the pool of plausible comparison schools, but at the sample level, 

the intervention and control groups remain well matched based on their sample averages within 

the matching school characteristics. Matches are particularly close on the critical variables of 

pre-intervention test scores, school size, and urban/rural locality. 

However, there has been a drop in the total number of teachers and students sampled, as well 
as in the number of classrooms observed over time. The decrease in sample sizes at the 
endline data collection limited some of our planned analyses. For example, with smaller sample 
sizes, we could not disaggregate teacher survey data, or findings by region or Cohort under the 
STEM component.  The decrease in sample size also affected the equity achieved during the 
matching procedure, so we cannot ensure that, at endline, intervention and comparison groups 
are balanced (e.g. whether differences between male and female students observed in the 
data were statistically significant or due to varying numbers of males or females students 
across components, particularly in Robotics and STVET classrooms). We provide more detail 
on the sample size limitations in each section of the report. 

Data Sources and Instruments 

PRIMARY DATA 

Primary data were collected, entered, and cleaned by the NRT. To reduce reporting burdens on 

participants and improve efficiency and relevance of data collection tools, some changes to the 

midline tools were made in 2018, which were originally drafted and finalized in collaboration with 

MSI in 2016. Minor modifications were made to endline tools in 2019.  For all components, 

quantitative survey data were collected in both intervention and comparison schools.  
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The surveys rely on a mix of response categories and question types, such as Likert scales,1 

frequency scales,2 and others (largely ordinal). During the baseline period, the evaluation team 

mapped each of the survey items against indicators specified in the conceptual frameworks 

guiding this evaluation; this mapping served as a general guide for the analysis.  

Following feedback from stakeholders and policymakers during the midline interpretation 

workshop in January 2019, the midline report implemented a new organizational structure for 

Enjoy Science evaluation results—namely, primary- and secondary-level results. The endline 

report organizes results by research questions developed at the onset of the evaluation to 

document the degree to which this evaluation has been able to address key learning priorities 

for Kenan Foundation  Asia and Chevron. As with the midline report, primary-level results are 

data emerging from the classroom observation tool UTeach Observation Protocol (UTOP), given 

that the primary objective of the Enjoy Science Project is to improve the experiential learning of 

students in classrooms by strengthening teacher practices after they benefit from Enjoy 

Science’s training in new pedagogical techniques and other activities. The UTOP is a tool 

produced by psychometricians that has been statistically validated in other learning contexts. 

Given the rigor and comprehensiveness of this tool, we consider UTOP results as primary 

findings – results from student and teacher surveys and interviews are used to further nuance 

and triangulate UTOP findings.  

Considering that the Enjoy Science priorities are to understand teachers’ and students’ 

experiences in the classroom, we also consider the main topics and findings of the qualitative 

instruments, which included interviews and structured focus group discussions (FGDs) with 

students and teachers interviewed in the TVET, STEM, and STVET components. At endline, 

however, STEM students were not included in the qualitative data collection.  

Secondary-level results emerged from teacher, student, and principal surveys. As with midline 

data, MSI used principal component analysis (PCA) to create indicators for each component and 

tool using the items that closely relate to each topic. The PCA technique helps explain 

interrelationships among a large number of variables. To provide context and ensure shared 

interpretation of the indicators, MSI renamed key evaluation indicators at midline and developed 

definitions for each according to the items and topics that each cover.  

For both UTOP and survey indicators, result analysis used a difference-in-differences (DID) 

technique for the cohorts and groups with two points-in-time comparisons. For the cohorts and 

groups that are in a baseline phase, t-tests compare intervention and comparison group means. 

Although DID is a statistical technique commonly used in quasi-experimental studies, the results 

in this evaluation do not imply causality.  

SECONDARY DATA AND STUDENT ASSESSMENT IN THAILAND 

The evaluation team—with significant interest from Thai government stakeholders—identified the 

O-NET and V-NET exams as potentially relevant for this evaluation given the Enjoy Science 

 

1 The Likert items used ask about the degree of agreement with the survey statements (i.e., strongly agree, agree, 
disagree, or strongly disagree).  
2 The frequency items were used mainly to understand the frequency of certain activities (i.e., never, 1–2 times a 
month, 1–2 times a week, almost every class, and every class).  
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program’s objectives and target population. Though MSI has identified a considerable number of 

limitations in the assessments3 and the relationship between the scores with the Enjoy Science 

outcomes,4 MSI has analyzed O-NET and V-NET data for the grades aligned with the Enjoy 

Science program.  

All scores were provided directly by the National Institute of Educational Testing (NIETS) for 

analysis of items with content related with the Enjoy Science program. The O-NET measures the 

proficiency of students at the end of general primary, lower secondary, and upper secondary levels 

(M3, equivalent to 9th grade) in eight subject groups. The V-NET measures the proficiency of 

students of vocational levels (V3, equivalent to 12th grade), each with different subjects depending 

on the area of specialization. Though both O-NET and V-NET assess students in other grades, 

given the Enjoy Science target population, we focus in the main body of the report on M3 and V3 

grades on the O-NET and V-NET, respectively. 

Findings 

The three components (STEM, STVET, Technical TVET) of the Enjoy Science Project are all at 

different stages of implementation. Therefore, it is important to keep in mind the timing of 

intervention received when reviewing these results. A summary of the most programmatically 

relevant findings is below, with detailed findings in the narrative of this report.  

STEM RESULTS  

• Positive, strong, and statistically significant differences were observed between 

intervention and comparison teachers in their use of investigative and problem-based 

approaches in classrooms. Teachers noted that they found this approach valuable and 

an effective teaching strategy to promote student learning. Although both intervention 

and comparison groups made progress since baseline, the intervention group made 

significantly more progress from baseline to endline. 

• Classroom observations suggest that teachers in intervention classrooms at endline used 

questioning strategies to encourage participation, check on skill development, and 

facilitate intellectual engagement and productive interaction with students considerably 

more than teachers in comparison classrooms did. Intervention teachers also made 

greater efforts to facilitate student-student interactions.  

• Qualitative evidence supported these findings, with intervention teachers reporting these 

strategies to be useful techniques to promote student learning. Intervention teachers also 

reported their enjoyment of using a whole-class collaborative and interactive approach. 

• Math and science intervention teachers also demonstrated more progress than their 

comparison peers in explaining the importance of lessons and relating content to daily 

 

3 Psychometricians and experts who have reviewed the content and structure of the O-NET and V-NET 

assessments in detail have suggested that such tests lack any predictive validity and that results are influenced or 
closely linked to socioeconomic status in Thailand. Source: OECD/UNESCO (2016), Education in Thailand: An 
OECD-UNESCO Perspective, Reviews of National Policies for Education, OECD Publishing, Paris. Retrieved online 
from: http://dx.doi.org/10.1787/9789264259119-en  
4 For example, MSI can’t independently corroborate that the subject matter content of the data provided by the 

NIETS is aligned with the Enjoy Science programmatic focus.  

http://dx.doi.org/10.1787/9789264259119-en
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life. At endline, the difference between the intervention and comparison classrooms on 

whether it is made explicit by the teacher why the content is important was strong, 

positive, and statistically significant. Data from teacher interviews suggested that both 

comparison and intervention teachers summarized the content of the class together, 

though intervention teachers gave explanations of why their practices were relevant 

teaching strategies for the day’s content. 

• STEM math and science teachers showed somewhat different preferences for teaching 

methods. Intervention math teachers were much more likely to report using 5E or inquiry-

based lessons than their comparison peers; only about one-third of intervention science 

teachers (and a similar percentage of comparison science teachers) reported using 5E or 

inquiry-based lessons.  

• At endline, students in intervention classrooms outperformed those in comparison 

classrooms on time on task, though differences were not statistically significant. At endline, 

students in intervention classrooms also outperformed those in comparison classrooms, 

reporting well-organized and structured lessons that allowed students to engage/explore 

important concepts in math or science. The difference was statistically significant. During 

interviews, teachers reported that as students engaged with the hands-on activities, their 

interest in math and science increased.  

• A second key difference between math and science teachers was their use of lecture-

based lessons with teaching aids. Interestingly, between baseline and endline, for both 

intervention and comparison groups, science teachers reported relying more on lectures 

and teaching aids while math teachers decreased their use of lectures in classes.  

• At endline, most STEM science teachers, both intervention and comparison, reported 

explaining the importance of their lessons. Approximately 7 in 10 said they related content 

to daily life. For intervention science teachers, this was a 65 percent increase from 

baseline; for comparison science teachers, this was a 28 percent increase. 

• Intervention teachers (both math and science) were much more likely to prepare for their 

classes than were their peers in comparison schools, with a strong preference for Enjoy 

Science materials over other publicly available offerings.  

• PLCs were viewed by teachers as useful for exchanging knowledge, reflecting on their 

practice, and developing new activities. Lack of time, rather than lack of interest, emerged 

as a key factor preventing participation in PLCs.   

• Students also demonstrated an upward trend over time in their enthusiasm for math and 

science, the importance and applicability of these subjects to their lives, and their 

enjoyment of math and science. Differences between intervention and comparison 

students are minor.  

STEM FOR TVET RESULTS – MATH AND SCIENCE 

• Positive trends in pedagogical approaches were observed in math and science 

classroom activities at endline, with stronger over-time comparisons for math. Examples 

include checking on students’ skill development, involving all students in lessons, and 

using investigative or problem-based approaches to explain math and science concepts. 
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• Intervention science teachers spent more time introducing new concepts than their 

comparison peers and using active learning and problem-solving strategies. This 

difference was strong and statistically significant (74 percent of intervention classrooms 

vs. 55 percent of comparison classrooms), whereas the difference between math 

teachers was not statistically significant (65 percent of intervention classrooms vs. 

68 percent of comparison classrooms). 

• Similarly, intervention science teachers spent more time explaining processes and 

procedures and conducting labs than intervention math teachers (79 percent of 

intervention science teachers, in contrast with 30 percent of comparison science 

teachers; 35 percent of intervention math teachers, compared with 10 percent of 

comparison math teachers).  

• Intervention teachers made explicit to students how their classroom activities were linked 

to real-life problems in relevant industries and what technical skills these classroom 

activities were enhancing. Primary quantitative findings emerging from the UTOP 

classroom observation provided a positive picture for math and science classrooms in 

math and science concept items that measure whether the mathematics or science 

content chosen was significant, worthwhile, and developmentally appropriate for this 

course and if, during the lesson, it was made explicit to students why the content is 

important to learn specific industry-relevant concepts and skills. 

• Qualitative data suggest an increase in intervention teachers’ (both math and science) 

reliance on lecture versus laboratory, project-based activities from midline. However, 

teachers remained very enthusiastic about the Enjoy Science materials and professional 

development offerings – coupled together, these findings suggest teachers are able to 

implement new pedagogical techniques but may not be able to sustain practices over 

time without continued intensive support from professionals and their peers.  

• Indeed, UTOP scores reveal mixed results related to teachers’ self-confidence using 

activity- or project-based classroom practices. Although intervention teachers in math 

and science outperform comparison teachers, the differences were not significant.  

• UTOP findings suggest that, at endline, both math and science intervention teachers 

outperform comparison teachers in their use of active learning strategies. Differences 

between intervention and comparison groups were stronger for science teachers in 

employing problem-based and active learning approaches. 

• Intervention students also reported that their teachers encouraged them to think through 

solutions to problems with their friends. At endline, 41 percent of math students at 

intervention schools reported that their teachers encouraged them with questioning 

techniques that let them think with their friends, much higher than the 17 percent at 

comparison schools.  

• Students had mixed opinions on the curriculum’s relevance. Mixed results were also 

demonstrated in over-time/DID comparisons of student perceptions of their skills—

although intervention students outperform comparison students, these differences 

decreased over time.  We delved into the qualitative data, looking for insights on what 

could be driving these results; we found that though both teachers and students reported 

positive perceptions of the curriculum, teachers often relate the classroom content mostly 

with students’ daily lives rather than with the world of work or with future careers. While 
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relating content to students’ daily lives is important to generate some interest and 

enthusiasm for math and science, it may not be sufficient to maintain students’ longer-

term interest or to convince students to pursue careers and vocational opportunities in 

STEM and TVET focused fields. Science teachers were nearly two times more likely than 

math teachers to say they related content to daily lives (69 percent of science teachers 

vs. 35 percent of math teachers). 

TECHNICAL TVET RESULTS – ROBOTICS  

• Quantitative findings support the fact that intervention teachers primarily use the robotic 

arm during classes, use curriculum-relevant activities, and link their classes to specific real-

life challenges of working in the industry.  

• Intervention teachers use the robotics arm frequently and consistently in Enjoy Science 

classrooms, including both lectures and practical components linked with real-life 

challenges found in robotics industries, whereas comparison teachers relied on using 

examples and pictures to activate students’ imagination. 

• When asked about their plans and preferred teaching methods, 70 percent of intervention 

teachers reported that they plan to focus on basic programming and control of the robotic 

arm in the workplace, compared with 4 percent of teachers in comparison classrooms. 

• At endline, intervention teachers appeared to show a stronger growth mindset about their 

teaching practice, with 26 percent of those interviewed saying they planned to improve 

by using a variety of methods and changing teacher roles. Another 13 percent said they 

planned to improve time management. For comparison teachers, these numbers were 

9 percent and 6 percent, respectively. However, there was a downward trend among 

intervention teachers in integrating theory and practice in classrooms (perhaps related to 

teachers increasing reliance on lecture-based methods with teaching aids at endline), 

whereas comparison teachers improved in this technique. The increase in comparison 

teachers’ usage of this technique may possibly due to OVEC’s push for a vocational 

curriculum emphasizing hands-on, industry-relevant learning in line with Thailand 4.0. 

• At endline about 18 percent of the intervention classrooms (compared with only 3 percent 

of the comparison classrooms) discussed the application of the industrial robotic arm to 

solve real-life problems and issues in the relevant industries. Qualitative findings 

confirmed that intervention teachers were more aware than comparison teachers of 

specific tasks and actions they can take or were currently taking to keep their classes 

relevant and aligned with the industry. 

• Qualitative and quantitative findings point to stronger pedagogical competencies among 

intervention teachers in their abilities to organize their classrooms; employ instructional 

resources appropriately; address issues of equity, diversity, and accessibility in their 

classrooms; integrate curriculum-relevant activities in the classroom; and keep up to date 

with industry trends.  

• Intervention students viewed the relevance of the curriculum and classroom activities 

more positively than comparison students. Findings from FGDs with students indicated 

that considerably more intervention students (57 percent) reported gaining workplace 

confidence from using real devices than comparison students (8 percent), who largely 



The Chevron Enjoy Science Project Endine Report (2020) 9 

did not have access to these devices. This access could be the main driver behind the 

intervention students’ positive perceptions of the curriculum’s relevance.  

• Roughly one in four students at intervention schools reported feeling ready to work in a 

medium to large company that requires skills controlling a robotic arm and programming 

(26 percent). At comparison schools, 1 in 20 students (5 percent) said the same thing. 

Students at comparison schools felt much more comfortable with general technical skills; 

76 percent said they were ready to work in a medium to small company requiring such 

skills. Only 19 percent of intervention students reported feeling a similar level of 

preparation. 

• Qualitative findings also suggest that intervention and comparison students feel prepared 

for different types of jobs, suggesting that the curriculum and classroom activities may be 

more closely aligned with particular sectors.  

O-NET AND V-NET RESULTS  

The evaluation team also analyzed M3 math and science O-NET average percent correct scores 

using datasets provided by the NIETS. In math, from 2012 to 2017, both intervention and 

comparison schools performed below the national average, but in 2018 performed above it. In 

science, across time, both intervention and comparison schools performed below the national 

average. For 2017 and 2018, the differences between the intervention and comparison scores 

are almost zero and statistically not significant.  

Our analyses of V-NET V3 science 2018 scores indicate no statistically significant differences 

between intervention and comparison schools, though intervention schools perform minimally 

better than comparison schools.  

Please note our analysis does not imply causality—we cannot confirm these results are a direct 

product of the Enjoy Science project. We have listed several limitations to the analyses of these 

assessments in the Limitations section. 

Recommendations 

The current evaluation identified several areas that warrant further exploration, either through 

extending the current evaluation period to revisit beneficiaries after the project has closed or in 

future programming (and accompanying evaluation efforts). The NRT, with their in-depth 

knowledge of Thai education policy, regional variations, and national trends within Thailand and 

understanding of robust evaluation methods relevant to STEM and TVET projects, are well placed 

to carry forward many of these activities. A summary of these areas is below:  

• Deepening application of technical skills learned in classrooms to real-world settings 

and engaging company expertise in classrooms to further enhance skills development, 

particularly for the TVET sector. 

• Supporting teachers’ implementation of innovative pedagogical practices and 

confidence in their skills through continued and intensive mentoring and professional 

development activities such as the PLCs. 
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• Harmonization potential with other international agencies, donors, and the private 

sector to continue funding of the programmatic elements this evaluation has highlighted 

to be most effective.  

• Student assessment approach that reliably and rigorously measures outcomes 

targeted by Enjoy Science, given the limitations of O-NET and V-NET assessments. 

Such an approach could help determine targeted instructional methods to strengthen 

students’ confidence in their math, science, and technical skills. 

• Utility of the regional hubs, as methods to enhance efficiency and reach of project 

activities across components, and the effectiveness of these partnerships in bolstering 

student outcomes (related to employment opportunities).  

• Sustainability of project effects, in particular for program components that began in 

Years 3, 4, or 5 of the project (components that have demonstrated significant promise 

such as PLCs and Robotics). 

• Innovative and lower-cost evaluation models to follow up longitudinally with 

beneficiaries to determine what effects, if any, the Enjoy Science Project had on 

employment choices, salaries/earning potential, and other factors identified at baseline 

as important but outside the realm of this evaluation period. 

Finally, strong and robust partnerships were formed between MSI, Kenan (with support from 
Chevron), and a network of 50 national researchers across 16 universities. This network is the 
first of its kind within the STEM and TVET education sectors in Thailand. The consortium was 
highly effective in ensuring the quality and relevance of the evaluation design and methods, the 
adaptation of state-of-the-art evaluation principles to the Thai context, expansion of the 
geographic scale of the evaluation, and dissemination of evaluation findings to Thai 
academicians and policy makers. The NRT should be supported to continue its research and 
publication/dissemination efforts within Thailand and regionally through a Community of 
Practice moderated by Kenan, as well as participation in conferences, workshops, and other 
forums.  
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1. Introduction 

The Chevron Enjoy Science Project is a $30 million, five-year public-private partnership to 

strengthen Thailand’s competitiveness and innovation by improving science, technology, 

engineering, and math (STEM) education and technical vocational education and training (TVET) 

across the country. It will accomplish this by developing STEM teachers and rolling out STEM and 

TVET hubs nationwide. Convening a range of partners in civil society, academia, the private sector, 

and the government, Enjoy Science originally targeted more than 600 schools and 500,000 

students, teachers, principals, government education officials, community members, and workers, 

providing more career opportunities and higher wages. Project documents suggest the project has 

far exceeded these goals and now has more than 700 schools and almost 3 million direct, unique 

beneficiaries (including students, workers, and community members). Table 1, provided by the 

project’s lead implementing and coordinating agency, Kenan Foundation Asia (Kenan), 

summarizes the project’s progress to date against key output targets by beneficiary. 

Table 1. Project Progress as of Year 5 

Key Target Year 5 Project Progress to Date 

Students reached 425,000 2,385,700 

Teachers trained 10,000 13,332 

School leaders trained 3,000 2,704 

Community members reached 31,700 694,604 

Workers trained 30,000 33,899 

Management Systems International (MSI) serves as the third-party evaluator of the Enjoy Science 

Project. The Enjoy Science evaluation team comprises evaluation and education experts from MSI 

and the members of the National Research Team (NRT)—education professors and research 

assistants from 16 regional universities throughout Thailand. MSI and the NRT jointly developed 

the evaluation design and implementation plan, which includes direct evaluation questions to 

demonstrate results and a learning agenda of additional research questions motivated by the 

specific research agenda of each researcher. The NRT has contributed valuable feedback 

throughout the analysis and reporting.   

The evaluation aims to deliver rigorous and reliable measurements of program effectiveness 

through an innovative model of engagement with academicians and researchers across Thailand. 

This endline evaluation aims specifically to inform Enjoy Science stakeholders and partners about 

the project’s progress on key outcomes.  

For both the baseline and endline, the NRT recruited research assistants to carry out primary data 

collection activities in a decentralized manner using the previously stipulated tools and templates 

for data entry. Kenan Foundation Asia contributed to the effort by providing support and strategic 
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advisory services and assisting with entering data into machine-readable formats for reflection, 

analysis, and dissemination. 

The analysis design includes three phases of data collection: a 2017 baseline study, a 2018 midline 

study, and a 2019 endline study. This report summarizes the endline data analyses from data 

collected in June 2019. The Enjoy Science Project is nimble and adaptive to the needs of students, 

teachers, and other key stakeholders; accordingly, planned activities and implementation timelines 

varied between baseline and midline, and new activities were introduced before midline data 

collection. MSI’s analysis approach has thus shifted to reflect changes in the implementation 

approach. The endline analyses presented in this report include baseline-to-endline (2017 vs. 2019 

data) comparisons for Enjoy Science activities that began before baseline data collection and 

endline reporting for activities that began before midline data collection or were modified in some 

substantial way (2018 vs. 2019 data).  

1.1 Thailand 4.0 

Thailand 4.0 is a special term coined by the Government of Thailand to describe a campaign to 

support and facilitate an industrial revolution in Thailand, also referred to as Industry 4.0. 

Previous economic development models in Thailand have emphasized agriculture (Industry 1.0), 

light industry (Industry 2.0), and advanced industry (Industry 3.0). Thailand has witnessed 

substantial economic growth in recent years, reflected in the development and implementation of 

Industry 4.0, a set of economic reform policies meant to encourage:  

• Economic prosperity through a values-based economy driven by innovation, technology, 

creativity, and increased research and development (R&D) investments.  

• Social well-being through an increasingly inclusive society with reduced social disparities. 

• Raising human values through an increase in Thailand’s ranking on the Human 

Development Index (HDI) and the ranking of at least five universities among the world’s 

top 100 higher education institutions. 

• Environmental protection through adjusting to climate change and reducing both carbon 

footprints of major cities in Thailand and terrorism risks.  

Central to Thailand 4.0’s success are the transformative shifts of unskilled laborers to highly 

skilled laborers and knowledge workers, as well as expansion and innovation within robotics and 

industries. Implementation strategies for Thailand 4.0 at a national level include regional and 

global expansion of R&D networks within Thailand, a stronger vocational training and education 

system, and a stronger partnership with the private sector. These focus areas and 

implementation strategies closely align with the scope and aims of the Enjoy Science Project.   

2. Chevron Enjoy Science Project 

At the time of the midline evaluation, Kenan provided the evaluation team with narrative workplans 

of Years 3 and 4 of the Enjoy Science project. This section summarizes key aspects of Enjoy 

Science’s activities and implementation timeline that are likely to have had a direct or substantial 

impact on MSI’s analysis strategy and endline results. With the exception of an intensified robotics 
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program, MSI anticipates that activities occurring before endline evaluation were largely the same 

as those occurring in Years 3 and 4.  

2.1 STEM Component 

The STEM component targets the instructional practices of math and science teachers in the lower 

secondary grade levels (M1 to M3 in the Thai educational system, the equivalent of 7th to 9th 

grades). It focuses on improving the quality of teacher instructional practices by promoting  

strategies based on “High-Impact Practices in STEM Education,”5 as well as instructional practices 

using learning modules of Smithsonian’s STC science kits and Tokyo Shoseki math units, in 

parallel to strengthening teacher, principal, and school networks through mentoring and mutual 

capacity building.  

The STEM component initially rolled out in 237 schools in 2015. Implementation began in a second 

cohort of 134 schools in 2016, and a third cohort of 284 schools began receiving programmatic 

interventions in 2017. This staggered rollout of programmatic activities has resulted in three cohorts 

of schools with varying levels of intervention, thus further disaggregating the overall data collection 

sample sizes. The cohorts are respectively referred to as Y1, Y2, and Y3 throughout the report.  

During Y3, Enjoy Science delivered two sets of STEM professional development workshops in 

April 2017 and in October 2017. The workshops focused on inquiry-based science instruction and 

best practices for improving math and science classroom learning. In June and July 2018, the 

project developed training workshops to help mentors improve their practices and strategies. The 

project also sought to strengthen learning networks in Thailand. Enjoy Science enhanced the 

development of professional learning communities (PLCs) by conducting a series of leadership 

workshops for teachers, school administrators, and Education Service Area Office (ESAO) 

representatives. Enjoy Science also supported master teachers and mentors as they organized 

PLC meetings to discuss and share high-impact practices among stakeholders from school 

networks in 30 provinces. By Y5, the project had trained 13,332 teachers and school leaders; 

reached 2,385,700 students and 694,604 community members; and engaged more than 160 

policymakers.   

 

2.2 TVET Components 

The TVET component consists of two sub-components: TVET-Robotics and STEM for TVET 

(STVET) activities. The TVET activity focuses on implementing three technical toolkits (short 

courses, curriculum enhancement, and work placement) and professional development for 

instructors at the upper vocational grade levels (V4 to V5 in Thailand, or 13th to 14th grades). 

Though data were collected in TVET schools in both 2017 and 2018 data collection efforts, 

substantial changes in the content and focus of TVET activities necessitate that MSI present only 

the 2018 data related to the TVET-Robotics course, a programmatic focus for the Enjoy Science 

 

5 Work by Professor Tom Corcoran, Columbia University. 
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program. At the time of midline data collection in 2018, implementation of the TVET-Robotics 

activity had not yet begun, offering the chance to obtain a true baseline for students, teachers, and 

other key stakeholders benefiting from this course. Data for TVET-Robotics from 2019 will serve 

as a second time-point for baseline-midline comparisons in intervention and comparison schools, 

although further conversations on how to construct an equivalent comparison sample are ongoing 

among the evaluation team.  

The STEM for TVET (STVET) and TVET-Robotics activities focus on deepening institutional 

capacity to develop students’ technical skills to strengthen graduate employability and better serve 

employers’ needs. STVET activities target the curricula and instructional practices of lower 

vocational grade levels (V1 to V3 in the Thai education system, the equivalent of 10th to 12th 

grades). TVET technical activities target the curricula and instructional practices of students 

obtaining a High Vocational Certificate (equivalent of 13th to 14th grades, or the first two years of 

junior college/university).  

Implementation of both the STVET and TVET components uses a hub model. Each hub comprises 

key TVET and industry stakeholders and serves as a coordination and communication system to 

support the development and rollout of STVET and TVET activities. At the time of baseline data 

collection, 12 STEM hubs and 4 TVET hubs had been established. In 2018, Enjoy Science opened 

two new TVET hubs, Food Processing and EEC, bringing the total to six fully functioning TVET 

hubs. Though hubs are differentiated units for project implementation and monitoring, MSI’s 

analysis did not disaggregate by hub, given that Enjoy Science activities did not differ substantially 

across hubs.6 The annexes include results with the full sample including all hubs and with a sample 

excluding Food Processing and ECC hubs. 

The STVET activity provides curriculum enhancement through the provision of active physics 

curriculum materials and professional development for instructors (V1 to V3 in the Thai education 

system, the equivalent of 10th to 12th grades). Several changes in STVET implementation have 

required an updated evaluation strategy. First, at the time of baseline data collection, STVET had 

already implemented one year of program activities, so the baseline analyses did not constitute a 

true baseline. Second, at the time of midline data collection, only science teachers had participated 

in STVET activities, so math and science subjects were disaggregated as much as possible. Also, 

at the time of the midline collection in 2018, the Enjoy Science Project acquired a license to use 

two math learning modules (surface area and volume and linear relationships) from the Activate 

Learning Interactive Math Program (IMP), shifting the focus of the program implementation. These 

modules are grounded in a problem-based learning approach that aligns with the project’s priorities 

of ensuring that the curricula are both relevant and engaging for students. 

Given the differences in implementation for math and science teachers, midline outcomes related 

to the math module are analyzed as a baseline. These decisions were made in close consultation 

with the Enjoy Science Project team, given the implementation timeline of project activities. For the 

endline results, the evaluation team disaggregated by subject for both quantitative and qualitative 

 

6 The Food Processing and ECC hubs were defined prior to midline data collection and activities had not been 
implemented by the time of data collection, so the midline report did include disaggregation by these hubs. However, 
at endline and to provide a fuller, and possibly final, picture of the intervention, we do not disaggregate by hub.  
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results, though the comparability of groups across time, particularly for qualitative data, has been 

affected by these deviations from the original implementation plan  

2.3 Awareness and Partnership Component 

The Awareness and Partnership Component raises awareness about the importance of STEM 

careers and job prospects for TVET graduates. Public awareness campaigns attempt to shape 

positive public perceptions of science in general and STEM/TVET careers in particular. This 

component is not a focus of the Enjoy Science evaluation.   

3. Evaluation  

3.1 Aim and Research Questions 

This evaluation’s overall aim is to deliver rigorous and reliable measurements of program 

effectiveness through an innovative model of engagement with academics and researchers across 

Thailand. The specific aim of the endline evaluation is to inform Enjoy Science stakeholders and 

partners about the project’s progress on key outcomes. Ultimately, the data can inform education 

policy and economic reforms such as Thailand 4.0, as well as any pertinent changes in the project 

implementation. Thai policymakers and universities may also use endline results to ensure 

continued engagement with the evaluation and support and enthusiasm for the Enjoy Science 

program.  

