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ABSTRACT

In this project, we investigated how small-scale chemistry experiments increased student
interest in science. DOW teachers received training and kits for their classroom that include
small-scale laboratory materials. Students and teachers in various schools were surveyed and
interviewed. We found that small-scale experiments were cheaper, easier to implement, and
piqued student interest in science. However, less experienced teachers from under-funded
schools struggled to implement the experiments. We recommend resources such as handbooks,
training, and a network to support these teachers.



EXECUTIVE SUMMARY

The Problem

Though Thailand has made significant
economic improvements over the last few
decades, the country’s STEM education system is
not up to the standards of its competitors (The
World Bank, 2019). Thailand struggles to
distribute educational funds equally across the
country and there is a large inequity of resource
availability between advanced and
underprivileged schools (OECD/UNESCO,
2016). In addition to unequal funding, Thailand
also faces a lack of teachers qualified to teach
science education in both rural and urban schools
(Atagi, 2011). Improvements in the Thai
education system aim to generate an interest in
science in the future generations of the Thai
workforce.

To generate a greater passion for science
in Thai youths, our sponsor, the DOW Thailand
Group, has created a program titled the DOW
Chemistry Classroom, which trains high school
teachers in small-scale chemistry techniques. School Classroom in Rayong
Small-scale chemistry uses miniature plastic
apparatuses, as opposed to full-size glassware, and uses less than 100 times the amount of
chemicals compared to full-scale laboratories. The small-scale science experiments offer
multiple benefits to students’ education such as safety, lower overall cost, and less time to
prepare solutions (Boyd, 2014). Due to the reduced cost and time, classrooms in developing
countries are able to implement hands-on learning into their science curriculum to improve
students’ engagement and interest in science (UNESCO, 2015). Dr. Prof. Supawan Tantayanon,
founder of the DOW Chemistry Classroom, explained that there are introductory training
sessions open to the public as well as advanced training sessions for specially selected
“outstanding teachers” to teach them small-scale chemistry skills.

Our Goal

The goal of this project was to evaluate how the DOW Chemistry Classroom has
influenced Thai youth’s interest in science. We developed four objectives to analyze different
aspects of the DOW Chemistry Classroom:

1. Conduct interviews and surveys to determine if the DOW program has led to
increased student interest in science
2. Evaluate student’s emotional reactions to the small-scale experiments



3. Evaluate if DOW teachers have the desire, skills, and confidence to implement
small-scale experiments into their classrooms

4. Provide recommendations for how the DOW Chemistry Classroom could increase
student interest in science in the future

Our Research Design

To complete our objectives, we
utilized research methods such as surveys
and interviews to collect our data. We
analyzed information from both students
and teachers to identify strengths and
weaknesses of the program. All survey
questions were written on a five-point
scale from strongly disagree to strongly
agree. Our student surveys focused on
identifying if students were interested in
science, if their interest was impacted by
outside factors, and if they had positive
reactions to the small-scale experiments.
During student interviews, we asked
similar questions to understand the
student’s personal story of how their
interest in science developed. Our teacher surveys focused on assessing teachers’ confidence in
their teaching skills and their opinions on the DOW training program. Our interviews with
teachers focused more on the benefits and challenges of implementing small-scale experiments
into their classrooms and any recommendations they had for the program.

Team Visits to Schools

Key Findings
From our observations, interviews, and surveys we identified several findings.

1. Students in DOW schools have a greater interest in science than students in non-
DOW schools.

We compared the responses of non-DOW and DOW students for three different questions
regarding student interest: “I plan to use science in my future career”, “I like my science class”,
and “IT am interested in careers that use science”. We performed a two-sample t-test and found
that the average response for all three questions was higher in DOW students.

2. Schools with greater lab quality have greater student interest in science.

After visiting schools and conducting interviews, we were able to assign each school a
“lab quality score” to compare if students with better labs had a greater interest in science. A
school’s lab quality score was decided based on the number of students in a lab group, how often
students completed experiments, and the quality of their lab materials. We found that as lab
quality increased, the average score for the science interest questions also increased.



3. DOW schools have a higher lab quality

This finding does not necessarily mean that using DOW causes a school to have a higher
lab quality; more extensive analysis would have to be completed to prove this. However, we did
learn through our interviews that using small-scale experiments allows teachers to complete labs
more frequently, which would increase their lab quality.

This finding could also be biased since the DOW schools that we visited were considered
to be “outstanding schools” and had won various awards. The average lab quality among all
DOW schools, not just the outstanding ones, could possibly be lower in our target population; an
additional study with a larger sample size would need to be conducted to confirm or deny this.

4. Factors outside the classroom have an impact on students’ career decisions

We compared student responses for their future career to various questions: “My parents
would like it if I chose a science career”, “I am able to get a good grade in my science class” and
“My teacher makes fun to learn”. Social cognitive career theory explains that factors such as
family pressures, self-efficacy, or teachers/role-models can impact a students’ career choices. We
found that all of these factors had a significant correlation with students’ career plans, but that
parents had the largest impact of the three.

5. DOW teachers are confident in their teaching skills

In teacher surveys, we found high responses to questions under the “teaching confidence”
category from teachers that are trained by DOW. This displays that many of these teachers feel
confident in their ability to teach their class. Their confidence cannot entirely be attributed to
DOW since we did not have a control group for comparison, but it is important to note that
teachers who completed DOW training generally felt confident teaching.

6. Teachers think the DOW training benefits their classroom

We found that teachers generally believed that the DOW training was useful, and they
were able to take the skills they learned and implement experiments into their classrooms.
Teachers also expressed in interviews that small-scale was easier to run than full-scale because it
took less time to set up; however, most teachers still felt it was important to teach full-scale
techniques. While they believed that the small-scale lab experiments were successful in
capturing student attention, some teachers struggled to adapt the experiments or create new
experiments on their own, as they lacked a formal chemistry education.

Recommendations for the DOW Program
1. Creation of an experiment handbook and tutorial videos

Many teachers expressed difficulties being able to adapt the experiments taught at the
training to fit their classroom. Some teachers also noted they had trouble remembering the
experiments they learned after they left the DOW training. An online or printed handbook could
be provided to teachers trained by DOW that has examples of all experiments possible to
complete with the given kits. An online version could allow teachers to upload their own



experiments and would be more easily adaptable for changes. In addition, many teachers
suggested YouTube tutorial videos of how to set up and complete the experiments.

2. Adapt the experiments for primary schools

An adaptation of the kits to fit primary school curriculum could allow an earlier exposure
to hands-on science experiments. This could hopefully introduce students to laboratories at a
younger age and promote an interest in science early in their education.

3. Creation of a teacher networking platform

A social networking platform could be used as a way for teachers to communicate ideas,
ask questions, and collaborate. This could be done on Facebook, LINE, etc.

4. Increase opportunities for non-outstanding teachers

Subsequent trainings could be implemented for all teachers, especially the teachers that
are not considered “outstanding” and do not have the chance to be selected for additional
advanced training. These are the teachers that would benefit the most from follow-up trainings
since they do not have the chemistry knowledge to design their own experiments.

5. Better communication between DOW Thailand Group and teachers

To avoid teachers losing contact with DOW once leaving the training, DOW could
potentially work on sending out more emails or using LINE phone app to more consistently keep
in contact with the teachers who use the program. The teachers would more regularly be given
updates on new training programs and new experiments.

6. Increase advertisement for the DOW Chemistry Classroom

Advertising methods could be expanded in order to reach more teachers and schools that
do not use the DOW program. They should target under-funded schools with no lab materials,
since they would benefit most from the low-cost small-scale experiments, and increase in
advertisements to these schools via LINE or Facebook.

7. Include students and parents

DOW could have an event where parents can bring their children to gain some hands-on
experience and see demonstrations of relatable small-scale experiments. Possibly, this could be a
showcase of the outstanding teachers’ small-scale ideas or it could be run by DOW staff entirely.
The hope is to increase students’ interest in science in a non-academic setting and expose parents
to the benefits of science education since they have such an impact on student career choice.

8. Create a volunteer program

Several teachers suggested creating a volunteer opportunity for the teachers trained by
DOW to visit schools who lack lab quality and a strong science education. This would expand
the program in Thailand and allow more schools to benefit from the small-scale experiments.

Vi



9. Make a monthly competition and newsletter

If a social networking group was created for teachers, a monthly update or newsletter
could be sent out in this group to keep the teachers engaged. This newsletter could include new
experiments, new resources, and a competition; at the beginning of each month, teachers could
submit a novel experiment, apparatus, or idea to DOW and the winner could be announced at the
end of every month in the newsletter. The idea is to keep teachers thinking about new ways to
improve the experiments and would provide a widespread benefit to all involved.

10. Provide scholarship for funding lab Kits

Since many DOW teachers that teach in under-funded schools have to use their own
salary to buy small-scale lab equipment for their class without getting financial support from
their school, there are often a small number of kits being used by a large group of students. DOW
could start a scholarship program that provides funding to under-funded teachers for new lab
materials. Teachers who want to apply for scholarship funding could submit an application
demonstrating their financial need and how they utilize the small-scale labs in their classroom.

Recommendations for a Follow-Up Study
1. Expand the sample size and diversity of surveyed DOW schools

It would be beneficial to assess a larger and more diverse sample of schools that use
DOW small-scale experiments that includes more “non-outstanding” schools in order to ensure
the conclusions from the data is accurate of the whole program and not just those who are
successful.

2. Expand the sample size to non-DOW schools

We believe it would be beneficial to collect more science interest data from schools who
have not participated in the DOW Chemistry Classroom small-scale experiments and have only
performed full-scale experiments and theoretical science class. The student survey data collected
from these schools could be compared to data from schools that use small-scale. This would
allow a thorough assessment of the program'’s success in science education.

3. Collect enrollment data for science majors

Collecting enrollment data would be beneficial to identify the success of the DOW
Chemistry Classroom. The number of students that pursue a science major in high school and
how many students continued their science education in university since the creation of the
program could be used to assess students’ interest in science due to the implementation of small-
scale chemistry.
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ASSESSING SMALL-SCALE CHEMISTRY —

CHAPTER 1: INTRODUCTION

Though Thailand has made significant economic improvements over the last few
decades, the country’s STEM education system is not up to the standards of its competitors (The
World Bank, 2019). The Thai government plans to increase the number of STEM workers in
order to improve the economy, sustainability, and overall status of Thailand. To do so, a twenty
year plan termed Thailand 4.0 has been implemented to encourage growth of the STEM
workforce (Royal Thai Embassy, 2020a). In particular, the Thai education system is being
targeted for improvements in order to generate an interest in science in the future generations of
the workforce in Thailand.

The quality of the Thai education system varies significantly throughout the country. The
access to high quality resources and qualified teachers differs between the urban and rural
communities which has a significant impact on the students’ education. Within the city of
Bangkok, students consistently obtain high standardized test scores while the rural areas’ scores
vary between medium and low performance year to year (Educational Testing Institute, 2019).
Creating a more equal quality of science education throughout Thailand is a key focus for the
Thai government to improve the living standards and quality of life in the country.

Other developing countries have aimed to rectify a lack of workers in the STEM field by
implementing various youth science education programs in order to improve STEM education.
Countries in South America have developed informal science fairs and hands-on experiments
that have generated a greater interest in science (Ferreira et al, 2019; Carriazo, 2019). In Turkey,
a program for pre-service teachers encouraged them to use laboratory techniques in elementary
schools (Johnson et al., 2019). A program in Michigan, U.S. works with teachers to overcome
their personal obstacles in their STEM classrooms to provide help in their specific areas of
struggle (Berzina-Pitcher, 2017). The success of these programs was determined by measuring if
and how students’ love for science increased and if teachers felt more prepared in teaching their
classrooms. This was done through qualitative observations and surveys that were analyzed
quantitatively to recognize areas of
strengths and weaknesses. In order to
quantify improvement, surveys were
given before and after the programs.
The results obtained were essential to
analyzing if the programs influenced
the quality of teaching as well as the
youth’s love for science.

To generate a greater passion
for science in Thai youths, our
sponsor, the DOW Thailand Group,
has created a program titled the DOW
Chemistry Classroom. In cooperation
with the Chemical Society of
Thailand and National Science
Museum, the DOW Chemistry Classroom program trains Thai teachers at the high school and

Youths Completing a DOW Small-Scale Chemistry Experiment
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middle school level on how to effectively implement small-scale chemistry experiments in their
classrooms (Tisadondilok, 2017). Their hope is that giving teachers the tools to perform these
experiments in their classrooms will aid in capturing students’ interest in science in providing a
quality education through laboratory experience.

In this project we were given the opportunity to investigate the DOW Chemistry
Classroom small-scale experiments with the purpose of measuring the success of these
experiments in increasing student interest in science. To do this, our team determined if the
students were inspired to pursue careers in science, if the experiments used in classrooms were
informative and engaging, and if the teachers were confident, properly trained, and desired to
implement small-scale experiments into their classroom. We interviewed and surveyed both
teachers and students to collect this data. Our findings were analyzed to provide
recommendations to the DOW Chemistry Classroom so the program can further increase student
interest in science. We found there is a potential for the DOW Chemistry Classroom to expand to
a wider group of teachers so the small-scale experiments can be implemented in a greater
number of classrooms in Thailand and internationally.
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CHAPTER 2: BACKGROUND

Out of 139 countries evaluated, Thailand ranks 79th in the quality of their math and
science education (Baller, 2016). In an attempt to improve the Thai science education system, the
DOW Thailand Group and the Chemical Society of Thailand implemented a new program in
2013 termed the DOW Chemistry Classroom. The DOW Chemistry Classroom trains teachers
with innovative, relatable, and environmentally sustainable laboratory skills to be integrated into
their classrooms. The hope is to increase the youth’s interest in science by providing engaging
small-scale laboratory experiments. If successful, an increase in the number of students studying
science at a university can lead to more people entering the science workforce, thus leading to
economic growth and development for the country of Thailand.

In this chapter, we begin with a brief overview of the Thai economy and its current
initiatives to become more innovative. Next, we explain the Thai education system and factors
that impact student learning. We then discuss our sponsor, the DOW Thailand Group, and other
key stakeholders involved in the DOW Chemistry Classroom. We conclude this ¢ with
descriptions of programs comparable to the DOW Chemistry Classroom and the benefits and
challenges that these programs faced during the assessment of the programs.

2.1 The Thai Economy

Over the last few decades, Thailand has made impressive strides in social and economic
development. In less than a generation, they have moved from a low-income to upper-middle
income country (The World Bank, 2019). There has been a decline in poverty, an increase in
average years of education, and an increase in the number of people covered by health insurance.
Though Thailand has made significant progress, the country has been trying to become even
more innovative and economically competitive.

According to Khayyat and Lee (2015) in order to enhance a country’s rate of innovation,
competitiveness, and development, researchers have recommended the following: (1) allocate a
significant budget to enhance science education, education enrollment rates, and internet
connectivity, (2) modify school curriculum to emphasize creativity, and (3) encourage local
organizations to conduct programs that promote innovation.

As of 2017, the mean years of schooling for the population of Thailand was 7.6 years;
this statistic includes students currently in school as well as working adults. If current patterns of
age-specific enrollment rates continue, today’s Thai students can expect to go to school for an
average of 14.7 years (United Nations Development Programme, 2018). These data points make
it clear that the expectations for years of education in Thailand are rising, and the next generation
of Thai youths will be far more educated than the generations before them. However, the years of
schooling that students receive cannot be equated with the quality of their education. The
average Thai student can expect to complete 12.4 years of school by the age of 18, but when the
quality of schooling is factored in and what the students are learning in comparison to top
performing countries, Thai students only receive about 8.6 years’ worth of learning (The World
Bank, 2019).
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2.1.1 Thailand 4.0

The Royal Thai Embassy (2020) has outlined a plan for social and economic growth
titled Thailand 4.0 to continue their growth. As stated on their website, there are four main
objectives of the Thailand 4.0 plan:

(1) Economic Prosperity - create an economy driven by innovation, technology, and
creativity to increase research and development expenditures and improve the economic
growth rate within five years

(2) Social Well-Being - reduce social disparity, transform the welfare system, and develop
traditional farmers into smart farmers

(3) Raise Human Values - provide Thai people with 21st century skills, and ensure that at
least five Thai universities are ranked among the world’s top 100 higher education
institutions

(4) Environmental Protection - change Thailand to a livable country capable of adjusting to
climate change and becoming a low carbon society

With these new initiatives, Thailand has a high demand for technical workers in STEM
but there is a shortage of graduates entering the workforce. In 2013, a total of 359,521 vocational
and technical students graduated at all degree levels, but less than half of those students entered
the workforce, even with the abundance of open positions. In 2017, only 30.36% of available
positions in the technical field were filled (Mongkhonvanit, 2017). The demand for technical
workers has only continued to increase; the Thai Government predicts that Thailand will need
107,000 more STEM graduates in the next four years to fill open positions. Several factors could
play a role in this staggering statistic, and Thailand 4.0 aims to develop a stronger STEM
community by starting at lower levels in the chain, such as the education system. In attempts to
meet the high demand, Thailand 4.0 puts emphasis on workforce development in youth schools
(Barsam, 2019).

The Thailand 4.0 goal of creating an economy based around innovation cannot be
achieved if there are not enough STEM students heading into the workforce (Barsam, 2019).
Thailand must be sure to put emphasis on workforce development and programs that encourage
workers to become highly skilled in STEM disciplines. Rothwell’s (2013) research shows that
having more workers in STEM fields also plays a direct role in driving economic growth as a
whole. Areas with high concentrations of STEM workers were found to have higher job growth,
employment rates, patenting, wages, and exports as well as lower income inequality (Rothwell,
2013). Additionally, increasing the number of STEM graduates also creates external benefits for
workers not in STEM fields. One study shows that there seems to be a positive effect of STEM
graduates on the wages of workers without college degrees and workers with degrees in non-
STEM fields (Winters, 2014).

2.2 Thai Education System

Over the last twenty years, the formal Thai Education system has evolved due to new acts
and reforms that improved the education of Thailand’s future workforce. In 1999, the National
Education Act increased the average years of compulsory education from six to nine years. The
act enabled up to twelve years of public education to be provided for free (Bureau of
International Cooperation Ministry of Education: Thailand, 2017). This includes pre-primary,
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primary and secondary education, also referred to as prathom and mathayom in Thailand.
Overall, the application of the act has caused enrollment rates to increase throughout Thailand,
but the quality of the education remains the true challenge (Fleischer et al., 2018).

Although Thailand’s public expenditure on education is one of the highest in the region,
4% of the GDP, the quality of their education is not indicative of the large amount of money
dedicated to the education system (Fleischer et al., 2018). The Programme for International
Student Assessment (PISA) measures students’ performance in science, math and reading
(OECD, 1999). Out of the 69 countries surveyed using the PISA, Thailand ranked 53rd in
science education. Figure 1B (right) compares Thailand’s PISA scores to several surrounding
ASEAN countries scores in the three subjects. As displayed by the graph, Thailand’s scores are
significantly lower than the Organization for Economic Cooperation and Development’s
(OECD) average and several other countries. Additionally, Figure 1A (left) displays Thailand’s
PISA scores 2003 through 2015. Specifically, when the 2012 scores are compared to the 2015
scores, the scores have decreased over time despite the large amount of funds supporting
education (Fleischer et al., 2018). In 2018, Thailand’s PISA scores continued to be significantly
lower than the OECD average scores in science, mathematics and reading (Avvisati et al., 2019)
The OECD and UNESCO links inefficient and inequitable distribution of resources as key
components that have hindered the success of the education investment (Fleischer et al., 2018).

A. Thailand's PISA scores over time B. International comparison of 2015PISA scores
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Figure 1: Thailand PISA Scores from 2003 to 2015 (Fleischer et al., 2018)

Furthermore, Thailand struggles to distribute educational funds equally across the
country. Figure 2 below displays the OECD report of resource allocation. Thailand is below
average in equity of resource allocation in comparison to other select countries. Similarly, the
inequity of resource availability between advanced and underprivileged schools is the second
largest of the surveyed countries. (OECD/UNESCO, 2016). Therefore, small, minority, rural
schools face education limitations due to a lack of resources.
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Figure 2: Equality in resource allocation, selected countries, 2012
(OECD/UNESCO, 2016)

In addition to the disparity of resources distributed among the rural and urban schools,
the quality of education in each region varies (Atagi, 2011). The Office for National Education
Standards and Quality Assessment revealed one-fifth of Thai schools do not pass minimum
quality standards, most of which are located in rural areas (Fleischer et al., 2018). Teachers’
qualifications are the most prominent variant in education quality by region. Twenty percent of
teachers in urban areas, such as Bangkok, have a graduate degree in comparison to nine percent
in rural northern areas (Fleischer et al., 2018).

Specifically, the lack of teachers who are qualified to teach science education is an
obstacle faced in both the rural and urban schools (Atagi, 2011). In 2013/14, the demand for
qualified science teachers, compared to other subjects, was the most prevalent in Thailand with a
need of 6,173 teachers as displayed in Appendix A1 (OECD/UNESCO, 2016). A study
completed in 2002 and 2013 evaluated how a lack of qualified teachers hinders the school's
capacity for learning. As shown in Figure 3 below, the study revealed that over fifty percent of
students in rural communities claim that the school is hindered by a lack of qualified teachers.
This value is well above the OECD average of twelve percent. (OECD/UNESCO, 2016).
Teachers in Thailand face many challenges when implementing science into the classroom due
to the lack of direction in the Thai education curriculum (Faikhamta, 2016)
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Percentage of students in schools whose principal reported that the school’s capacity
is hindered to some extent or a lot by lack of qualified teachers
Socio- Socio-

School type economically economically

disadvantaged advantaged
Year 2003 2012 2003 2012 2003 2012 2003 2012

Qualified mathematics teachers (%)
OECD average 257 19.8 171 135 224 166 204 134
Thailand 46.7 4738 30.7 47 499 65.3 21 45.1
Qualified language-of-assessment teachers (%)
OECD average 19.1 10.3 125 6.5 16.4 8.5 13.6 6.8
Thailand 416 48.4 10.2 379 438 526 1 38.1
Qualified science teachers (%)

OECD average 26.1 19.1 16.1 12.3 19.2 128 20.1 13.7
Thailand 385 50.1 293 449 42.7 56.8 17.6 43.9

Figure 3: Percentage of Principals that Reported Lack of Teacher Qualifications Hinder
Learning (OECD/UNESCO, 2016)

After evaluation of the Thai Education system, the Ministry of Education (MOE) and the
Thai government outlined reforms to improve the Thai Education system and thus the economy
following the Thailand 4.0 ideals. The government has created an Independent Committee for
Education Reform to examine and develop the education in Thailand through various studies
(Fleischer et al., 2018). Additionally, a survey completed by the MOE determined that teachers’
training programs had been ineffective and inefficient, thus various professional development
policies have been put in place (Fleischer et al., 2018). Lastly, by 2020, the MOE plans on
consolidating 11,000 small rural schools, that hold 120 students or less, in the attempt to reduce
the stretch of resources and quality teachers. All phases of the reforms will address the
challenges in Thai education and help reduce inequality in Thailand’s education (Fleischer et al.,
2018).

2.3 Project-Based Learning

In more developed countries, project-based learning in STEM classrooms has created
successful learning environments in youth classrooms (Scola et al., 2016). Students learn best
when they participate in an activity that captures their interest and gives them an understanding
of how science can be used in a real-life setting. Research shows that students’ interest and
achievement in science improves dramatically when they are able to make connections between
what they are learning and the potential uses of the knowledge in the workplace or the world
(Basu-Dutt, 2010).

One of the more effective ways to help students make these connections is through a
teaching approach called project-based learning (PBL). The Buck Institute for Education has
created what they call the “Gold Standard PBL model” which outlines seven essential project
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design elements and seven project-based teaching practices (Larmer, 2015). These elements are

shown in Figure 4.
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Figure 4: Buck Institute Wheel of Gold Standard PBL Elements (Larmer, J, 2015)

Ideally, project-based learning utilizes the teacher as the facilitator of the project while
students work in groups to solve an educational problem in a real world context (Basu-Dultt,
2010). PBL typically includes higher-order questioning, student reflection, problem solving,
content integration, and teamwork (Hall et al., 2016). In addition to learning the educational
material, students also learn soft skills such as how to think critically, work well with others, and
manage themselves effectively (Larmer, 2015). These skills are referred to as “21st century
skills”. Part of the Thailand 4.0 initiative is to provide Thai people with these skills, and project-
based learning aids in teaching students these problem-solving techniques. Additionally, after
completing an engineering PBL project, students had more confidence in math and science, a
higher interest in engineering careers, and more awareness of the nature of engineering (Hall et
al., 2016). Implementing PBL in schools can lead to an increase of STEM workers as well as
provide all students in the program with soft skills that can be carried over into various careers.

2.4 Small-Scale Chemistry Experiments

Small-scale chemistry experiments provide many educational advantages for students,
especially in developing countries. In the 1990s, the first kit that provided all the small-scale
equipment to perform an experiment was designed in South Africa by the Research and
Development in Mathematics, Science, and Technology Education (RADMASTE). In 1996
UNESCO and International Union for Pure and Applied Chemistry (IUPAC) launched their
global micro-science project to promote practical work in counties who did not have the funds
for science education beyond theory (UNESCO, 2011). Several developing countries began to
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implement small-scale chemistry into their classroom after adapting the Kits to fit each of their
national curriculums.

The small-scale science experiments offer multiple benefits to students’ education. One
of these benefits is the safety of the
experiments. The “small-scale” promotes
safety within classrooms, especially in those
without the proper laboratory ventilation and
disposal, through the use of small quantities
of chemicals. Using less chemicals also
decreases the overall cost of materials and the
time it takes to prepare solutions (Boyd,
2014). Due to the reduced cost and time,
classrooms in developing countries are able to
implement hands-on learning into their
science curriculum to improve students’
engagement and interest in science
(UNESCO, 2015).

A study completed in Ethiopia
compares students who use the small-scale
chemistry Kits created in South Africa to .
those who solely attend chemistry lectures. Students Completing Small-Scale Experiments
Observation in the report shows that all
classrooms visited lack basic lab equipment and safety. Therefore, traditional experiments, with
large quantities of chemicals would not be safe to complete at this school. The paper concludes
that students were more manually and mentally engaged during the small-scale chemistry
approach in comparison to their passive listening in their lecture. Students in the small-scale
class received higher scores then those who did not complete the experiments. The teachers also
report that students gained confidence in class participation through the small-scale approach and
allowed timid students to engage regularly (Tesfamariam et al., 2014). Overall, the study shows
that the Ethiopian students benefit from the integration of hands-on small-scale chemistry
experiments while still maintaining a safe learning environment. A similar study completed in
Ghana also had successful results of implementing small-scale Chemistry (Handson, 2014).

s )

The use of RADMASTE small-scale chemistry kits continues to expand to Cameroon,
Tanzania, Namibia, Sudan and several other countries. UNESCO primary small-scale kit
providers are RAMASTE in South Africa, Edulanin UK and Somerset educational. However,
each kit’s materials and experiment objectives need to be altered to fit each nation's curriculum.
Therefore, UNESCO encourages countries to keep developing their own kits to improve their
science education to include hands-on learning (UNESCO, 2011).