As the project implementation and evaluation approach evolved, the evaluation team discussed 

how to refine the initial research questions to reflect the changing scale and scope of the Enjoy 

Science Project and the evaluation. For example, some outcomes—such as increased graduation 

rates from STEM/TVET academic tracks and improved perceptions of the quality of labor supply 

by employers—take significant time and resources to achieve and fall beyond the timeframe of the 

Enjoy Science Project. Such outcomes depend on a complex interplay of factors related to the 

Enjoy Science Project and economic, political, and other factors outside the project’s control. Thus, 

a longitudinal evaluation that enables detailed investigation and documentation of conditions would 

better suit an exploration of these outcomes. 

Guiding the endline evaluation is an amended set of research questions, reflecting shifts in project 

activities and analytic strategies, as follows:  

1. STEM Component 

1. Does professional development and mentoring of math and science teachers in the 

areas of project- and inquiry-based learning strengthen teacher engagement and 

instructional practice?  

2. Do strengthened curriculum materials and improved teacher engagement and 

instructional practice lead to increased student interest and engagement in math and 

science subjects? 
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3. Does improved teacher engagement and instructional practice lead to increased 

student achievement on national math and science metrics? 

4. Does increased student achievement in math and science lead to increased selection of 

STEM/TVET academic tracks? 

2. TVET-Robotics Component — Robotics Activity 

1. Does professional development and curriculum enhancement improve teacher 

competency? 

2. Do curriculum enhancements make the curriculum more industry relevant? 

3. Do improved teacher competency, industry-relevant curriculum, short courses, and 

work placement improve the skills, abilities, and experience of students? 

3. TVET Component — STVET Activity 

1. Does professional development and mentoring of science teachers in the areas of 

project- and inquiry-based learning strengthen teacher competency and practice? 

2. Do strengthened curriculum materials lead to increased relevance of the curriculum?  

3. Does increased curriculum relevance and improved teacher practice improve student 

learning of applied science and math? 

3.2 Design 

The current evaluation used a mixed-methods approach that included gathering and analyzing 

both primary and secondary data to establish baseline, midline, and endline measurements on key 

outcomes of the Enjoy Science Project. The evaluation team applied a concurrent design, meaning 

they collected both quantitative and qualitative data at the same time, analyzed them separately, 

then triangulated (compared and combined) them to produce more substantial conclusions.  

Primary data (quantitative and qualitative) documented perceptions of students, math/science 

teachers, and directors on a diverse range of topics, such as students’ perceived competence in 

STEM, teachers’ practices in the classroom, and students’ and teachers’ perceptions of the utility 

of STEM and their perspectives on the long-term usefulness of STEM studies. Secondary data 

included student scores on Thailand’s Ordinary National Educational Test (O-NET) and Vocational 

National Educational Test (V-NET) assessments.  

This design included time comparisons of quantitative data sources and indicators—specifically, it 

compared quantitative measures of key indicators at baseline (2017) with endline (2019) to 

establish any changes in the direction (positive or negative) and magnitude (strength) of the data.  

Qualitative data gathered at baseline, midline, and endline provided key insights to supplement 

these quantitative findings. This report presents qualitative data on the context in which Enjoy 

Science professional development activities take place and stakeholder perceptions on other 

factors that may influence the effectiveness and relevance and (eventually) sustainability of the 

project. These data were processed and analyzed by the NRT during a content analysis workshop 

in Chiang Mai.  
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3.3 Ethical Review and IRB Approval 

MSI and Kenan Foundation Asia received approval to conduct evaluation activities from Khon 

Kaen University’s Institutional Review Board (IRB), a committee that ensures the ethical 

compliance of research design and data collection, management, analysis, and reporting 

procedures. Data collection activities in Khon Kaen served as a pilot of the tools and data 

management systems that were later implemented in other provinces during baseline and midline 

data collection. King Mongkut’s University of Technology Thonburi’s (KMUTT’s) IRB committee 

also reviewed and approved TVET activities and evaluation tools. MSI received overall IRB 

approval (exempt status) from Advarra IRB (formerly Chesapeake IRB), a leading North American 

review board, certified by the Association for the Accreditation of Human Research Protection 

Programs (AAHRPP), that has extensive experience regulating and examining the ethical 

implications of research designs and processes in the United States and other countries.  

4. Data: Sources, Collection, and Sample Sizes 

4.1 Primary Data 

Sampling and School Selection 

At baseline and after receiving the identification details and characteristics of the intervention 

schools, MSI ran a matching analysis to select comparison schools with a similar set of 

characteristics. The primary characteristics of each school included urban/rural locality, size of 

school, the administrative oversight authority, and pre-intervention values on test scores in each 

region that the study included. Some Enjoy Science schools do not have ideal matches from the 

pool of plausible comparison schools, but at the sample level, the intervention and comparison 

groups remain similar according to their baseline sample averages within the matching school 

characteristics. The matching strategy was particularly close on the critical variables of pre-

intervention test scores, school size, and urban/rural locality.  

However, at both midline and endline, ensuring participation of the original sample of schools at 

baseline remained a challenge. Some schools refused to participate, and others were on sites that 

were geographically challenging for the Enjoy Science team to access. As a result, endline 

samples are considerably smaller than the baseline sample. After running tests, the team finds that 

the school attrition from the analysis sample is not balanced—i.e., attrition affected both the 

intervention and the comparison groups but in differing ways. The unbalanced nature of the cross-

sectional sample is a challenge for longitudinal/over-time comparisons, though it is not possible to 

determine the extent to which an unbalanced endline sample affects the overall analyses. Table 2 

presents total sample sizes by instrument in this evaluation at midline. 

Section 5, Analysis and Findings (see also Annex 7.3), describes the samples that MSI’s analysis 

ultimately used and the implementation shifts and data coding challenges that contributed to these 

decisions. Each table throughout this report notes the sample size, as analytical samples varied 

based on activity timelines, subject matter, and survey-specific non-response.  
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Table 2. Summary of Endline Data Collection Tools and Sample Sizes 

 

 STEM STVET TVET-Robotics 

Schools 147 79 47 

Teacher surveys 291 
239 

(108 M – 131 S) 
109 

Student surveys 6,130 
6,644 

(3,147 M – 3,497 S) 
1,558 

UTOP 297 248 94 

School Director Survey NA 72 

Teacher Interview 291 239 94 

Student FGDs  None 
83 groups, 664 

Students 

62 groups, 496 

students 

Note 1: The cell numbers for schools are an average of the numbers of schools wherein each tool was 

implemented, as datasets per tool reached different sample sizes due to varying school participation and 

non-response. For example, the STVET student tool was implemented at endline in 84 schools, the 

teacher surveys in 79 schools, and the UTOP tool in 74 schools, for an average of 79. Sample sizes for 

each tool, cohort, and evaluation time period are provided in the annexes.  

Note 2: For the STVET component, cells include combined sample sizes for math and science, and 

disaggregated by math and science in parenthesis by M and S. 

Data Tools and Sources  

As with previous data collection phases, the evaluation team collected both quantitative and 

qualitative data at endline. Quantitative data consisted of teacher and student surveys developed 

by MSI and the NRT prior to baseline, and the Uteach Observation Protocol (UTOP) for classroom 

observations and follow-on individual teacher interviews.  
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Figure 1. Data Sources 

 

The UTOP survey is an observational instrument developed by the Uteach College of Natural 

Sciences program at the University of Texas at Austin, USA. The tool assesses a math or science 

classroom’s quality and can be used from kindergarten to the university undergraduate level. Its 

design allows researchers and practitioners to evaluate teaching effectiveness, specifically 

considering inquiry-based instruction. UTOP is a criterion-referenced instrument that requires 

training to maintain the integrity and objectivity of its use. The UTOP is a tool produced by 

psychometricians that has been statistically validated in other learning contexts. The UTOP tool 

used for this evaluation was adapted from Horizon Research Inc.’s 2005–06 Core Evaluation 

Manual, though it has not been psychometrically evaluated.  

NRT members received training from the University of Texas to score the recorded sessions with 

the UTOP tool. UTOP data and scores were collected for the STEM and STVET components. 

UTOP is considered a mixed data source because of its direct observational feature (qualitative) 

and numeric-quality scoring (quantitative). The data emerging from the UTOP classroom 

observation system are considered primary-level results in the organization of results in this report; 

more details are in the Analyses and Findings section. 

Teacher and student surveys are the quantitative data sources collected for the STEM, STVET, 

and TVET components. School director surveys were also implemented for the TVET Robotics 

activity. The design of each data collection tool (i.e., teacher, student, and principal survey 

questionnaires) reflected relevant items for each component and their activities. At midline, the 

tools were revised and then administered with some changes. To improve comparability, the tools 

included only minor changes at endline.  
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The teacher survey, collected for both intervention and comparison teachers, included questions 

about teaching practices, activities, and respondents’ perceptions about their own effectiveness 

and professional development. The survey included an additional module with questions about 

Enjoy Science perceptions and satisfaction for the intervention teachers only. The student surveys, 

collected for students in classrooms of both intervention and comparison teachers, asked about 

respondents’ perceptions of their teachers’ teaching practices, as well as about science, future 

academic careers, and skills. The results emerging from the teacher and student surveys are at 

the secondary level in the organization of this report’s results; more details are in the Analyses and 

Findings section. 

Qualitative data sources for the STEM and STVET components included teacher focus group 

discussions (FGDs) and individual interviews. FGDs with students were also conducted to better 

understand the effects of Enjoy Science STVET activities on student outcomes. The interviews 

and focus group protocols used were refined and adapted based on lessons learned during 

baseline and midline data collection rounds. For example, from the midline phase feedback, we 

included gender-based questions in both qualitative and quantitative tools, though the sample size 

of female students made analysis disaggregation implausible.  

Data Collection 

As at baseline and midline, NRT led data collection at endline. Each NRT member leads a team 

of one or two research assistants (RAs) who support the data collection process. Intervention and 

comparison schools receive a letter from the project at the beginning of the year reminding school 

officials about planned data collection activities. The NRT evaluation teams (led by an NRT 

researcher and the Ras) maintain contact with the school until the day of data collection. Due to 

the various NRT teams’ responsibilities and schedules, data collection occurs in the second half of 

the school year’s first semester, albeit not on the same days for all schools and, sometimes, not 

using all the tools for all components in the same day.  

Regardless, the NRT developed detailed work plans and systems to ensure that data collection 

was standardized across provinces, was implemented with fidelity, and adhered to standards of 

quality set by the evaluation team. Scripts guided the Ras in sampling students and teachers within 

each school and in helping students and teachers if questions arose. Teachers and parents 

completed consent forms. Systems were also developed to ensure standardization and quality of 

data entry and coding activities after data collection. Such systems helped the evaluation team 

work toward higher inter-rater reliability in coding UTOP’s videotaped classroom observations and 

in identifying emerging themes from FGDs and interviews. 

UTOP data collection included random selection of one science and one math session.7 Ras 

set up video recording materials in selected classrooms, then uploaded the videotapes to 

KMUTT’s university central system as a backup. Two NRT members rated each videotaped 

session, with each NRT member rating about four sessions a day after completing fieldwork. 

They used a double-blind system—that is, without knowledge of whether the recorded session 

 

7 Though some anecdotal evidence exists of principals volunteering in one of the best classrooms for the UTOP 
recording, these instances happened at non-differential rates at both intervention and comparison schools.  
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was from an intervention or comparison teacher. If the reviewers’ scores differed considerably, 

they reviewed the videotaped sessions together and discussed before assigning the final rating 

included in the data.  

4.2 Secondary Data 

Data Sources 

National assessment data served as the key secondary data source. O-NET and V-NET exams 

were identified as potentially relevant for this evaluation, given the Enjoy Science Project’s 

objectives and target population and Thai government stakeholders’ significant expressed interest 

in these national test results.  

The O-NET and V-NET measure Thai students’ abilities in various subjects. The O-NET measures 

the proficiency of students at the end of general primary, lower secondary, and upper secondary 

levels (M3) in eight subject groups: Thai, math, sciences, social sciences, culture and religion, 

English or foreign languages, health and physical education, art, and technology. The V-NET 

measures the proficiency of students in vocational levels (V3), each with different subjects 

depending on the area of specialization. Of the exams implemented by the National Institute of 

Educational Testing Service (NIETS), O-NET accounts for about 80 percent of assessed students 

and V-NET for about 10 percent; the rest is divided among other national assessments such as 

the Islamic National Educational test (I-NET) and the Buddhism National Educational Test. 

Although the assessments implemented by NIETS have been subject to scrutiny, with flags about 

their reliability and inconsistencies raised by both the local and international education 

communities, their results still guide policy-level conversations and guidelines and receive wide 

attention in Thailand (OECD and UNESCO 2016).  

MSI used O-NET and V-NET student assessment data provided by the NIETS with Kenan support. 

NIETS conducted an independent review of the O-NET and V-NET items specifically related to the 

Enjoy Science Project and shared the exam results of the students thought to learn in classrooms 

included in the evaluation—that is, from schools in the comparison and intervention groups for 

STEM and STEM for TVET. The names of the assessments’ indicators shared by NIETS are found 

in the corresponding O-NET and V-NET sections. Due to NIETS protocols around test-sharing and 

confidentiality, the evaluation team did not receive and cannot corroborate the content of O-NET 

and V-NET items and whether these, in fact, relate to Enjoy Science activities. Therefore, analyses 

of the items reported here are difficult to interpret without further inputs from NIETS. This evaluation 

outlines the limitations of using O-NET and V-NET data in Section 5.4, Limitations.  

The datasets shared by NIETS were cleaned to include only the component’s intervention and 

comparison schools at the appropriate level. As such, analyses in this report focus on O-NET math 

and science M3 results, and V-NET V3 math results. Other grades and subjects are in the annexes.  
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5. Analyses and Findings  

The evaluation used a mixed-methods approach that relied on both primary and secondary data 

analyses to establish midline measurements of the Enjoy Science Project in Thailand. Quantitative 

and qualitative primary data documented perceptions of students, math/science teachers, and 

directors on a diverse range of topics collected through surveys, classroom observation and 

evaluation, FGDs, and interviews. Secondary data included O-NET and V-NET assessment data. 

Quantitative Analyses: Following stakeholder feedback during the midline interpretation 

workshop in January 2019, the midline report implemented a new organizational structure for Enjoy 

Science evaluation results—namely, primary- and secondary-level results. The endline report 

organizes findings by the research questions guiding this evaluation to determine the degree to 

which this evaluation fulfilled learning priorities of Kenan Foundation Asia and Chevron. As with 

the midline report, the primary-level result is data emerging from the UTOP classroom observation 

system, given that the primary objective of the Enjoy Science Project is to improve students’ 

experiential learning in classrooms by strengthening teacher practices after they benefit from Enjoy 

Science’s training in new pedagogical techniques and other activities.  

Secondary-level results emerge from teacher, student, and principal surveys. MSI used principal 

component analysis (PCA) to create indicators for each component and tool using the items that 

closely relate to each topic. The PCA technique helps explain interrelationships among numerous 

variables. To ensure comparability, MSI relied as much as possible on the items used at baseline 

to create each indicator for the midline evaluation—with some adjustments, given modifications to 

the survey tools. To facilitate interpretation of changes over time, MSI normalized the indicators so 

that the range for each indicator at each phase is from 0 to 1. To provide context and ensure a 

shared interpretation of the indicators, MSI renamed key evaluation indicators and developed 

definitions for each according to the items and topics they cover (see Annex 7.7). For secondary-

level analyses and sample-size permitting, gender differences on key student indicators are 

included in the main results section, with more detailed disaggregation in the annexes.  

For UTOP and both teacher and student survey indicators, result analysis used a difference-in-

differences (DID) technique for the cohorts and groups with two points-in-time comparisons. For 

the cohorts and groups with more than two phases (those with baseline, midline, and endline data), 

DID analyses compare baseline and endline data points. For survey items that are not collected 

for both intervention and comparison groups, simple summary statistics by item are in the annex.  

Although DID is a statistical technique commonly used in quasi-experimental studies, the results 

in this evaluation do not imply causality. For DID to provide causal estimates, additional data and 

contextual requirements exist that do not align with the Enjoy Science Project’s implementation. 

These include trend data on pre-intervention covariates. In this case, for example, it would imply 

the need for at least three measures of UTOP scores on intervention and comparison schools prior 

to the beginning of the Enjoy Science Project, which is not existing data. (See more details in 

annexes.) Furthermore, Enjoy Science consists of multiple activities that have varied across the 

existence of the project, impeding a quasi-experimental evaluation approach. MSI’s DID, however, 

summarizes the results of the differences between intervention and comparison at baseline (time 
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0, first difference), the differences between intervention and comparison at midline (time 1, second 

difference), and the difference between these two differences (DID).  

Analysis of secondary quantitative data sources (O-NET and V-NET data) included t-tests to 

compare intervention and comparison schools at each year of data available. As in previous 

phases, NIETS provided Kenan only the assessment items related to the Enjoy Science module 

and their equivalent for all years of data requested. At midline, MSI was able to confirm the 

maximum result possible in each of these indicators for each year, so results are presented in 

percent correct—that is, on a scale of 1 to 100 instead of raw scores.  

Qualitative Analyses: The NRT led coding and initial analysis of the qualitative data, collected in 

Thai. Data collection used coding templates, developed at baseline by the evaluation team and the 

NRT, which is responsible for collecting, cleaning, and coding data and translating key quotes, 

then organizing the material in Excel templates. The templates include prompts for quotes 

collected during FGDs and individual interviews and provide a structured, consolidated, 

categorized, and standardized process for the NRT to process qualitative responses. The MSI 

evaluation team then received the data templates, translated into English, for additional analysis.  

For the qualitative analyses, MSI used by-theme analyses to identify the main topics emerging 

from the qualitative data. During the process, MSI produced frequency distribution tables to 

“quantify the qualitative” and provide a count/percentage of respondents who share certain views 

or voice issues and challenges. Further, the NRT selected quotes that demonstrate each category 

topic, and MSI incorporated these in the report alongside the quantitative findings.  

 5.1 STEM Component 

Implementation of the STEM component has not shifted in any substantial way since the onset of 

the Enjoy Science Project. Therefore, the overall evaluation strategy remained constant and now 

includes some disaggregation by hub, given the phased approach of project activities.  

The STEM component initially rolled out in 237 schools in 2015. Implementation began in a second 

cohort of 134 schools in 2016, and a third cohort of 284 schools began receiving programmatic 

interventions in 2017. This staggered rollout of programmatic activities resulted in three cohorts of 

schools with varying levels of intervention, necessitating further disaggregation of overall sample 

sizes. The cohorts have been respectively referred to as Y1, Y2, and Y3 throughout the baseline, 

midline, and endline reports.  

To provide a fuller picture of the status of the STEM intervention, our endline report focuses on 

reporting results of the full sample. Disaggregation of results using only Y3 schools is in the 

annexes. The report notes whether significant differences exist in either the full sample or the Y3 

sample. The findings for the full and Y3 sample followed roughly the same trends, though they 

varied in strength. The staggered rollout of programmatic activities that began before data 

collection in 2016 also presented some limitations in considering our baseline data as true baseline 

data, considering that some schools had already received the program and had already benefited 

from it. At baseline, for example, intervention students outperformed comparison students for all 
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indicators, challenging the extent to which further improvements between the groups could be 

effectively demonstrated at midline and endline.  

We also explored regional disaggregation. Only the student survey had a sufficient sample size to 

permit this disaggregation, which was conducted at baseline and midline. However, at endline, the 

distribution of intervention and comparison students by region was substantially imbalanced, 

rendering regional analyses unreliable. Gender comparisons were also calculated for student 

survey indicators and no statistically significant differences were found between boys and girls. 

Thus, for STEM, our analysis focuses on full and Cohort 3 samples.  

Project and inquiry-based teaching techniques were based on the 5E approach (Engage, Explore, 

Explain, Elaborate, and Evaluate) recommended by the Enjoy Science Project. The 5E model 

posits that students build knowledge through experiences and can reconcile new knowledge with 

previously held theories through new experiences. The 5E approach is also often referred to as 

active learning. The 7E model expands the 5E instructional model in two key ways. In the 7E 

model, Engage is separated into two components: Elicit and Engage. The 5E stages of Elaborate 

and Evaluate are further divided into three components—Elaborate, Evaluate, and Extend—in the 

7E model.  

During Y3, Enjoy Science delivered two sets of STEM professional development workshops in 

April 2017 and in October 2017. The workshops focused on inquiry-based science instruction and 

best practices for improving classroom learning of math and science. In June and July 2018, the 

project developed training workshops to help mentors improve their practices and strategies. The 

project also sought to strengthen learning networks in Thailand. Enjoy Science enhanced the 

development of professional learning communities (PLCs) by conducting a series of leadership 

workshops for teachers, school administrators, and Education Service Area Office (ESAO) 

representatives. The endline report includes results related to PLCs corresponding with each 

research question and an additional section detailing the most relevant findings of PLCs derived 

both from teacher surveys and qualitative interviews.  

The primary quantitative outcomes include the DID results emerging from the UTOP survey items’ 

mean values. Complete tables with the DID analyses are in the annexes. We compare the trends 

of the DID teacher and student survey indicators across time, as well as themes within the 

qualitative findings. STEM analyses compare baseline data collected in 2017 with endline data 

collected in 2019.  

Teacher indicators (Error! Reference source not found.) include the frequency that teachers 

employed Enjoy Science pedagogical techniques, the confidence with which teachers adopted 

Enjoy Science pedagogical techniques, teachers’ participation in professional development 

activities, teachers’ ability to engage students, and teachers’ perceptions of how relevant Enjoy 

Science curriculum is for students.  
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Figure 2. STEM Teacher Survey Indicator Definitions 

 

Student indicators (Figure 3) include students’ attitudes about studying math and science; their 

engagement in extracurricular activities related to math and science; their perceptions of their 

abilities in math and science; how encouraged, supported, and challenged by their teachers they 

felt; the frequency with which they participated in lab activities and group work; and the likelihood 

that they would pursue a career in a STEM-related field. All indicators are based on self-report 

survey data.  

Figure 2. STEM Student Survey Indicator Definitions8 

 

 

8 Student perception and behaviors.  

Teacher Survey Indicators 

1.STEM teacher attitude/satisfaction, teaching perceptions measures teacher’s self-reported 
motivation to try new teaching practices or visual aids as well as how much they can influence their 
students’ future career choices, inquiry and problem-solving skills.

2.STEM teacher practice, lesson emphasis measures how much emphasis teachers put on areas 
such as group work, inquiry, problem-solving, understanding of theoretical concepts and national 
exam preparation. 

3.STEM teacher practice, time use in class captures how teachers report spending their class time, 
measured as a percentage. Example activities include lecture, review, hands-on activities and labs, 
group work, guest speakers and field trips.

4.STEM teacher practice, assessments measures how frequently teachers report using various 
assessment techniques with their students. Example assessments could include activities like pre-
tests, student presentations and portfolios, class participation and discussion, and journals.

5.STEM teacher practice, professional confidence measures how confident teachers feel 
demonstrating instructional practices to other teachers, advising students about job opportunities, 
and applying inquiry-based methods in their own teaching.

Student Survey Indicators

1.STEM student teacher practice, in-class activities measures the student-reported frequency of lab 
activities and group work, as well as opportunities to explore STEM careers or apply content to daily 
life. 

2.STEM student engagement, attitudes uses a scale of agree/disagree to measure how students feel 
about studying math and science, including how important or applicable to their lives they perceive 
the subjects to be and how much they enjoy studying them. 

3.STEM student engagement, behaviors uses a yes/no scale to measure student engagement with 
math and science through extracurricular clubs, participation in competitions or camps, reading of 
magazines and news articles and research about math and science careers.

4.STEM student skills, personal and parental perceptions uses an agree/disagree scale to measure 
students’ perceptions of their own ability in math and science, as well as how supportive or 
encouraging their parents are of their math and science studies. 

5.STEM student selection of STEM/TVET tracks, perceptions uses an agree/disagree scale to 
measure how important students think math and science are to society and how likely they are to 
enroll in advanced courses or plan a career in science, math, technology or engineering.
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Research Question 1 

Does professional development and mentoring of math and science teachers in the areas of project- and 

inquiry-based learning strengthen teacher instructional practice and engagement?  

We used multiple sources to understand improvements in teachers’ instructional practices inside 

and outside the classrooms, drawing primarily from UTOP results at endline and over time. We 

also relied on teachers’ survey indicators of lesson emphasis, time use in class, and assessments. 

To understand teachers’ engagement, we relied on teachers’ survey indicators of 

attitude/satisfaction and professional confidence. We complemented all our quantitative findings 

with findings from teacher interviews.  

Classroom observations using the UTOP demonstrated positive results, indicating improvements 

in the classroom experience, setting, and activities. On lesson structure (items that indicate the 

frequency and quality of the investigative or problem-based approach to understand important 

concepts in mathematics or science), we found positive, strong, and statistically significant 

differences between intervention and comparison classrooms at endline, as well as a positive and 

statistically significant DID result. Although both intervention and comparison groups made 

progress since baseline, the intervention group made significantly more progress from baseline to 

endline, widening the differences between groups. The finding applies to both the full sample and 

the Y3 sample, though the Y3 results were slightly stronger. Qualitative evidence supports these 

findings—intervention teachers reported an increased use of problem-solving approaches in their 

classrooms and noted that they found this approach valuable and an effective teaching strategy to 

promote student learning.  

 

 

UTOP items related to the implementation of teaching in the classroom presented a positive picture 

of the classrooms at endline. For both the full and Y3 samples, teachers in intervention classrooms 

at endline used questioning strategies to encourage participation, check on skill development, and 

facilitate intellectual engagement and productive interaction with students considerably more than 

teachers in comparison classrooms did. We also found positive and statistically significant 

differences for whether teachers involved all students (e.g., calling on non-volunteers, facilitating 

student-student interaction, checking in with hesitant learners) and on the frequency and quality of 

students’ questions and participating in discussions about the lessons’ content. We found these 

Intervention 

STEM Science 

Teacher 

“Students have to learn how to apply, how to solve a 

problem, to not just study without meaning. This is a key 

of present teaching. If students are able to apply the 

knowledge to solve a problem, it is brilliant.”  

 

Intervention 

STEM Math 

Teacher 

“[The] group process helps when the students struggle. 

They can discuss with each other to come up with a 

variety of ideas. By this, they gain confidence.”  
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results both in the full sample and the Y3 sample analyses, though results in the latter group were 

again slightly stronger.  

The DID for these items, however, was negative because the difference between the intervention 

and comparison groups at endline was narrower than at baseline. These differences were not 

significant. Nonetheless, considering that baseline data collection took place in 2016 after 

implementation began in 2015, it is plausible that baseline data reflected the results of Enjoy 

Science activities.  

Qualitative findings from teacher interviews confirmed these positive changes; intervention 

teachers reflected on the changes they made in their classroom activities and their use of Enjoy 

Science techniques, and they focused on a whole-class interactive and collaborative approach. 

 

 

Results from items reflecting math and science concepts were also positive. At endline, the 

difference between the intervention and comparison classrooms on whether it is made explicit by 

the teacher why the content is important was strong, positive, and statistically significant. For the 

Y3 sample, the DID was also positive and statistically significant, driven by considerable progress 

of the intervention group from baseline to endline. Data from teacher interviews suggested that 

both comparison and intervention teachers summarized the content of the class together, though 

intervention teachers gave explanations on why this is a relevant teaching strategy. 

“We used materials from the Chevron training in the 

classroom, such as worksheet[s]. The results showed that 

students have better learning and achieve the learning 

objective; however, there is a limitation of time.”  

 

Intervention 

STEM Science 

Teacher 

Intervention 

STEM Science 

Teacher 

“Today we used the Enjoy Science technique that focuses 

on collaboration. Students set the roles for every member 

based on their aptitude. For the teacher role is stimulator 

who stimulates students to work in group.”  

 

“In the past, [the style we taught in] was quite ineffective. 

When we finished talking, we came back to ask 

[questions] and [students] could not answer. But if he had 

to do it by himself, find the answer by himself, he could 

answer.”  

Intervention 

STEM Science 

Teacher 
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At endline, most STEM science teachers, both intervention and comparison, reported explaining 

the importance of their lessons. Approximately 7 in 10 said they related content to daily life (Figure 

4). For intervention science teachers, this was a 65 percent increase from baseline; for comparison 

science teachers, this was a 28 percent increase.  

Math teachers, however, showed less progress in these areas. At baseline, 94 percent of math 

teachers, both intervention and comparison, explained the importance of their lessons, and 

100 percent of comparison teachers and 91 percent of intervention teachers did the same at 

endline (Figure 5). This was a 6 percent increase for the comparison math teachers and a 

3 percent decrease for the intervention math teachers. Both intervention and comparison math 

teachers were less likely than science teachers to relate the content of their lessons to daily life 

(48 percent intervention and 41 percent comparison) but somewhat more likely to give these 

explanations than at baseline. This suggests that helping math teachers relate content to daily life 

is an area of opportunity. 

When it comes to teaching methods, STEM math and science teachers showed somewhat 

different preferences. At endline, 35 percent of intervention science teachers said they used 

problem-solving exercises and labs, but only 13 percent of math teachers said the same. 

Intervention math teachers were much more likely (59 percent) to report using 5E or inquiry-based 

lessons, more than double the endline responses of comparison math teachers (24 percent). At 

endline, 32 percent of intervention science teachers and 29 percent of comparison science 

teachers reported using 5E or inquiry-based lessons. This was a decrease from baseline to endline 

for intervention science teachers. 