2.5 The Stakeholders in the DOW Chemistry Classroom

In order to integrate the concept of PBL into more chemistry classrooms, the DOW
Thailand Group and the Chemical Society of Thailand (CST) developed a science program that
provides students with hands-on small-scale chemistry opportunities to promote science
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education. The stakeholders in the DOW Chemistry Classroom can be affected by the results of
our project, so it is essential to recognize their contributions to the program and the importance
of their respective organizations. These organizations, as well as the National Science Museum
(NSM), another organization that is involved in DOW’s science programs, is described in further
detail in this section.

2.5.1 DOW Thailand Group

The DOW Thailand Group is the largest manufacturer for chemicals in Thailand since
1967. They evolved from a company that solely manufactures chemicals to one that strives to
make science a collaborative study and bring greater sustainability to the Thai community. They
are now one of the most technologically advanced STEM organizations as well as the most
innovative and sustainable chemical company in Thailand (DOW Thailand Group, 2019a).
Partnering with the royal office, they implemented many green incentives and creative science
contests in accordance with the Thailand 4.0 initiative. Every year from 2013 to 2018, the DOW
Thailand Group has won Good Governance Awards for Environmental and Safety Excellence
(DOW Thailand Group, 2019b). In addition to their environmental initiatives, the DOW
Thailand Group also aims to improve science education in Thailand’s youth. To do this, the
DOW Thailand Group collaborated with the Chemical Society of Thailand to implement a
hands-on science education program, the DOW Chemistry Classroom, in the hopes of continuing
the group’s mission. (Tisadondilok, 2017). As a result of these efforts, the Public Affairs
Director of the DOW Thailand Group, Poranee Kongamornpunyo, received the 2016
Outstanding Organization in Promoting Science Education in Thailand Award (Krotintakom et
al., 2017).

2.5.2 Chemical Society of Thailand (CST)

Originally, the Chemical Society of Thailand (CST) was a part of the Science Society of
Thailand under the Royal Patronage. The president at the time, Dr. Prof. Kamjorn Manu Pichu,
collaborated with other Asian countries in 1979 which lead to the creation of the Federation of
Asian Chemical Societies (FACS). This federation was the first to promote collaboration of
chemistry amongst Asian nations. A year later in 1980, Dr. Prof. Kamjorn Manu Pichu created a
branch of the Science Society of Thailand called Chemical Society of Thailand under the Royal
Patronage. Currently, there are approximately 2,500 participants in CST (Chemical Society of
Thailand, 2008).

In the years that followed, collaborations between nations continued to grow. In 1981,
UNESCO invited chemists from around the globe to a meeting with the purpose of encouraging
cooperation by chemists from varying nations (Chemical Society of Thailand, 2008). After this
meeting, the International Organization for Chemical Sciences in Development (I0OCD) was
founded in 1981 in attempts to promote chemistry and sciences for economic growth in both
low-income and developed countries through collaboration between nations (Krief, 2019). This
paved the way for CST to allow the promotion of chemical education and economic
development, which aligns with the current Thailand 4.0 initiative.

Currently, the Chemical Society of Thailand has various goals that revolve around
promoting chemistry on an international scale for both national and global benefit. They hope to
create a positive image of chemical professions, provide a comprehensive understanding of
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chemistry to Thai society, and develop chemical occupations and the chemical industry. Their
main objective is to be the center of chemical occupation, industry, and research to create a more
developed and successful society Thailand (Chemical Society of Thailand, 2008).

The Chemical Society of Thailand partnered with the DOW Thailand Group to create the
program the DOW Chemistry Classroom. Together, they devised this academic program which
concentrates on teaching science teachers throughout Thailand and neighboring countries
fundamental chemistry concepts conducted in small-scale techniques. In addition, they have
created the DOW-CST Awards, where teachers can showcase their own small-scale experiment
innovations (Chemical Society of Thailand, 2019). The DOW-CST Awards are also sponsored
by another renowned science federation in Thailand, the National Science Museum (NSM).

2.5.3 National Science Museum (NSM)

The National Science Museum is located in Pathum Thani Province in Thailand. It was
established in 1995 and is operated by the Ministry of Science and Technology. The organization
provides science-related extracurricular activities and events to visitors. Some of the activities
put on by NSM are the National Science and Technology Fair, various science experiment
demonstrations, and a science summer camp (Pajonporn, 2018).

In addition, the DOW Thailand Group collaborates with the National Science Museum
Thailand to support youth chemistry programs. The goal is to promote and encourage interest in
science among people, especially youths in Thai society. The NSM believes the DOW Chemistry
Classroom program enhances a positive mindset towards science which will lead to a deeper
understanding and application of chemistry in the learner's daily life. They believe that
increasing interest in science can improve the quality of life of people in Thailand (Pajonporn,
2018).

2.6 DOW Chemistry Classroom and its Programs

This portion of the report explains the operations of the DOW Chemistry Classroom as
well as other related competitions and training. The DOW Chemistry Classroom expands beyond
the creation of small-scale experiment kits by offering other programs to expand innovation
through competition and collaboration. Specifically, this section will elaborate on two specific
programs within the DOW Chemistry classroom entitled DOW-CST Awards and Train the
Trainers because our group was able to attend these events to collect data.

2.6.1 DOW Chemistry Classroom

Since 2013, the DOW Chemistry Classroom has aimed to equip school teachers with
innovative laboratory techniques that can be brought to life in their classrooms to provide the
youth with a safe, interesting, and relatable science education, while producing minimal
chemical waste. Their mission is to instill a devotion for science at a young age that can be
continued into the adolescent curriculums (Tisadondilok, 2017). The success of the DOW
Chemistry Classroom can assist in the twenty-year Thailand 4.0 plan by directly impacting
science education in Thai youth.
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In order to spread these laboratory techniques to schools all over Thailand, the DOW
Chemistry Classroom has held training conventions at hotels in Rayong, Thailand since 2013 to
train secondary school teachers in basic chemistry laboratory techniques. The conventions aim to
educate the teachers on small-scale laboratory techniques that can be easily implemented in a
youth classroom. The DOW Chemistry Classroom has chosen to focus on working with teachers
because they recognize teachers as the driving force in developing a student’s interest and depth
of knowledge in a subject, and they want to empower the educators (Tisadondilok, 2017).

The DOW Chemistry Classroom
training shows teachers how to complete
small-scale experiments using minimal
materials that DOW provides to them in
contained Kits, displayed in Figure 5. Once
back to their schools, the teachers can
purchase the DOW kits and use them to
conduct experiments that were taught at the
training or they can choose to use the
materials in the Kits to create their own
experiments. The teachers can choose to
implement the small-scale experiment in their
classroom in whichever way they deem fit. Figure 5: A DOW Chemistry Kit

The DOW Chemistry Classroom,
primarily run by the DOW Thailand group, partners with major organizations that are dedicated
to the program’s success. They collaborate with the Chemical Society of Thailand (CST) and the
National Science Museum (NSM) in order to run the teaching events, and with the United
Nations Educational, Scientific, and Cultural Organization (UNESCO) which has made the
classroom go global. Since the methods of the DOW Chemistry Classroom are recognized by
UNESCO, these teaching methods are also practiced in the Philippines, the United Kingdom,
Germany, Austria, Mexico, Japan, China and Cambodia (Chuangchote et al., 2017). These
countries are adapting the methods of the DOW Chemistry Classroom because of the wide
recognition that the program has attained for its innovative pedagogical strategies.

Through an interview with Dr. Professor Supawan Tantayanon, we found that the DOW
Chemistry Classroom program operates in a series of events. First, the conventional DOW
Chemistry Classroom training is held which is an introductory training that teaches basic small-
scale skills for four different experiments and is open to any high school teacher that is
interested. After this training, teachers are encouraged to design their own experiments and
submit a video for a small-scale experiment competition, the DOW-CST awards. Ten teachers
who have the best small-scale ideas are selected to compete and are then considered to be “role-
model teachers” or “outstanding teachers”. The role-model teachers are then invited to more
intensive training sessions each year, called “Train the Trainers”, where they can learn new
techniques and network with other teachers. The idea is that the program starts by being open to
all teachers then narrows down to an elite few individuals as it progresses.
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2.6.2 DOW-CST Awards

To ensure that the implementation of small-scale experiments has effectively enhanced
the laboratory performance of high school students, the DOW Thailand Group, CST, and NSM
collaborate to hold the DOW-CST Awards competition. The purpose of this competition is to
provide students an opportunity to explore their scientific creativity and apply their knowledge to
real-life applications. In this contest, the contestants from various schools under DOW design an
experiment that follows the competition’s
theme. The theme of this year’s contest was
“Waste Management”. High school
contestants, in groups of four to five were
required to design an experiment that was
(1) small-scale, (2) different from the
provided DOW experiments, (3) consistent
with the standard science curriculum, and
(4) safe and produced minimal waste
(Chemical Society of Thailand, 2017).

The team that presents an
experiment that is understandable and Team at DOW-CST Awards
innovative is awarded first place. The
winner was also awarded with a trophy by
Her Majesty Princess Chulabhorn at the Pure and Applied Chemistry Conference (PACCON)
(Chemical Society of Thailand, 2017).

2.6.3 Train the Trainers

Role-model teachers participate in workshops
entitled “Train the Trainers” which includes a day of
intensive training followed by the Pure and Applied
Chemistry International Conference (PACCON). The
intensive training allows teachers to collaborate,
discuss, and improve on chemistry techniques. This
year's event was held at the Mandarin Hotel in
Bangkok. On the day of the training, teachers
discussed the challenges they faced while
implementing small-scale experiments. This
experience allows teachers to learn from one another
understand how others have overcome obstacles.
Teachers in attendance expand on their techniques by
learning and completing two additional small-scale
experiments, as shown in Figure 6. At the end of the
training, teachers return home with two DOW small-
scale experiment kits and a large box full of various
small-scale lab equipment (blue box in Figure 6). —
This equipment allows teachers to design their own Collaboration of Teachers at
experiments for future awards. Teainthe Trainer
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Teachers expand on their chemistry techniques at the PACCON event which includes a
guest speaker from another country. This presentation from this speaker allows ASEAN teachers
to learn chemistry techniques from around the globe. This event allows the role-model teachers
to expand on their collaboration, techniques, and professional networking.

2.7 Assessment Methods

When writing survey questions, there are various factors that come into play regarding
unintentional bias and word choice. Professor Heilman of Worcester Polytechnic Institute stated
that assessing a student’s interest in a subject is very difficult. During an interview, he described
the challenges of writing survey questions without introducing bias or leading the individual
towards a desired response. In response to this difficulty, he suggested consulting experts when
writing the questions. Reference Appendix A2 for a detailed report of the interview with Dr.
Prof. Heilman.

Our group researched how other science programs implemented around the globe
assessed the success of their program, as seen in Appendix A3. Additional educational journals
and other studies provided several other theories behind unbiased assessment methods. One of
these theories, the social cognitive career theory, is particularly useful in assessing career
interest. The social cognitive career theory aims to explain three interrelated aspects of career
development: “(1) how basic academic and career interests develop, (2) how educational and
career choices are made, and (3) how academic and career success is obtained” (Fouad, 2014).
Figure 6 below details how interest, goals, expectations, and other factors can be used to predict
interest using social cognitive career theory (Fouad, 2014).

Self-Efficacy
" Performance
Sourcgs of Intentions/ Activity e—
Self-Efficacy Goals for 2
Interest 2 > Selection > (e.g.,goal
and Outcome Activity 4 ; 3
3 and Practice fulfillment, skill
Expectations Involvement
/ development)
\ Biicre /
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Figure 6: Predicting Interest Development in Social Cognitive Theory (Fouad, 2014)

One of the main portions of the social cognitive career theory, assessing interest, is
essential in an individual’s career path; as interest in a subject increases, goals and ambitions
within that subject develop which overall increases that individual’s participation and effort in
that subject (Brown et al., 2017).

Another method of assessment was published in the Journal of Chemical Education in
2007, titled Attitude towards the Subject of Chemistry Inventory (ASCI). The ASCI assessment
identified three main categories that impact students’ interest in chemistry: anxiety, intellectual
accessibility, and emotional satisfaction (Bauer, 2008). Each of these categories were assessed
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with four to five contrasting adjectives in each displayed below in Table 1. Students were
prompted with the statement in the second row of the table to guide their responses and rank
their feelings on a scale of one to seven between the two polar adjectives (Bauer, 2008).

Table 1: ASCI Assessment Method: Contrasting Adjectives to Assess Specific

Categories
Anxiety Intellectual Accessibility Emotional Satisfaction
During this experiment | felt... This experiment was... This experiment was...
Nervous - Calm Complicated - Simple Unpleasant- Pleasant
Relaxed - Tense Confusing - Clear Uncomfortable - comfortable
Safe - Unsafe Hard- Easy Chaotic - Organized
Anxious - Unconcerned Challenging - Unchallenging Frustrating - Satisfying
Apprehensive - At ease Incomprehensible- Comprehensible

The ASCI assessment method has been applied to several studies published in the
Journal of Chemical Education. The report suggested that the survey be implemented in one of
two ways, to compare different learning environments or in a pre and post experiment tactic so
responses can be compared (Bauer, 2008). One study completed by Hensen and Barbera in 2019
implemented this assessment method to compare students' interest between virtual experiments
and hands-on experiments. This survey method allowed the researchers to understand the
learning environments impact on students’ perspective towards the subject of chemistry and
compare the results to understand which learning method had the greatest impact in attitude
(Hensen, 2019).

2.8 Conclusion

Thailand’s current economic and technological standing has been improving, but in order
to continue climbing the ranks they are focusing their efforts on improving their STEM
education system. Their new economic initiative, Thailand 4.0, is helping to guide them towards
a more innovative and sustainable economy. The DOW Thailand Group can aid in this initiative
by improving the quality of science education through the integration of project-based learning
into youth schools.

Other successful programs used project-based learning in both formal and informal
education settings to pique student interest in STEM. The greatest difficulty in assessing the
success of these various programs was limiting bias and retrieving a large enough sample size. In
order to ensure that the DOW Chemistry Classroom is successful in generating a greater interest
in science among Thai youth, our team will use our knowledge of successful STEM programs
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and their assessment methods to guide our assessment of the DOW Chemistry Classroom and
provide suggestions for improvement. In the next chapter, we describe the information we sought
and how we obtained the data through various research methods.
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CHAPTER 3: METHODOLOGY

The successful implementation of the DOW Chemistry Classroom could result in great
outcomes for the students and the economy of Thailand. In order to assess the success of this
program we developed four objectives that analyzed different aspects of the DOW Chemistry
Classroom:

=

Determine if the DOW program has led to increased student interest in science

Evaluate student’s emotional reactions to the small-scale experiments

3. Evaluate if DOW teachers have the desire, skills, and confidence to implement
small-scale experiments into their classrooms

4. Provide recommendations for how the DOW Chemistry Classroom could increase

student interest in science in the future

N

To achieve these objectives, our group developed and distributed surveys to both students
and teachers, interviewed both students and teachers, and collected enrollment data to identify
comparable trends. We attended the DOW-CST awards, section 2.6.2, event at Chamchuri
Square, where twenty science teachers previously trained under DOW competed in a small-scale
chemistry experiment contest. We continued to collect data through school visits in Bangkok,
Prachin Buri, Chachoengsao, and Rayong to observe the experiments and collect various forms
of data via survey and group interviews. At the Train the Trainers Conference (see section 2.6.3),
we interviewed conference participants, distributed survey questionnaires, and observed the
small-scale experiment lessons. Lastly, since we did not have time to visit every school, DOW
provided us with a list of teachers’ emails who were trained under the DOW program and
surveys were distributed to them. The following table, Table 2, outlines which types of
information were collected from each location.
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Table 2: Data Collection Methods and Locations
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In this chapter, we will discuss the need for these methods of data collection, and how we
completed them. First, we discuss our student assessment plan. Then we discuss how we used
student enrollment data to see if more students have pursued science majors since the
implementation of the DOW program followed by the experiment assessment plan. We then
discuss our teacher assessment plan which assesses how the teachers feel towards completing the
small-scale experiments in their classrooms. Lastly, the results from our surveys and interviews
were assessed to provide recommendations to the DOW Thailand Group.

3.1 Survey Data to Determine Student Interest in Science

In order to measure if the students’ interest in science and technology changed as a result
of the DOW Chemistry Classroom, our group distributed surveys and conducted group
interviews with high school students (Grade 10-12). We had planned to survey students in three
different school types: schools who use the DOW small-scale experiments, schools with no lab
facilities, and schools with full-scale laboratories in order to compare if the students who utilized
laboratory experiments in their classroom tend to have a greater interest in science in comparison
to students who have no labs.

However, after visiting schools we observed that the different schools do not clearly fall
into those three categories (no lab, small-scale lab, and full-scale lab). We found that these
categories often overlap; there is a wide range of available lab materials, frequency of
experiments, and student to teacher ratio amongst varying schools. In addition to comparing
DOW small-scale classrooms to schools that do not utilize these experiments, we decided it was
important to compare student interest in science with the quality/quantity of their laboratories. To
do this, we used a more complex system to categorize our schools. This system is described in
further detail in section 4.1. The full surveys that were distributed to students to assess their
interest in science can be found in Appendix B1.
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The survey consisted of various statements that the students ranked based on how much
they related to the statement. For the purpose of scoring and analyzing the survey data, the scale
included “strongly disagree” which corresponded to a score of 1, “disagree” corresponded to a
score of 2, “neutral” corresponded to a score of 3, “agree” corresponded to a score of 4, and
“strongly agree” corresponded to a score of 5.

These questions are meant to measure various aspects of the students’ perspectives of
science based on the social cognitive career theory (SCCT), which can be found in detail in
section 2.7. Based on this model, our questions targeted various aspects of the student’s views on
science such as the student’s confidence to succeed, their personal goals, their expectations, their
interest, and their support system. The following Table 3 lists the statements on the survey as
well as the category that each question falls into.

Table 3: Questions to Assess Student Interest in Science

Question
#

Social Cognitive Career
Theory Aspect

Question:
1 (strongly disagree), 2 (disagree), 3 (neutral), 4 (agree) & 5 (strongly agree).

Q1

Self-Efficacy

I am able to get a good grade in my science class.

Q2

Self-Efficacy

I am able to complete my science homework.

Q3

Personal Goal

I plan to use science in my future career.

Q4

Personal Goal

I will work hard in my science classes.

Q5

Outcome Expectations

If I do well in science classes, it will help me in my future career.

Q6

Outcome Expectations

My parents would like it if | choose a science career.

Q7

Interest in science

| am interested in careers that use science.

Q8

Interest in science

I like my science class.

Q9

Contextual Support

I know of someone in my family who uses science in their career.

Q10

Personal input

I would feel comfortable talking to people who work in science careers.

Q11

Teacher efficacy

My science instructor explains concepts in a way that | understand

Q12

Teacher efficacy

My teacher makes science fun to learn

Questions 3, 7, and 8 were used to directly assess student interest in science or pursuing a
science career. The other questions on the survey were used to assess if there were any outside
factors that could influence students’ interest in science. We used these questions to analyze
which factors contributed to the student’s interest in science that are unrelated to the DOW
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experiments. It was important for us to be aware of these impacting factors such as family
influence so we could properly measure the impact of the program without any bias.

We also included questions that are not part of the social cognitive career theory (Q11
and Q12) that asked about student’s opinions of their teachers. Since the DOW program trains
teachers on how to conduct small-scale experiments in their classrooms, it is important that
students benefit from the skills that teachers learn from DOW teacher training. We wanted to be
able to assess if there is a correlation between having a good science instructor and being
interested in science.

In addition to utilizing survey questionnaires to
assess students’ interest in learning science, we also
conducted small group interviews of approximately five
students in middle schools and high schools. These
interviews focused on students’ personal opinions towards
science and allowed us to understand the current situation
of their science education and curriculum in Thailand. We
asked them questions focused on their perspective on
science and whether they enjoyed their small-scale
laboratory experiments. The purpose of these interviews
was to provide confirmation that the survey data showed
the right correlation between students’ interest in science
and their access to laboratory experiments. We conducted
these interviews at the DOW-CST Awards and various
schools throughout Thailand. The list of student interview
questions can be found in Appendix B2.

Team Conducting Student Interviews

3.2 Science Enrollment Data to Determine Student Interest in
Science

We planned to collect statistical data from high schools throughout Thailand because we
wanted to find out if the DOW program has led to increased student interest in science. This data
included statistics on the number of students that pursued a science major in high school and how
many students continued their science education into university. We hoped to see that student
enrollment in science increased after the implementation of the DOW program.

Since the DOW program has been running for seven years, we gathered statistics prior to
DOW?’s program and compared these trends with the trends of student enrollment after the DOW
Chemistry Classroom initiated its program. We wanted data from the last fifteen years in order to
compare the rates of science enrollment after the implementation of the DOW program to the
rate before DOW. Comparing these trends within one school will eliminate outside factors that
may impact science enrollment. To collect this data, 502 emails were successfully distributed to
teachers trained by DOW. In this email, we asked the teachers to forward the enrollment survey
(displayed in Appendix D) to the principal of the school. Our hope was that the principal could
input a file with the desired data for our analysis.
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When the trends of students’ enrollment in science majors (in both high school and
university) were analyzed, we hoped to see if the implementation of the DOW Chemistry
Classroom led to an increase in the number of students that decided to pursue a science
education. We compared the enrollment trends of DOW schools against schools that do not use
DOW in order to have a baseline to compare to the DOW data. This helped us understand if
there was already a general upward trend in science enrollment in all schools since we did not
want to falsely attribute this upward trend to DOW. Additionally, we hoped to see a “spike” or
general increase in the number of students who pursued science when the DOW program was
implemented after accounting for any general trends.

3.3 Evaluate Students’ Reaction to Small-Scale Experiments

We believe the success of the DOW
Chemistry Classroom was highly dependent
on the experiment’s ability to boost
students’ interest in science through an
appealing and interactive learning style. In
accordance with our second objective, we
gathered data to understand the students'
emotional reactions towards the small-scale
experiments performed in their classroom.
.4 Since the DOW experiments varied among
| the schools, the questions were general
rather than specific to one experiment. The
experiment survey questions were
distributed to schools that use the DOW

= small-scale experiments either on site in the
Students Completing Small-Scale Experiments previously mentioned school districts or via
email distributions from teachers.

This section of the student survey gauged the students’ interest in the experiments
through an adaptation of the Attitude towards the Subject of Chemistry Inventory (ASCI)
assessment, refer to section 2.7. However, the original ASCI tool lacked an area for students to
explain their responses and had limitations due to inaccurate translation of adjectives to Thai.
Therefore, we adapted the original ASCI survey to better fit our research goal. The original
ASCI survey included five pairs of adjectives for each category, but we reduced the survey to
one or two adjective pairs to keep the survey concise. The adjective pair “excited and bored” was
added to the emotional satisfaction section because we believed this was an important reaction to
evaluate for our goal. We also included a short-answer question after specific adjective pairs to
obtain reasons for students’ answers. This provided feedback for ways to improve the program
and emotional satisfaction scores in the future.

Table 4 below illustrates the chosen adjective pairs used to assess each contributing
factor along with the starting statements that guided the students’ answers (Hensen, 2019). A
complete copy of the survey question can be found in Appendix B1.



ASSESSING SMALL-SCALE CHEMISTRY a

Table 4: Contrasting Adjectives to Assess Specific Categories

Anxiety Intellectual Accessibility Emotional Satisfaction
During this experiment | felt... This experiment was... This experiment was...
Nervous - Calm Challenging - Unchallenging Unpleasant - Pleasant
Incomprehensible - Comprehensible Boring - Excited

Through this survey we could interpret students’ feelings towards the small-scale
experiments. The anxiety category showed if the students were comfortable completing the
experiments; if the environment created by the experiment caused high anxiety in the students,
they most likely would not be interested in continuing with a science education. The intellectual
accessibility category portrayed if the experiment was at the correct difficulty level to ensure that
students were challenged in an encouraging, rather than discouraging, manner. Lastly, the
emotional satisfaction category gave us an understanding of students’ emotions created by the
experiment; students would be more likely to pursue a science-related career if they were
emotionally satisfied by the classroom experiment.

Although the ASCI assessment method was created by experts to ensure the selection of
adjectives produced limited bias, there was still the possibility that students provided biased
answers created by their surroundings. When analyzing this data, we considered that the
students’ feelings could be influenced by their teachers and/or their peers, or societal norms. We
hoped to capture their true emotions towards the experiments that were not influenced by outside
factors. To account for this bias, we asked students “why” they chose their answer, which
allowed us to gather an understanding of what caused their emotions towards the experiment.

In addition to the adjective pairs, we also asked questions about students’ experience
performing the experiments. These questions are formatted similar to the survey style mentioned
in objective one: on a five-point scale ranging from strongly disagree to strongly agree. The
questions helped us understand if students felt like they learned from the experiment, understood
how it can apply to the real world, and if it piqued their interest. If students were interested in the
activity, were learning the concepts behind the experiment, and understood its importance in the
real world, then the students would likely be more interested in the science field.

3.4 Evaluate Teachers’ Opinions on Implementing Small-
Scale Experiments
The DOW Chemistry Classroom recognizes teachers as the driving force in a student’s

educational experience and success. Measuring the success of the DOW Chemistry Classroom
can be partially determined through analyzing teachers’ confidence in the lessons they teach,
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their knowledge of the subject, and if they felt as if they have benefitted from DOW’s teacher
training.

In order to obtain this data, we provided a confidential survey to teachers that were
trained through the DOW Chemistry Classroom and teachers not trained under the DOW
Chemistry Classroom. The reason for surveying
two contrasting groups of teachers was to
compare the data between the two groups and
make a correlation between the DOW program
and teacher competence. The questions on this
survey first covered demographics and personal
information such as age, teaching experience,
prior teaching education, school district, school
name, etc. The questions then moved into more
logistical topics, such as their depth of
knowledge in the subject, confidence in their
teaching ability, and enjoyment in teaching
chemistry. These questions were based on a
five-point scale, from “strongly disagree” to
“strongly agree”. The teachers ranked on this
scale based on how much they agree with the
statement.