A second key difference between math and science teachers was their use of lecture-based 

lessons with teaching aids. Between baseline and endline, for both intervention and comparison 

groups, self-reported use of this technique increased for science teachers but decreased for math 

teachers. UTOP results confirmed this, as we found a positive and statistically significant difference 

between teachers using small group/partner group work with manipulatives in intervention 

classrooms (18 percent) and teachers in comparison classrooms (5 percent). 

Review of UTOP items revealed some areas of opportunity in teaching methods and practices. 

Overall, results did not indicate a strong use of technology in intervention or comparison 

“Today, there were group and individual activities. I used 

knowledge sheet and activities. Then we summarized 

together. I end the class using song. I used this method 

because they learn from the real experience besides 

theory. I integrated the teaching approach from the 

workshop.”  

Intervention 

STEM Math 

Teacher 

“Today I used lecture and conversation in class. Then I 
remind what students have learned and learned in the 
textbook. Based on the answers of the students, I think 

they all paid attention.”  

Comparison 

STEM Science 

Teacher 
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classrooms. For example, we did not observe in any classroom the use of technology as an analytic 

tool (spreadsheets or data analysis), for word processing, or to find information. Yet another area 

of opportunity is in the use of reading and reflection, writing a plan or description of a procedure, 

or preparing a written report, since these activities were not frequently observed. For problem-

solving, we did not find that classroom activities included recognizing patterns, cycles, or trends or 

providing an informal justification of a formal math or science proof. For lab or fieldwork, we found 

that only a handful of classrooms used open inquiry or long-term projects.  

Figure 3. STEM Science Teacher Self-Reported Teaching and Learning Practices at Baseline 
2017, Midline 2018, and Endline 2019 
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Figure 4. STEM Math Teacher Self-Reported Teaching and Learning Practices at Baseline 
2017, Midline 2018, and Endline 2019  

 

 

 

 

Preparing content and activities for class is an instructional best practice. In endline UTOP results 

for the full sample, we found a positive and statistically significant difference between intervention 

and comparison classrooms on whether the mathematics or science content chosen was 

significant, worthwhile, and developmentally appropriate for this course (includes content 

standards covered, as well as examples and activities chosen by teacher). The DID, however, was 

negative due to a narrowing gap between the groups across time. Qualitative data also suggest 

that intervention teachers were more purposeful on the information and pieces of information they 

selected to prepare the class while using participatory methods than were comparison teachers, 

who followed a more teacher-centered approach.  
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Self-reported qualitative data from STEM math and science teachers at intervention schools 

showed that at endline, they were more likely to prepare for class than comparison teachers 

(Figures 6 and 7). This is particularly true for math teachers; at endline, 100 percent of intervention 

teachers said they prepared for class versus 93 percent at comparison schools. Science teachers 

at intervention schools showed the greatest overall improvement, with 98 percent preparing for 

class at endline compared with 91 percent at baseline. The Enjoy Science materials are a preferred 

way for intervention teachers to prepare for class, with 30 percent of science teachers and 

26 percent of math teachers using them to prepare at endline. 

No significant differences emerged between intervention and comparison lesson purposes as 

measured in the UTOP observations. However, in comparison to TVET, STEM teachers did not 

seem to teach students about history, philosophy, or the social significance of math and science, 

nor did they spend time developing interest or ability in carrying out independent study in math and 

science. 

“I lectured and let them practice. We used Sketchpad for 

teaching because it was better than drawing a graph by 

hand. The scale is perfect. I let them draw graphs and 

guess what the picture is. They could use this skill in other 

subjects. This activity was better than talk and talk, or just 

practicing. They might get bored [with that]. In drawing a 

graph, we can connect them to make a shape. This may 

engage them. They enjoy it. However, they won’t get the 

picture as I expected.  

Comparison 

STEM Math 

Teacher 

“[I] demonstrated and let students participate by posting 

the problem, the factors. [I] wrote it down instead of the 

students, because it will take [them] time. Students do not 

dare to express their ideas. We usually use lecture.  

 

Comparison 

STEM Math 

Teacher 
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Figure 5. STEM Science Teacher Self-Reported Lesson Preparation Techniques at Baseline 
2017, Midline 2018, and Endline 2019 

 

Figure 6. STEM Math Teacher Self-Reported Lesson Preparation Techniques at Baseline 
2017, Midline 2018, and Endline 2019 

 
Source: STEM teacher interviews 

Source: STEM teacher interviews 

Note: Teachers in the comparison group were not given Enjoy Science materials but may have 

had access to them through teachers participating in the program. A small amount of spillover, as 

seen here, is acceptable. 
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Research Question 2 
Do strengthened curriculum materials and improved teacher engagement and instructional practice lead 

to increased student interest and engagement in math and science subjects? 

To gauge student interest and engagement, we followed a twofold approach. First, we analyzed if 

the lessons’ structure and classroom environment allowed students to engage with the class 

content (UTOP and student survey indicators). Second, we used student survey indicators of self-

reported engagement in math and science. 

UTOP classroom environment items indicate whether the majority of students were on task 

throughout the class and if the lesson was well-organized and structured. At endline, students in 

intervention classrooms outperformed those in comparison classrooms on time on task, though 

differences were not statistically significant. At endline, students in intervention classrooms 

outperformed those in comparison classrooms, reporting well-organized and structured lessons 

that allowed students to engage/explore important concepts in mathematics or science. The 

difference among groups was statistically significant in both the full sample and the Y3 sample. 

During interviews, teachers reported that as students engaged with the hands-on activities, their 

interest in math and science increased.  

 

       

In student surveys, we also found that student-reported frequency of lab activities and group work, 

opportunities to explore STEM careers, and opportunities to apply content to daily life had 

increased since 2016. In both 2016 and 2019, intervention students outperformed comparison 

students. See the first panel in Figure 8, which depicts the Teacher practice: student in-class 

activities indicator.  Student surveys also demonstrated an upward trend in how students felt about 

studying math and science, including how important or applicable to their lives they perceived the 

subjects to be and how much they enjoyed studying them. However, the differences between 

“I gave examples and answered students’ questions. Students 

participated in the activity by finding a value and plotting a graph. I let 

them act like x and y and draw their fingers to cross. Students 

enjoyed [the activity]. It promoted positive attitudes [about] this 

subject.” (01_T_35_0170) 

Comparison 

STEM Math 

Teacher 

Figure 7. STEM student: perception of in-class activities and self-reported attitudes 
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intervention and comparison groups were minor. Findings hold true for both the full sample and 

the Y3 sample. See the second panel in Figure 8, which depicts the Student engagement: attitudes 

indicator. For clarity in interpretation, see Table 3, which includes the indicator’s value for each 

group at each phase, as well as the differences for baseline and endline and the DID final value 

and statistical significance. 

Table 3. STEM Student: Perception of In-Class Activities and Self-Reported Attitudes 

Group Perception of in-class activities  Student engagement: attitudes 

Baseline Endline Baseline Endline 

Comparison 0.59 0.63 0.686 0.718 

Intervention  0.61 0.65 0.697 0.720 

Difference 0.02 0.01 0.010 0.002 

DID -0.006 -0.009 

 
Inference: *** p<0.01; ** p<0.05; * p<0.1 

 

Research Question 3 

Does improved teacher engagement and instructional practice lead to increased student achievement 

on national math and science metrics? 

During interviews, a comparison teacher expressed that the focus of PLCs was to address and 

support teachers on strategies to improve low O-NET scores, but intervention teachers did not 

express similar sentiments.   

 

“There are STEM training, mentors, teacher, teaching science in 4.0 

era. Teacher adjust teaching approach to be more variety. Normally 

teacher used lecture and experiment. After they got the materials, it 

helps students to learn better. We establish PLC three days a week, 

one to two hour[s] each. And we applied it in teaching. The PLC 

focuses on solving the low achievement and low score in O-NET.”  

 

Comparison 

STEM 

Science 

Teacher 
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This evaluation did not gather information 

about students’ grades or any other direct 

assessment on their learning. However, the 

student survey was designed to obtain 

students’ perceptions of their own abilities in 

math and science, as well as how supportive 

or encouraging their parents are of math and 

science studies. 

Our results suggest that both comparison and 

intervention students had positive perceptions 

of their skills; both groups demonstrated 

similar and upward trends from 2016 to 2019. 

See Figure 9,9 which depicts the Student self-

assessment of skills indicator. For clarity in interpretation, see Table 4, which includes the 

indicator’s value for each group at each phase, as well as values at baseline and endline, the DID 

final value, and statistical significance. 

Table 4. STEM Student: Self-Assessment of Skills 

Group Baseline Endline 

Comparison 0.620 0.598 

Intervention  0.632 0.601 

Difference 0.012 0.002 

DID -0.009 

 

Inference: *** p<0.01; ** p<0.05; * p<0.1 

To answer this question, we also analyzed M3 math and science O-NET average percent 

correct scores using datasets provided by NIETS (Figures 10 and 11). In math, from 2012 to 

2017, both intervention and comparison schools performed below the national average but in 

2018 performed above it. Please note our analysis does not imply causality—we cannot 

confirm this result is a direct product of the Enjoy Science project. In fact, in 2018, comparison 

schools outperformed (though the difference was not statistically significant) intervention 

schools in their O-NET scores. The difference, however, could be due to incomplete data, 

since the files received by the NIETS did not include data for all the Enjoy Science schools. 

In science, across time, both intervention and comparison schools performed below the 

national average. For 2017 and 2018, the differences between the intervention and comparison 

 

9 [Is Figure 8 or Figure 9 meant here?] Each graph in Error! Reference source not found. depicts the value of the 
indicator on the Y-axis and time on the X-axis (i.e., the indicator’s value at baseline or endline). All survey indicators 
are normalized and range from 0 to 1 to allow for comparisons between baseline and endline. The first panel (left) 
refers to STVET students’ perceptions of skills and the second panel (right) refers to STVET students’ 
attitudes/engagement. 

Figure 8. STEM Student: Self-Assessment 
of Skills  
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scores are almost zero and statistically not significant. Our list of limitations and caution in 

reading O-NET scores can be found in the Limitations section. 

Figure 9. O-NET M3 Math Percent Correct Scores 2012–2018 

 

Figure 10. O-NET M3 Science Percent Correct Scores 2012–2018 
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Research Question 4 

Does increased student achievement in math and science lead to increased selection of STEM/TVET 

academic tracks? 

Students were also surveyed on how important 

they thought math and science were to society 

and how likely they were to enroll in advanced 

courses or plan a career in science, math, 

technology, engineering, and math. 

Figure 12 includes the graphic depiction of the 

Selection of STEM/TVET tracks indicator of the 

STEM student survey; indicator values are also 

included in Table 5. We found that both 

comparison and intervention students reported 

a considerably similar positive trend from 2016 

to 2019, and the differences in the indicator’s 

value across time and among groups were statistically not significant at both baseline and endline.  

Table 5. STEM Student: Selection of STEM/TVET Tracks 
Group Baseline Endline 

Comparison 0.674 0.702 

Intervention  0.690 0.702 

Difference 0.016 0.000 

DID -0.018* 

 

Professional Learning Communities  

Starting in 2018, after baseline data collection, Enjoy Science sought to strengthen learning 

networks in Thailand. To achieve this goal, the program enhanced the development of PLCs by 

conducting a series of leadership workshops for teachers, school administrators, and ESAO 

representatives. PLCs are a forum for teachers to support each other’s professional development 

and try new teaching techniques.   

During qualitative interviews, teachers at intervention schools were much more likely to report 

attending PLCs, but all groups, including the comparison, reported attending more frequently at 

endline than at midline (Figures 13 and 14)Error! Reference source not found.. At endline, 

96 percent of intervention science teachers and 94 percent of math teachers reported attending 

PLCs, as opposed to 81 percent and 84 percent of the comparison group. At the same time, 

however, the percentage who reported attending but not using the information increased for both 

math and science teachers in the intervention group. This was different from the comparison group, 

where the percentage of teachers giving this response decreased. It is unclear why, but this 

Figure 12. STEM Student: Selection of 
STEM/TVET Tracks 
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suggests an area of opportunity to help intervention teachers translate PLC discussion topics into 

action.   

For teachers who report applying PLC topics in their classroom activities, math and science 

teachers demonstrated some important differences. Science teachers found PLCs particularly 

helpful for sharing and learning from others, more so than problem-solving issues in their 

classrooms (46 percent intervention and 41 percent comparison and endline). Intervention math 

teachers, however, said that PLC feedback was most useful for building knowledge and improving 

teaching. This was an increase of 14 percent from midline. Interestingly, comparison math 

teachers shared science teachers’ preferences for using PLCs as a classroom problem-solving 

tool. It is possible that the program materials, which were different for math and science, 

contributed to this difference. Regardless of how teachers use PLC as a resource, teacher 

interviews suggested that both comparison and intervention teachers who participated found it 

useful for exchanging knowledge, reflecting on their practice, and developing new activities. Lack 

of time, rather than lack of interest, emerged as a common reason teachers said they did not 

participate in PLCs. 

Figure 13. STEM Science Teacher Self-Reported Participation in and Use of PLC at Midline 
2018 and Endline 2019 

 

Source: STEM teacher interviews 
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Figure 14. STEM Math Teacher Self-Reported Participation in and Use of PLC at Midline and 
Endline 

 

  
Source: STEM teacher interviews 
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Teachers’ perceptions of PLCs were generally positive.  

 

 

 

 

 

 

 

Intervention 

STEM Math 

Teacher 

“I attended PLC with Kenan. The advantage is we know 

what we should improve. We reflect on the lesson. 

Sometimes I alone could not see. The reflection from 

others helps. We plan step of teaching to fix the problems 

in the past.”  

“There is no PLC. This year we do not attend any 

academic workshop. Now there is online training from 

IPST. The school supports teachers, such as school will 

announce the adverts about trainings.”  

Comparison 

STEM Science 

Teacher 

“I have participated in PLC in science education at Ban 

Pho Nakorn School. The benefit of this activity is for 

teachers to exchange knowledge with each other, 

exchange experiences and solve problems together.  

 

Intervention 

STEM Science 

Teacher 

“I joined the training every year, but this year it is not 

started yet because the time is not available. This activity 

will lead teachers to share and develop together.”  

Comparison 

STEM Science 

Teacher 

Intervention 

STEM Science 

Teacher 

“Every month, the PLC of the hub school will have a video 

of the teacher. Everyone will have to open to watch at the 

same time. How to teach, what activities are used, what 

techniques are applied and how are the children 

responding? After that [we] reflected [our] opinions.”  

 

“Chevron is a good project. With the help from speaker 

and mentor, I applied knowledge to my instruction. I 

adjusted the plan to fit my students. In PLC, after 

teaching, we had reflection and sharing.”  

Intervention 

STEM Math 

Teacher 

“PLC is very useful, in which we will know the flaws of the 

lesson, which sometimes the teacher cannot realize but 

the PLC members can notice that.”  

Comparison 

STEM Math 

Teacher 
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5.2 STEM for TVET (STVET) Component 

The evaluation team adapted the evaluation to respond to the multiple changes in the STVET 

activity’s implementation. Overall, the STVET activity provides curriculum enhancement through 

provision of the active physics curricula materials and professional development for instructors (V1 

to V3 in the Thai education system, the equivalent of 10th to 12th grades). However, in 2018, the 

Enjoy Science Project acquired a license to use two math learning modules (surface area and 

volume and linear relationships) from the Activate Learnings Interactive Math Program (IMP), 

making the math and science project’s activities somewhat different. Further, since both subjects 

(math and science) had different implementation timeframes, we deemed it preferable to 

disaggregate the analyses by subject whenever possible.  

This section includes the primary and secondary outcomes for the STVET component organized 

by research question and by subject10 within each research question. The primary quantitative 

outcomes include the DID results emerging from the UTOP survey items’ mean values. Complete 

tables with the DID analyses are in the annexes, and significant DID results are detailed in this 

narrative. Two categories of significant difference exist—statistical (i.e., statistical test of 

differences in means) and programmatic (i.e., of noteworthy magnitude even if not statistically 

significant). Themes emerging from the qualitative data are treated as primary outcomes; 

therefore, we offer these findings as programmatically significant in this section as well.   

Secondary results were generated from quantitative DID analyses of student and teacher 

indicators and descriptive statistics from other survey items. We compared trends of the DID 

teacher and student survey indicators across time, as well as themes emerging from the qualitative 

data. STVET science analyses compared baseline data collected in 2017 with endline data 

collected in 2019, and STVET math analyses compared baseline data collected in 2018 with 

endline data collected in 2019.  

The evaluation team created the secondary indicators using PCA and the data collected in the 

teacher and student surveys. Teacher indicators include the frequency with which teachers 

employed Enjoy Science pedagogical techniques, the confidence with which teachers adopted 

Enjoy Science pedagogical techniques, teachers’ participation in professional development 

activities, teachers’ ability to engage students, and teachers’ perceptions of how relevant the Enjoy 

Science curriculum was for students. Figure 15 provides definitions for the STVET teacher survey 

indicators. 

 

10 Subject disaggregation is possible for the quantitative data only. Qualitative analyses include a combined sample 
for math and science.  
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Figure 15. STVET Math and Science Teacher Survey Indicator Definitions 

 

Student indicators included how encouraged and supported they felt in interactions with their 

teachers, the frequency with which students engaged in activities such as lectures and working in 

experiments, how enjoyable students found science activities, and more. Figure 16 provides 

definitions for the STVET student survey indicators. 

Figure 16. STVET Math and Science Student Survey Indicator Definitions 

 

To provide a fuller picture of the current status of intervention schools at endline and to avoid the 

loss of statistical power considering disaggregation by subject, we focus the narrative of the report 

on results of the complete STVET sample without disaggregating by hub. The staggered process 

of creating the hubs during the Enjoy Science implementation impacted the proposed analyses. 

For example, in 2018, the newly formed microelectronics and food processing units were included 

in the data collection although they had not begun activities at the time of midline data collection. 

Hubs are a programmatic organizational structure and activities do not differ by hub. All UTOP 

figures and infographics present results across all cohorts to use the full sample, though tables 

with additional disaggregation are in the annexes. 

Teacher Survey Indicators 

1.STVET teacher practice: behaviors measures the self-reported frequency that teachers used project-based 
activities, group work, experiments, inquiry or data gathering and interpretation during the past semester.

2.STVET teacher practice: professional development participation measures teachers’ self-reported 
participation in professional development activities focusing on topics such as physics content, how physics 
relates to daily life, activity-based teaching and learning strategies or strategies for using project-based 
classroom activities during the previous 12 months.

3.STVET teacher practice, confidence measures teachers’ self-reported confidence using activity- or project-
based classroom practices, motivating their students and using science experiments as learning tools.

4.STVET teacher curriculum relevance, perception uses an agree/disagree scale to measure how well teachers 
believe their students understood the connection between science and workplace activities during the 
previous semester. 

5.STVET teacher perception of student skills:  participation uses an agree/disagree scale to measure the extent 
to which teachers believe their students were actively participating, applying critical thinking skills, doing 
project-based learning activities and enjoying science during the previous semester.

Student Survey Indicators

1.STVET student perceptions of in-class activities measures the student-reported frequency of in-class 
activities, such as listening to lectures, watching videos, taking notes, doing experiments or working in groups 
in their current science courses. 

2.STVET student curriculum relevance, future perceptions uses an agree/disagree scale to measure how useful 
students think the science content they are learning will be in the future, as well as how helpful it will be in 
securing a good job. 

3.STVET student perception of teacher practice and interactions uses an agree/disagree scale to measure 
student-teacher interactions, including how encouraged, supported and challenged students feel by their math 
or science teacher and how comfortable they feel asking questions.  It also measures whether students see 
their teacher as an expert in their field. 

4.STVET student skills, personal perceptions uses an agree/disagree scale to measure students’ perceptions of 
their own abilities in math and science, including how comfortable they feel with problem-solving and group 
work activities. 

5.STVET student engagement, attitudes uses an agree/disagree scale to measure how enjoyable or difficult 
students find science and if they believe it can improve people’s lives. 



The Chevron Enjoy Science Project Endine Report (2020) 43 

The following sections contain the findings of the multiple analyses conducted (both quantitative 

and qualitative) responding to each of the STVET components, making note of the data source of 

each finding. 

Research Question 1 

Does professional development and mentoring of science teachers in the areas of project- and inquiry-

based learning strengthen teacher competency and practice? 

Teacher competency and practice were measured through 1) teachers’ in-classroom activities and 

teaching methods both from the teachers’ and students’ perceptions and 2) teachers’ perceptions 

of their own professional development. 

The primary quantitative findings emerging from the UTOP classroom observation provided a 

positive picture of math and science classrooms at endline, with stronger over-time comparisons 

for math. For example, UTOP items on classroom implementation 11  presented a trend with 

positive, strong, and significant results at endline, suggesting that both math and science 

intervention teachers checked on students’ skill development and facilitated intellectual 

engagement while involving all students in the lesson considerably more often than comparison 

teachers did. Across time, all DID results for both math and science were positive, though not 

statistically significant.  

For both math and science, the UTOP items related to lesson structure12  were positive and 

statistically significant at endline, suggesting that intervention teachers outperformed comparison 

teachers in their ability to structure their lessons using investigative or problem-based approaches 

to explore important concepts in math and science. Across time, the DID results for math were 

strong, positive, and significant, whereas the DID results for science were negative but not 

statistically significant. For math, the positive DID results on lesson structure items were driven by 

a trend in which comparison teachers outperformed intervention teachers at baseline—results 

were reversed at endline. For science, at both baseline and endline, intervention teachers 

outperformed comparison teachers in all indicators. The difference between the groups also 

became narrower with time, resulting in a negative DID. The narrowing gap across a two-year 

period (2017–2019) between groups for science suggests that the positive effects of Enjoy Science 

activities on teacher practices were stronger in the first year of implementation. This is further 

reinforced by the math results over a one-year period (2018–2019).   

However, other UTOP findings among math and science classrooms suggest that teacher 

competency evolved from more content-focused after one year of intervention in math to more 

complex lessons for science after a two-year exposure to the Enjoy Science activities. For 

 

11 These are the following: whether the teacher 1) used questioning strategies to encourage participation, 2) 
checked on skill development and facilitated intellectual engagement and productive interaction with students about 
important science and mathematics content and concepts, and 3) involved all students in the lesson and if students 
1) asked questions, 2) participated in discussions of the content and the procedures, and 3) shared their work with 
others. 
12 Specifically, students reflected on their learning before leaving the classroom, if the structure of the lesson allowed 
students to engage with or explore important concepts in math or science (instead of focusing on techniques that 
may only be useful on exams) and the frequency and quality of the investigative or problem-based approach to 
important concepts in math or science.) 
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example, both math and science intervention teachers spent more classroom time on math and 

science processes, algorithms, or procedures, including labs, than did comparison teachers, and 

the differences were statistically significant. But the difference was stronger for science teachers 

(79 percent of intervention, in contrast with 30 percent of comparison science classrooms, 

statistically significant at the 0.01 level) than for math teachers (35 percent of the intervention 

teachers, compared with 10 percent in the comparison observed math classrooms, statistically 

significant at the 0.1 level). Similarly, 

science intervention teachers spent more 

time than science comparison teachers 

introducing new concepts or skills. This 

difference was strong and statistically 

significant (74 percent of intervention 

classrooms vs. 55 percent of comparison 

classrooms), whereas the difference 

between math teachers was not statistically 

significant (65 percent of intervention 

classrooms vs. 68 percent of comparison 

classrooms). 

Another difference between math and 

science teachers was the timing of the 

intervention and the data collection rounds. 

At the time of baseline data collection, the 

STVET activity had already implemented 

one year of program activities with a focus 

on science, so the baseline analyses did not 

constitute a true baseline. For example, we 

found positive results for teachers’ 

perceptions of self-reported participation in 

professional development activities 13  with 

some subtle differences between math and 

science teachers. Whereas the differences 

between intervention and comparison 

groups at endline were positive and statistically significant for both math and science, the DID 

results were positive and significant only for the math teachers. Figure 17 depicts teachers’ 

perceptions of professional development (Y axis)14 and time (X-axis) (i.e., the value of the indicator 

at baseline or endline). At baseline, math teachers’ perception of professional development was 

similar between intervention and comparison groups (no statistically significant difference), but by 

endline, intervention teachers outperformed comparison teachers. Science teachers, by 

comparison, outperformed comparison teachers in professional development both at baseline 

 

13 On topics such as physics content, how physics relates to daily life, activity-based teaching and learning 
strategies, or strategies for using project-based classroom activities during the previous 12 months. 
14 All teacher and student survey indicators are normalized, and their range goes from 0 to 1 to allow for 
comparisons between baseline and endline.  

Figure 17. STVET Teacher: Math and Science 

Teachers' Perceptions of Professional Development 
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(after a year of intervention) and at endline. For clarity and interpretation of the figure, Table 6 

shows the indicator’s value for each group at each phase, as well as baseline and endline values, 

the DID final value, and statistical significance. 

Table 6. STVET Teacher: Math and Science Teachers' Perceptions of Professional 
Development 

Group STVET Science  STVET Math 

Baseline Endline Baseline Endline 

Comparison 0.26 0.18 0.22 0.28 

Intervention  0.23 0.59 0.62 0.63 

Difference -0.03 0.41*** 0.40*** 0.35*** 

DID 0.45*** -0.05 

 
Inference: *** p<0.01; ** p<0.05; * p<0.1 

UTOP findings suggest that at endline, both math and science intervention teachers outperform 

comparison teachers in their use of active learning strategies. Differences between intervention 

and comparison groups were stronger for science teachers in employing problem-based and active 

learning approaches. For example, science teachers outperformed comparison teachers on:  

• Using student presentations.  

• Employing teacher-guided lab/fieldwork and problem-solving activities for students to 

record, represent, or analyze data.  

• Using manipulatives.  

• Asking students to evaluate the validity of arguments and to provide informal justification 

or formal proofs to math and science concepts with statistically significant results.  

Math intervention teachers outperformed comparison teachers on:  

• Employing lab/fieldwork and problem-solving activities for students to record, represent, 

or analyze data. 

• Using couples (student/teacher) and guided (by teacher) problem-solving activities.  

Math and science intervention teachers made equal use of answering the textbook or worksheet 

questions and in asking students to take notes during class.  

Interestingly, and in contrast with TVET teachers, almost none of the math or science intervention 

teachers spent time teaching students about history, philosophy, or the social significance of math 

and science or addressing students’ misconceptions, suggesting some areas of opportunity 

moving forward.  

At endline, qualitative data gathered from STVET teachers at intervention schools showed mixed 

results for teacher practices in their responses during the interviews. Question 3 in the teacher 

interview asked, “What were the primary teaching methods used in today’s lesson? What was your 
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rationale for choosing those teaching methods?”  Responses suggested that most math and 

science teachers used laboratory, problem-solving, or inquiry project-based activities in their 

lessons (70 percent for science teachers and 81 percent for math teachers). During midline, 

80 percent of a combined group of math and science teachers reported using these activities. At 

the same time, the percentage of intervention teachers who said their primary teaching method 

was lecture increased at endline to 26 percent for science teachers and 19 percent for math 

teachers, up from a combined 12 percent at midline. The suggestion that some teachers tried the 

new teaching methods (but did not maintain them) presents an area of opportunity to improve 

ongoing professional development and support for teachers.  

Question 3 of the STVET student FGDs asked, “What does your teacher do to improve your 

understanding of concepts?” Interestingly, 29 percent of both math and science students in 

intervention schools replied at endline that their teacher used lecture, followed by student book 

work or teaching aids. This was up from 19 percent at midline. This could mean that teachers were 

underreporting their use of lecture, or it could mean that some students preferred the traditional, 

more passive methods of teaching. Helping students understand the importance of problem 

solving, group work, and inquiry-based lessons could present another area of opportunity. 

 

 

 

 

 

 

Intervention STVET 

Math Student 

“I got to do group work, got to work with my full potential 

in an active way.”  

“[The teacher] postponed the exam because of not-ready 

classroom equipment. I didn't write down much while he 

taught because he erased quickly.”  

Comparison STVET 

Math Student 

“I don't like neither lecture-base nor project-based ways. I 

like the straightforward guideline and hands-on.”  

Intervention STVET 

Math Student 

“I don't like thinking time because I couldn't think. I like 
when teacher told how to do right away.”  

Comparison STVET 

Math Student 

Intervention 

STVET Math 

Teacher 

“Mostly, it was questioning because students got different opinions. 

This way, they could critically think why answers were different. 

Students got to learn the thinking from others. I also motivated by 

giving them chance to express their opinions. The different answers 

would get questioned from class about why they thought differently 

and how they worked.”  

“Lecture from the teacher is easy to understand. The way teacher 

explained made me understand. Even though we are not good 

learners, he tried to make us understand and able to do the practice.”   

 

Comparison 

STVET Math 

Student 
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According to qualitative analyses, most teachers in intervention schools were using some form of 

encouragement technique to engage students (Question 4) at endline. The most common 

technique was letting students think with a friend (26 percent of science teachers and 32 percent 

of math teachers). This was also the most common technique at midline, with 32 percent of a 

combined group of math and science teachers giving that response. Interestingly, at endline, the 

second most common response for science teachers was giving negative reinforcement 

(22 percent), up from 1 percent for the combined group at midline.   

These results are like student responses to FGD Question 4, “Do you participate in classroom 

activities? How does your teacher encourage you to participate?” At endline, 41 percent of math 

students at intervention schools reported that their teachers encouraged them with questioning 

techniques that let them think with their friends, much higher than the 17 percent at comparison 

schools. This number was only 14 percent for science students at intervention schools and 

16 percent for comparison schools. At midline, 51 percent of a combined group of math and 

science students at intervention schools said their teachers encouraged them to think with friends; 

13 percent of comparison school students said this. Science students also reported an increase in 

negative reinforcement from their teachers, with 26 percent of intervention science students 

providing this response at endline, compared with 8 percent of the combined math and science 

group at midline.15 

The UTOP results help us understand how changes in teacher’s competency presented 

themselves in their class preparation, purposes, and activities. Though not directly related to in-

classroom activities, the Enjoy Science team identified teacher confidence in their practice as a 

relevant evaluation indicator.  

 

15 Endline data on the use of negative reinforcement is not available for math teachers or math students. 
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Figure 1816 shows mixed results for STVET 

teachers’ self-reported confidence using 

activity- or project-based classroom 

practices, motivating their students, and 

using science experiments as learning tools. 

For clarity and interpretation of the figure, 

Table 7 includes the indicator’s value for 

each group at each phase, as well as the 

differences for baseline and endline and the 

DID final value and statistical significance. 

At endline, math intervention teachers 

outperformed comparison teachers with a 

statistically significant difference. The DID 

result was also positive and significant, 

driven by both an upward trend for the 

intervention group and a downward trend for 

the comparison group.  

At both baseline and endline, intervention 

science teachers outperformed comparison 

teachers in their teaching confidence; 

however, the results were not statistically 

significant and, in fact, the DID result was 

negative because the difference between 

both groups narrowed from baseline to 

endline.  

Table 7. STVET Teacher: Math and Science Teachers' Professional Confidence 

Group STVET Science  STVET Math 

Baseline Endline Baseline Endline 

Comparison 0.59 0.72 0.60 0.52 

Intervention  0.64 0.73 0.54 0.63 

Difference 0.05 0.01 -0.06 0.11 

DID -0.04 0.17*** 

 
Inference: *** p<0.01; ** p<0.05; * p<0.1 

 

16 The figure’s Y-axis is the value of the indicator and the X-axis is time (i.e., the indicator’s value at baseline or 
endline). All survey indicators are normalized, and their range goes from 0 to 1 to allow for comparisons between 
baseline and endline. 

Figure 18. STVET Teacher: Math and Science 
Teachers' Professional Confidence 
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Research Question 2 

Do strengthened curriculum materials lead to increased relevance of the curriculum?  

Both quantitative and qualitative sources helped gauge students’ and teachers’ perceptions of the 

curriculum’s relevance and connection with real-world industry trends and challenges.  

The primary quantitative findings emerging from the UTOP classroom observation provided a 

positive picture for math and science classrooms in math and science concept items that measure 

whether the math or science content chosen was significant, worthwhile, and developmentally 

appropriate for this course and if, during the lesson, it was made explicit to students why the content 

is important to learn specific industry-relevant concepts and skills. 

Both math and science classrooms’ endline and DID results were strong, positive, and statistically 

significant for whether the math or science content chosen was significant, worthwhile, and 

developmentally appropriate for this course. At endline, math and science teachers at intervention 

schools outperformed comparison teachers in making explicit to students why the content is 

important to learn specific industry-relevant concepts and skills (positive and statistically significant 

result at endline). Qualitative data partially supported this finding as well. For both math and 

science, however, the difference between intervention and comparison groups was narrowing with 

time (the DID was negative for math and positive, though not statistically significant, for science). 
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Using data from student and teacher 

surveys and following a PCA methodology, 

we created a STVET teachers’ perception 

of curriculum relevance indicator that uses 

an agree/disagree scale to measure how 

well teachers believe their students 

understood the connection between 

science and workplace activities during the 

previous semester. Figure 19 17  shows 

mixed results for STVET teachers’ 

perception of curriculum relevance (i.e. the 

graphic representation of the DID findings).  

For clarity and interpretation of the figure, 

Table 8 includes the indicator’s value for 

each group at each phase, as well as values 

at baseline and endline, the DID final value, 

and statistical significance. At endline, 

virtually no or very small differences 

emerged in intervention and comparison 

teachers’ perceptions of curriculum 

relevance for both math and science. For 

intervention science teachers, the indicator 

presented a slight positive trend, and the 

indicator for intervention math teachers 

remained constant over time.  

 

Table 8. STVET Teacher: Math and Science Teachers' Perceptions of Curriculum Relevance 
Confidence 

Group STVET Science  STVET Math 

Baseline Endline Baseline Endline 

Comparison 0.55 0.62 0.56 0.52 

Intervention  0.63 0.66 0.53 0.52 

Difference 0.08* 0.03 -0.04 0.00 

DID -0.05 0.03 

 
Inference: *** p<0.01; ** p<0.05; * p<0.1 

 

17 In Figure 19, the Y-axis is the value of the indicator and the X-axis shows time, i.e., the indicator’s value at 
baseline or endline. All survey indicators are normalized, and their range goes from 0 to 1 to allow for comparisons 
between baseline and endline. 

Figure 19. STVET Teacher: Math and Science 
Teachers' Perceptions of Curriculum Relevance 

Confidence 
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Figure 20 18  shows the graphic 

representation of the DID findings for 

STVET student curriculum relevance 

indicator, which measures how useful 

students thought the science content they 

were learning would be in the future, as 

well as how helpful it would be in securing 

a good job. Like teachers’ perceptions, 

results were mixed.  

For both math and science intervention 

students, the indicator remained fairly 

stable from baseline to endline relative to 

comparison students. For both math and 

science, comparison students 

outperformed intervention students in 

their perceptions of curriculum relevance 

at endline, though differences were small 

and not significant. 

We delved into the qualitative data, looking 

for insights on what could be driving these 

results; we found that though both 

teachers and students reported positive 

perceptions of the curriculum, they related 

classroom content mostly with daily life, 

rather than with the world of work or with 

future careers.  

Table 9. STVET Student: Math and Science Students’ Perceptions of Curriculum Relevance 
Confidence DID 

Group STVET Science  STVET Math 

Baseline Endline Baseline Endline 

Comparison 0.71 0.73 0.74 0.74 

Intervention  0.72 0.72 0.71 0.72 

Difference 0.01 -0.01 -0.03 -0.02 

DID -0.01 0.01 

 

18 In Figure 20, the Y-axis is the value of the indicator and the X-axis shows time (i.e., the indicator’s value at 
baseline or endline). All survey indicators are normalized, and their range goes from 0 to 1 to allow for comparisons 
between baseline and endline. 

Figure 20. STVET Student: Math and Science 
Students’ Perceptions of Curriculum Relevance 

Confidence DID  

Phase: Endline (STVET Science) 
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Inference: *** p<0.01; ** p<0.05; * p<0.1 

 

When asked, “Did you explain to the students how to apply today’s concepts to the world of work? 

If so, how?” during qualitative interviews (Question 5), teachers’ most common response at 

intervention schools was that they applied the lesson to daily life (individual and family). Science 

teachers were nearly two times more likely than math teachers to give this response (69 percent 

of science teachers vs. 35 percent of math teachers). Interestingly, during student FGDs, the 

disparity between science and math was not observed. At midline, this was also the most common 

response for intervention math and science teachers, with 32 percent of the overall group relating 

content to daily life (individual and family). Seventy percent of students in each group responded 

that their teacher provided examples for applying content to daily life (individual and family) at 

endline.  

 

At endline, fewer teachers at intervention schools reported relating content to the world of work. At 

midline, 5 percent of intervention teachers (combined math and science) gave this response, but 

the numbers grew at endline to 10 percent for science teachers and 21 percent for math teachers. 

In the FGDs, 23 percent of science students and 20 percent of math students said their teacher 

did not apply content to the real world. Both numbers were higher than midline, where 3 percent 

of students at intervention schools reported that their teacher made no connection to the real world. 

Figure 21. STVET intervention science teacher self-reported application of their lessons to the 
world of work at endline 

 

Intervention 

STVET Math 

Teacher 

“I mentioned a little about the workplace, advertising poster. I 

adapted some knowledge from Chevron to make students 

understand more easily, for example the equation topics. I used 

weight bags, and material for area calculation. Students like the 

activity because they got to move and hands-on.”  

69% Applied lesson to daily life 

(individual and family) 10% Applied lesson to future 

higher education 

11% Applied lesson to future 

careers 10% Did not apply lesson to the 

world of work 

Source: STVET intervention science teacher interviews (n=70) 

STVET SCIENCE TEACHERS - INTERVENTION 



The Chevron Enjoy Science Project Endine Report (2020) 53 

Figure 22. STVET intervention math teacher self-reported application of their lessons to the 
world of work at endline 

 

 

 

 

Research Question 3 

Does increased curriculum relevance and improved teacher practice improve student learning of 

applied science and math? 

Data collection activities did not include information about student assessment results or other 

specific learning data. However, to understand student learning, we focus on 1) indicators and 

evidence of positive learning experiences within the classroom, 2) students’ self-reported 

engagement and perceptions of their own skills, and 3) teachers’ perceptions of their students’ 

skills and engagement. For example, the primary quantitative findings emerging from the UTOP 

suggested a positive learning setting in the classrooms for both math and science. All items related 

to classroom environment (indicating whether the majority of students were on task throughout the 

class and if the lesson was well organized and structured to build understanding and maintain a 

sense of purpose) were positive at endline and had a positive trend, though neither the endline nor 

the DID results were statistically significant.  

35% Applied lesson to daily life 

(individual and family) 16% Applied lesson to future 

higher education 

28% Applied lesson to future 

careers 21% Did not apply lesson to the 

world of work 

Source: STVET intervention math teacher interviews (n=80) 

STVET MATH TEACHERS - INTERVENTION 

“I adapted quite a lot from the training workshop. I adjusted to fit my 

students. Some problems, student[s] don't understand because they 

are translated from English. I need to show problem interpretation for 

them so that they can visualize and understand.”  

Intervention 

STVET Math 

Teacher 

Intervention 

STVET Math 

Teacher 

“I told the example about eight workers. The workers work to finish 

one work using nine days. If we would like to finish in five days, how 

many workers do we need? This problem is related to inverse 

relationship that will be useful in the future.”  

“Mostly, we likely think that math is hard, all about calculation. But 

here, teacher teaches about equation by using some story related to 

our life.”  

Intervention 

STVET Math 

Student 



The Chevron Enjoy Science Project Endine Report (2020) 54 

Figure 23. STVET Teacher: Math and Science Students’ Perceptions on Their Skills and 
Engagement 

 

Figure 2319 compares STVET students’ perceptions of skills (measuring students’ perceptions of 

their own abilities in math and science, including how comfortable they felt with problem-solving 

and group work activities) and STVET attitudes of engagement (measuring how enjoyable or 

difficult students found science and if they believed it could improve people’s lives). Both indicators 

are self-reported using the student survey. For clarity and interpretation of the figure, Table 9 

includes the indicator’s value for each group at each phase, as well as the values at baseline and 

endline, the DID final value, and statistical significance. 

For math students, we found mixed results. At endline, intervention students outperformed 

comparison students in their perceptions of their skills (though the difference was small and not 

statistically significant), and we noted a positive and statistically significant DID. However, the 

positive DID result was driven mainly by a decrease in the comparison students’ perceptions. In 

terms of engagement, the baseline-to-endline trend for comparison students remained constant. 

 

19 Each graph in Figure 23 depicts the value of the indicator on the Y-axis and time on the X-axis, i.e., the indicator’s 
value at baseline or endline. All survey indicators are normalized and range from 0 to 1 to allow for comparisons 
between baseline and endline. The first panel (left) refers to STVET students’ perceptions of skills and the second 
panel (right) refers to STVET student’s attitudes/engagement. 

Phase: Endline (STVET Science) Phase: Endline (STVET Science) 
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Similarly, the positive DID result was driven mainly by a decrease in the comparison students’ self-

reported engagement. 

For science students, results were also mixed. We found that, at endline, intervention students 

outperformed comparison students in the perception of their skills, though the difference was small 

and not statistically significant. At endline, on the other hand, comparison students outperformed 

intervention students in their self-reported engagement, though the difference was small and not 

statistically significant for both perception of skills and self-reported engagement. We found that 

the trend for the comparison group was slightly upward and for the intervention it was slightly 

downward. We did not find plausible explanations for this result in our qualitative analyses. 

Table 9. STVET Teacher: Math and Science Students’ Perceptions of Their Skills and 
Engagement 

 Student skills Student engagement 

Group STVET Science  STVET Math STVET Science  STVET Math 

Baseline Endline Baseline Endline Baseline Endline Baseline Endline 

Comparison 0.62 0.63 0.62 0.60 0.58 0.61 0.60 0.58 

Intervention  0.64 0.63 0.60 0.61 0.60 0.61 0.58 0.58 

Difference 0.02 0.00 -0.02 0.01 0.02 0.00 -0.02 0.00 

DID -0.02 0.02* -0.02 0.02 

Inference: *** p<0.01; ** p<0.05; * p<0.1 

 

 

 

Intervention 

STVET Math 

Teacher 

“I have used [the Enjoy Science] teaching approach for two year[s] 

and see students can work in groups, develop good attitude toward 

mathematics, which is better than lecture-based approach.”  

“Today I drew students' attention by questioning about their group 

work. It is better than punishment since they are quite big kids. Group 

collaboration follows the IMP manual and material. It changed 

attitudes of students. Students got to understand the content more or 

less and be proud when they could achieve the goal. They had fun to 

learn with understanding. Even though groupwork uses more time to 

conduct, but it is worth it. Students learned to work with friends. When 

they graduate from TVET, they will have to work in teams.”  

Intervention 

STVET Math 

Teacher 
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We then examined STVET teachers’ 

perceptions of student skills (measuring if 

teachers believed their students were 

actively participating, applying critical 

thinking skills, doing project-based 

learning activities, and enjoying science 

during the previous semester). Figure 2420 

compares STVET students’ perceptions of 

skills. For clarity and interpretation of the 

figure, Table 10 includes the indicator’s 

value for each group at each phase, as 

well as the values at baseline and endline, 

the DID final value, and statistical 

significance. 

Intervention and comparison math 

teachers had no statistically significant 

differences at baseline, but by endline, the 

intervention group had outperformed the 

comparison group, resulting in a positive 

and statistically significant DID.  

On the other hand, both intervention and 

comparison science teachers presented a 

downward trend in this indicator from 

baseline to endline. The intervention group 

outperformed the comparison group at 

both points in time, and the difference at endline was positive and statistically significant. 

Table 10. STVET Teacher: Math and Science Teachers' Perceptions of Students’ Skills and 
Participation 

Group STVET Science  STVET Math 

Baseline Endline Baseline Endline 

Comparison 0.59 0.49 0.53 0.54 

Intervention  0.64 0.60 0.52 0.59 

 

20 Each graph in Figure 24 depicts the value of the indicator on the Y-axis and time on the X-axis (i.e., the indicator’s 
value at baseline or endline). All survey indicators are normalized and range from 0 to 1 to allow for comparisons 
between baseline and endline.. 

“I motivated them by the use of manipulatives. This engaged students 

to have hands-on. Students played even though there were no 

instruction. This showed their willingness to learn.”  

 

Intervention 

STVET Math 

Teacher 

Figure 24. STVET teacher: math and science 
teachers' perceptions of students’ skills and 

participation 
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Group STVET Science  STVET Math 

Baseline Endline Baseline Endline 

Difference 0.05 0.11*** -0.02 0.05 

DID 0.06 0.07* 

 
Inference: *** p<0.01; ** p<0.05; * p<0.1 

 

As at baseline and midline, to answer this question, we also analyzed “V3 Science V-NET 

average percent correct” scores using datasets provided by NIETS. Prior to the Enjoy Science 

project, schools in the project sample in either intervention or comparison groups demonstrated 

scores above the national average. For the 2017 and 2018 years, all schools are more aligned 

to the national average. Though intervention schools outperform comparison schools, the 

differences between groups are minimal and statistically not significant. Our list of limitations 

and caution in reading V-NET scores can be found in the Limitations section. 

Figure 25. V-NET V3 Science Percent Correct Scores (2014–2018) 

 

  

10%

15%

20%

25%

30%

35%

40%

45%

50%

55%

2014 2015 2016 2017 2018

V-NET V3 - Science

Comparison Intervention National



The Chevron Enjoy Science Project Endine Report (2020) 58 

 

5.3 TVET-Robotics  

Planned TVET activities diverged in several key ways since baseline and the development of tools 

prior to the baseline data collection phase. In consultation with the project team, the evaluation 

team has since refined its strategy for TVET activities to better respond to necessary shifts in 

project implementation.  

The original focus of the TVET 

component evaluation was to analyze 

the Enjoy Science professional 

development modules. However, by the 

time of data collection in 2018 (the 

midline phase), TVET teachers had 

attended only one professional 

development session. The evaluation 

team noted that program dosage may 

not be sufficient to lead to substantive 

changes in key outcomes for teachers 

and students. Therefore, quantitative 

and qualitative comparisons between 

2017 and 2018 could be misleading, so 

they were not conducted for the midline 

analyses report.  

Furthermore, in 2018, schools supported through the Enjoy Science TVET component adopted a 

new curricular enhancement package focused on robotics and emphasizing active pedagogical 

techniques for teachers. During the first quarter of 2018, Enjoy Science partnered with King 

Mongkut's University of Technology North Bangkok to deliver a 3D Modeling Fundamentals short 

course to trainers from the Department of Skill Development’s (DSD) Training Center Region 3 in 

Chonburi Province. These comprehensive courses provide DSD with much-needed knowledge 

about evolving industry requirements that can benefit students. Subsequent robotics training for 

teachers and other key stakeholders took place in March 2019.  

In addition, all Enjoy Science intervention schools received a robotic arm to support hands-on 
robotics activities in the classroom, whereas comparison schools did not. A robotic arm was 
provided to 27 OVEC colleges and Chitralada School (Vocational Program) and a robotic 
training for teachers took place in October 2019. Given the programmatic relevance of the 
robotics component to the Enjoy Science team, the evaluation’s focus shifted to the robotics 
component in 2018 and 2019. For clarity, the TVET component is hereafter called TVET-
Robotics. 

These substantive differences between intervention and comparison groups complicated the 

evaluation team’s ability to discern the unique quantitative impacts of the TVET-Robotics module 

and materials. For the endline analyses, a heavily focused qualitative approach was deemed 

preferable, so TVET endline results rely heavily on qualitative and mixed-data sources, such as 

 

Source: Enjoy Science TVET-Robotics team 
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teacher interviews and student FGDs, as well as an adapted version of the UTOP classroom 

observation tool to assess the activities and classrooms expected of teachers using the robotic 

arm and the active pedagogical techniques. 

To follow up on activities focused on TVET-Robotics, the evaluation team decided in 2018 to 

collect quantitative survey data on the TVET-Robotics module in the Lanna, Automotive, and 

Microelectronics hubs, which served as a new source of baseline quantitative data. Robotics 

trainings were conducted in October 2018, March 2019 and October 2019. Endline data were 

collected in June 2019. 

The following sections present the findings and data sources (both quantitative and qualitative) for 

each of the TVET-Robotics components. 

Research Question 1 

Does professional development and curriculum enhancement improve teacher competency? 

Understanding that teacher competency is complex and multidimensional, we derived data from 

multiple sources and focused on the use of technology in the classroom, specifically the robotic 

arm, and teachers’ in-classroom activities and teaching methods. We complement these data with 

students’ perceptions of their teachers’ competencies and teaching methods. 

Clear differences emerged in the classroom activities of intervention and comparison teachers. In 

the first instance, both qualitative and quantitative sources depict a strong use of the robotic arm 

in intervention classrooms. Teachers reported in interviews that their primary teaching methods 

are lectures either focused on how to control a robot or with a practical component where students 

use the robot (Error! Reference source not found.6). Quantitative findings support the fact that 

intervention teachers primarily use the robotic arm during classes, use curriculum-relevant 

activities, and link their classes to specific real-life challenges of working in the industry.  

When asked about their plans and preferred teaching methods, 70 percent of intervention teachers 

report that they plan to focus on basic programming and control of the robotic arm in the workplace, 

compared with 4 percent of teachers in comparison classrooms. In the absence of a robotic arm, 

most comparison teachers report that they will use examples and pictures to promote student 

imagination (30 percent) and lecture with enhanced media and equipment (37 percent). 

Statistically significant findings from the UTOP items also clearly depict that intervention teachers 

used significant activities with the robotic arm to demonstrate how to solve real-life problems and 

then gauged student understanding using practical software simulation with the robot.  

Analyzing trends in teacher surveys and resulting indicators from 2018 to 2019, the evaluation 

team found a statistically significant difference in 2019 between intervention teachers instructing 

students through skills-based practical exercises considerably more often than comparison 

teachers did. However, the DID result is not statistically significant because of a downward trend 

over time for both groups. We also found that the difference between these groups is narrowing, 

resulting in a negative DID result. However, at endline, intervention teachers outperformed 

comparison teachers in integrating theory and practice in classroom activities. Analyzing qualitative 

data, we could not find suggestions on what is driving comparison teachers to integrate theory and 

practice in their classroom, though it could be a result of OVEC’s push for a vocational curriculum 
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in line with the skills needed for an industry focused heavily on hands-on technology (a central 

focus of Thailand 4.0).   

 

 

Figure 26. TVET-Robotics: Primary Teaching Methods Robotics Teachers Reported at Endline 

 
Source: Qualitative – TVET robotics teacher interviews 

FGDs with students in comparison and intervention schools also reflected the predominant use of 

the robotic arm in intervention classrooms. During endline FGDs, 36 percent of students from 

intervention schools reported that their classes consisted of some lectures and practice with an 

articulated robot, compared with only 5 percent of students at comparison schools. In fact, during 

endline FGDs, 38 percent of comparison students noted that their robotics courses emphasized 

lecture as the primary teaching and learning activity, compared with 8 percent of students at 

intervention schools saying the same (Figure 27). 

10%

39%

4%

2%

2%

25%

56%

35%

25%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Intervention Robotics
Teachers (n=41)

Comparison Robotics
Teachers (n=48)

Lecture and practice with other
simulated devices

Presentation

Worksheets and activities for students to
work with peers

Lecture with practice focused on
software and control of articulated robot

Lecture with practice in general
mechanical work

Lecture with some practice using the
software

Lecture with some practice using an
articulated robot

Lecture

Intervention 

Robotics 
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“The main content of the day is focusing on practice to 

control robot. The lecture theory will be secondary 

content. We use 20% for lecture and 80% for practice. 

Before the practice in every lesson, I will remind students 

for safety. […] Student in the class very much concern to 

be safe. After the discussion among student group, 

student can control robot very well and [are] learning very 

fast.”  

 

“Main content will focus on benefits and capabilities of 

robots. I encourage student to imagine how robots work in 

industries.”  

Comparison 

Robotics 

Teacher 
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Figure 27. TVET-Robotics: Primary Teaching and Learning Activities Reported by Robotics 
Students at Endline 

 

Source: Qualitative – TVET-robotics student focus group discussions 

 

 

The differences between comparison and intervention teachers on practical hands-on activities 

with the robotic arm or similar devices are expected and most likely a result of access: Teachers 

with access to these tools are most likely to use them. However, we found other statistically 

significant differences between higher-level purposes of the lessons in the classroom observations 

reviewed with the UTOP tool. For example, we found that almost no comparison classrooms (4 

percent) dedicated time to review the math and science concepts and skills, whereas about 

60 percent of the intervention classrooms did. Similarly, fewer comparison classrooms included 

learning about the processes and algorithms of math and science in the purpose of the lesson 

(Figure 28).  

Another finding that speaks to the possible long-term benefits of the Enjoy Science Project on 

students’ experiences in the classroom is that considerably more intervention teachers spend time 

developing students’ interests and ability in carrying out independent study in math and science 

(37 percent) than comparison teachers (6 percent), according to UTOP analyses. Also, analyses 

revealed that more intervention teachers spend time in their classes teaching students about 
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history, philosophy, or the social significance of math and science (23 percent) than comparison 

teachers do (2 percent). 

Figure 28. TVET-Robotics Lesson Purpose 

 
Source: UTOP classroom observation tool. Inference: *** p<0.01; ** p<0.05; * p<0.1 

Note: M/S in graph titles, is an abbreviation for math and/or science. 

At endline, in 27 percent of intervention classrooms, teachers selected and employed instructional 

resources appropriate for the lesson often and to a great extent, compared with 18 percent of 

teachers in comparison classrooms. In line with the TVET-Robotics training content, 26 percent of 

intervention classroom teachers employed an active-learning approach often and to a great extent, 

compared with only 9 percent of teachers in comparison classrooms. Other statistically significant 

UTOP findings suggest that, at endline, more teachers in intervention classrooms organized their 

classroom appropriately to address issues of accessibility, equity, and diversity for students than 

comparison teachers did.  

Both qualitative and quantitative findings suggested both a stronger competency of intervention 

teachers, with the use of more and better classroom activities, and that students at intervention 

classrooms value greatly their hands-on experiences with the robotic arm. But the indicator for 

students’ perceptions of instructor competency remained stable since 2018 for intervention 
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students.21 The gender disaggregation analyses showed that both girls and boys in the intervention 

group had stronger perceptions of their instructor competency than boys and girls in the 

comparison group did, and that intervention girls outperformed intervention boys. Increasing 

students’ perceptions of their teacher’s competency has not been a focus of the Enjoy Science 

Project, but it constitutes a possible area of opportunity moving forward.  

At endline, instructors at intervention schools appeared to show a stronger growth mindset about 

their teaching practice, with 26 percent of those interviewed saying they planned to improve by 

using a variety of methods and changing teacher roles. Another 13 percent said they planned to 

improve time management. For comparison teachers, these numbers were 9 percent and 

6 percent, respectively, with more of them (30 percent) concerned with preparing aids, visuals, and 

equipment (Figure 29). Evidence from UTOP classroom observations indicated other areas of 

opportunity in active pedagogical techniques for teachers. For example, neither comparison nor 

intervention teachers used the following teaching methods: long-term projects, evaluating the 

validity of arguments or claims, providing formal justification of factual evidence, using technology 

to collect data, representing or analyzing data to recognize patterns, and using written reflection 

like preparing a report or writing a description of a plan or problem-solving process.  

Figure 29. TVET-Robotics: Teacher Self-Reported Plans to Change Their Future Lessons at 
Endline 

 
Source: TVET-Robotics teacher interviews 

Research Question 2 

Do curriculum enhancements make the curriculum more industry relevant? 

 

21 The DID analyses of instructor competency are positive and statistically significant; however, the significance is 
driven mainly by a decrease in the comparison group indicator from 2018 to 2019.  

13%
6%

26%

9%

8%

15%

41%

40%

13%

30%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Intervention Robotics
Teachers (n=39)

Comparison Robotics
Teachers (n=47)

Prepare more teaching materials
like VDO, images, and
equipment

Add new content

Prepare more exercises

Improve using a variety of
methods and changing teacher
role

Improve time management



The Chevron Enjoy Science Project Endine Report (2020) 64 

This question is answered through data obtained from the teacher survey and students’ and 

teachers’ qualitative data to understand how and if the curriculum has become more industry 

relevant since the start of the Enjoy Science Project. 

Though differences are not statistically significant, the evaluation team found at endline that 

intervention teachers outperformed comparison teachers in integrating curriculum-relevant 

activities in the classroom and in keeping up to date with emerging trends in the sector. The DID 

analyses of integrating curriculum-relevant activities in the classroom showed an improvement 

from 2018 to 2019 for intervention teachers, and the DID was positive though not significant. 

Analysis of qualitative data and data from the UTOP classroom observation tool provides 

supporting evidence that teachers stayed mindful of the specific industry in which they were training 

their students when preparing their classes.  

For example, at endline, about 26 percent of the intervention classrooms (compared with only 

9 percent of comparison classrooms) used active learning approaches to develop technical skills 

and facilitate classroom discussion and collaboration—critical skills for the TVET industry. We also 

found at endline that about 18 percent of the intervention classrooms (compared with only 

3 percent of the comparison classrooms) discussed the application of the industrial robotic arm to 

solve real-life problems and issues in the relevant industries. Qualitative findings confirmed that 

intervention teachers were more aware than comparison teachers of specific tasks and actions 

they can take or were currently taking to keep their classes relevant and aligned with the industry 

(illustrative quotes follow).  

 

 

The DID result for keeping up to date with emerging trends was also positive but not significant, 

although trends suggested a decrease from 2018 to 2019 for both intervention and comparison 

groups. We found no suggestions in the qualitative data to explain the result, since teachers did 

not mention the topic during the interviews, suggesting an area of opportunity moving forward in 

both the program’s implementation and future evaluation questions. In the teacher survey and DID 

analyses, we also found that engaging company expertise in the classroom was still an area of 

opportunity for TVET-Robotics teachers’ practice, since more comparison teachers seemed to 

have engaged outside speakers in their classes at the time of endline data collection. This could 

“Knowledge and skill improvement are very consistent 

with the industry sector. But in this college/this course/this 

program, we don't have the opportunity to be involved in 

organized study plans/curriculum design with the 

industrial sector (at all even once) because landscape or 

location is far from industrial plants.”  

Comparison 

Robotics 

Teacher 

“It is about an advance welding in industry. When our 

students go for a training, they are just like one of the 

factory staff. We have to train them before they work for 

that factory. We also do a [memorandum of 

understanding] with that factory in order to cooperate with 

each other in the future as well.” 

Comparison 

Robotics 

Teacher 
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be because comparison teachers did not have equipment to demonstrate robotics in practice and 

relied on speakers to feed student curiosity and interests. However, cross-triangulation with 

qualitative data suggested that more intervention teachers planned to improve their knowledge by 

consulting experts in the field (Figure 30). 