Team Conducting Teacher Interviews

Lastly, there were DOW specific questions related to how the teachers felt about the
DOW training program. This portion was open ended and reflective, similar to a short answer or
essay question. This included what the teachers liked and disliked about the DOW training, and
any suggestions or comments they may have. These questions will not be included in the survey
for teachers not under DOW. Refer to Appendix C1 for a complete copy of the distributed
teacher survey.
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Table 5: Survey Questions for DOW Teachers

Personal Information Teacher Efficacy DOW
fill in with your personal 5 point scale: “strongly agree - short answer (SA), 5 point scale “strongly
information strongly disagree” agree - strongly disagree”(5PS)
Age I have the appropriate resources to SPS: The two week DOW lrginipg ko
Ceodin complets scicnos experiments. enough time to learn the lessons being taught.
5PS:I learned something new from my DOW
Languages Spoken I feel confident incorporating lraini%g. :
School District technology inta my lesson plans. SPS: The lessons taught at the DOW
Sobhoed Nars I have the proper chemistry conventions are relevant and useful.
: background to teach my class. SPS: I felt like I could ask questions if needed
Ortie Leved at the DOW training.
Classroom Size I can answer my student’s questions

SA: How do you feel about teaching
chemistry before versus after DOW training?

learly and tly.
Ventilation Method clearly and correctly

Waste Disposal Method ['am knowledgeable in chemistry. [ SA: [s the DOW training applicable to your
classroom?
i i I have strong teaching skills.
Aviale e tndlogics : : SA: How did the students rcsgond to the
Previous Personal Education/ | I feel comfortable running laboratory DOW experiments?
Degrees Obtained experiments in my classroom

SA: What suggestions do you have for the
Other Non-formal Programs Used OW program?

These surveys were distributed via email to 1,092 teachers trained under DOW. The
email contained links to both the teacher and student surveys and asked teachers to distribute the
student survey to ten students. We planned to distribute all the emails to teachers with a two-
week deadline. However, certain limitations were faced when attempting to email all teachers on
the same date. These limitations are discussed in section 3.6. The purpose of emailing teachers as
well as surveying teachers at schools we visited was to obtain a large enough sample size. In
person survey distribution was completed during the DOW- CST Awards and school visits.
Additional Thai and ASEAN teachers were also surveyed at the Mandarin Hotel conference,
where the outstanding DOW teachers learned to become “trainers” of DOW small-scale
experiments.

In addition to surveying, we also conducted interviews at a variety of schools and the
Mandarin Hotel conference to gather more information on their confidence in implementing
experiments into their classrooms. We were interested in learning about the challenges and
benefits of using small-scale and full-scale experiments in a classroom. Similar to the surveys,
the interviews consisted of questions about resources, student to teacher ratios, and other factors
that affect learning. The information from these interviews were unique because it allowed us to
ask follow-up questions and gain an in-depth understanding of laboratory experience in Thai
high schools and some middle schools. Through these interviews, we were able to build a
connection with teachers which allowed us to receive more genuine responses and
recommendations to improve the DOW program. The interview questions can be found in
Appendix C2.

The answers to the survey questions and the content from the interviews were analyzed to
assess the success of the DOW program. The quantitative answers to the questions above can be
statistically analyzed and comparisons can be made between different classrooms. Based on the
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results, weaknesses can be identified in teachers’ experiences with the DOW training and the
small-scale experiments, and suggestions can be made to improve the DOW program.

3.5 Provide Recommendations for the DOW Chemistry
Classroom

After collecting the survey data and statistical data we described in sections 3.1 through
3.4, we analyzed our results to determine ways to improve the DOW Chemistry Classroom. Our
surveys were created to identify student interest, the experiment’s ability to engage students,
and/or the effectiveness of teacher training. After analyzing our data and identifying these
weaknesses, recommendations were given, which can be found in Chapter 5.

3.6 Limitations of Data Collection

There were several limitations in our data collection methods. Translating our survey
questions from English to Thai was necessary for the Thai students and teachers to fully
comprehend the questions. However, it was a challenge because the English words did not
always directly translate into Thai while maintaining the same meaning. This was especially
problematic in our questions that utilized contrasting adjective pairs (discussed in section 3.3).
This question style is dependent on the meaning of the word so a slight difference could lead to
different results.

Another limitation we faced was sample size. We received a list of 1,150 emails of Thai
teachers trained by our sponsor, the DOW Thailand Group. We attempted to distribute our
surveys to the DOW teachers via email in the hopes of reaching as many schools as possible.
However, we could not ensure that a large enough number of teachers would answer the surveys,
so we faced some undercoverage bias. Also, since these surveys were optional and we were not
randomly selecting our participants, this type of surveying could be categorized as convenience
sampling. This is a specific type of non-probability sampling that relies on using members who
are conveniently available to participate. This could have resulted in only having teachers with
strong feelings towards the program respond to the survey (either teachers who are big advocates
for the program or teachers who think it is not effective and will use the surveys as an outlet to
complain about the program).

Time was also a limiting factor. We attempted to distribute all of the surveys through
email, and the original plan was to set a two-week deadline for the teachers to complete the
survey. However, Gmail limited the number of emails we could distribute each day (at a cap of
500 emails per day). As a result, half of the teachers were able to have a full two weeks to
complete the survey. The second half of emails were sent out with only a week to complete the
surveys, which could have impacted the number of responses. We attempted to send out emails
to the entire list our sponsor provided but 105 of those emails failed due to full inboxes or
addresses not found.

Another limitation is verifying if the survey answers truly reflected the teachers’
opinions. Some of our questions asked about their ability to answer chemistry questions, which
they may not have wanted to admit to because of embarrassment. Also, if the teachers did not
feel the DOW program was effective, they may be afraid to critique the program.
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Studies have shown that when asking participants to self-report their interest in
something, they are likely to give a “socially desirable response” (Landrum et al., 2016). Since
our survey questions clearly showed that we were trying to gauge their interest in science, it was
possible that students gave a statement a higher score because they believed that it was the
desired response. When teachers or students were asked about the DOW program, they may have
felt obligated to give positive answers about DOW to ensure the program continued to aid them.
Similarly, the presence of a DOW representative at schools during our visits could have provided
an added pressure. When conducting school visits, some schools were presented with free small-
scale lab Kits as a thank you for allowing us to come to their school and interview them. The
presentation of these free lab Kkits could have created bias in interview and survey responses as
well, potentially swaying the teachers and students to respond positively.

To mitigate the limitations of our study, we collected quantitative enrollment data.
However, since we were not able to distribute the enrollment data survey to all of the schools
who use DOW, there could be potential undercoverage bias or convenience sampling bias due to
the fact that the small sample we received may not be representative of our entire target
population. The limited enroliment data that we did receive did not provide the correct categories
of information that we required to make accurate claims about the impact of the DOW Chemistry
Classroom.

3.7 Ethical Considerations When Using Surveys

Many ethical limitations came into play when constructing and implementing a survey
that impacted human subjects. It was essential that each subject taking the survey gave informed
consent before completing the survey. This meant that the subject was entirely aware of what the
survey entailed and what the data would be used for. The survey could not be mandatory and no
subject could be forced into taking the survey. In addition, the questions and methods of
surveying could in no way harm the subjects. They could not be swayed into answering the
questions in a particular manner or be treated differently based on their answers.

Students who completed our survey were informed that their participation was voluntary
and that they do not have to answer all questions. They reflected on their interests, future career
choices, and experience in the classroom. If the students had not yet begun to consider their
future career paths or already have a sense of anxiety around school or careers, our survey could
have caused them to panic about their future success or make them question their abilities to
succeed.

Teachers who completed our survey had to reflect on their teaching abilities and
experience with the DOW Chemistry Classroom. These surveys were confidential and
anonymous, but it was still possible that teachers hesitated to self-report their weakness or
critique the DOW program. We ensured complete confidentiality in these surveys in order to
obtain honest responses from the teachers. Teachers answered questions about their confidence
in their own teaching abilities and their ability to answer questions from their students. This
survey may have caused the teacher to begin to doubt his/her own abilities and possibly lead to a
change in their teaching style.

With the data collected from the surveys, our group could suggest several
implementations that would positively benefit the teachers and students participating in the
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surveys. Based on student feedback from the surveys, our suggestions could alter the faults in the
DOW experiments and could help students have a more positive outlook on science education.
Teacher feedback could help us devise ways the teachers implement the DOW experiments in a
more efficient manner and provide potential improvements to the DOW teacher training.
However, our recommendations for the DOW Chemistry Classroom would be based on data
collected from a wide range of students and teachers with different perspectives. Therefore, our
recommendation may not satisfy all participants.
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CHAPTER 4: RESULTS AND ANALYSIS

This chapter elaborates on the results from the student and teacher surveys and
interviews. It begins with a description of how we categorized our data to set a control group.
We then discuss our analysis and findings for our first objective: determining if the DOW
Chemistry Classroom has led to an increase in student interest in science. Next, the results
section shows the effectiveness of small-scale experiments. Lastly, we will detail teachers’
thoughts on the benefits and challenges of implementing small-scale experiments.

4.1 Categorizing Data for Analysis

To complete our goal of assessing how the DOW Chemistry Classroom has influenced
Thai youth’s interest in science, we wanted to compare students who do DOW small-scale
experiments to a control group. We wanted to compare three categories of high schools: schools
that do not use labs, schools that use small-scale labs, and schools that use full-scale labs. “No
lab” and “full-scale lab” schools were originally considered non-DOW, and these schools were
intended to be used as a control group. After visiting schools to collect data, we discovered that
these boundaries were not as clearly defined. For the purpose of analysis, we created our own
system to categorize these schools; we decided to use lab frequency, quality of lab materials, and
number of students per lab group, to categorize the schools. Therefore, any data used for analysis
was from schools we visited.

DOW versus non-DOW

To define a school as a “DOW?” school, we decided that the students must use small-scale
experiments more than once a semester. Students who did not do small-scale experiments at all
or performed them at most once a semester were considered to be “non-DOW?”. It was our
opinion that only performing labs once or twice a year would not result in a recognizable impact
compared to someone who did not use the experiments at all.

Lab Quality Score

We initially wanted to compare no lab, small-scale lab, and full lab data to analyze if the
presence or type of a lab had a difference on student interest in science. As a replacement for
these categories we used a grading system to create a “lab quality score” to see if the quality and
quantity of student’s experiments led to higher interest in science. Three factors were used to
determine a lab quality score: frequency of experiments, lab group size, and quality of lab
resources. We gave each school a score of one through five for each of these categories and then
averaged the three scores to create an overall lab quality score. The criteria for what qualifies a
one through a five can be found in Appendix E.
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4.2 Correlations Between Various Factors and Student
Interest in Science

Our first objective was to gather various types of data to determine if the DOW program
has led to increased student interest in science. To do this our group used a student survey and
group interviews.

4.2.1 Analysis of Student Interest Surveys

The student survey was designed for students to express their interest in science. It was
given to students who use small-scale experiments, full-scale experiments, and a mix of both.
We analyzed how interest varies between these categories and how outside factors impact
interest in science.

DOW schools have a greater interest in science than non-DOW schools.

We compared the interest of DOW students to the control group, non-DOW students. We
used the responses to three questions to assess student interest:

1. “Iplan to use science in my future career”
2. “lam interested in careers that use science”
3. “Ienjoy my science class”

We asked students to rank their feelings towards the statements above from strongly disagree (1)
to strongly agree (5). The distributions of answers to these questions are seen below in Figure 6.



ASSESSING SMALL-SCALE CHEMISTRY

"| plan to use science in my future career"
45.00

40.00
35.00
Mean and Standard :
Deviation
25.00
DOW: 3.57 +1.00 =DOW
non-DOW: 3.15 + 1.37 20.00 =non-DOW
15.00
10.00
5.00
0.00

Stongly Disagree Disagree Neutral Agree Strongly Agree

@
S
Q
e

Percentage of student responses

"l am interested in careers that use science"

4000
3500
3000
g
§ 2500
Mean and Standard g
Deviation 5
§ 20.00 =DOW
DOW: 376+099 ¢ =non-DOW
non-DOW: 3.28 + 1.38 gﬁm
10.00
5.00
0.00

Stongly Disagree Disagree Neutral Agree Strongly Agree

"| like my science class"

40.00

=DOW
=non-DOW
J J
0.00

Stongly Disagree Disagree Neutral Agree Strongly Agree

Figure 7: Comparing Interest in Science Between DOW and Non-DOW

]
8

Mean and Standard
Deviation

8
8

DOW: 3.84 £ 0.81
non-DOW: 3.46 + 1.07

Percentage of student responses
@ 8 8 ¢
8 8 8

a3
8

8

We sampled 105 students from four different “non-DOW” schools and 148 students from
four different DOW schools. This sample size consisted of students who completed the survey
and attended schools that we visited.
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As displayed in Figure 7, the DOW students generally answered agree or strongly agree
more than non-DOW students. A two-sample t-test proved the difference in means to be
statistically significant between all three questions at a significance level of 0.05. We chose this
boundary since 5% is a common threshold for most significance testing (StatTrek, 2020). We
found it is greater than 99% likely that the average interest in science in DOW students is higher
than that of non-DOW students.

There are some limitations that may have caused this difference in means. Out of the four
“non-DOW? schools, one of the schools we visited was a school for aspiring monks so most of
these students responded that they had very little interest in science careers. The students from
the monk school accounted for 31% of our non-DOW population, which may have lowered the
average scores for non-DOW schools.

Schools with greater lab quality have a greater interest in science.

We also assessed if lab quality (having labs more frequently, having quality materials,
and doing labs in smaller groups) affected interest in science. We compared responses to three
science interest questions to a school’s lab quality score (the calculation of a lab quality score
can be found in section 4.1).
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Figure 8: Lab Quality Score vs Science Interest Questions

The r values for our trend lines vary between questions with scores of 0.636, 0.672, and
0.846. The first two values are not as close to one as preferred, but there is still evidence of a
correlation. The last value shows a decently strong positive correlation between the variables.
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DOW schools have a higher lab quality

We found that DOW schools tended to have a higher lab quality score. The average lab
quality score for non-DOW schools was 2.17 and DOW schools was 3.92. One of the following
three cases could be the cause of the relationship between DOW schools and high lab quality.

1. DOW schools have a higher lab quality because they are DOW schools

It is likely that the implementation of small-scale chemistry could lead to a higher
lab quality score if implemented properly. The experiments are easier to set up which
could increase lab frequency. Small-scale experiments are cheaper than full-lab materials
so more Kits can lessen the lab group size and increase the lab materials score. If our
observations are true, DOW small-scale chemistry could lead to higher lab quality.
However, it is important to note that this model implies that the schools’ budget is big
enough to buy an appropriate number of Kits.

2. Lab quality is the driving factor behind student interest

It is possible that the success of the small-scale experiments heavily relies on a
school’s budget. Some “DOW?” schools do not have the budget to provide enough
materials per student. This would result in the school having a low lab quality and likely
having a low interest score. Our research into project-based learning has shown that when
students have more hands-on project experience with a topic, they tend to have more
interest (Basu-Dutt, 2010). It could be this hands-on experience that is driving student
interest.

3. We took a biased sample of schools and only surveyed high quality DOW schools and
low-quality non-DOW schools

This implies that student interest is dependent on lab quality and that our sample
of DOW schools was of very high quality. All the “DOW” schools we visited were part
of DOW’s “role-model schools” and are considered to be the most successful of all
schools that use the DOW small-scale experiments. Since these schools were highly
involved in the DOW program, it was easier for DOW to arrange our visit with them, but
this could have led to the collection of biased data. They had teachers who were highly
trained, had won awards, and had participated in the DOW-CST awards. Schools who
won the DOW-CST awards were also granted prize money which they could use to buy
more materials for their science program. Therefore, the higher lab quality scores could
be due to their success in the DOW program.

We cannot form distinct conclusions linking the DOW program to lab quality. We cannot
statistically analyze these correlations, but we can claim that we visited high quality schools and
considered these to be “DOW”. Although we have found statistical correlations that “DOW "
schools tend to have great lab quality, we cannot be sure whether it is the small-scale
experiments that lead to their interest, but we have found statistical correlations between both.
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Parents have a large impact on students’ career decisions

To assess some confounding variables, we compared the answers to two of our survey
questions: “My parents would like it if I choose a science career” and “I plan to use science in
my future carcer”. We used all 313 survey responses from both DOW and non-DOW schools to
analyze this factor.

“l plan to use science in my future career”

Strongly Strongly
Disagree Disagree Neutral Agree Agree
Strongly Disagree 6 3 O 2
Disagree 5 18 4 ~|

“My parents would
like it if I chose a heutral 4 17 20 13
career in science”

£ ;) 1 23 22

Strongly Agree 5 4 9 19

Figure 9: Parent Influence Chart

A chi-square test of independence showed a very strong correlation with a p-value of
1.47e-26, which justifies a strong correlation between the two variables.

Self-confidence has an impact on students’ career decisions

We compared the questions “I am able to get a good grade in my science class” and “I
plan to use science in my future career” to see if a student’s belief in their abilities was related to
their career plans. The chi-square test for independence gave a p-value of 5.51e-10, which
justifies a strong correlation between the two variables.

Teachers have an impact on students’ career decisions

We compared the questions “My teacher makes science fun to learn” and “I plan to use
science in my future career” to see if the teachers’ abilities to make science engaging for students
related to students’ career plans. The chi-square test for independence gave a p-value of 0.0156,
which justifies a correlation between the two variables.

4.2.2 Trends in Science Enrollment Data

The student enrollment data survey was sent out via email to 502 teachers. We had
planned to send these emails to school principals since they likely have the enrollment data,
however we were only able to obtain email addresses for DOW teachers. We asked the teachers
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to forward the enrollment survey to the appropriate contact, but many schools did not have this
information readily available to distribute to us. We believe that because we did not have direct
access to people with access to the data, this was the cause of not receiving any enrollment data.
This would have been useful for our group to analyze data without any bias. We would have
been able to see if the implementation of the program actually leads to an increase in students
pursuing science majors.

We did ask teachers in their interviews if they had noticed more students pursuing
science majors and they noted that they thought small-scale chemistry did not have a direct
impact on students’ career decisions. They believed that outside factors such as job openings and
parent influence had a larger impact. Based on these observations, it is possible that we may not
have seen any difference in science enrollment since the implementation of DOW.

4.2.3 Student Interviews Regarding Interest in Science

The group interviews were
conducted in groups of about five
students at each of the schools we
visited; a full list of student interview
questions can be found in appendix
B2. The students’ interview responses
were collected from those who use
small-scale experiments, full-scale
experiments and a mix of both in
grades seven through twelve. These
interviews mostly reflected our survey
results but also provided us with
additional information which shows
the external factors that influence a
student’s career choice.

Student Interviews During School Visit

We observed common
statements for why students chose to study science. The answers were typically because of
hands-on experience or parental influence. Some students reported that they wanted to pursue
arts, but their parents wanted them to pursue a science major. Some students chose to do a
science major in high school because they thought it would give them a variety of options for
careers in the future. Many students specifically mentioned they were interested in pursuing
careers in medicine. On the contrary, the main reason that students were not interested in
chemistry was the difficulty of the subject.

We also asked BSAC students from Chulalongkorn University why they decided to
pursue a major in chemistry to compare the answers. A few students reported that they chose to
study chemistry in university because they had a family business they planned to work at upon
graduation. Other students reported that they chose to study chemistry because chemistry was
their favorite science and they thought it was easier than physics or biology. One student
reported that she enjoyed the chemistry in the show “Breaking Bad” and that had inspired her to
pursue a chemistry major in university.
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4.2.4 Summary of Changes in Student Interest
We were able to draw conclusions from our student interest survey data:

1. Students in DOW schools have a greater interest in science than students in non-DOW
schools.

Schools with greater lab quality have greater student interest in science.

DOW schools have a higher lab quality

Parents have a large impact on students’ career decisions

Self-confidence has an impact on students’ career decisions

okrwn

We believe that schools who have successfully implemented the DOW program have a
higher lab quality and those students are more likely to enjoy science or want to pursue a science
career. We see the DOW program as a good way for schools with limited budgets to improve
their lab quality and improve student interest in science.

4.3 Effectiveness of Small-Scale Experiments

Our second project objective focused on evaluating students’ emotional reactions to the
small-scale experiments. The survey and interview questions asked students about their most
recent experiments, and how they felt about these experiments. The results are discussed in the
sections below.

4.3.1 Analysis of Student Experiment Surveys

We first analyzed the responses to the adjective pair questions, which asked students to
rank their feelings towards the experiments. We reviewed the number of responses, mean,
standard deviation, and percentage of students who answered agree or strongly agree (A/SA);
these are seen below in Table 6.

Table 6: Results for Adjective Pairs

Adjective Pair N Mean StdDev | % A/SA
Nervous (1) - Calm (5) 248 4.00 084 | 73.7%
Incomprehensive (1) - Comprehensive (5) 248 4.14 0.80 83.5 %
Unpleasant (1) - Pleasant (5) 248 4.37 0.83 83.5 %
Bored (1) - Excited (5) 250 4.28 082 | 832%

We also asked the students why they gave the answers they did for these questions.
Students responded that small-scale chemistry makes their science class very interesting,
particularly giving them a lot of anticipation of what will happen when a reaction starts. Many
students answered that they liked the experiments because their teachers made them fun to
complete.
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We also asked the students to give a score for the adjective pair “Unchallenging to
Challenging”. We analyzed this pair separately from the others since, meaning that in this case
the desirable answer is not a score of five. It is important that students are challenged so that they
are engaged while learning but are not too challenged that they feel defeated by the difficulty.
Therefore, we thought that an ideal response would be a score of four and found that most
students (44%) reported this score. The rest of the responses were mostly one below or one
above four; 20% students scored a three and 30% scored a five.

When asked why the experiment was challenging or unchallenging, most answered that
they thought it was challenging because they were unable to predict the outcome of the
experiment which made them excited for the result. They enjoyed the challenge and believed that
their inability to predict the outcome helped them learn.

4.3.2 Student Interviews Regarding Experiments

The number of students interviewed was
approximately 100, with about five students in a group
per interview. They reported that small-scale
experiments provided them opportunities to perform
hands-on experiments more frequently, which allowed
them to observe chemical reactions and deeply
understand scientific concepts. They also said small-
scale experiments are beneficial because they require
minimal time and chemicals. On the other hand, some
reported that the conventional full lab is also necessary.
In some experiments, such as titrations, conventional
laboratory equipment enables students to examine
chemical reactions more precisely as well as study how
they are handled, which could be advantageous for
some groups of students who are preparing to apply for
a science major in university.

Team Conducting Student Interviews

Some students are not influenced by the small-
scale experiments because there is a specific set of
instructions to follow, and sometimes they simply record the outcome as told by the instructor.
During our visit to non-DOW schools, students wanted to perform more hands-on experiments
since they rarely receive the opportunity due to lack of funding and insufficient time.

4.3.3 Summary of Findings Regarding Small-Scale Experiments

In general, we found that students enjoy the small-scale experiments because they are
excited to see the results that appear in minimal time and because their teachers made the
experiments fun. Most students found the experiments challenging, but not too challenging that
they were discouraged. They enjoyed the challenge of not always being able to predict the
results. The quick set-up and cleanup was another aspect that the students enjoyed because it
allowed them to do the experiments more often. Most students who were fortunate enough to do
both full and small-scale labs preferred to do full-scale because it provides hands-on experience
with instruments and reactions that they would perform in their university or career.
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4.4 Effects of the DOW Chemistry Classroom on Teachers

Our third objective focused on teachers who use the DOW small-scale experiments. We
surveyed and interviewed teachers to determine if they desired to use the small-scale
experiments, how confident they felt in their abilities to complete them, and their feelings
towards these experiments. We also gathered information on how teachers felt about their DOW
training, and how the training program can be improved.

4.4.1 Teacher Surveys

Our teacher survey received a total of 92 responses. We had planned to compare
responses between non-DOW and DOW teachers, however we only had 10 responses that
answered they do not use DOW in their classroom. We decided this was too small of a sample
size to compare to 82 DOW teachers, so we excluded their answers and only analyzed averages
for the DOW teachers.

DOW teachers are confident in their teaching skills

On average, we found high responses to questions under the “teaching confidence”
category. We reviewed the number of responses, mean, standard deviation, and percentage of
teachers who answered agree or strongly agree (A/SA) for questions regarding resources, skills,
and confidence; these are seen below in Table 6.

Table 7: Teachers’ Confidence Responses

Statement Given N Mean | StdDev | % A/SA
I have the appropriate resources for teaching 82 3.23 1.05 46 %
| feel confident incorporating technology into my 82 3.57 1.14 62 %
lesson plans
I can answer my students’ questions clearly and 81 3.84 1.13 2%
correctly
I am knowledgeable in chemistry 81 3.62 1.16 67 %
I have strong teaching skills 81 3.70 1.05 70 %
I have the proper chemistry background to teach my 81 3.80 1.13 75 %
class
| feel comfortable running laboratory experiments in 81 3.74 1.20 69 %
my classroom

It seems that even though many teachers felt they were lacking some resources, they still
had confidence in their teaching abilities.
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Teachers think the DOW training is effective

We also asked teachers questions regarding their experiences with the DOW training
program, as seen in Table 8 below.

Table 8: Teachers’ DOW Experience Responses

Statement Given N Mean | StdDev [ % A/SA
The training was enough time to learn the lessons 81 3.74 0.91 69 %
being taught
I learned something new from my DOW training 81 4.30 0.94 88 %
The lessons being taught at the DOW training are 81 4.27 0.91 90 %
relevant and useful
| felt like | could ask questions if needed at the DOW 80 4.00 0.91 80 %
training
I was able to apply the small-scale chemistry lessons 82 4.13 0.94 85 %

to my classroom

The small-scale experiments are cost-effective 81 3.94 0.86 77 %

Most teachers agreed that the lessons were relevant and useful and that they were able to
take the skills they learned and apply them to their classroom.

4.4.2 Teacher Interviews

Small-scale experiments are
easier to implement than
full-scale

During interviews,
most teachers noted that they
prefer to use small-scale
chemistry since it required less
time for them to set up and
cleanup. Since all instruments
were already in the DOW Kit,
it was easy enough for
students to set up on their own
and teachers only had to
prepare the solutions. Several
teachers claimed another ’
benefit of small-scale Advanced Training at Train the Trainers
experiments was that the
equipment costs less than full-scale equipment.
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Teachers prefer to use both small-scale and full-scale

Out of the eight schools visited, most of the teachers said they used both small-scale and
full-scale laboratories because the standard science curriculum in Thailand, the IPST, requires
full-size laboratory experiments for science class. Therefore, the science teachers could not fully
replace full-size experiments with small-scale. Most teachers chose to utilize both types of lab
depending on skills required for a given science topic: topics that require chemical observation
for conceptual understanding in terms of qualitative analysis can be done through small-scale
chemistry, while topics that consisted of technical skills, or quantitative analysis, require full-size
experiment for completion.

Small-scale experiments capture students’ attention

Additionally, many teachers claimed that it was easier to retain student’s concentration
when small-scale experiments were implemented in the classroom versus full-scale. Their
students had more opportunities to complete the labs because small-scale experiments could be
implemented into the classroom more frequently due to lower price and less time constraints.
Another benefit noted by the teachers was students enjoyed small-scale experiments because of
the “less threatening” size and the shorter time to see results.