Figure 30. TVET-Robotics: Percentage of Teachers Who Plan to Improve Their Knowledge and 
Skills by Consulting Experts in the Field 

 

Source: TVET-Robotics teacher interviews 

We found strong, positive, and statistically significant results in students’ perceptions of the 

relevance of the curriculum and classroom activities in the student survey. At endline, intervention 

students’ perceptions outperformed those of comparison students, and the trend from 2018 to 2019 

resulted in a positive and statistically significant DID. Findings from FGDs with students indicated 

that considerably more intervention students (57 percent) than comparison students (8 percent) 

reported gaining workplace confidence from using real devices, which could be the main driver 

behind their positive perceptions of the curriculum’s relevance (Figure 31). 

Figure 31. TVET-Robotics Students’ Self-Reported Experience and Technical Skills Gained 
from Learning Activities at Endline 

 
Source: TVET-Robotics student FGDs 
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Research Question 3 

Do improved teacher competency, industry-relevant curriculum, short courses, and work placement 

improve the skills, abilities and experience of students? 

To understand students’ skills, abilities, and experiences, data were drawn from student surveys 

and FGDs and complemented with findings from teacher interviews.  

We found strong, positive, and statistically significant results in students’ self-perception of their 

skills (drawn from the student survey). We also found a positive and statistically significant DID 

driven from both an increase in self-confidence for intervention students from 2018 to 2019 and a 

decrease in self-confidence among comparison students over the same period.  

The gender disaggregation analyses showed that both girls and boys in the intervention group 

scored higher in self-assessment of their skills than boys and girls in the comparison group did and 

that intervention girls slightly outperformed intervention boys. 

Qualitative evidence on work readiness suggested that students at intervention and comparison 

schools felt prepared for different types of jobs. Roughly one in four students at intervention schools 

reported feeling ready to work in a medium to large company that requires skills controlling a robotic 

arm and programming (26 percent). At comparison schools, 1 in 20 students (5 percent) said the 

same thing (Figure 32). Students at comparison schools felt much more comfortable with general 

technical skills; 76 percent said they were ready to work in a medium to small company requiring 

such skills. Only 19 percent of intervention students reported feeling a similar level of preparation. 

Figure 32. TVET-Robotics: Student Perceptions of Their Own Work Readiness at Endline 
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In the FGDs, students described differing levels of confidence in their skills, varying by industry 

level. Overall, intervention students presented themselves as considerably more confident than 

comparison students did. More intervention teachers (61 percent) than comparison teachers (3 

percent) indicated that using real devices during robotics class increased their students' confidence 

and work readiness. However, fewer intervention teachers (10 percent) than comparison teachers 

(23 percent) said that their class increased students’ critical thinking and problem-solving skills.22 

 

 

 

 

 

22 Teachers could provide only one response; therefore, this figure should be interpreted with some caution. It is 
possible that intervention teachers also believed their lessons contributed to improvements in their students’ critical 
thinking skills, in addition to improving work readiness. 

Intervention 

Robotics 

Student 

“I think that I am able to work in a big industry. Because I 

have trained to work with a robot, control a robotic arm 

and also [do] car assembly, this helped me to become a 

concentrated person. And able to work in a team.”  

“My confidence is at 75% for only a medium industry. For 
a big industry, I am not confident that I can do it, because 

I still don’t have a strength.”  

Comparison 

Robotics 

Student 

“I can become an employee to a medium industry, 

because I have had practice with a robot and worked as a 

team before.”  

Intervention 

Robotics 

Student 

“I felt confident at only 20% because this was my first time 
learning all this. If I continue to study more, I will be able 

to work in a factory.  

Intervention 

Robotics 

Student 
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Figure 33. Percentage of Teachers Who Say Using Real Devices during Robotics Class 
Increased Their Students' Confidence and Work Readiness 

 
Source: TVET-Robotics teacher interviews 

Figure 34. Percentage of Robotics Teachers Who Say Their Class Increased Students’ Critical 
Thinking and Problem-Solving Skills 

 
Source: TVET-Robotics teacher interviews 
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“When students have to go work in an industry, their 
employers will ask them that “have you ever learned 

about robot[s] before?’ They will have an exam for our 
students to measure their knowledge level. If students’ 
ability is below their expectation, the train[ing] will be 

provided. Therefore, as a teacher, I hope that students 
will gain the knowledge from this class and can apply [it] 

in their real lives.”  

“Students will gain a direct experience, even if the robot in 

the industry is bigger, but the system is similar. Therefore, 

students will be able to control the robot in the industry as 

they can in school.”  

Intervention 

Robotics 

Teacher 
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5.4 Limitations 

The evaluation team identified a similar set of limitations at endline as at midline related to 

quantitative and qualitative data. These are summarized below by data source.  

UTOP and Survey Indicators – Primary- and Secondary-Level Results 

• The UTOP sample was not the same at baseline, midline, and endline, given the need for 

school-level substitutions, as some schools dropped out of the evaluation.  

• The endline sample sizes are considerably smaller than at baseline, affecting the statistical 

power of our analyses and baseline-to-endline comparisons. Sample sizes are small, 

limiting the capacity to make analyses with disaggregation.  

• Samples are particularly small for the teacher surveys.  

• An unequal distribution of male and female students in the evaluation sample could lead to 

biased gender analyses.  

• An unequal distribution of regional data affects regional disaggregation and group 

comparisons. In fact, comparisons between groups and across time within regions—i.e., 

contrasting comparison and intervention groups at baseline and endline for each region—

is not advised.   

• Due to changes in the survey tools, some indicators reported at baseline were not possible 

to compute at midline, and other indicators at endline could not be conducted because of 

missing data at the item level.  

• Given the changes in program implementation, with phased-in timelines for each 

component, different cohorts, and myriad activities specific to each phase, it was not 

possible to estimate a causal effect of the program. The DID approach, however, allowed 

for robust estimation of the differences between intervention and comparison groups at two 

points in time.  

• Given the program implementation, with phased-in timelines for each component, different 

cohorts, and myriad activities specific to each phase, it is not possible to estimate a causal 

effect of the program. The DID approach, however, allows for comparison of both 

intervention and comparison groups at two points in time to account for changes across 

time. Further, analyses are affected by the lack of “true baseline data” since activities for 

“I did not participate. In my school, we did not use PLC. 

However, I think they are useful. The principal had 

mention[ed] about PLC. We did do it formally.”  

Comparison 

STEM Math 

Teacher 



The Chevron Enjoy Science Project Endine Report (2020) 70 

some components, such as STEM, had started already at the time of baseline data 

collection.  

• The number of statistically significant results for STEM might be due to baseline evaluation 

activities being conducted after the program had already begun, limiting the potential for 

growth and change to be demonstrated during the evaluation period. 

Secondary-Level Results – O-NET and V-NET Assessment Data  

There are considerable limitations in the O-NET and V-NET data assessments, as well as their 

relevance to the outcomes that are the focus of this evaluation. An assessment being technically 

valid enough to be used for evaluation purposes requires clear information on the following 

technical criteria: test quality, interpretation and comparability, and relationship with the curriculum 

or evaluation. The evaluation team lacks detailed and transparent documentation on the 

assessments (including constructs and scales), item quality, item testing, and overall assessment 

construction processes to ensure that results are valid for each time-point.  

Second, the evaluation team lacks documentation on the interpretation of scores and whether the 

assessment’s content has been technically validated to be used in longitudinal comparisons. Third, 

though the evaluators relied on the NIETS team to provide items relevant to Enjoy Science 

outcomes for analysis, the evaluation team has not been able to analyze the content of these items 

independently, nor has it had an opportunity to confirm the shared data concerns only students 

learning from Enjoy Science teachers. Due to security and privacy concerns, MSI does not have 

access to these details and can’t corroborate these details.  

Fourth, it is difficult to ensure that the timing of the assessments is sufficient for the Enjoy Science 

Project to have a direct and non-lagged relationship with test scores. Finally, psychometricians and 

experts who have reviewed the content and structure of the O-NET and V-NET assessments have 

suggested that such tests lack any predictive validity and that results are influenced or closely 

linked to socioeconomic status in Thailand.23 

To balance the limitations and make the best use of the available data, the analysis strategy was 

to report the percent correct obtained, on average, in intervention and comparison schools in our 

sample. To this purpose, we requested the maximum plausible score for each indicator and 

conducted our analysis, or Full score. Our results then depend on correct Full scores. Finally, our 

analyses are limited since the dataset we received is incomplete and includes only data for a partial 

subset of comparison and intervention schools. 

Qualitative Data   

The qualitative data collection tools were an important data source to understanding, in a nuanced 

way, the enablers and obstacles to gains in key project outcomes for teachers, students, and other 

stakeholders. The qualitative approach also provided data on implementation challenges that can 

inform future iterations of the project. The primary limitation associated with qualitative data is that 

 

23 OECD/UNESCO (2016), Education in Thailand: An OECD-UNESCO Perspective, Reviews of National Policies for 

Education, OECD Publishing, Paris. Retrieved online from: http://dx.doi.org/10.1787/9789264259119-en  

http://dx.doi.org/10.1787/9789264259119-en
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it was gathered in Thai, which limits MSI’s ability to conduct independent analyses of the data. 

However, the strong collaboration with the NRT mitigated this challenge; the NRT was able to 

apply a coding scheme (developed by MSI) to the data and submit frequency distribution tables 

summarizing the percentage of respondents who provided certain categories of responses during 

FGDs and individual interviews, as well as illustrative quotes.  

6. Recommendations 

The current evaluation identified several areas that warrant further exploration, either through 

extending the current evaluation period to revisit beneficiaries after the project has closed or in 

future programming (and accompanying evaluation efforts). The NRT, with their in-depth 

knowledge of Thai education policy, regional variations, and national trends within Thailand 

and understanding of robust evaluation methods relevant to STEM and TVET projects, are well 

placed to carry forward many of these activities. A summary of these areas is below:  

• Deepening application of technical skills learned in classrooms to real-world settings 

and engaging company expertise in classrooms to further enhance skills development, 

particularly for the TVET sector. 

• Supporting teachers’ implementation of innovative pedagogical practices and 

confidence in their skills through continued and intensive mentoring and professional 

development activities such as the PLCs. 

• Harmonization potential with other international agencies, donors, and the private 

sector to continue funding of the programmatic elements that this evaluation has 

highlighted to be most effective.  

• Student assessment approach that reliably and rigorously measures outcomes 

targeted by Enjoy Science, given the limitations of O-NET and V-NET assessments. 

Such an approach could help determine targeted instructional methods to strengthen 

students’ confidence in their math, science, and technical skills. 

• Utility of the regional hubs, as methods to enhance efficiency and reach of project 

activities across components, and the effectiveness of these partnerships in bolstering 

student outcomes (related to employment opportunities). 

• Sustainability of project effects, in particular for program components that began in 

Years 3, 4, or 5 of the project (components that have demonstrated significant promise 

such as PLCs and Robotics). 

• Innovative and lower-cost evaluation models to follow up longitudinally with 

beneficiaries to determine what effects, if any, the Enjoy Science Project had on 

employment choices, salaries/earning potential, and other factors identified at baseline 

as important but outside the realm of this evaluation period.  
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Finally, strong and robust partnerships were formed between MSI, Kenan (with support 

from Chevron), and a network of 50 national researchers across 16 universities. This 

network is the first of its kind within the STEM and TVET education sectors in Thailand. 

The consortium was highly effective in ensuring the quality and relevance of the 

evaluation design and methods, the adaptation of state-of-the-art evaluation principles 

to the Thai context, expansion of the geographic scale of the evaluation, and 

dissemination of evaluation findings to Thai academicians and policy makers. The NRT 

should be supported to continue its research and publication/dissemination efforts 

within Thailand and regionally through a Community of Practice moderated by Kenan, 

as well as participation in conferences, workshops, and other fora.  
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7.2 Original Research Questions 

STEM Component  

1. Does professional development and mentoring of science teachers in the areas of project and 

inquiry-based learning strengthen teacher engagement and instructional practice? 

2. Do strengthened curriculum materials and improved teacher engagement and instructional 

practice lead to increased student interest and engagement in math and science subjects?  

3. Does improved teacher engagement and instructional practice lead to increased student 

achievement on national math and science metrics?  

4. Does increased student achievement in math and science lead to increased selection of 

STEM/TVET academic tracks?  

5. Does increased selection of STEM/TVET academic tracks lead to more graduation from 

STEM/TVET academic tracks?  

TVET Component — STEM for TVET (STVET) Activity  

1. Does professional development and mentoring of science teachers in the areas of project and 

inquiry-based learning strengthen teacher competency and practice?  

2. Do strengthened curriculum materials lead to increased relevance of the curriculum and improve 

teacher competency and practice?  

3. Does increased curriculum relevance and improved teacher practice improve student learning 

of applied science?  

TVET Component — TVET Technical Activity  

1. Does professional development and curriculum enhancement improve teacher competency?  

2. Do curriculum enhancements make the curriculum more industry relevant?  

3. Do improved teacher competency, industry-relevant curriculum, short courses and work 

placement improve the skills, abilities and experience of students?  

4. Do improved skills, abilities and experience of students improve their job readiness?  

5. Does improved job readiness among students improve the perceived quality of labor supply by 

employers? 
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7.3 Sample Sizes 

Table 1. STEM Teacher Sample Sizes (Full Sample) 

Region 
Baseline Midline 

Control  Intervention Control  Intervention 

Central  64 81 38 43 

North 50 51 38 45 

Northeastern 52 72 38 43 

South 33 46 21 41 

All regions 199 250 135 172 

Total by phase  449  307 

Table 4. STEM Teacher Sample Sizes (Common Baseline and Midline Sample) 

Region 
Baseline Midline 

Control  Intervention Control  Intervention 

Central  51 47 36 40 

North 39 44 38 45 

Northeastern 31 32 23 32 

South 15 33 17 41 

All regions 136 156 114 158 

Total by phase  292  272 

Year 1 Cohort 

Region 
Baseline Midline 

Control  Intervention Control  Intervention 

Central  5 23 3 14 

North         

Northeastern 22 21 7 11 

South 7 26 10 26 

All regions 34 70 20 51 

Total by phase  104  71 

Year 2 Cohort 

Region 
Baseline Midline 

Control  Intervention Control  Intervention 

Central          

North 20 30 17 30 

Northeastern         

South 8 8 6 10 

All regions 28 38 23 40 

Total by phase  66  63 
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Year 3 Cohort 

Region 
Baseline Midline 

Control  Intervention Control  Intervention 

Central  46 29 33 26 

North 19 14 21 15 

Northeastern 21 26 18 25 

South     5 5 

All regions 86 69 77 71 

Total by phase  155  148 

Table 5. STEM student sample sizes (full sample) 

Region 
Baseline Midline 

Control Intervention Control Intervention 

Central 1,586 1,981 769 949 

North 1,275 1,380 896 1,125 

Northeastern 840 1,354 566 884 

South 793 1,102 297 652 

All regions 4,494 5,817 2,528 3,610 

Total by phase  10,311  6,138 

Table 6. STEM Student Sample Sizes (Common Baseline and Midline Sample) 

Region 
Baseline Midline 

Control  Intervention Control  Intervention 

Central  1,318 1,280 736 895 

North 1,006 1,219 896 1,125 

Northeastern 502 650 431 625 

South 231 622 241 652 

All regions 3,057 3,771 2,304 3,297 

Total by phase  6,822  5,601 

Year 1 Cohort 

Region 
Baseline Midline 

Control  Intervention Control  Intervention 

Central  208 537 76 403 

North     

Northeastern   79 189 

South 91 446 55 418 

All regions 299 983 210 1,010 

Total by phase  1,282  1,220 
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Year 2 Cohort 

Region 
Baseline Midline 

Control  Intervention Control  Intervention 

Central      

North 494 665 352 595 

Northeastern     

South 140 129 119 141 

All regions 634 794 471 736 

Total by phase  1,428  1,207 

Year 3 Cohort 

Region 
Baseline Midline 

Control Intervention Control Intervention 

Central 1,110 743 660 492 

North 512 554 544 530 

Northeastern 329 526 352 436 

South 0 47 67 93 

All regions 1,951 1,870 1,623 1,551 

Total by phase  3,821  3,174 

Table 7. STVET Teacher Sample Sizes by Math and Science 

Math Baseline 

Region 
Baseline 

Control Intervention 

Central 18 19 

North 11 10 

Northeastern 23 24 

South 7 11 

All regions 59 64 

Science Midline 

Region 
Baseline Midline 

Control Intervention Control Intervention 

Central 8 16 24 30 

North 3 12 11 12 

Northeastern 5 13 24 33 

South 10 15 6 20 

All regions 26 56 65 95 

Total by phase  82  160 
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Table 8. STVET Student Sample Sizes by Math and Science 

Math Baseline 

Region 
Baseline 

Control Intervention 

Central 469 466 

North 240 251 

Northeastern 480 581 

South 152 326 

All regions 1,341 1,624 

Science Midline 

Region 
Baseline Midline 

Control Intervention Control Intervention 

Central 185 406 538 826 

North 90 396 244 305 

Northeastern 242 450 610 714 

South 194 367 115 406 

All regions 711 1,619 1,507 2,251 

Total by phase  2,330  3,758 

Table 9. TVET Teacher Sample Sizes by Enjoy Science Module 

Enjoy Science  
Module 

Baseline 

Control Intervention 

Comparison 175  

ES - 124 

Robotics 
(baseline) - 46 

Total 175 170 

Table 10. TVET Student Sample Sizes by Field  

Field Comparison Intervention Total 

Construction Technology 55 0 55 

Electrical Engineer 678 614 1,292 

Electronic and Computer Technology 461 433 894 

Machine Tool Technology 538 330 868 

Mechanical Engineer 506 636 1,142 

Mechatronic 16 69 85 

Metal Technology 115 76 191 

Total 2,369 2,158 4,527 
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7.4 DID: Figure and Interpretation 

 

The DID impact is estimated by a simple algebraic difference: Impact = (B-A) – (D-C). The 
image depicts only a possible scenario of a positive DID. Combinations of the differences 
between intervention and comparison groups as well as its magnitudes at both baseline and 
midline can result in different DID results. A negative DID could be the result of different 
scenarios—for example, if the intervention group outperforms the comparison group at both 
baseline and midline, but the magnitude of the difference is smaller at midline than at baseline; 
if at baseline the intervention group outperforms the comparison group, but at midline this 
difference reverses (i.e., at midline the comparison group outperforms the intervention group, 
etc.). The same happens with a positive DID, multiple combinations can yield to a positive 
value. Consequently, DID results should be further interpreted before making claims of the 
program’s progress over time. In the Annexes including DID results, we include both baseline 
and midline differences for ease in interpretation.  

Though DID is a common strategy used in quasi-experimental methods, several key 
assumptions have to be met, such as sufficient pre-treatment data to confirm parallel trends, 
evidence that the intervention is unrelated to key outcome variables at baseline, the 
documented absence of spillover effects within the intervention group and other factors, etc. In 
the current evaluation, we use DID as a statistical tool, but since we cannot confirm these 
assumptions, our results are not of causal nature. 
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7.6 TVET Results (Robotics only) 

TVET Differences-in-Differences: Survey Items  

Table 11. Teacher Survey Items 

  (1) (2) (3) (4) (5) (6) 

 

Integrate theory 
and practice 

Curriculum-relevant 
activities in class 

Keep up to date 
with emerging 

trends 

Engage student 
in problem-

solving activities 

Teach 
students 

skills-based 
practical 
exercises 

Engage 
company 
expertise 

DID -0.03 0.12 0.02 0.45 0.60 0.38 

 -0.28 -0.32 -0.28 -0.38 -0.38 -0.28 

Observations 320 322 321 317 319 319 

R-squared 0.01 0.00 0.00 0.11 0.08 0.05 

Mean comparison t(0) 3.77 3.46 3.63 4.04 3.81 2.36 

Mean intervention t(0) 3.80 3.38 3.71 4.04 3.73 1.93 

Diff t(0) 0.04 -0.08 0.08 0.00 -0.08 -0.425** 

Mean comparison t(1) 3.92 3.41 3.53 3.02 2.85 1.88 

Mean intervention  t(1) 3.93 3.45 3.63 3.47 3.38 1.83 

Diff t(1) 0.01 0.04 0.09 0.45 0.523* -0.04 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Robust Standard Errors clustered at the school level. Only Robotics (ES Module) data used.t(0), baseline data collected in 2018; t(1), endline 

data collected in 2019. 

Table 12. Student Survey Indicators 

  (1) (2) (5) 

 
Student skills: 

Perception 
Curriculum 

relevance: activities 
Instructor 

competency 

DID 0.06*** 0.04** 0.1*** 

 -0.012 -0.014 -0.0209 

Observations 3,579 3,659 3,420 

R-squared 0.02 0.01 0.04 

Mean comparison t(0) 0.74 0.74 0.80 

Mean intervention t(0) 0.73 0.73 0.80 

Diff t(0) -0.01* -0.01* -0.002 

Mean comparison t(1) 0.70 0.72 0.70 

Mean intervention t(1) 0.75 0.74 0.80 

Diff t(1) 0.05*** 0.02** 0.098*** 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Robust Standard Errors clustered at the school level. Only Robotics (ES Module) data used. .t(0), baseline data collected in 2018; 
t(1), endline data collected in 2019. 
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TVET Gender Analyses of Student Survey Indicators 

Table 13. Student Endline Survey Indicators by Gender  

 Male students Female students 

 Comparison Intervention Comparison Intervention 

Self-perception of student skills 569 0.70 640 0.74*** 72 0.71 131 0.75* 

Perception of curriculum relevance: activities 641 0.72 646 0.74 73 0.72 133 0.76 

Perception of instructor competency 389 0.70 621 0.79*** 56 0.70 131 0.81* 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
 , All Cohorts 

 

 

TVET UTOP Descriptive Statistics  

Table 14. Purpose of the lesson - Percent of classrooms observed 

UTOP item 
Comparison 
Percent 

Intervention 
Percent 

Identifying prior student knowledge 

No (n=45) 53 42 

Yes (n=49) 47 58 

Pearson chi2(1) = 1.1479 Pr = 0.284   

Addressing misconceptions 

No (n=94) 100 100 

 Introducing new concepts or skills 

No (n=22) 29 16 

Yes (n=72) 71 84 

Pearson chi2(1) = 2.2445 Pr = 0.134   

0.64

0.66

0.68

0.7

0.72

0.74

0.76

0.78

0.8

0.82

Self-perception of student skills Perception of curriculum
relevance: activities

Perception of instructor
competency

TVET Student: Endline Survey Indicators by Gender

Boys - Comparison Boys - Intervention Girls - Comparison Girls - Intervention
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UTOP item 
Comparison 
Percent 

Intervention 
Percent 

 Developing conceptual understanding 

No (n=49) 55 49 

Yes (n=45) 45 51 

Pearson chi2(1) = 0.3439 Pr = 0.558   

 Reviewing M/S concepts, skills, or procedures (including lab procedures) *** 

No (n=66) 96 40 

Yes (n=28) 4 60 

Pearson chi2(1) = 35.6640 Pr = 0.000   

 Developing problem-solving skills 

No (n=85) 90 91 

Yes (n=9) 10 9 

Pearson chi2(1) = 0.0068 Pr = 0.934   

 Learning M/S processes, algorithms, or procedures, including lab  

No (n=46) 59 37 

Yes (n=48) 41 63 

Pearson chi2(1) = 4.3616 Pr = 0.037   

Learning M/S processes, algorithms, or procedures, including lab* 

No (n=46) 59 37 

Yes (n=48) 41 63 

Pearson chi2(1) = 4.3616 Pr = 0.037   

 Learning vocabulary or specific facts 

No (n=55) 67 49 

Yes (n=39) 33 51 

Pearson chi2(1) = 3.0550 Pr = 0.080   

 Developing ability to discuss and apply core ideas in mathematics/science 

No (n=84) 94 84 

Yes (n=10) 6 16 

Pearson chi2(1) = 2.6526 Pr = 0.103   

 Developing interest and/or ability in carrying out independent study in M/S *** 

No (n=75) 94 63 

Yes (n=19) 6 37 

Pearson chi2(1) = 14.1967 Pr = 0.000   

Teaching students about history, philosophy, or social significance of M/S** 

No (n=83) 98 77 

Yes (n=11) 2 23 

Pearson chi2(1) = 10.2389 Pr = 0.001   

Assessing student understanding or skill development 

No (n=90) 94 98 

Yes (n=4) 6 2 

Pearson chi2(1) = 0.7244 Pr = 0.395   

 Preparing for a specific test 

No (n=93) 98 100 
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UTOP item 
Comparison 
Percent 

Intervention 
Percent 

Yes (n=1) 2 0 

Pearson chi2(1) = 0.8522 Pr = 0.356   

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Only Robotics (ES Module) data used. UTOP data collected only at endline (2019) 

Table 15. Teaching methods – Percent of classrooms observed 

   Percent of classrooms observed 

UTOP item Comparison Intervention 

Percent Percent 

Students listen to teacher lecture (more than 10 mins) 

None (n=19) 16 26 

Whole Class (n=75) 84 74 

Pearson chi2(1) = 1.4164 Pr = 0.234     

Students listen to teacher minilesson (less than 10 mins) 

None (n=72) 80 72 

Whole Class (n=20) 18 26 

Small Group/Partner (n=2) 2 2 

Pearson chi2(2) = 0.9147 Pr = 0.633     

Students take notes * 

None (n=84) 82 98 

Individual (n=10) 18 2 

Pearson chi2(1) = 5.7609 Pr = 0.016     

Discussion:  teacher led ** 

None (n=87) 100 84 

Whole Class (n=7) 0 16 

Pearson chi2(1) = 8.9703 Pr = 0.003     

Discussion:  student led 

None (n=93) 98 100 

Small Group/Partner (n=1) 2 0 

Pearson chi2(1) = 0.8522 Pr = 0.356     

Student Presentations or demonstrations 

None (n=86) 96 86 

Whole Class (n=1) 0 2 

Small Group/Partner (n=1) 0 2 

Individual (n=6) 4 9 

Demonstration by Teacher 

None (n=49) 63 40 

Whole Class (n=42) 35 56 

Small Group/Partner (n=3) 2 5 

Pearson chi2(2) = 5.1387 Pr = 0.077     

Operational practice: skill development 
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None (n=57) 65 56 

Whole Class (n=4) 4 5 

Small Group/Partner (n=12) 10 16 

Individual (n=21) 22 23 

Pearson chi2(3) = 1.1293 Pr = 0.770 

Operational practice: hands-on learning (teacher lead/directed) 

None (n=52) 59 51 

Whole Class (n=7) 2 14 

Small Group/Partner (n=20) 20 23 

Pearson chi2(3) = 5.8302 Pr = 0.120     

Operational practice: hands-on learning (students/teacher developed together) 

None (n=79) 88 79 

Whole Class (n=2) 4 0 

Small Group/Partner (n=7) 2 14 

Individual (n=6) 6 7 

Operational practice: hands-on practices 

None (n=40) 47 37 

Whole Class (n=2) 2 2 

Small Group/Partner (n=23) 20 30 

Individual (n=29) 31 30 

Operational practice: long term projects 

None (n=94) 100 100 

Problem solving: worked with manipulatives 

None (n=84) 86 93 

Whole Class (n=2) 0 5 

Small Group/Partner (n=4) 6 2 

Individual (n=4)     

Pearson chi2(3) = 6.5571 Pr = 0.087     

Problem solving: guided problem-solving (teacher â€“ lead/directed) 

None (n=80) 84 86 

Whole Class (n=2) 0 5 

Small Group/Partner (n=4) 6 2 

Individual (n=8) 10 7 

Pearson chi2(3) = 3.2930 Pr = 0.349     

Problem solving: team problem-solving * 

None (n=88) 100 86 

Small Group/Partner (n=5) 0 12 

Individual (n=1) 0 2 

Pearson chi2(2) = 7.6015 Pr = 0.022     

Problem solving: recorded, represented and/or analyzed data, recognized pattern 

None (n=94) 100 100 

Problem solving: evaluated the validity of arguments or claims 

None (n=94) 100 100 
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Problem solving: provided formal justification of factual evidence 

None (n=94) 100 100 

Reading/reflection: read the operational manual 

None (n=86) 98 84 

Whole Class (n=2) 0 5 

Small Group/Partner (n=3) 2 5 

Individual (n=3) 0 7 

Pearson chi2(3) = 6.9821 Pr = 0.072     

Reading/reflection: answered textbook/worksheet questions 

None (n=80) 80 91 

Whole Class (n=1) 2 0 

Small Group/Partner (n=3) 6 0 

Individual (n=10) 12 9 

Pearson chi2(3) = 3.7966 Pr = 0.284     

Reading/reflection: reflected on hands-on activities, or problems 

None (n=94) 100 100 

Reading/reflection: prepared a written report 

None (n=94) 100 100 

Reading/reflection: wrote a description of a plan or problem-solving process 

None (n=94) 100 100 

Used technology: to develop conceptual understanding 

None (n=82) 90 84 

Whole Class (n=7) 6 9 

Small Group/Partner (n=2) 0 5 

Individual (n=3) 4 2 

Pearson chi2(3) = 3.0368 Pr = 0.386     

Used technology: to learn or practice a skill     

None (n=72) 80 72 

Whole Class (n=1) 2 0 

Small Group/Partner (n=7) 6 9 

Individual (n=14) 12 19 

Pearson chi2(3) = 2.1522 Pr = 0.541     

Used technology: to collect data (e.g., using probeware)     

None (n=94) 100 100 

Used technology: as an analytic tool or find information about robotic arm     

None (n=93) 100 98 

Individual (n=1) 0 2 

Pearson chi2(1) = 1.1988 Pr = 0.274     

Formal Assessment - Exam     

None (n=94) 100 100 

Formal Assessment  - Quiz     

None (n=94) 100 100 

Formal Assessment  - Lab practical*     
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None (n=85) 98 81 

Small Group/Partner (n=4) 2 7 

Individual (n=5) 0 12 

Pearson chi2(2) = 8.0243 Pr = 0.018     

Watched a movie/video clip     

None (n=74) 82 74 

Whole Class (n=20) 18 26 

Pearson chi2(1) = 0.8769 Pr = 0.349     

Table depicts the percent of classrooms observed that fall in each response category. 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Only Robotics (ES Module) data used. UTOP data collected only at endline (2019) 

 

Table 16. Main UTOP Items 

 Baseline 

UTOP item Comparison Intervention Total 

(1) The majority of students were on task throughout the class* 

Not observed at all 1 0 1 

Observed rarely 7 4 11 

Observed sometimes 11 4 15 

Observed often 20 12 32 

 Observed to a great extent 12 23 35 

(2) Teacher organized classroom appropriately and with equity concern to reflect technical teacher’s 
attention to issues of accessibility, equity, and diversity for students ** 

Not observed at all 3 1 4 

Observed rarely 15 7 22 

Observed sometimes 16 9 25 

Observed often 15 12 27 

 Observed to a great extent 2 14 16 

(3) Lesson structure allowed students to engage concepts & skills in robotic arm*** 

Not observed at all 46 5 51 

Observed rarely 2 2 4 

Observed sometimes 1 6 7 

Observed often 0 12 12 

 Observed to a great extent 2 18 20 

(4) Teacher gauge student understanding through the operational practice in software simulation 
and/or robot controlling mechanism.*** 

Not observed at all 45 7 52 

Observed rarely 2 4 6 

Observed sometimes 2 6 8 

Observed often 1 8 9 

 Observed to a great extent 1 18 19 

(5) Teacher motivated the students to problem-solve by themselves and teams (freq)* 

Not observed at all 11 4 15 
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 Baseline 

UTOP item Comparison Intervention Total 

Observed rarely 13 5 18 

Observed sometimes 15 10 25 

Observed often 8 12 20 

 Observed to a great extent 4 12 16 

(6) Teacher selected and employed instructional resources appropriate for the lesson*** 

Not observed at all 7 1 8 

Observed rarely 11 2 13 

Observed sometimes 15 13 28 

Observed often 14 9 23 

 Observed to a great extent 4 18 22 

(7) Teacher employed active learning approach to support classroom engagement, critical problem-
solving, development of technical skills as well as facilitation of class discussion and collaboration *** 

Not observed at all 21 4 25 

Observed rarely 9 2 11 

Observed sometimes 12 11 23 

Observed often 8 16 24 

 Observed to a great extent 1 10 11 

(8) The teacher involved all students in the lesson (calling on non-volunteers, facilitating student-
student interaction, checking in with hesitant learners, etc.) 