Teachers struggled to adapt small-scale experiments to their classrooms

However, some teachers faced challenges when they implemented small-scale chemistry
in their science class. One of the biggest challenges was coming up with new small-scale
experiments that related to the curriculum. Most DOW teachers requested that the DOW
program come up with more small-scale experiment kits that fit better into the science
curriculum.

4.4.3 Summary of Teacher's Perception of the DOW Chemistry
Classroom

Table 9 below displays a summary of the data gathered from teachers through the surveys
and interviews.

Table 9: Advantages and Disadvantages of the DOW Chemistry Classroom

Advantages Disadvantages
Time-efficient Doesn’t perfectly fit the curriculum
- Require small chemical quantities - Small-scale chemistry has not been
- Faster reaction accepted by the IPST curriculum, still
- Approximately 30 min to complete the required to complete full-scale
whole experiment - Small-scale experiments do not always fit

IPST curriculum without adaptation

Cost-effective Lack of technical skills
- Lab kits are cheap compared to full-scale - Small-scale chemistry laboratory does not
lab equipment focus on full-scale laboratory skills, which
- Small-scale equipment is reusable is essential for university laboratory

- Small-scale experiments do not require an classes




ASSESSING SMALL-SCALE CHEMISTRY

actual laboratory to conduct

Reduces chemical waste
- Small-scale experiments produce little
chemical waste
- Safer to complete in the classroom due to
smaller quantities of chemicals

Teachers face challenges coming up with new
experiment topics
- Teachers have to come up with small-
scale experiments on their own to fit the
curriculum but do not have enough
knowledge to create them

Promotes student interest

Lack of lab kits & diversity in kits

- Reduced cost & time allows for more - Limited topics covered by the DOWCC,
experiments would like to see new topics covered by
SSC

- Low cost but still unaffordable in some
schools

4.5 Chapter Summary

Overall, we found that DOW small-scale experiments have the largest impact in under-
funded schools because those are the schools that are not fortunate to have full-scale lab
equipment. However, we found that the majority of DOW training and resources are allocated to
the “outstanding” schools which allows these schools to have higher scores in student interest in
science due to the amount of teacher training, higher lab quality, and larger quantity of resources.

We also found that the DOW small-scale experiments provide schools without proper
laboratory equipment the opportunity to get hands-on laboratory experience via small-scale
techniques. Without the small-scale Kits, the students would have no laboratory experience due
to a lack of full-scale equipment, time, and resources. On the contrary, many schools that do
have the time and resources to implement full-scale laboratories depend less on the small-scale
techniques because the full-scale experiments provide experience with instruments that would
more likely be used in future education. The students enjoyed the challenge of the experiments
and were often excited by the results.

Teachers in general liked the low cost and decreased set up and cleanup time of the
small-scale experiments. However, they wish they had an easier way to adapt small-scale kits to
fit the curriculum and that the Kits could cover multiple different subject areas.
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CHAPTER 5: RECOMMENDATIONS

This chapter discusses recommendations and improvements for the future of the program
through small-scale experiments, training and assistance for teachers, and new programs or
events. We also provide recommendations for a follow-up study.

5.1 Recommendations for the Future of the Program

The following section identifies three key areas for the DOW Thailand Group to improve
the program. The recommendations were focused on three categories: small-scale experiments,
teacher training and assistance, and new events to expand the program.

5.1.1 Recommendations for Small-Scale Experiments
1. Creation of an experiment handbook and tutorial videos

Teachers are taught the basics of some experiments at DOW-organized training sessions,
however, the specific experiment taught may not be appropriate for the grade level of the
teacher’s class. Even if the experiments do fit the teacher’s curriculum, some teachers reported
they often forget details of the experiments after the short one-day training session.

The creation of a handbook and YouTube tutorial videos with a variety of experimental
procedures would ensure that the experiments can be successfully implemented in the classroom.
They could use the handbook to browse different types of experiments and use the YouTube
videos to refresh their memory on how to set up and run them. This would greatly benefit
teachers who do not have much support at their school and struggle to design new experiments
with the given materials. The handbook could be produced digitally, but this could limit the
number of teachers who could regularly access the procedures. Therefore, both a digital and
physical copy of a guidebook would be valuable.

Several other organizations have produced digital databases for teachers to access to help
them apply small-scale chemistry into the classroom. For example, the Royal Society of
Chemistry has a published collection of over 60 small-scale chemistry experiments with teacher
guidelines (Royal Society of Chemistry, 2009). Additional teacher guidance can also be found on
the UNESCO website which includes both teaching and learning material for small-scale
chemistry I (UNESCO, 2006). Ideally, the creation of an original DOW Chemistry Classroom
handbook on specific experiments that could be completed with each kit would be ideal to
improve the program. However, if resources cannot be allocated towards this creation, teachers
using this program should be made aware of resources that exist online that could enhance their
small-scale chemistry teaching.

2. Adapt the experiments for primary schools

Many teachers we spoke to suggested that the small-scale experiments be adjusted for
primary school students. This would allow an earlier exposure to chemistry experiments which
would hopefully lead into a prolonged interest in science carried into secondary school and
university. The small-scale kits would have to be adapted to fit into the IPST primary school
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curriculum, and there would have to be separate trainings for primary school teachers. However,
some of the current DOW trained teachers suggested a volunteer program where teachers can go
to underprivileged schools to teach the small-scale experiments (discussed in detail in section
5.1.3); this idea could be adapted for the DOW secondary school teachers to help train primary
school teachers.

5.1.2 Recommendations for Teacher Training and Assistance
1. Creation of a teacher networking platform

The creation of a networking platform for all teachers trained by DOW, such as a
Facebook or LINE group, would be beneficial to enhance the teachers’ collaboration beyond the
training sessions. The group would allow teachers to share experiments, challenges and
successes with other teachers at any time rather than only at trainings conducted by DOW.
Teachers would be able to constantly challenge and learn from one another. Additionally, all
teachers trained by the DOW Chemistry Classroom could benefit from collaboration rather than
just the selected “role-model teachers” who consistently attend workshops. This would especially
benefit the teachers that are the only science teachers at their school and allow them to develop
professionally from a community of science teachers with whom they can ask questions and
collaborate.

2. Increase opportunities for non-outstanding teachers

Upon finding that the DOW Chemistry Classroom holds follow-up competitions and
trainings for the outstanding “role-model” teachers, we suggest that there are subsequent
trainings for all teachers, especially the teachers that are not considered “outstanding”. These are
the teachers that would benefit the most from follow-up trainings since they struggle the most to
design their own experiments.

3. Better communication between DOW and teachers

To avoid teachers losing contact with DOW once leaving the trainings, DOW could
potentially work on sending out more emails or using LINE to more consistently keep in contact
with the teachers who use the program. The teachers would more regularly be given updates on
new training programs and new experiments.

4. Increase advertisement for the DOW Chemistry Classroom

The DOW Chemistry Classroom could develop their advertising techniques to expand the
number of teachers and schools that use the DOW program. They should target those who
benefit from the low-cost small-scale experiments with an increase in advertisement to these
schools via LINE or Facebook.

5.1.3 Recommendations for New Programs and Events
1. Include students and parents

Since our data shows a ~100% correlation between parent influence and career choice, it
could be extremely beneficial for DOW to organize an event that includes parents in their child’s
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science education. Similar to a DOW training program, DOW could have a science fair where
parents can bring their children to gain some hands-on experience and see demonstrations of
relatable small-scale experiments. Possibly, this could be a showcase of the outstanding teachers’
small-scale ideas (similar to DOW-CST awards) or it could be run by DOW staff entirely.

2. Create a volunteer program

Several teachers suggested creating a volunteer opportunity for the teachers trained by
DOW to visit schools who lack lab quality and a strong science education. The “role -model”
teachers have seen the benefits of small-scale chemistry and believe schools with less access to
resources could benefit from this program if given the opportunity. As a result, some teachers
would be willing to go teach schools about the experiments. This would expand the program in
Thailand and allow more teachers to benefit from the program.

3. Make a monthly competition and newsletter

If a Facebook group were to be created as mentioned in section 5.1.2, a monthly update
or newsletter could be sent out in this group to keep the teachers engaged in the experiments.
This newsletter could include new experiments, new resources, and a competition; at the
beginning of each month, teachers could submit a novel experiment, apparatus, or idea to DOW
and the winner could be announced at the end of every month in the newsletter. A competition
and a newsletter would keep teachers motivated about new ways to improve the experiments and
would provide a widespread benefit to all involved.

4. Provide scholarship for funding lab kits

Many DOW teachers that teach in under-funded schools must pay on their own to buy
small-scale lab equipment for their class without getting financial support from their school since
SSCL is not part of the curriculum. This leads to a small number of kits being used by a large
group of students. We recommend that DOW could start a scholarship program that gives out
funding to under-funded teachers for new lab materials. Teachers who want to apply for
scholarship funding could submit an application demonstrating their financial need and how they
utilize the small-scale labs in their classroom.

5.2 Recommendations for Follow-Up Study

A follow-up study is recommended to obtain additional data that we were unable to
collect due to time limitations. Further research could support our findings and provide new
information that would benefit the DOW Chemistry Classroom in the future.

1. Expand the sample size and diversity of surveyed DOW schools

It would be beneficial to assess a larger and more diverse sample size of schools which
implement the DOW small-scale experiments into their classroom. Due to the limited time
constraints, only a small portion of schools could be surveyed. In addition, several of these
schools were “role-model” schools who are very active in the program. Therefore, it would be
beneficial to expand on the variety of the schools assessed to ensure the conclusion from the data
is accurate of the whole program and not just those who are successful.
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2. Expand the sample size to son-DOW schools

Due to time constraints, examination periods, and limited access to non-DOW schools,
we found it difficult to collect data from non-DOW schools. However, we believe it would be
beneficial to collect science interest data from schools that have not participated in the DOW
Chemistry Classroom small-scale experiments and have only performed full-scale experiments
or theoretical science class. The interest data collected from the variety of schools could be
compared to the small-scale data. This would allow a thorough assessment of the program's
success in science education.

3. Collect enrollment data for science majors

Collecting enrollment data would be beneficial to identify the success of the DOW
Chemistry Classroom. The statistics on the number of students that pursue a science major in
high school and how many students continued their science education in university since the
creation of the program could be used to assess students’ interest in science due to the
implementation of small-scale chemistry. It would be ideal to get at least 8 years of enrollment
data from both DOW and non-DOW schools to successfully identify a trend in science interest
influenced by DOW.
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CHAPTER 6: THE NATIONAL IMPACT OF SMALL-SCALE
CHEMISTRY

After assessment of the DOW small-scale chemistry experiments, we concluded that
small-scale chemistry experiments can benefit all schools regardless of their funding or lab
quality. Schools that without laboratories that teach mostly from theory would benefit the most
from small-scale experiments; exposure to hands-on learning, as opposed to lecture-style
learning, has been shown to increase student interest and engagement (Hall et al., 2016). Due to
the lower price, small-scale materials would be easier to purchase than full-scale glassware,
providing more opportunities for hands-on experience. Additionally, schools with larger budgets
and full-scale laboratories could also benefit from small-scale chemistry since they can be
completed more frequently due to less set up and clean up time.

Although we can conclude that small-scale is more feasible to implement nationwide, we
cannot conclude that small-scale is better than full-scale considering the inequity of funding and
resource availability throughout Thailand. Many teachers claimed it was essential to teach
students full-scale in addition to small-scale, so that students can learn how to handle full-scale
laboratory equipment that would be utilized in university and the workforce.

According to the correlation between laboratory quality and student career plans in our
data, implementing small-scale chemistry and increasing the amount of hands-on learning
throughout Thai high schools could lead to an increase in students pursuing careers in science.
This could result in great benefits for the Thai economy as students could hopefully fill the open
positions in the STEM field.
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and private individuals, and (4) the economic and social impact of new technologies. This index
provided our group with various data points for us to compare between countries. It was
interesting to see how countries with more internet access and better STEM education typically
also have a better capacity for innovation and availability of the latest technologies. We cannot
assume causation between these data points, but it is important to recognize the correlation
between them.

Barsam, A. (2019). Tomorrow’s workforce starts with investing in education today. Retrieved from

https://www.kenan-asia.org/education-investment-thailand-4-0/

The Kenan Foundation Asia published an article related to the Thailand 4.0 initiative and
workforce in Thailand. The article reveals the need for more workers in science and technology in
order to meet Thailand's goals for the upcoming years. With Thailand’s push to innovate and
expand in the technical field, the demand for technical workers is continuing to increase. The
high demand for technical workers to innovate and create is even higher in Thailand due to the
lack of workers already in the field. The article elaborates that more positions will be created over
the years and more students need to pursue a science career. This article is important to
understand how the DOW Chemistry Classroom plns to ensure enough students are pursuing a
science career path to fill the high demand.

Basu-Dutt, S. (2010). Making chemistry relevant: Strategies for including all students in a learner-
sensitive classroom environment.(pp. 1-289). doi:10.1002/9780470590591

This book discusses how student’s interest and achievement in science improve
dramatically when they make connections between what they are learning and the potential uses
of that knowledge in the workplace or the world. The book contains strategies to incorporate
project-based learning into chemistry classrooms. It rejects memorization and promotes a

philosophy where the teacher acts as a facilitator in helping students construct solutions to
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problems. It encourages relating chemistry to current events such as global warming and pollution
so that students can see applications of chemistry in the world. This source will help us find
valuable teaching methods that the DOW Chemistry Classroom can implement to ensure students
are learning not only the educational material, but also the importance of chemistry and how it
impacts the world around them.