Not observed at all 22 5 27 

Observed rarely 8 5 13 

Observed sometimes 12 10 22 

Observed often 8 13 21 

 Observed to a great extent 1 10 11 

(9) Teacher used formative assessment effectively to track progress and adjust class** 

Not observed at all 7 4 11 

Observed rarely 22 8 30 

Observed sometimes 10 10 20 

Observed often 10 8 18 

 Observed to a great extent 2 13 15 

(10) The chosen content of Industrial Robot Arm subject was significant, chosen was significant, 
worthwhile, and fit the use in developing technical skills *** 

Not observed at all 40 3 43 

Observed rarely 6 0 6 

Observed sometimes 1 6 7 

Observed often 3 8 11 

 Observed to a great extent 1 26 27 

(11) During the lesson, there was discussion about application of Industrial Robot Arm to solve real-life 
problems or solve issues in the industries *** 

Not observed at all 45 4 49 

Observed rarely 0 9 9 

Observed sometimes 3 12 15 

Observed often 2 12 14 
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 Baseline 

UTOP item Comparison Intervention Total 

 Observed to a great extent 1 6 7 

 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Robust Standard Errors clustered at the school level. Only Robotics (ES Module) data used. UTOP data collected only at endline (2019) 

 

V-NET scores  

Table 17. V3 V-Net Score Differences by Enjoy Science groups 

Subject Group 2014 2015 2016 2017 

Science 

Comparison 46.7 51.6 36.6 30.1 

Intervention 47.1 51.2 38.1 31.4 

Difference (T-C) 0.4 -0.4 1.6 1.3 

National 41.3 42.8 33.1 30.5 

 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
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7.5 STVET Results  

STVET Science Differences-in-Differences: UTOP 

Table 18. UTOP - Classroom Environment and Lesson Structure 

 Classroom Environment Lesson Structure 

  (1) (2) (3) (4) (5) (6) 

DID 0.23 0.25 0.00 -0.35 -0.22 -0.15 

 (0.289) (0.312) (0) (0.315) (0.375) (0.374) 

Observations 226 226 133 224 226 225 

R-squared 0.03 0.34 0.10 0.24 0.33 0.36 

Mean comparison t(0) 3.38 1.72 2.53 2.42 1.56 1.53 

Mean intervention t(0) 3.47 1.80 3.30 3.44 2.82 2.76 

Diff t(0) 0.09 0.08 0.77 1.03*** 1.26*** 1.22*** 

Mean comparison t(1) 3.45 2.90 2.53 3.16 2.74 2.76 

Mean intervention  t(1) 3.77 3.22 3.30 3.83 3.78 3.84 

Diff t(1) 0.32** 0.33 0.77 0.67*** 1.04*** 1.08*** 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Robust Standard Errors clustered at the school level. Includes all hubs. .t(0), baseline data collected in 2018; t(1), midline data 

collected in 2019. 
Key for outcome variables in table:  

(1) The majority of students were on task throughout the class  
(2) The lesson was well organized and structured (e.g. the objectives of the lesson were clear to students, and the sequence of the 

lesson was structured to build understanding and maintain a sense of purpose).   

(3) Students reflected on their learning before leaving the classroom. 

(4) The structure of the lesson allowed students to engage with or explore important concepts in mathematics or science (instead of 

focusing on techniques that may only be useful on exams). 

(5) The lesson included an investigative or problem-based approach to important concepts in mathematics or science (frequency) 

(6) The lesson included an investigative or problem-based approach to important concepts in mathematics or science (quality) 

Table 19. Implementation and Math and Science Concept 

 Implementation Math and Science Concept 

  (7) (8) (9) (10) (11) 

DID 0.05 0.09 0.51 0.52** -0.06 

 (0.311) (0.325) (0.377) (0.254) (0.307) 

Observations 226 226 226 225 224 

R-squared 0.17 0.15 0.23 0.31 0.23 

Mean comparison t(0) 2.23 2.40 2.06 3.08 2.13 

Mean intervention t(0) 2.60 2.78 2.64 3.43 2.84 

Diff t(0) 0.37 0.38 0.58** 0.35** 0.71*** 

Mean comparison t(1) 2.87 3.03 2.47 3.50 2.97 

Mean intervention  t(1) 3.28 3.50 3.57 4.37 3.62 

Diff t(1) 0.42** 0.47* 1.10*** 0.87*** 0.65*** 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Robust Standard Errors clustered at the school level. Includes all modules. Includes all hubs. .t(0), baseline data collected in 2018; t(1), 

midline data collected in 2019. 
Key for outcome variables in table:  
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(7) The teacher used questioning strategies to encourage participation, check on skill development, and facilitate intellectual 

engagement and productive interaction with students about important science and mathematics content and concepts  

(8) The teacher involved all students in the lesson (calling on non-volunteers, facilitating student-student interaction, checking in with 

hesitant learners, etc. 

(9) Students ask questions, participate in discussions of the content and the procedures, and share their work with others  

(10) The mathematics or science content chosen was significant, worthwhile, and developmentally appropriate for this course (includes 

content standards covered, as well as examples and activities chosen by teacher 

(11) During the lesson, it was made explicit to students why the content is important to learn  

STVET Science: UTOP Descriptive Statistics 

Table 20. Purpose of the lesson - Percent of classrooms observed 

UTOP item Comparison Intervention 

 Percent Percent 

Identifying prior student knowledge   

No (n=98) 66 77 

Yes (n=35) 34 23 

Pearson chi2(1) = 1.7100 Pr = 0.191   

   

Addressing misconceptions   

No (n=132) 100 99 

Yes (n=1) 0 1 

Pearson chi2(1) = 0.4030 Pr = 0.526   

   

 Introducing new concepts or skills*   

No (n=42) 45 26 

Yes (n=91) 55 74 

Pearson chi2(1) = 4.2628 Pr = 0.039   

   

 Developing conceptual understanding   

No (n=51) 45 36 

Yes (n=82) 55 64 

Pearson chi2(1) = 0.9191 Pr = 0.338   

   

 Reviewing M/S concepts, skills, or 
procedures (including lab procedures)  

  

No (n=102) 66 81 

Yes (n=31) 34 19 

Pearson chi2(1) = 3.5374 Pr = 0.060   

   

 Developing problem-solving skills   

No (n=120) 89 91 
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Yes (n=13) 11 9 

Pearson chi2(1) = 0.0341 Pr = 0.853   

   

 Learning M/S processes, algorithms, or 
procedures, including lab *** 

  

No (n=56) 71 31 

Yes (n=77) 29 69 

Pearson chi2(1) = 18.2875 Pr = 0.000   

   

 Develop inquiry skills through scientific or 
mathematics investigations 

  

No (n=100) 76 75 

Yes (n=33) 24 25 

Pearson chi2(1) = 0.0363 Pr = 0.849   

   

 Learning vocabulary or specific facts   

No (n=118) 95 86 

Yes (n=15) 5 14 

Pearson chi2(1) = 1.9236 Pr = 0.165   

   

 Developing ability to discuss and apply core 
ideas in mathematics/science 

  

No (n=104) 79 78 

Yes (n=29) 21 22 

Pearson chi2(1) = 0.0176 Pr = 0.894   

   

 Developing interest and/or ability in carrying 
out independent study in M/S  

  

No (n=115) 87 86 

Yes (n=18) 13 14 

Pearson chi2(1) = 0.0064 Pr = 0.936   

   

Teaching students about history, 
philosophy, or social significance of M/S 

  

No (n=133) 100 100 

   

Assessing student understanding or skill 
development** 

  

No (n=79) 79 52 

Yes (n=54) 21 48 

Pearson chi2(1) = 8.4302 Pr = 0.004   
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 Preparing for a specific test   

No (n=133) 100 100 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Only Robotics (ES Module) data used. UTOP data collected only at endline (2019) 

Table 21. Teaching methods - Percent of classrooms observed 

UTOP item Comparison Intervention 

 Percent Percent 

Students listen to teacher lecture (more than 
10 mins)** 

  

None (n=57) 21 52 

Whole Class (n=68) 74 42 

Small Group/Partner (n=7) 5 5 

Individual (n=1) 0 1 

Pearson chi2(3) = 11.5959 Pr = 0.009   

   

Students listen to teacher minilesson (less 
than 10 mins)*** 

  

None (n=78) 82 49 

Whole Class (n=43) 5 43 

Small Group/Partner (n=12) 13 7 

Pearson chi2(2) = 17.8347 Pr = 0.000   

   

Students take notes*   

None (n=59) 47 43 

Whole Class (n=29) 37 16 

Small Group/Partner (n=8) 5 6 

Individual (n=37) 11 35 

Pearson chi2(3) = 11.3946 Pr = 0.010   

   

Discussion:  teacher led   

None (n=61) 39 48 

Whole Class (n=59) 47 43 

Small Group/Partner (n=13) 13 8 

Pearson chi2(2) = 1.2053 Pr = 0.547   

   

Discussion:  student led   

None (n=109) 87 80 

Whole Class (n=1) 0 1 

Small Group/Partner (n=23) 13 19 
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Pearson chi2(2) = 1.0811 Pr = 0.582   

   

Student Presentations or demonstrations**   

None (n=90) 92 58 

Whole Class (n=1) 0 1 

Small Group/Partner (n=35) 8 34 

Individual (n=7) 0 7 

Pearson chi2(3) = 14.7544 Pr = 0.002   

   

Demonstration by Teacher   

None (n=111) 79 85 

Whole Class (n=19) 21 12 

Small Group/Partner (n=3) 0 3 

Pearson chi2(2) = 3.0350 Pr = 0.219   

   

Lab or Field Work: skill development    

None (n=125) 100 92 

Small Group/Partner (n=8) 0 8 

Pearson chi2(1) = 3.4048 Pr = 0.065   

   

   

Lab or Field Work: guided inquiry (teacher-
led/directed)** 

  

None (n=71) 74 45 

Whole Class (n=3) 5 1 

Small Group/Partner (n=59) 21 54 

Pearson chi2(2) = 12.7556 Pr = 0.002   

   

   

Lab or Field Work: coupled inquiry 
(student/teacher developed and directed) 

  

None (n=105) 84 77 

Small Group/Partner (n=28) 16 23 

Pearson chi2(1) = 0.8867 Pr = 0.346   

   

Lab or Field Work: open inquiry   

None (n=121) 87 93 

Whole Class (n=1) 3 0 

Small Group/Partner (n=11) 11 7 

Pearson chi2(2) = 2.9273 Pr = 0.231   
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Lab or Field Work: recorded, represented 
and/or analyzed data* 

  

None (n=97) 82 69 

Small Group/Partner (n=36) 18 31 

Pearson chi2(1) = 2.0148 Pr = 0.156   

Lab or Field Work: recognized patterns, cycles 
or trends 

  

None (n=131) 97 99 

Small Group/Partner (n=2) 3 1 

Pearson chi2(1) = 0.4569 Pr = 0.499   

Lab or Field Work:evaluated the validity of 
arguments or claims 

  

None (n=129) 97 97 

Small Group/Partner (n=4) 3 3 

Pearson chi2(1) = 0.0258 Pr = 0.872   

Lab or Field Work:long-term projects   

None (n=132) 97 100 

Small Group/Partner (n=1) 3 0 

Pearson chi2(1) = 2.5189 Pr = 0.112   

Problem solving: worked with manipulatives*   

None (n=96) 89 65 

Whole Class (n=3) 0 3 

Small Group/Partner (n=34) 11 32 

Pearson chi2(2) = 8.1100 Pr = 0.017   

Problem solving: guided inquiry (teacher â€“  
led/directed)*** 

  

None (n=82) 61 62 

Whole Class (n=6) 11 2 

Small Group/Partner (n=44) 26 36 

Individual (n=1) 3 0 

Pearson chi2(3) = 7.5140 Pr = 0.057   

Problem solving: coupled inquiry 
(student/teacher developed and directed)* 

  

None (n=106) 92 75 

Whole Class (n=1) 3 0 

Small Group/Partner (n=26) 5 25 

Pearson chi2(2) = 9.0812 Pr = 0.011   

Problem solving: recorded, represented 
and/or analyzed data** 

  

None (n=88) 89 57 

Small Group/Partner (n=44) 11 42 

Individual (n=1) 0 1 
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Pearson chi2(2) = 12.9500 Pr = 0.002   

Problem solving: recognized patterns, cycles 
or trends 

  

None (n=132) 100 99 

Small Group/Partner (n=1) 0 1 

Pearson chi2(1) = 0.4030 Pr = 0.526   

Problem solving: evaluated the validity of 
arguments or claims* 

  

None (n=118) 97 85 

Small Group/Partner (n=15) 3 15 

Pearson chi2(1) = 3.9750 Pr = 0.046   

Problem solving: provided an informal 
justification or formal proof* 

  

None (n=122) 100 88 

Small Group/Partner (n=11) 0 12 

Pearson chi2(1) = 4.7967 Pr = 0.029   

Reading/reflection:read about 
mathematics/science*** 

  

None (n=62) 61 41 

Whole Class (n=14) 18 7 

Small Group/Partner (n=21) 21 14 

Individual (n=36) 0 38 

Pearson chi2(3) = 20.6914 Pr = 0.000   

Reading/reflection:answered 
textbook/worksheet questions** 

  

None (n=101) 58 83 

Whole Class (n=5) 8 2 

Small Group/Partner (n=19) 18 13 

Individual (n=8) 16 2 

Pearson chi2(3) = 13.7880 Pr = 0.003   

Reading/reflection:reflected on readings, 
activities, or problems  

  

None (n=94) 74 69 

Small Group/Partner (n=38) 26 29 

Individual (n=1) 0 1 

Pearson chi2(2) = 0.5628 Pr = 0.755   

Reading/reflection: prepared a written report   

None (n=132) 100 99 

Small Group/Partner (n=1) 0 1 

Pearson chi2(1) = 0.4030 Pr = 0.526   

Reading/reflection: wrote a description of a 
plan, procedure, or problem-solving  
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None (n=124) 95 93 

Small Group/Partner (n=9) 5 7 

Pearson chi2(1) = 0.1907 Pr = 0.662   

Reading/reflection: wrote reflections in a 
notebook or journal 

  

None (n=128) 95 97 

Small Group/Partner (n=3) 5 1 

Individual (n=2) 0 2 

Pearson chi2(2) = 2.9458 Pr = 0.229   

Used technology: to develop conceptual 
understanding 

  

None (n=122) 89 93 

Whole Class (n=10) 11 6 

Small Group/Partner (n=1) 0 1 

Pearson chi2(2) = 1.0695 Pr = 0.586   

Used technology: to learn or practice a skill   

None (n=130) 95 99 

Whole Class (n=2) 3 1 

Small Group/Partner (n=1) 3 0 

Pearson chi2(2) = 2.9992 Pr = 0.223   

Used technology: to collect data (e.g., using 
probeware) 

  

None (n=131) 95 100 

Whole Class (n=1) 3 0 

Small Group/Partner (n=1) 3 0 

Pearson chi2(2) = 5.0763 Pr = 0.079   

Used technology: as an analytic tool (e.g., 
spreadsheets or data analysis) 

  

None (n=131) 97 99 

Whole Class (n=1) 0 1 

Small Group/Partner (n=1) 3 0 

Pearson chi2(2) = 2.9069 Pr = 0.234   

Used technology: as a presentation tool*   

None (n=121) 82 95 

Whole Class (n=8) 16 2 

Small Group/Partner (n=4) 3 3 

Pearson chi2(2) = 8.9915 Pr = 0.011   

Used technology: for word processing and/or 
communication (e.g. email, internet) 

  

None (n=131) 97 99 

Whole Class (n=2) 3 1 
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Pearson chi2(1) = 0.4569 Pr = 0.499   

Used technology: to find information (e.g., 
using search engines) 

  

None (n=132) 97 100 

Small Group/Partner (n=1) 3 0 

Pearson chi2(1) = 2.5189 Pr = 0.112   

Formative assessment: Students answer 
teacher questions to check understanding* 

  

None (n=97) 87 67 

Whole Class (n=4) 5 2 

Small Group/Partner (n=14) 8 12 

Individual (n=18) 0 19 

Pearson chi2(3) = 9.8613 Pr = 0.020   

Formal Assessment  - Exam   

None (n=130) 100 97 

Small Group/Partner (n=3) 0 3 

Pearson chi2(1) = 1.2277 Pr = 0.268   

Formal Assessment  - Quiz   

None (n=125) 92 95 

Whole Class (n=1) 3 0 

Small Group/Partner (n=2) 0 2 

Individual (n=5) 5 3 

Pearson chi2(3) = 3.6400 Pr = 0.303   

Formal Assessment  - Lab practical***   

None (n=66) 84 36 

Small Group/Partner (n=67) 16 64 

Pearson chi2(1) = 25.4571 Pr = 0.000   

Watched a movie/video clip   

None (n=128) 97 96 

Whole Class (n=3) 3 2 

Small Group/Partner (n=2) 0 2 

Pearson chi2(2) = 0.8404 Pr = 0.657   

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Only Robotics (ES Module) data used. UTOP data collected only at endline (2019) 
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STVET Science Differences-in-Differences: Survey Indicators 

Table 22. Teacher Survey Indicators 

  (1) (2) (3) (4) (5) 

 

Teacher 
practice: 

behaviors 

Teacher practice: 
Professional 
development 

Teacher 
confidence    

Curriculum 
relevance 

Student 
skills: 

Participation 

DID 0.00 -0.05 -0.04 -0.05 0.06 

 (0.0598) (0.0842) (0.0674) (0.0737) (0.0540) 

Observations 227 227 231 229 229 

R-squared 0.10 0.28 0.06 0.02 0.05 

Mean comparison t(0) 0.60 0.22 0.59 0.55 0.59 

Mean intervention t(0) 0.66 0.62 0.64 0.63 0.64 

Diff t(0) 0.06 0.40*** 0.05 0.08* 0.05 

Mean comparison t(1) 0.46 0.28 0.72 0.62 0.49 

Mean intervention  t(1) 0.52 0.63 0.73 0.66 0.60 

Diff t(1) 0.05 0.35*** 0.01 0.03 0.11*** 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Robust Standard Errors clustered at the school level. Includes all modules and hubs. 

 

Table 23. Student Survey Indicators 

  (1) (2) (3) (4) (5) 

 

Teacher practice: 
Student perception 

Teacher practice: 
In-class activities 

Student 
engagement 

Student 
skills 

Curriculum 
relevance: 

future 
perception 

DID -0.01 -0.03 -0.02 -0.02 -0.02 

 (0.0154) (0.0235) (0.0175) (0.0141) (0.0162) 

Observations 5,820 5,930 6,082 6,002 6,147 

R-squared 0.00 0.01 0.00 0.00 0.00 

Mean comparison t(0) 0.68 0.58 0.58 0.62 0.71 

Mean intervention t(0) 0.70 0.63 0.60 0.64 0.72 

Diff t(0) 0.02 0.05 0.02 0.02 0.01 

Mean comparison t(1) 0.68 0.60 0.61 0.63 0.73 

Mean intervention t(1) 0.69 0.62 0.61 0.63 0.72 

Diff t(1) 0.00 0.02 0.00 0.00 -0.01 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Robust Standard Errors clustered at the school level. Includes all modules and hubs 

  



The Chevron Enjoy Science Project Endine Report (2020) 100 

STVET Science: Gender Analyses of Student Survey Indicators* 

Table 24. Student Endline Survey Indicators by Gender  

 Male students Female students 

 Comparison Intervention Comparison Intervention 

Indicator (n) Mean (n) Mean (n) Mean (n) Mean 

Teacher practice: student perception 661 0.67 1709 0.68 381 0.70 572 0.70 

Teacher Practice: in-class activities 679 0.58 1733 0.62 380 0.64 580 0.63 

Curriculum relevance 711 0.71 1794 0.71 388 0.76 593 0.73 

Student engagement 702 0.60 1782 0.61 382 0.62 580 0.61 

Student skills: self-perception 685 0.62 1739 0.63 382 0.64 579 0.63 

Inference: *** p<0.01; ** p<0.05; * p<0.1. Includes all modules and hubs. 

 

Table 25. Student Endline Survey Indicators by Gender 

 Male students Female students 

 Comparison Intervention Comparison Intervention 

Indicator (n) Mean (n) Mean (n) Mean (n) Mean 

Teacher practice: student perception 623 0.67 1274 0.68 379 0.70 512 0.70 

Teacher Practice: in-class activities 643 0.58 1292 0.61 378 0.64 517 0.63 

Student engagement 662 0.60 1332 0.60 380 0.62 520 0.61 

Student skills: self-perception 648 0.62 1296 0.63 380 0.64 517 0.63 

Curriculum relevance 671 0.71 1341 0.71 386 0.76 530 0.74 

Inference: *** p<0.01; ** p<0.05; * p<0.1. Includes all module, excludes Food Processing and EEC hubs. 
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STVET Math Differences-in-Differences: UTOP 

Table 26. UTOP - Classroom Environment and Lesson Structure 

 Classroom Environment Lesson Structure 

  (1) (2) (3) (4) (5) (6) 

DID 0.021 0.36 0.86*** 0.54* 0.50** 0.51* 

 -0.208 -0.22 -0.275 -0.295 -0.217 -0.28 

Observations 253 253 253 253 253 253 

R-squared 0.08 0.35 0.37 0.34 0.45 0.40 

Mean comparison t(0) 3.13 1.82 1.57 1.93 1.31 1.37 

Mean intervention t(0) 3.22 1.62 1.45 1.78 1.23 1.23 

Diff t(0) 0.08 -0.12* -0.12 -0.14 -0.08 -0.14 

Mean comparison t(1) 3.51 2.69 2.31 2.87 2.46 2.56 

Mean intervention  t(1) 3.62 2.85 3.04 3.27 2.88 2.93 

Diff t(1) 0.10 0.16 0.73*** 0.40* 0.42** 0.37 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Robust Standard Errors clustered at the school level. Includes all hubs. .t(0), baseline data collected in 2018; t(1), midline data 

collected in 2019. 
Key for outcome variables in table:  

(1) The majority of students were on task throughout the class  
(2) The lesson was well organized and structured (e.g. the objectives of the lesson were clear to students, and the sequence of the 

lesson was structured to build understanding and maintain a sense of purpose).   

(3) Students reflected on their learning before leaving the classroom. 

(4) The structure of the lesson allowed students to engage with or explore important concepts in mathematics or science (instead of 

focusing on techniques that may only be useful on exams). 

(5) The lesson included an investigative or problem-based approach to important concepts in mathematics or science (frequency) 

(6) The lesson included an investigative or problem-based approach to important concepts in mathematics or science (quality) 

Table 27. Implementation and Math and Science Concept 

 Implementation Math and Science Concept 

  (7) (8) (9) (10) (11) 

DID 0.19 0.41* 0.32 0.49** 0.33 

 -0.252 -0.208 -0.258 -0.199 -0.298 

Observations 253 253 253 253 253 

R-squared 0.27 0.26 0.36 0.39 0.15 

Mean comparison t(0) 1.87 2.18 1.33 2.96 1.96 

Mean intervention t(0) 1.99 2.15 1.47 2.97 1.85 

Diff t(0) 0.12 -0.03 0.15 0.02 -0.10 

Mean comparison t(1) 2.77 2.87 2.36 3.67 2.51 

Mean intervention  t(1) 3.08 3.25 2.82 4.18 2.74 

Diff t(1) 0.31* 0.38** 0.46* 0.51*** 0.23 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Robust Standard Errors clustered at the school level. Includes all modules. Includes all hubs. .t(0), baseline data collected in 2018; t(1), 

midline data collected in 2019. 
Key for outcome variables in table:  

(7) The teacher used questioning strategies to encourage participation, check on skill development, and facilitate intellectual 

engagement and productive interaction with students about important science and mathematics content and concepts  

(8) The teacher involved all students in the lesson (calling on non-volunteers, facilitating student-student interaction, checking in with 

hesitant learners, etc. 
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(9) Students ask questions, participate in discussions of the content and the procedures, and share their work with others  

(10) The mathematics or science content chosen was significant, worthwhile, and developmentally appropriate for this course (includes 

content standards covered, as well as examples and activities chosen by teacher 

(11) During the lesson, it was made explicit to students why the content is important to learn  

STVET Math Differences-in-Differences: Survey Indicators 

Table 28. Teacher Survey Indicators 

  (1) (2) (3) (4) (5) 

 

Teacher 
practice: 

behaviors 

Teacher practice: 
Professional 
development 

Teacher 
confidence    

Curriculum 
relevance 

Student 
skills: 

Participation 

DID 0.09* 0.45*** 0.17*** 0.03 0.07* 

 (0.0480) (0.0588) (0.0455) (0.0584) (0.0361) 

Observations 221 229 228 228 224 

R-squared 0.04 0.35 0.04 0.01 0.03 

Mean comparison t(0) 0.39 0.26 0.60 0.56 0.53 

Mean intervention t(0) 0.35 0.23 0.54 0.53 0.52 

Diff t(0) -0.04 -0.03 -0.06 -0.04 -0.02 

Mean comparison t(1) 0.41 0.18 0.52 0.52 0.54 

Mean intervention  t(1) 0.46 0.59 0.63 0.52 0.59 

Diff t(1) 0.05 0.41*** 0.11** 0.00 0.05 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Robust Standard Errors clustered at the school level. Includes all modules and hubs. 

Table 29. Student Survey Indicators 

  (1) (2) (3) (4) (5) 

 

Teacher practice: 
Student perception 

Teacher practice: 
In-class activities 

Student 
engagement 

Student 
skills: self-
perception 

Curriculum 
relevance: 

future 
perception 

DID 0.02* 0.02 0.02 0.02* 0.01 

 (0.0122) (0.0214) (0.0143) (0.0130) (0.0143) 

Observations 5,820 5,854 6,029 5,959 6,081 

R-squared 0.01 0.01 0.00 0.00 0.00 

Mean comparison t(0) 0.69 0.54 0.60 0.62 0.74 

Mean intervention t(0) 0.67 0.52 0.58 0.60 0.71 

Diff t(0) -0.02*** -0.02 -0.02 -0.02 -0.03 

Mean comparison t(1) 0.66 0.56 0.58 0.60 0.74 

Mean intervention t(1) 0.67 0.55 0.58 0.61 0.72 

Diff t(1) 0.00 -0.01 0.00 0.01 -0.02 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Robust Standard Errors clustered at the school level. Includes all modules and hubs 
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STVET Math: Gender Analyses of Student Survey Indicators* 

Table 30. Student Endline Survey Indicators by Gender  

 Male students Female students 

 Comparison Intervention Comparison Intervention 

Indicator (n) Mean (n) Mean (n) Mean (n) Mean 

Student perception of teacher practice 640 0.66 1,500 0.66 332 0.67 522 0.68 

Teacher practice: in-class activities 651 0.56 1,512 0.55 339 0.55 516 0.58 

Curriculum relevance 671 0.73 1,576 0.71 349 0.75 537 0.75 

Student skills: self-perception 649 0.60 1,533 0.60 343 0.60 527 0.62 

Student engagement 665 0.58 1,560 0.57 349 0.58 533 0.60 

Inference: *** p<0.01; ** p<0.05; * p<0.1. Includes all modules and hubs. 

 

Table 31. Student Endline Survey Indicators by Gender 

 Male students Female students 

 Comparison Intervention Comparison Intervention 

Indicator (n) Mean (n) Mean (n) Mean (n) Mean 

Student perception of teacher practice 597 0.65 1,144 0.66 326 0.67 431 0.69 

Teacher practice: in-class activities 608 0.56 1,159 0.55 333 0.55 422 0.59 

Curriculum relevance 627 0.73 1,204 0.71 343 0.75 440 0.75 

Student skills: self-perception 607 0.60 1,177 0.60 337 0.60 432 0.62 

Student engagement 622 0.57 1,191 0.57 343 0.58 436 0.60 

Inference: *** p<0.01; ** p<0.05; * p<0.1. Includes all module, excludes Food Processing and EEC hubs. 
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STVET Director Survey Descriptive Statistics 

Table 32. STVET Director Survey – Percent of respondents in each answer category  

Survey item 
Percent 
Comparison 

Percent 
Intervention 

(1) Active learning is an effective way of teaching 10-12 vocational 
students   

Strongly Disagree 0 0 

Disagree 0 0 

Agree 38 25 

Strongly Agree 56 73 

NA 6 3 

(2) Teachers must have regular exposure to industry   

Strongly Disagree   

Disagree   

Agree 28 40 

Strongly Agree 66 57 

NA 6 3 

(3) I believe forming partnerships with industry is a key part of my job   

Strongly Disagree   

Disagree   

Agree 47 38 

Strongly Agree 47 60 

NA 6 3 

(4) Technical teachers in my college link theory and practice in their 
vocational    

Strongly Disagree   

Disagree 3 0 

Agree 50 60 

Strongly Agree 41 38 

NA 6 3 

(5) Technical teachers in my college enhance the curriculum by 
incorporating industry   

Strongly Disagree 3 0 

Disagree 3 0 

Agree 56 68 

Strongly Agree 31 30 

NA 6 3 

(6) Teachers in my school model good occupational safety practices.   

Strongly Disagree   

Disagree 3 0 

Agree 44 45 

Strongly Agree 47 53 

NA 6 3 
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Survey item 
Percent 
Comparison 

Percent 
Intervention 

(7) Student safety in workshops is a priority in my college   

Strongly Disagree   

Disagree   

Agree 19 20 

Strongly Agree 75 78 

NA 6 3 

(8) Our involvement in the TVET hub has been valuable to our college 
(STVET) ***   

Strongly Disagree   

Disagree 0 3 

Agree 6 35 

Strongly Agree 0 60 

NA 94 3 

(9) Our involvement with the TVET hub has helped strengthen 
partnerships with industry (STVET) ***   

Strongly Disagree   

Disagree 0 3 

Agree 6 35 

Strongly Agree 0 60 

NA 94 3 

(10) The TVET Hub coordinator regularly visits our school (STVET) ***   

Strongly Disagree   

Disagree   

Agree 6 43 

Strongly Agree 0 55 

NA 94 3 

(11) The mechatronics short course has helped teachers and students 
understand (STVET)***   

Strongly Disagree   

Disagree 0 3 

Agree 6 40 

Strongly Agree 0 55 

NA 94 3 

(12) The Occupational safety action plan has contributed to better 
safety practices ***   

Strongly Disagree   

Disagree   

Agree 0 13 

Strongly Agree 0 30 

NA 100 57 

(13) The Enjoy Science materials have improved science education at 
my college.***   

Strongly Disagree   

Disagree   
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Survey item 
Percent 
Comparison 

Percent 
Intervention 

Agree 0 13 

Strongly Agree 0 30 

NA 100 57 

(14) The Enjoy Science materials have changed teaching practices in 
my college.***   

Strongly Disagree   

Disagree 0 5 

Agree 0 20 

Strongly Agree 0 18 

NA 100 57 

(15) The Enjoy Science materials have had had a positive influence on 
student attitude***   

Strongly Disagree   

Disagree   

Agree 0 25 

Strongly Agree 0 18 

NA 100 57 

(16) Teacher motivation has increased since the beginning of Enjoy 
Science.***   

Strongly Disagree   

Disagree   

Agree 0 15 

Strongly Agree 0 20 

NA 100 65 

 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Robust Standard Errors clustered at the school level. 

  



The Chevron Enjoy Science Project Endine Report (2020) 107 

7.4 STEM Results  

STEM Differences-in-Differences: UTOP 

Table 33. UTOP - Classroom Environment and Lesson Structure 

 
Classroom 

Environment 
Lesson Structure 

  (1) (2) (3) (4) 

DID -0.03 0.15 0.40** 0.35* 

 (0.140) (0.180) (0.185) (0.187) 

Observations 743 740 743 740 

R-squared 0.01 0.05 0.11 0.07 

Mean comparison t(0) 3.88 2.84 1.68 1.79 

Mean intervention t(0) 4.01 3.32 1.85 1.96 

Diff t(0) 0.13 0.48*** 0.17 0.18 

Mean comparison t(1) 4.03 2.95 2.23 2.19 

Mean intervention  t(1) 4.13 3.58 2.81 2.71 

Diff t(1) 0.10 0.63*** 0.57*** 0.53*** 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Robust Standard Errors clustered at the school level. All cohorts. 
Key for outcome variables in table:  

(1) The majority of students were on task throughout the class  
(2) The structure of the lesson allowed students to engage with or explore important concepts in mathematics or science 

(instead of focusing on techniques that may only be useful on exams  

(3) The lesson included an investigative or problem-based approach to important concepts in mathematics or science 
(frequency) 

(4) The lesson included an investigative or problem-based approach to important concepts in mathematics or science 
(quality)  

 

Table 34. UTOP – Implementation and Math and Science Concept 

 
 

Implementation 
Math and Science 

Concept 

  (5) (6) (7) (8) (9) (10) 

DID 0.04 -0.10 -0.17 -0.03 -0.07 0.26 

 (0.140) (0.154) (0.193) (0.188) (0.137) (0.205) 

Observations 740 741 736 743 738 744 

R-squared 0.05 0.06 0.04 0.04 0.08 0.03 

Mean comparison t(0) 2.44 2.54 1.86 1.90 3.41 2.11 

Mean intervention t(0) 2.80 3.05 2.42 2.37 3.71 2.27 

Diff t(0) 0.36*** 0.51*** 0.56*** 0.47*** 0.30*** 0.16 

Mean comparison t(1) 2.68 2.89 2.14 2.05 3.89 2.40 

Mean intervention  t(1) 3.08 3.29 2.52 2.49 4.12 2.82 

Diff t(1) 0.40*** 0.41*** 0.39** 0.44*** 0.24* 0.419*** 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Robust Standard Errors clustered at the school level. Includes all modules. All cohorts 
Key for outcome variables in table:  

(5) The teacher used questioning strategies to encourage participation, check on skill development, and facilitate intellectual 

engagement and productive interaction with students about important science and mathematics content and concepts  
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(6) The teacher involved all students in the lesson (calling on non-volunteers, facilitating student-student interaction, checking in with 

hesitant learners, etc. 

(7) Students ask questions, participate in discussions of the content and the procedures, and share their work with others (frequency) 

(8) Students ask questions, participate in discussions of the content and the procedures, and share their work with others (quality) 

(9) The mathematics or science content chosen was significant, worthwhile, and developmentally appropriate for this course (includes 
content standards covered, as well as examples and activities chosen by teacher 

(10) During the lesson, it was made explicit to students why the content is important to learn 
 

Table 35. UTOP - Classroom Environment and Lesson Structure 

 
Classroom 

Environment 
Lesson Structure 

  (1) (2) (3) (4) 

DID 0.03 0.33 0.625*** 0.546** 

 (0.167) (0.238) (0.233) (0.231) 

Observations 429 427 430 428 

R-squared 0.01 0.08 0.18 0.13 

Mean comparison t(0) 3.91 2.66 1.51 1.57 

Mean intervention t(0) 4.03 3.06 1.62 1.60 

Diff t(0) 0.12 0.41*** 0.11 0.04 

Mean comparison t(1) 3.99 2.87 2.18 2.08 

Mean intervention  t(1) 4.13 3.60 2.92 2.66 

Diff t(1) 0.14 0.74*** 0.74*** 0.58*** 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Robust Standard Errors clustered at the school level. Cohort 3 sample. 
Key for outcome variables in table:  

(1) The majority of students were on task throughout the class  
(2) The structure of the lesson allowed students to engage with or explore important concepts in mathematics or science 

(instead of focusing on techniques that may only be useful on exams  

(3) The lesson included an investigative or problem-based approach to important concepts in mathematics or science 
(frequency) 

(4) The lesson included an investigative or problem-based approach to important concepts in mathematics or science 
(quality)  

 

Table 36. UTOP – Implementation and Math and Science Concept 

 
 

Implementation 
Math and Science 

Concept 

  (5) (6) (7) (8) (9) (10) 

DID 0.24 0.05 0.36 0.32 0.07 0.630** 

 (0.195) (0.196) (0.231) (0.241) (0.183) (0.276) 

Observations 427 428 430 430 427 429 

R-squared 0.07 0.05 0.10 0.05 0.12 0.07 

Mean comparison t(0) 2.46 2.56 1.71 1.80 3.35 2.14 

Mean intervention t(0) 2.75 2.89 1.97 2.02 3.50 2.11 

Diff t(0) 0.29** 0.33** 0.26* 0.22 0.15 -0.03 

Mean comparison t(1) 2.64 2.87 2.09 1.98 3.91 2.45 

Mean intervention  t(1) 3.17 3.25 2.71 2.52 4.13 3.05 

Diff t(1) 0.53*** 0.39** 0.62*** 0.54*** 0.22 0.60*** 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
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Robust Standard Errors clustered at the school level. Includes all modules. Cohort 3 sample 
Key for outcome variables in table:  

(5) The teacher used questioning strategies to encourage participation, check on skill development, and facilitate intellectual 

engagement and productive interaction with students about important science and mathematics content and concepts  

(6) The teacher involved all students in the lesson (calling on non-volunteers, facilitating student-student interaction, checking in with 

hesitant learners, etc. 

(7) Students ask questions, participate in discussions of the content and the procedures, and share their work with others (frequency) 

(8) Students ask questions, participate in discussions of the content and the procedures, and share their work with others (quality) 

(9) The mathematics or science content chosen was significant, worthwhile, and developmentally appropriate for this course (includes 
content standards covered, as well as examples and activities chosen by teacher 

(10) During the lesson, it was made explicit to students why the content is important to learn 
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STEM: UTOP Descriptive Statistics 

Table 37. Purpose of the lesson - Percent of classrooms observed 

UTOP item Comparison Intervention 

 Percent Percent 

Identifying prior student knowledge   

No (n=82) 60 53 

Yes (n=65) 40 47 

Pearson chi2(1) = 0.6595 Pr = 0.417   

   

Addressing misconceptions   

No (n=129) 90 86 

Yes (n=18) 10 14 

Pearson chi2(1) = 0.6578 Pr = 0.417   

   

 Introducing new concepts or skills*   

No (n=90) 61 61 

Yes (n=57) 39 39 

Pearson chi2(1) = 0.0002 Pr = 0.989   

   

 Developing conceptual understanding   

No (n=75) 56 47 

Yes (n=72) 44 53 

Pearson chi2(1) = 1.2657 Pr = 0.261   

   

 Reviewing M/S concepts, skills, or 
procedures (including lab procedures)  

  

No (n=79) 48 58 

Yes (n=68) 52 42 

Pearson chi2(1) = 1.2365 Pr = 0.266   

   

 Developing problem-solving skills   

No (n=134) 95 88 

Yes (n=13) 5 12 

Pearson chi2(1) = 2.1333 Pr = 0.144   

   

 Learning M/S processes, algorithms, or 
procedures, including lab *** 

  

No (n=78) 61 47 

Yes (n=69) 39 53 
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Pearson chi2(1) = 2.9153 Pr = 0.088   

No (n=78) 61 47 

 Develop inquiry skills through scientific or 
mathematics investigations 

  

No (n=112) 81 73 

Yes (n=35) 19 27 

Pearson chi2(1) = 1.1729 Pr = 0.279   

   

 Learning vocabulary or specific facts   

No (n=118) 81 80 

Yes (n=29) 19 20 

Pearson chi2(1) = 0.0094 Pr = 0.923   

   

 Developing ability to discuss and apply core 
ideas in mathematics/science 

  

No (n=122) 79 86 

Yes (n=25) 21 14 

Pearson chi2(1) = 1.1918 Pr = 0.275   

   

 Developing interest and/or ability in carrying 
out independent study in M/S  

  

No (n=106) 68 75 

Yes (n=41) 32 25 

Pearson chi2(1) = 1.0167 Pr = 0.313   

   

Teaching students about history, 
philosophy, or social significance of M/S 

  

No (n=133) 100 100 

   

Assessing student understanding or skill 
development** 

  

No (n=53) 35 36 

Yes (n=94) 65 64 

Pearson chi2(1) = 0.0151 Pr = 0.902   

   

 Preparing for a specific test   

No (n=144) 98 98 

Yes (n=3) 2 2 

Pearson chi2(1) = 0.0982 Pr = 0.754   

 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Only Robotics (ES Module) data used. All Cohorts. 
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Table 38. Teaching methods - Percent of classrooms observed 

UTOP item Comparison Intervention 

 Percent Percent 

Students listen to teacher lecture (more than 
10 mins) 

  

None (n=88) 58 61 

Whole Class (n=58) 42 38 

Combination of 2 or more (n=1) 0 1 

Pearson chi2(2) = 0.9545 Pr = 0.620   

   

Students listen to teacher minilesson (less 
than 10 mins) 

  

None (n=61) 42 41 

Whole Class (n=76) 53 51 

Small Group/Partner (n=6) 3 5 

Combination of 2 or more (n=4) 2 4 

   

Students take notes   

None (n=91) 63 61 

Whole Class (n=15) 11 9 

Small Group/Partner (n=11) 8 7 

Individual (n=25) 13 20 

Combination of 2 or more (n=5) 5 2 

Pearson chi2(4) = 1.9027 Pr = 0.754   

Discussion:  teacher led   

None (n=73) 55 46 

Whole Class (n=64) 40 46 

Small Group/Partner (n=9) 5 7 

Individual (n=1) 0 1 

Pearson chi2(3) = 1.8517 Pr = 0.604   

Discussion:  student led   

None (n=132) 92 88 

Whole Class (n=1) 2 0 

Small Group/Partner (n=14) 6 12 

Pearson chi2(2) = 2.4882 Pr = 0.288   

   

Student Presentations or demonstrations**   

None (n=93) 63 64 

Whole Class (n=4) 3 2 
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Small Group/Partner (n=44) 31 29 

Individual (n=6) 3 5 

Pearson chi2(3) = 0.3132 Pr = 0.958   

   

Demonstration by Teacher   

None (n=131) 94 86 

Whole Class (n=15) 6 13 

Small Group/Partner (n=1) 0 1 

Pearson chi2(2) = 2.4455 Pr = 0.294   

   

Lab or Field Work: skill development    

None (n=110) 76 74 

Whole Class (n=7) 5 5 

Small Group/Partner (n=29) 19 20 

Combination of 2 or more (n=1) 0 1 

Pearson chi2(3) = 0.7520 Pr = 0.861   

Lab or Field Work: guided inquiry (teacher-
led/directed) 

  

None (n=85) 63 54 

Whole Class (n=8) 5 6 

Small Group/Partner (n=51) 31 38 

Individual (n=1) 2 0 

Combination of 2 or more (n=2) 0 2 

Pearson chi2(4) = 3.8867 Pr = 0.422   

Lab or Field Work: coupled inquiry 
(student/teacher developed and directed) 

  

None (n=144) 98 98 

Small Group/Partner (n=2) 0 2 

Individual (n=1) 2 0 

Pearson chi2(2) = 2.8318 Pr = 0.243   

Lab or Field Work: open inquiry   

None (n=141) 95 96 

Whole Class (n=1) 0 1 

Small Group/Partner (n=5) 5 2 

Pearson chi2(2) = 1.3871 Pr = 0.500   

Lab or Field Work: recorded, represented 
and/or analyzed data* 

  

None (n=108) 77 71 

Whole Class (n=3) 2 2 

Small Group/Partner (n=34) 19 26 
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Individual (n=2) 2 1 

Pearson chi2(3) = 1.0345 Pr = 0.793   

Lab or Field Work: recognized patterns, cycles 
or trends 

  

None (n=131) 100 100 

   

Lab or Field Work:evaluated the validity of 
arguments or claims 

  

None (n=100) 71 66 

Whole Class (n=18) 8 15 

Small Group/Partner (n=23) 16 15 

Combination of 2 or more (n=6) 5 4 

Pearson chi2(3) = 1.8331 Pr = 0.608   

   

Lab or Field Work:long-term projects   

None (n=146) 98 100 

Whole Class (n=1) 2 0 

Pearson chi2(1) = 1.3804 Pr = 0.240   

Problem solving: worked with manipulatives*   

None (n=121) 85 80 

Whole Class (n=6) 8 1 

Small Group/Partner (n=18) 5 18 

Individual (n=2) 2 1 

Pearson chi2(3) = 9.1516 Pr = 0.027   

Problem solving: guided inquiry (teacher â€“  
led/directed) 

  

None (n=112) 81 73 

Whole Class (n=6) 6 2 

Small Group/Partner (n=28) 11 25 

Individual (n=1) 2 0 

Pearson chi2(3) = 6.5132 Pr = 0.089   

Problem solving: coupled inquiry 
(student/teacher developed and directed) 

  

None (n=140) 97 94 

Small Group/Partner (n=6) 2 6 

Individual (n=1) 2 0 

Pearson chi2(2) = 2.9986 Pr = 0.223   

Problem solving: recorded, represented 
and/or analyzed data** 

  

None (n=130) 92 86 

Small Group/Partner (n=16) 8 13 
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Individual (n=1) 0 1 

Pearson chi2(2) = 1.6613 Pr = 0.436   

Problem solving: recognized patterns, cycles 
or trends 

  

None (n=132) 100 99 

   

Problem solving: evaluated the validity of 
arguments or claims 

  

None (n=131) 92 87 

Whole Class (n=2) 2 1 

Small Group/Partner (n=12) 3 12 

Individual (n=2) 3 0 

Pearson chi2(3) = 6.0899 Pr = 0.107   

   

Problem solving: provided an informal 
justification or formal proof 

  

None (n=144) 97 99 

Whole Class (n=2) 3 0 

Small Group/Partner (n=1) 0 1 

Pearson chi2(2) = 3.4867 Pr = 0.175   

Reading/reflection: read about 
mathematics/science 

  

None (n=119) 84 79 

Whole Class (n=20) 8 18 

Small Group/Partner (n=1) 0 1 

Individual (n=4) 6 0 

Combination of 2 or more (n=3) 2 2 

Pearson chi2(4) = 8.8419 Pr = 0.065   

Reading/reflection: answered 
textbook/worksheet questions 

  

None (n=97) 69 64 

Whole Class (n=23) 15 16 

Small Group/Partner (n=11) 6 8 

Individual (n=13) 10 8 

Combination of 2 or more (n=3) 0 4 

Pearson chi2(4) = 2.6969 Pr = 0.610   

Reading/reflection: reflected on readings, 
activities, or problems  

  

None (n=76) 58 47 

Whole Class (n=24) 11 20 

Small Group/Partner (n=35) 24 24 

Individual (n=6) 2 6 
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Combination of 2 or more (n=6) 5 4 

Pearson chi2(4) = 4.2639 Pr = 0.371   

Reading/reflection: prepared a written report   

None (n=146) 100 99 

Small Group/Partner (n=1) 0 1 

Pearson chi2(1) = 0.7344 Pr = 0.391   

Reading/reflection: wrote a description of a 
plan, procedure, or problem-solving  

  

None (n=142) 97 96 

Small Group/Partner (n=5) 3 4 

Pearson chi2(1) = 0.0101 Pr = 0.920   

Reading/reflection: wrote reflections in a 
notebook or journal 

  

None (n=124) 81 87 

Whole Class (n=9) 10 4 

Small Group/Partner (n=2) 2 1 

Individual (n=8) 8 4 

Combination of 2 or more (n=4) 0 5 

Pearson chi2(4) = 6.7108 Pr = 0.152   

Used technology: to develop conceptual 
understanding 

  

None (n=106) 74 71 

Whole Class (n=40) 24 29 

Small Group/Partner (n=1) 2 0 

Pearson chi2(2) = 1.7943 Pr = 0.408   

Used technology: to learn or practice a skill   

None (n=144) 98 98 

Whole Class (n=3) 2 2 

Pearson chi2(1) = 0.0982 Pr = 0.754   

   

Used technology: to collect data (e.g., using 
probeware) 

  

None (n=145) 97 100 

Individual (n=2) 3 0 

Pearson chi2(1) = 2.7798 Pr = 0.095   

   

Used technology: as an analytic tool (e.g., 
spreadsheets or data analysis) 

  

None (n=131) 100 100 

Pearson chi2(2) = 2.9069 Pr = 0.234   

Used technology: as a presentation tool*   
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None (n=121) 89 78 

Whole Class (n=24) 8 22 

Small Group/Partner (n=1) 2 0 

Individual (n=1) 2 0 

Pearson chi2(3) = 7.7579 Pr = 0.051   

Used technology: for word processing and/or 
communication (e.g. email, internet) 

  

None (n=131) 100 100 

   

Used technology: to find information (e.g., 
using search engines) 

  

None (n=146) 98 100 

Combination of 2 or more (n=1) 2 0 

Pearson chi2(1) = 1.3804 Pr = 0.240   

Formative assessment: Students answer 
teacher questions to check understanding 

  

None (n=24) 21 13 

Whole Class (n=85) 52 62 

Small Group/Partner (n=17) 10 13 

Individual (n=1) 0 1 

Combination of 2 or more (n=20) 18 11 

Pearson chi2(4) = 4.5379 Pr = 0.338   

Formal Assessment - Exam   

None (n=145) 98 99 

Whole Class (n=1) 0 1 

Small Group/Partner (n=1) 2 0 

Pearson chi2(2) = 2.1011 Pr = 0.350   

Formal Assessment - Quiz   

None (n=141) 98 94 

Whole Class (n=2) 2 1 

Individual (n=3) 0 4 

Combination of 2 or more (n=1) 0 1 

Pearson chi2(3) = 3.0360 Pr = 0.386   

Formal Assessment  Lab practical   

None (n=108) 77 71 

Whole Class (n=1) 2 0 

Small Group/Partner (n=37) 21 28 

Individual (n=1) 0 1 

Pearson chi2(3) = 3.0804 Pr = 0.379   

Watched a movie/video clip   
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None (n=112) 77 75 

Whole Class (n=35) 23 25 

Pearson chi2(1) = 0.0893 Pr = 0.765   

 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Only Robotics (ES Module) data used. All Cohorts. 
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STEM Teacher and Student Surveys: Sample by Region 

Table 39. Baseline and Endline sample sizes by Region 

 

Student (n) 
 

Teacher (n)  
Baseline Endline 

  
Baseline Endline 

Region: Central      

Comparison 1,586 1,044 
 

64 49 

Intervention 1,981 1,117 
 

81 41     
  

 

Region: North 
 

 

Comparison 1,275 809 
 

50 33 

Intervention 1,380 1,021 
 

51 40 
    

  
 

Region: Northeastern 
 

 

Comparison 840 350 
 

52 22 

Intervention 1,354 923 
 

72 53     
  

 

Region: South 
 

 

Comparison 793 224 
 

33 19 

Intervention 1,102 642 
 

49 34 
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STEM Differences-in-Differences: Survey Indicators 

Table 40. Teacher Survey Indicators – All Cohorts 

  (1) (2) (3) (4) 

 
Teacher attitude 

Teacher practice: 
Lesson emphasis 

Teacher practice: 
Time use in class 

Teacher 
confidence 

DID -0.03 0.00 -0.04* 0.02 

 (0.0204) (0.0227) (0.0228) (0.0228) 

Observations 721 714 696 732 

R-squared 0.01 0.00 0.02 0.01 

Mean comparison t(0) 0.69 0.76 0.63 0.71 

Mean intervention t(0) 0.71 0.77 0.67 0.72 

Diff t(0) 0.03 0.01 0.04* 0.00 

Mean comparison t(1) 0.72 0.76 0.69 0.73 

Mean intervention  t(1) 0.72 0.78 0.68 0.76 

Diff t(1) 0.00 0.02 0.00 0.02 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Robust Standard Errors clustered at the school level. All cohorts 

Table 41. Teacher survey indicators – Y3 Cohort 

  (1) (2) (3) (4) 

 
Teacher attitude 

Teacher practice: 
Lesson emphasis 

Teacher practice: 
Time use in class 

Teacher 
confidence 

DID -0.01 -0.01 -0.04 0.0163 

 (0.0269) (0.0263) (0.0257) (0.0308) 

Observations 404 399 382 410 

R-squared 0.01 0.00 0.01 0.02 

Mean comparison t(0) 0.68 0.74 0.66 0.70 

Mean intervention t(0) 0.69 0.77 0.68 0.69 

Diff t(0) 0.01 0.02 0.02 -0.01 

Mean comparison t(1) 0.72 0.76 0.70 0.74 

Mean intervention  t(1) 0.72 0.77 0.68 0.75 

Diff t(1) 0.00 0.01 -0.02 0.01 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Robust Standard Errors clustered at the school level. Year 3 Cohort 

 

Table 42. Student Survey Indicators – All Cohorts 

  (1) (2) (3) (4) (5)  

 

Teacher practice: 
Student perception 

Teacher practice: 
In-class activities 

Student 
engagement: 

attitudes 

Student 
engagement: 

behaviors 

Student 
skills 

Selection of 
STEM/TVET 

tracks 

DID -0.013 -0.006 -0.009 -0.005 -0.009 -0.018* 

 (0.00904) (0.0144) (0.00777) (0.0286) (0.00778) (0.00939) 

Observations 15,723 16,186 15,559 16,285 15,934 16,245 

R-squared 0.018 0.008 0.012 0.010 0.013 0.006 
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  (1) (2) (3) (4) (5)  

 

Teacher practice: 
Student perception 

Teacher practice: 
In-class activities 

Student 
engagement: 

attitudes 

Student 
engagement: 

behaviors 

Student 
skills 

Selection of 
STEM/TVET 

tracks 

Mean comparison t(0) 0.723 0.593 0.686 0.569 0.620 0.674 

Mean intervention t(0) 0.733 0.614 0.697 0.577 0.632 0.690 

Diff t(0) 0.010 0.021 0.010 0.008 0.012 0.016 

Mean comparison t(1) 0.769 0.630 0.718 0.507 0.598 0.702 

Mean intervention t(1) 0.766 0.645 0.720 0.510 0.601 0.702 

Diff t(1) -0.002 0.014 0.002 0.003 0.002 0.000 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Robust Standard Errors clustered at the school level.  , All cohorts  

 

 

Table 43. Student survey indicators – Y3 Cohort 

  (1) (2) (3) (4) (5)  

 

Teacher practice: 
Student perception 

Teacher practice: 
In-class activities 

Student 
engagement: 

attitudes 

Student 
engagement: 

behaviors 

Student 
skills 

Selection of 
STEM/TVET 

tracks 

DID -0.009 0.011 -0.006 -0.038 -0.005 -0.016 

 (0.0103) (0.0172) (0.00926) (0.0400) (0.00975) (0.0107) 

Observations 9,434 9,732 9,292 9,810 9,600 9,785 

R-squared 0.02 0.01 0.02 0.01 0.01 0.01 

Mean comparison t(0) 0.73 0.60 0.69 0.55 0.62 0.68 

Mean intervention t(0) 0.73 0.60 0.70 0.57 0.63 0.69 

Diff t(0) 0.01 0.01 0.01 0.02 0.01 0.017** 

Mean comparison t(1) 0.78 0.63 0.72 0.50 0.60 0.71 

Mean intervention t(1) 0.77 0.65 0.73 0.48 0.61 0.71 

Diff t(1) 0.00 0.02 0.00 -0.02 0.01 0.00 

Inference: *** p<0.01; ** p<0.05; * p<0.1 
Robust Standard Errors clustered at the school level.  , Year 3 Cohort 
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STEM: Gender Analyses of Student Survey Indicators 

Table 44. Student Endline Survey Indicators by Gender  

 Male students Female students 

 Comparison Intervention Comparison Intervention 

Indicator (n) Mean (n) Mean (n) Mean (n) Mean 

Teacher practice: Student perception 1,138  0.75 1,793  0.74 1,183  0.79 1,797  0.79 

Teacher practice: In-class activities 1,177  061 1,840  062 1,206  065 1,819  067 

Student engagement: attitudes 1,077  071 1,728  071 1,120  073 1,740  073 

Student engagement: behaviors 1,192  050 1,853  050 1,208  052 1,828  052 

Student skills 1,167  059 1,801  059 1,190  060 1,801  061 

Selection of STEM/TVET tracks 1,192  068 1,836  068 1,202  072 1,819  072 

Inference: *** p<0.01; ** p<0.05; * p<0.1. Includes all modules Cohorts 

 

Table 45. Student Endline Survey Indicators by Gender 

 Male students Female students 

 Comparison Intervention Comparison Intervention 

Indicator (n) Mean (n) Mean (n) Mean (n) Mean 

Teacher practice: Student perception 868  0.75   919  0.75 915  0.80 836  0.79 

Teacher practice: In-class activities 900  0.61 943  0.63 933  0.65 836  0.67 

Student engagement: attitudes 816  0.71 861  0.71 862  0.74 790  0.74 

Student engagement: behaviors 913  0.49 947  0.48 935  0.50 843  0.48 

Student skills 891  0.60 922  0.60 924  0.61 833  0.61 

Selection of STEM/TVET tracks 912  0.69  938  0.69 931  0.72  841  0.73 

Inference: *** p<0.01; ** p<0.05; * p<0.1. Cohort 3 sample 
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O-NET scores  

Table 46. M3 O-Net Scores by Enjoy Science groups for Math and Science 

Subject Group / 
Difference 

2012 2013 2014 2015 2016 2017 2018 

Math Comparison 27.3 25.6 29.3 30.8 25.6 22.6 28.2 

Intervention 27.0 25.6 28.9 30.8 26.5 24.5 27.8 

Difference  
(T-C) 

-0.4 0.1 -0.4 0.0 1.0 1.9 -0.3 

National 31.2 29.2 34.8 37.6 29.1 25.9 26.3 

P6 Comparison 31.1 37.5 36.8 34.1 31.1 32.4 29.4 

Intervention 30.8 38.9 37.2 35.5 32.3 32.4 29.3 

Difference 
(T-C) 

-0.3 1.4 0.4 1.4 1.2 0.0 -0.1 

National 30.9 41.0 40.0 38.0 37.1 35.0 37.7 

 

Note: differences on the percent of correct answers overall, i.e. for all indicators. Science indicators: lifer 
with the process of life, human being and environment, substances and properties of substances, force 
and motion, energy, world and change, and astronomy. Math: number and operation, measurement, 
geometry, algebra, and data analysis and probability. Thai indicators: reading, writing, listening, and 
grammar.  
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7.7 Survey items and indicators 

STEM Teacher: Survey Items by Indicator 

STEM teacher attitude/satisfaction, teaching perceptions  

Measures teacher’s self-reported motivation to try new teaching practices or visual aids as well as how much they 
can influence their students’ future career choices, inquiry and problem-solving skills 

Like me/Not 
like me 

I am motivated to expand on the instructional techniques that I use 

I am motivated to change the way I use hands-on materials and manipulatives in my teaching 

I consider myself a “subject matter expert” in my main teaching field 

I provide my students with a strong conceptual knowledge in STEM-related subjects so they can 
successfully advance in STEM-related studies 

I develop my students’ inquiry and problem-solving skills so they can successfully advance in STEM-related 
studies 

I believe I can truly make a difference in the lives of my students in terms of their choices for further 
education and their careers 

Teacher practice: lesson emphasis 

Measures how much emphasis teachers put on learning activities such as group work, inquiry, problem-solving, 
understanding of theoretical concepts, and national exam preparation.  

No/Full 
emphasis 

Integrating the course curriculum with other subjects or fields of study 

In-depth study of selected topics or issues, as opposed to exposure to a broad range of topics 

Understanding the theoretical concepts and ideas underlying scientific or mathematical applications 

Teaching facts, rules, or vocabulary 

Showing the importance of the subject in everyday life 

Increasing students’ interest in the subject and in pursuing further study 

Using inquiry-based skills such as drawing conclusions after a review of existing evidence 

Encouraging students to explore alternative explanations or methods for solving problems 

Facilitating the use of group work activities/structures during class time 

Facilitating the use of group work activities/structures for homework assignments 

Preparing students for taking national examinations in the subject 

Teacher practice: time use (see note to the below) 

Captures how teachers report spending their class time, measured as a percentage. Example activities include 
lecture, review, hands-on activities and labs, group work, guest speakers and field trips. 

Percent time 

Teacher-led whole class discussions 

Students responding orally to questions on subject matter covered in class or homework 

Student-led whole-group discussions or presentations 

Students working together in cooperative groups 

Reviewing homework or other assignments 

Participate in hands-on activities (e.g., doing lab activities or using manipulatives) 

Design or implement their own scientific investigation or mathematical theory or proof 

Project based learning approach 

Reflect on course material by writing in a notebook or journal 

Work individually on written work or assignments in a workbook or textbook 

Critique/evaluate their own or other students’ class work or homework 
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Consider a real-world problem relevant to the course and develop a plan to address it 

Use primary sources (e.g., newspapers, tv, academic or professional journals, etc.) to investigate current 
issues or new developments in mathematics, science, or technology 

Listen to guest speakers or go on field trips relevant to the material studied in class 

Investigate possible career opportunities in STEM or TVET related professions 

Revising current lessons/curriculum units 

Learning to use science or mathematics kits 

Interacting with other teachers at your school to coordinate lessons/activities 

Responding to e-mail or texts (e.g. through Line, WhatsApp, Facebook) you receive from students 

Creating new lessons/curriculum units 

Attending conferences or workshops to enhance pedagogical content knowledge and instructional practices.   

Contacting community resources, including making arrangements for speakers, tours of local businesses or 
companies, etc 

Using the Internet (e.g. Line, WhatsApp, Facebook, etc.) to network with professional colleagues 

Consulting with experts/professors/professionals in science and /math 

Consulting with other teachers in different schools to seek advice/assistance on lessons/activities 

Consulting with the academic head in your school to seek advice/assistance on lessons/activities 

Using a reflective teaching journal 

STEM teacher practice, assessments  

measures how frequently teachers report using various assessment techniques with their students. Example 
assessments could include activities like pre-tests, student presentations and portfolios, class participation and 
discussion, and journals. 

Frequency 

Pre-tests before beginning a new unit 

Short-answer tests (e.g., multiple choice, true/false, fill-in-the-blank) 

Tests requiring open-ended responses (e.g., descriptions, justifications, explanations) 

Student portfolios 

Class participation/group discussion 

Student presentations/projects 

Hands-on performance measurements 

Written explanations of thought processes (e.g., journals, essays) 

Other assessment (please list):   

STEM teacher practice, professional confidence  

Measures how confident teachers feel demonstrating instructional practices to other teachers, advising students 
about job opportunities, and applying inquiry-based methods in their own teaching. 

Confidence 

My ability to demonstrate to other teachers about effective instructional practices 

My ability to advise students about job opportunities in the subject area 

My ability to use inquiry-based instructional practices in science or problem based instructional practices in 
math 

My ability to determine the depth, breadth, and pace of coverage of material in your teaching 
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STEM Student: Survey Items by Indicator 

STEM student teacher practice, perceptions  

Uses an agree/disagree scale to measure student-teacher interactions, including how encouraged, supported and 
challenged by their math or science teacher students feel. It also measures whether students perceive science as a 
subject that requires collaboration and teamwork.  

  

When learning about science, you work as part of a team 

Practicing science is usually an individual effort without collaboration 

Really enjoys teaching math/science  

Expects me to do my best at all times 

Expects me to complete my assignments on time 

Gives me extra help when I don’t understand something in science 

Has encouraged me to think about different career careers in math/science 

Thinks it is very important that I do well in math/science 

Is a very good teacher 

Clearly explains the course material 

Makes math/science exciting 

Values my ideas and opinions 

Provides examples of how to apply science/math lessons to daily life 

STEM student teacher practice, in-class activities  

Measures the student-reported frequency of lab activities and group work, as well as opportunities to explore STEM 
careers or apply content to daily life.   

Frequency 

Worked on hands-on activities such as lab activities 

Worked collaboratively in small groups during class time to solve problems and complete assignments 

Worked individually on written work or assignments in a workbook or textbook 

Have a chance to use science and math in daily life 

Explored possible career opportunities related to STEM 

STEM student engagement, attitudes  

Uses a scale of agree/disagree to measure how students feel about studying math and science, including how 
important or applicable to their lives they perceive the subjects to be and how much they enjoy studying them.  

Agree/Disagree 

I enjoy math/science 

Math/Science challenges me to use my mind 

The math/science instruction that I have received will be helpful for me in the future 

Advancements in science and mathematics often make our lives better 

Classmates look down on students who try hard at math/science.  

Studying math/science makes me excited about the world around me  

Come to math/science class prepared 

Like math/science 

Think doing math/science is a waste of time 

Think math/science is important for their lives. 

Expect me to complete college 

Make sure I do my homework assignments 

STEM student engagement, behaviors  
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Uses a yes/no scale to measure student engagement with math and science through extracurricular clubs, 
participation in competitions or camps, reading of magazines and news articles and research about math and 
science careers. 

Yes/No 

Participated in a science, mathematics, or computer club 

Read science or mathematics magazines or news articles 

Collected information about careers in science or mathematics 

Participated in math/science camps, competitions or projects 

STEM student skills, personal and parental perceptions  

Uses an agree/disagree scale to measure students’ perceptions of their own ability in math and science, as well as 
how supportive or encouraging their parents are of their math and science studies.  

Agree/Disagree 

Doing math/science often makes me feel nervous or frustrated 

I am good at math/science  

I usually understand what we are doing in math/science 

I feel confident in my understanding of math/science topics.  

Math/Science is difficult for me  

Are very busy and don’t have much time to help with my school work 

Expect me to do well in math/science  

Think that math/science is a very important subject 

Ask me about what I am doing in school in my math and science classes 

STEM student selection of STEM/TVET tracks, perceptions  

Uses an agree/disagree scale to measure how important students think math and science are to society and how 
likely they are to enroll in advanced courses or plan a career in science, math, technology or engineering. 

Agree/Disagree 

Studying math/science will help me get a better job when I am an adult 

Overall, science and mathematics helps improve people’s lives.  

I will probably take more advanced courses in math/science 

Plan to attend grades 14-15 (technical college) 

Would like me to have a career in science, math, technology, or engineering 
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STVET Teacher: Survey Items by Indicator 

STVET teacher practice, behaviors  

Measures the self-reported frequency that teachers used project-based activities, group work, experiments, inquiry or 
data gathering and interpretation during the past semester. 

Frequency 

Use project-based learning activities to teach new concepts 

Have students work in groups 

Use science experiments to explore concepts. 

Use inquiry-based teaching and learning methods 

Engaged students in gathering and interpreting data to understand scientific concepts 

STVET teacher practice, professional development participation  

Measures teachers’ self-reported participation in professional development activities focusing on topics such as 
physics content, how physics relates to daily life, activity-based teaching and learning strategies or strategies for 
using project-based classroom activities during the previous 12 months. 

Professional 
development 

Physics content 

How physics relates to the world of work 

Activity-based teaching and learning strategies in science 

Strategies for using project-based classroom activities (e.g., exercises, classwork, lessons) 

STVET teacher student skills, participation  

Uses an agree/disagree scale to measure the extent to which teachers believe their students were actively 
participating, applying critical thinking skills, doing project-based learning activities and enjoying science during the 
previous semester. 

Agree/Disagree 

My students actively participated in classroom activities  

My students were involved in project-based learning activities 

My students enjoyed learning science 

My students applied critical thinking skills 

STVET teacher practice, confidence  

Measures teachers’ self-reported confidence using activity- or project-based classroom practices, motivating their 
students and using science experiments as learning tools. 

Confidence 

My ability to use activity-based learning practices  

My ability to use project-based learning activities 

My ability to motivate my students  

My ability to help students to learn from science experiments 

STVET teacher curriculum relevance, perception  

Uses an agree/disagree scale to measure how well teachers believe their students understood the connection 
between science and workplace activities during the previous semester. 

Agree/Disagree 

Relate scientific concepts to workplace activities 

Give examples of how science applies to the world of work 

My students learned how science is applied in the work place 
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STVET Student: Survey Items by Indicator 

STVET student teacher practice, perceptions  

Uses an agree/disagree scale to measure student-teacher interactions, including how encouraged, supported and 
challenged students feel by their math or science teacher and how comfortable they feel asking questions.  It also 
measures whether students see their teacher as an expert in their field.  

 Agree/Disagree 

I often work as part of a group in science class. 

Expects me to complete my assignments on time. 

Depends on lecturing to teach us most of the time. 

Gives me extra help when I need it. 

Encourages me to think about different jobs in science or related fields. 

Clearly explains science topics. 

Makes science exciting. 

Relates scientific concepts to the world of work.  

Uses different teaching methods to help us learn. 

Is an expert in science 

Gives clear instruction 

Encourages me to ask questions 

Asks students question 

Encourages the class in discussion 

Encourages us to come up with solutions to scientific problems 

STVET student teacher practice, in-class activities  

Measures the student-reported frequency of in-class activities, such as listening to lectures, watching videos, taking 
notes, doing experiments or working in groups in their current science courses.  

Frequency 

Worked on science experiments 

Worked in small groups during class  

Worked individually on written work or assignments 

Listened to a lecture  

Watched videos 

Used the internet for research 

Learned about case studies 

Took notes from a teacher lecture or book 

Took notes from an individual reading Completed an assignment 

STVET student engagement, attitudes  

Uses an agree/disagree scale to measure how enjoyable or difficult students find science and if they believe it can 
improve people’s lives.  

Agree/Disagree 

I enjoy science. 

Science is difficult for me. 

Science improves people’s lives. 

Science is my favourite subject. 

STVET student skills, personal perceptions  

Uses an agree/disagree scale to measure students’ perceptions of their own abilities in math and science, including 
how comfortable they feel with problem-solving and group work activities.  
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Agree/Disagree 

I am good at science.  

I usually understand what we are doing in science. 

My knowledge of science is improving. 

My skills in problem solving are improving. 

I do well in group activities. 

I do well on science assignments. 

I often help others understand science lessons. 

I do well on science exams. 

I often need additional help to understand science lessons. 

STVET student curriculum relevance, future perceptions  

Uses an agree/disagree scale to measure how useful students think the science content they are learning will be in 
the future, as well as how helpful it will be in securing a good job.  

Agree/Disagree 
The science I have learned will be helpful in the future. 

Studying science will help me get a better job. 

 
 

TVET Teacher and Student: Survey Items by Indicator 

Note: due to changes in the tool from baseline to midline, there were no enough items to re-create the indicators 

reported at baseline, so descriptive statistics by indicator were reported see section (7.6). 
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7.8 Qualitative Annexes 

TVET-Robotics 

TVET-Robotics Student Focus Group Discussions 

 

Figure 11 TVET-Robotics Student FGD Endline: Describe the ways in which your teacher(s) 
taught the learning activities in the robotics classroom 

 

 

Figure 12 TVET-Robotics Student FGD Endline: Describe the teaching and learning activities 
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Figure 13 TVET-Robotics Student FGD Endline: Describe the teaching aids used in your 
robotics class 

 

 

Figure 14 TVET-Robotics FGD Endline: Describe the classroom environment and student-
teacher interaction 
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Figure 15 TVET-Robotics Student FGD Endline: What experience and technical skills did 
students gain from robotics class? 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16 TVET-Robotics Student FGD Endline: What experience and technical skills did you 
gain from the learning activities your teacher uses? 
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Figure 17 TVET-Robotics Student FGD Endline: In today’s robotics class, how did the teacher 
help students? 

 
 

 

Figure 18 TVET-Robotics Student FGD Endline: After robotics class, did students have 
confidence to apply robotics concepts in the workplace? 
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Figure 19 TVET-Robotics Student FGD Endline: After robotics class, did students have 
confidence to apply soft skills in the workplace? 

 

 

Figure 20 TVET-Robotics Student FGD Endline: Do females or males participate more in 
robotics class? 

 

 

17%
25%

5%

75%

40%

17%

22%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Intervention Robotics Students (n=60) Comparison Robotics Students (n=60)

After robotics class, did students have confidence to apply soft skills 
in the workplace?

Punctuality

Presentation skills

Teamwork

Problem-solving skills

Leadership

82%
83%

3%

5%

5%
12%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Intervention Robotics Students
(n=122)

Comparison Robotics Students
(n=131)

Males participate more

Females participate more

Equal



The Chevron Enjoy Science Project Endine Report (2020) 136 

Figure 21 TVET-Robotics Student FGD Endline: Are technical colleges providing different care 
or services for female and male students? 

 

 

Figure 22 TVET-Robotics Student FGD Endline: In today’s class, did the teacher give equal 
importance to female and male students? 
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Figure 23 TVET-Robotics Student FGD Endline: Do you think females and males put the same 
effort into class content? 
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TVET-Robotics Teacher Interviews 

 

Figure 24 TVET-Robotics Teacher Interviews Endline: Briefly explain the main content and 
teaching methods you plan to use this semester 
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Figure 25 TVET-Robotics Teacher Interviews Endline: How did you prepare for today’s lesson 
and what kind of teaching aids did you use? 

 

 

Figure 26 TVET-Robotics Teacher Interviews: What is the main content of today’s lesson? How 
did you divide the content? 

 

 

7%

25%

22%

66%

27%

2%

19%

2%

2%

25%

2%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Intervention Robotics
Teachings (n=41)

Comparison Robotics Teachers
(n=48)

Did not prepare

Based on previous teaching experience

Reached out to expert advisors or
network of trained teachers

Prepared existing equipment from
inventions, student work, or donations

Used books from OVEC

Used teacher manuals and lesson plans
from training

75%

5%

15%

18%

23%

29%

3%

33%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Intervention Robotics Teacher
(n=40)

Comparison Robotics Teacher
(n=48)

Lecture focused on participation, using
questions to support thinking

Theoretical 50% and practical
examinations 50%

Practice mechanical profession more
than 70%

Lecture more than 50%

To practice or control an articulated
robot, class more than 70%
worksheets



The Chevron Enjoy Science Project Endine Report (2020) 140 

Figure 27 TVET-Robotics Teacher Interviews Endline: What were the primary teaching 
methods used in today’s lesson? 

 

 

Figure 28 TVET-Robotics Teacher Interviews Endline: What was your rationale for choosing 
these teaching methods? 
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Figure 29 TVET-Robotics Teacher Interviews Endline: How do students respond to these 
learning activities? 

 

 

Figure 30 TVET-Robotics Teacher Interviews Endline: Do students have a different 
background prior to study in grade 13? What is the teacher’s role to support each group? 
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Figure 31 TVET-Robotics Teacher Interviews: Did you explain or provide examples of how 
today’s concepts and skills apply to the world of work? 

 

 

Figure 32 TVET-Robotics Teacher Interviews: Where do you believe the girls in your class will 
be in 5 years? 
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Figure 33 TVET-Robotics Teacher Interviews: Where do you believe the boys in your class will 
be in 5 years? 

 

 

Figure 34 TVET-Robotics Teacher Interviews: Do you think males and females put the same 
effort into class activities? 
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Figure 35 TVET-Robotics Teacher Interviews: Do you think males and females pay the same 
attention to course content? 

 

 

Figure 36 TVET-Robotics Teacher Interviews: How did you assess student learning toward 
today’s lesson objectives, informally and formally? 
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Figure 37 TVET-Robotics Teacher Interviews: Please specify students’ technical skills and soft 
skills after today’s lesson 

 

 

Figure 38 TVET-Robotics Teacher Interviews: How do you plan to modify today’s lesson for 
future instruction? 
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Figure 39 TVET-Robotics Teacher Interviews: How do you plan to improve your knowledge 
and skills relevant to the sector? 
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STVET 

STVET Science Student Focus Group Discussions 

 

Figure 40 STVET Science Student FGDs Endline: Describe some of the ways you were taught 
in this science classroom 

 

Figure 41 STVET Science Student FGDs: What helps you learn best? 
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Figure 42 STVET Science Student FGDs Endline: What does your teacher do to improve 
understanding of science concepts? 

the  

 

Figure 43 STVET Science Student FGDS Endline: Do you participate in classroom activities? 
How does your teacher encourage you to participate? 
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Figure 44 STVET Science Student FGDs Endline, Intervention: Does your teacher provide 
examples of how the science concepts you learn apply to the world of work and/or everyday 

life? 

 

 

Figure 45 STVET Science Student FGDs Endline, Comparison: Does your teacher provide 
examples of how the science concepts you learn apply to the world of work and/or everyday 

life? 
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Figure 46 STVET Science Student FGDs Endline: Are female students or male students more 
involved in class? 

 

 

Figure 47 STVET Science Student FGDs Endline: Are technical colleges providing different 
care or services for female and male students? 
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Figure 48 STVET Science Student FGDs Endline: In today’s class, did teachers give equal 
importance to female and male students? 

 

 

Figure 49 STVET Science Student FGDs Endline: What is your opinion of the statement “boys 
are better than girls in science and mathematics”? 
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STVET Math Student Focus Group Discussions 

Figure 50 STVET Math Student FGDs Endline: Describe some of the ways you were taught in 
this math classroom 

 

 

Figure 51 STVET Math Student FDGs Endline: What helps you learn best? 
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Figure 52 STVET Math Student FDGs Endline: What does your teacher do to improve your 
understanding of math concepts? 

 

 

Figure 53 STVET Math Student FGDs Endline: Do you participate in classroom activities? How 
does your teacher encourage you to participate? 
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Figure 54 STVET Math Student FGDs Endline, Intervention: Does your teacher provide 
examples of how the science concepts you learn apply to the world of work and/or everyday 

life? 

 

 

Figure 55 STVET Math Student FGDs Endline, Comparison: Does your teacher provide 
examples of how the science concepts you learn apply to the world of work and/or everyday 

life? 

 

 

70%

10%

20% 80%

Intervention STVET Math Students (n=256)

Apply to daily life (individual and
family)

Apply to future higher education

Did not relate to real world

51%

6%

43% 57%

Comparison STVET Math Students (n=168)

Apply to daily life (individual and
family)

Apply to future higher education

Did not relate to real world



The Chevron Enjoy Science Project Endine Report (2020) 155 

Figure 56 STVET Math Student FGDs Endline: Are female student or male student more 
involved in class? 

 

 

Figure 57 STVET Math Student FGDs Endline: Are technical colleges providing different care 
or services for female and male students? 
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Figure 58 STVET Math Student FGDs Endline: In today’s class, did teachers give equal 
importance to female and male students? 

 

 

Figure 59 STVET Math Student FGDs Endline: What is your opinion of the statement “boys are 
better than girls in science and mathematics”? 
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STEM  

STEM Science Teacher Interviews 

 

Figure 60 STEM Science Teacher Interviews, Endline: What is your perception of students’ 
learning ability and specific needs, how can you support them? 

 

 

Figure 61 STEM Science Teacher Interviews, Endline, Intervention: Why do you think it is 
important for your students to learn the content of today’s lesson? Did you explain why this 

lesson is important to your students? 
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Figure 62 STEM Science Teacher Interviews, Endline, Comparison: Why do you think it is 
important for your students to learn the content of today’s lesson? Did you explain why this 

lesson is important to your students? 

 

 

Figure 63 STEM Science Teacher Interviews, Endline, Intervention: Did you participate in 
PLC? Has it been beneficial to your teaching practice and student learning? If so, how? 
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Figure 64 STEM Science Teacher Interviews, Endline, Comparison: Did you participate in 
PLC? Has it been beneficial to your teaching practice and student learning? If so, how? 

 

 

Figure 65 STEM Science Teacher Interviews, Endline: What were the primary 
objectives/purpose of today’s lesson? 
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Figure 66 STEM Science Teacher Interviews, Endline: What were the primary teaching 
methods used in today’s lesson? What was your rationale for choosing those teaching 

methods? 

 

 

 

 

 

32% 29%

22%

17%

35%

29%

9%

14%

2%

6%

6%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Treatment STEM Science
Teachers (n=81)

Comparison STEM Science
Teachers (n=35)

Do exercise and test

Lecture base and follow student book

Assign students to study before lesson

Let students do laboratory or problem
solving exercise followed by group
setting where students have individual
work
Students do laboratory or problem
solving exercise with group work activity
where students have responsibilities
within group
Lecture base and use teaching aids
such as VDO, PPT, and picture, etc.

Use 5E incorporated and inquiry base
learning by using think-pair-share
technique



The Chevron Enjoy Science Project Endine Report (2020) 161 

Figure 67 STEM Science Teacher Interviews, Endline: Did you  use student encouragement 
strategies during the lesson today? If so, why did you use these strategies? What role does 

encouragement play in your classroom? 

 

 

Figure 68 STEM Science Teacher Interviews, Endline, Intervention: Frequency of 
encouragement, number of students encouraged by teacher, what is student response 
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Figure 69 STEM Science Teacher Interviews, Endline, Comparison: Frequency of 
encouragement, number of student encouraged by teacher, what is student response. 

 

 

Figure 70 STEM Science Teacher Interviews, Endline, Intervention: Did you relate today’s 
concepts to the real world? If so, how? Why did you choose this example? Why do you think it 

is important to relate concepts to the real world? 
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Figure 71 STEM Science Teacher Interviews, Endline, Comparison: Did you relate today’s 
concepts to the real world? If so, how? Why did you choose this example? Why do you think it 

is important to relate concepts to the real world? 

 

 

Figure 72 STEM Science Teacher Interviews, Endline, Intervention: At the end of class, did you 
summarize the key concepts of the lesson? How? 
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Figure 73 STEM Science Teacher Interviews, Endline, Comparison: At the end of class, did 
you summarize the key concepts of the lesson? How? 

 

 

Figure 74 STEM Science Teacher Interviews, Endline: How did you assess student learning 
toward today’s lesson objectives, informally and formally? Why did you make this choice? 
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Figure 75 STEM Science Teacher Interviews, Endline: Where do you believe that the girls in 
your class will be in 5 years? 

 

 

Figure 76 STEM Science Teacher Interviews, Endline: How satisfied are you with today’s 
lesson? 
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STEM Math Teacher Interviews 

 

Figure 77 STEM Math Teacher Interviews, Endline, Intervention: What is your perception of 
students’ learning ability and specific needs, how can you support them? 

 

 

Figure 78 STEM Math Teacher Interviews, Endline, Comparison: What is your perception of 
students’ learning ability and specific needs, how can you support them? 
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Figure 79 STEM Math Teacher Interviews, Endline, Intervention: What do you think it is 
important for your students to learn the content of today’s lesson? Did you explain why this 

lesson is important to your students? 

 

 

Figure 80 STEM Math Teacher Interviews, Endline, Comparison: What do you think it is 
important for your students to learn the content of today’s lesson? Did you explain why this 

lesson is important to your students? 
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Figure 81 STEM Math Teacher Interviews, Endline, Intervention: How did you prepare for 
today’s lesson and how did you apply the lesson plan? What were the most important 

considerations when developing your lesson plan? 

 

 

Figure 82 STEM Math Teacher Interviews, Endline, Comparison: How did you prepare for 
today’s lesson and how did you apply the lesson plan? What were the most important 

considerations when developing your lesson plan? 
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Figure 83 STEM Math Teacher Interviews, Endline, Intervention: Did you participate in PLC? 
Has it been beneficial to your teaching practice and student learning? 

 

 

Figure 84 STEM Math Teacher Interviews, Endline, Comparison: Did you participate in PLC? 
Has it been beneficial to your teaching practice and student learning? 
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Figure 85 STEM Math Teacher Interviews, Endline: What were the primary objectives/purposes 
of today’s lesson? 

 

 

Figure 86 STEM Math Teacher Interviews, Endline: What were the primary teaching methods 
used in today’s lesson? 
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Figure 87 STEM Math Teacher Interviews, Endline: Did you use student encouragement 
strategies during the lesson today? 

 

 

Figure 88 STEM Math Teacher Interviews, Endline, Intervention: Frequency of encouragement, 
number of students encouraged by teacher, what is student response 

 

 

63%

34%

18%

25%

13%

30%

4%
9%

1% 2%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Intervention STEM Math
Teachers (n=67)

Comparison STEM Math
Teachers (n=44)

Did not encourage students
because all paying attention

Use games and songs

Ask students questions

Provide positive reinforcement
by giving scores

Adopt friendly personality with
students

8%

56%

33%

3% 97%

Intervention STEM Math Teachers (n=64)

Encourage only weak students

Encourage all students

Encourage only those not paying
attention

Did not encourage



The Chevron Enjoy Science Project Endine Report (2020) 172 

Figure 89 STEM Math Teacher Interviews, Endline, Comparison: Frequency of 
encouragement, number of students encouraged by teacher, what is student response 

 

 

Figure 90 STEM Math Teacher Interviews, Endline: Did you relate today’s concepts to the real 
world? If so, how? 
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Figure 91 STEM Math Teacher Interviews, Endline, Intervention: At the end of class, did you 
summarize the key concepts of the less? How?  

 

 

Figure 92 STEM Math Teacher Interviews, Endline, Comparison: At the end of class, did you 
summarize the key concepts of the less? How? 
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Figure 93 STEM Math Teacher Interviews, Endline: How did you assess student learning 
toward today’s learning objectives, informally and formally? Why did you make this choice? 

 

 

Figure 94 STEM Math Teacher Interviews, Endline: Where do you believe that the girls in your 
class will be in 5 years? 
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Figure 95 STEM Math Teacher Interviews, Endline: Where do you believe that the boys in your 
class will be in 5 years? 

 

 

Figure 96 STEM Math Teacher Interviews, Endline: Do you think girls and boys put the same 
effort into class activities? 
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Figure 97 STEM Math Teacher Interviews, Endline: Do you think girls and boys put the same 
attention into the class content? 

 

 

Figure 98 STEM Math Teacher Interviews, Endline: How satisfied are you with today’s lesson? 
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Figure 99 STEM Math Teacher Interviews, Endline: How do you plan to modify the lesson for 
future instruction? 
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