Bauer, C. F. (2008). Attitude toward chemistry: A semantic differential instrument for assessing
curriculum impacts. Journal of Chemical Education, 85(10). doi: 10.1021/ed085p1440

The Attitude toward the Subject of Chemistry Inventory (ASCI) assessment was created
to measure students’ attitudes towards chemistry by assessing three major categories that affect
interest: anxiety, intellectual accessibility, and emotional satisfaction. The assessment asks
students to rank their experience on a five point scale between two contrasting adjectives. For
example, a student would rank how they felt during the experiment on a scale from nervous to
calm. The adjectives used in the survey have been chosen so that they are contrasting and
eliminating as much bias as possible. Our group will be using an adaptation of this assessment to
measure if the students are enjoying the experiments used in the DOW Chemistry Classroom

program.

Berzina-Pitcher, 1., Graves-Wolf, L., Mehta, S., & Seals, C. (2017). Enhancing teacher efficacy for urban
STEM teachers facing challenges to their teaching. Michigan State University. Education
Resources Information Center. Retrieved from https://files.eric.ed.gov/fulltext/EJ1150083.pdf

This article from Michigan State University identifies the main obstacles of STEM
teachers in urban schools, and if a program called UrbanSTEM improved their experiences. The
results showed that the main problems in the teacher efficacy were lack of resources and
organization. The UrbanSTEM program encourages teachers to have multiple methods in
teaching one concept, in order to be effective for all different kinds of learners. UrbanSTEM also
urges teachers to empower their students. This is meant to foster a feeling of confidence amongst
the students which would improve their academics. In addition, UrbanSTEM teaches the use of
technologies, so the teachers can be confident in the tools they are using to teach their students.
The study shows that the UrbanSTEM program was successful in helping teachers develop an
efficient and successful STEM classroom. This could be incorporated into our project because we

could help the DOW Chemistry Classroom find more than one method of teaching one skill or
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concept, as UrbanSTEM does. We also can look into how the teachers interact with their students
rather than solely how they teach the students. This study shows the significance of a
student/teacher relationship, and it is important that the teachers using the DOW Chemistry
Classroom develop a trusting relationship with their students in order for the students to have the
most positive experience they can.

Boyd, C. (2014, June). Discover the benefits of microchemistry. Chem Service Incorporated. Retrieved

from https://www.chemservice.com/news/2014/06/discover-the-benefits-of-microchemistry/

The Chem Service Inc article discussed the benefits of Microchemistry which included
reduced waste, increased safety, lower costs and reduced time. The article elaborate on the safety
of using smaller quantities of chemicals which reduces the amount of waste and limits problems of
safe disposal of the chemicals. With smaller quantities students also have to focus on precision,
which can also be seen as a benefit in developing students techniques. This article was important
to understand all the advantages of microchemistry and the small-scale chemistry kits that DOW
has created.

Brown, L., Hackett, G., & Lent, R.W.(2017). Social cognitive career theory. Career Choice and
Development. (4) 255-311. Retrieved from

https://www.researchgate.net/publication/306145850 Social cognitive career theory

In this source by Brown, Hackett, and Lent, the method behind the social cognitive career
theory is explained. They talk about the different categories within social cognitive career theory
that cause an individual to pursue a certain career path. One of these categories is interest, which is
the main focus of our project. This is beneficial to our project because it emphasizes the ways we

can structure our questionnaires to gain an understanding of student interest in science.

Bureau of International Cooperation Ministry of Education: Thailand (2017). Thai higher education in

brief. Retrieved from http://www.bic.moe.go.th/

The Ministry of Education in Thailand published an article that described the Thai
education system from primary to secondary level. This article is beneficial to understand the
education system and the development over the programs over the years. The overview breaks

down the divisions of Thailand's education system. Additionally, the article includes statistics of
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enrollment rates at each education level over the years which is beneficial to understand the
trends of the years of education. This data is beneficial to our research to ensure the use of
enrollment data to measure the success of the DOW Chemistry Classroom takes into account the

total enrollment data over the years.

Carriazo, J., Molina, M. (2019). Awakening interest in science and improving attitudes toward chemistry
by hosting an ACS chemistry FeSTiVAI in bogota, colombia. Journal of Chemical Education,
96(5), 944-950. doi:10.1021/acs.jchemed.8b00670

In Bogot4, the American Chemical Society partnered with chemistry professionals,
professors, and students to orchestrate a chemistry festival. They put on enticing demonstrations
of experiments, and also have hands-on experiments. This festival is held for youth students in
Bogota to have a fun way to interact with chemistry outside of a school setting. It provides a more
spontaneous learning environment where students don’t have to feel stressed or anxious about
school. Surveys showed that the festival did generate a more positive outlook on chemistry for the
students. The DOW Thailand Group, who is already partnered with the Chemical Society of
Thailand, could put on festivals such as this one with the help of the Chemical Society of
Thailand and Chulalongkorn University. This could help bring students together in a more
informal educational setting, and hopefully increase the love for chemistry as it did in Bogota.

Chemical Society of Thailand. (2008). About Chemical Society of Thailand. Retrieved from

https://www.chemsocthai.org/about/

This source explains the role of the Chemical Society of Thailand, which is a part of the
Science Society of Thailand under the royal patronage. The Chemical Society of Thailand was
established after Professor Dr. Kamchonmanun Pichu was invited to a UNESCO event, and was
encouraged to expand the program nationally and internationally. The history of Chemical
Society of Thailand is explained, which is important to our project because they are one of the

major stakeholders.

Chemical Society of Thailand. (2017). Details of DOW-CST Awards. Retrieved from
https://www.chemsocthai.org/wp-
content/uploads/2017/11/%E0%B8%9B%E0%B8%A3%E0%B8%B0%E0%B8%81%E0%B8%
A7%E0%B8%94%E0%B9%82%E0%B8%84%E0%B8%A3%E0%B8%87%E0%B8%87%E0%
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B8%B2%E0%B8%99%E0%B8%A7%E0%B8%B4%E0%B8%97%E0%B8%A2%E0%B8%B2
Y%E0%B8%A8%E0%B8%B2%E0%B8%AAYE0%B8%I5%E0%B8%A3%E0%BI%8C-
Y%E0%B8%A3%E0%B8%B2%E0%B8%87%E0%B8%A7%E0%B8%B1%E0%B8%A5-DOW-
CST-Award-2017.pdf

This document provides the objectives and the information about the DOW-CST Awards.
It also goes over the criteria for entering the competition and its overall process.
Is it important for us to understand why this contest exists since the Awards competition is part of
the DOW Chemistry Classroom program. In simple words, DOW-CST Awards has been
established in order to measure how much students learn from the DCC program, and it provides
a free space where students can explore their scientific knowledge, as well as creativity, to design

an experiment based on real-life applications.

Chemical Society of Thailand. (2019). DOW chemistry classroom. Retrieved from
https://www.chemsocthai.org/%e0%b8%94%e0%hb8%hb2%e0%hb8%a7%e0%hb9%80%e0%h8%84
%e0%b8%al%e0%hb8%b5/

The Dow Chemistry Classroom is a cooperation between the Chemical Society of
Thailand and the DOW Thailand Group. The objective of the DOW Chemistry Classroom is to
promote the teaching and learning of chemistry by using small-scale chemistry experiment
techniques that are easy to implement in classrooms and have simple waste removal. This website
reviews the overall picture of the small-scale laboratory and illustrates the goal of the program: to

increase students’ interest in science through small-scale, relatable experiments.

Chuangchote, T., Noi-Am, N., & Tisadondilok, L. (2017). “Dow Chemistry Classroom” Expanded to
Elementary School Level, Inspiring the Love of Science among Thai Youth. Retrieved from

https://th.dow.com/en-us/news/press-releases/inspiring-the-love-of-science-among-thai-youth

This article written by the DOW Thailand Group describes the DOW Chemistry
Classroom’s mission, and who uses this program. It tells readers that there is a total of 123
teachers from 65 schools in Thailand that attend trainings; these trainings show teachers how to
incorporate small-scale chemistry laboratories into their high school classrooms. This article
highlights how the DOW Chemistry Classroom has expanded to the elementary school level in

2017. These trainings for the teachers are held at a hotel in Rayong, and its practices have
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expanded to other ASEAN countries. It is also recognized by UNESCO, and practiced
internationally in Europe, South America, and other countries in Asia. This is important to our
project because it helps us to understand the widespread impact and goal of the DOW Chemistry

Classroom.

Corporate Finance Institute Education Incorporated. (2015). R-squared definition, interpretation,
and how to calculate. Corporate Finance Institute. Retrieved from

https://corporatefinanceinstitute.com/resources/knowledge/other/r-squared/

This article describes the definition of, how to interpret, and how to calculate R It
explains the linear regression model, and goodness of fit. In addition, it explains that R? can show
how well data fits the given model, and if the variance in the observed variable can be explained
by the independent variable. This is significant to our data because it can tell us how well our data
fits the model, and how much of the variation we see in the response variable can be attributed to

a given factor.

DOW Thailand Group. (2019a). About us. Retrieved from https://th.dow.com/en-us/about-us

This article describes the DOW Thailand Group, and its goals and accomplishments. The
DOW Thailand Group is the largest chemical manufacturing base in the Asia-Pacific region; its
mission is to bring sustainability and collaboration to the country of Thailand. They are
recognized locally and globally for their manufacturing and have been established for over 5
decades. They are working to reshape the way businesses intersect with society to make Thailand
more environmentally friendly. This source helps us to understand the mission of our sponsors,

and their reason for investing their time into the DOW Chemistry Classroom.

DOW Thailand Group. (2019b). All plants of DOW Thailand receive good governance awards for

environmental and safety excellence. Retrieved from https://th.dow.com/en-us/news/press-

releases/all-plants-of-dow-thailand-receive-good-governance-awards

This source explains that the DOW Thailand Group has fifteen locations, all of which
received the “Good Governance Awards for Environmental and Safety Excellence” which is

known as the ‘Green Star Award’. This is due to their management of environmental safety and
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sustainability, as well as Corporate Social Responsibility management. This is important to our

research because it shows us how reputable and involved our sponsors are.

Educational Testing Institute. (2019). National educational testing report system. Retrieved from

http://www.serviceapp.niets.or.th/onetmap/

This website shows the test scores of the National Education Testing Report System (O-
NET) throughout the years. It compares the scores from students in different parts of Thailand. In
addition, different grade levels can be compared, and information from years 2016-2018 can be
viewed. The test scores can be displayed on a map and allows us to understand the different
quality of education by region, which can be applied to our project when we are collecting data

from schools in different regions of Thailand.

Faikhamta, C., Ladachart, L. (2016). “Science education in Thailand: Moving through crisis to
opportunity”. In Science Education Research and Practice in Asia: Challenges and Opportunities
(pp. 197-214). doi: 10.1007/978-981-10-0847-4_11

This research article recalls the history of educational reform in Thailand throughout the
past few years. It explores the possible variables that have influenced Thai science curriculum
standards in modern day. This includes cultural and political influences, and the readiness for
teaching of science instructors in Thailand. The authors conclude that the science curriculum
needs to be looking for reasons for Thai students’ low performance in science standard
examination (ONET) as well as their low PISA results. Finally, it gives suggestions on how
science education in Thailand could be improved. This is relevant to our project because it
describes some problems in education in Thailand which we can use to help DOW target areas of

weakness in the Thai education system in the future.

Ferreira, L.M.R., Carosso, G.A., Montellano Duran, N., Bohorquez-Massud,S.V., Vaca-Diez, G., Rivera-
Betancourt, L., ... Mostajo-Radji, M. (2019). Effective participatory science education in a

diverse Latin American population. Palgrave Commun 5, 63. doi:10.1057/s41599-019-0275-0.

Ferreira’s article examines the impact of implementing a low-cost Biology course into
high schools and colleges in Bolivia. Similar to the DOW Chemistry Classroom, the program was

created to increase the youth’s interest in science in the hopes of encouraging them to enter a
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STEM career. Ferreia’s training methods can be used as a comparison to the DOW Chemistry
Classroom because the goal of the DOW Chemistry Classroom is to also increase student interest
in science. Additionally, the assessment methods used to measure the success of this program in
Bolivia can be adapted to properly assess the success of the DOW Chemistry Classroom.

Fleischer, L., Bogiatzis, A., Asada, H., & Koen, V. (2018). Making growth more inclusive in Thailand.
Paris: Organisation for Economic Cooperation and Development (OECD).
https://pdfs.semanticscholar.org/1b11/8d23e203754af84d151ef71756678aa08746.pdf

This source uses test scores to compare Thailand’s education to other ASEAN countries.
Results show that Thailand is ranked higher in comparison to other countries when it comes to
educational equity (how socio-economic differences affect performance). However, overall
performance amongst Thai youth has been deteriorating in comparison to other countries; the
number of low-performing students in science and reading has increased, and the number of high-
performing students has decreased. This is important to keep in mind when comparing data from
Thai schools to other countries. In addition, it is useful in the background section of our report

because it describes where Thailand’s education ranks globally.

Fouad, N. (2014). Social cognitive career theory: Introductory review. Career Theory and Practice:
Learning Through Case Studies. Retrieved from https://www.nae.edu/File.aspx?id=126530

This article discusses aspects of social cognitive career theory (SCCT). SCCT has been
applied in vocational psychology to explain how individuals’ career interests develop, how they
make career choices, and how they determine their level of performance. SCCT describes three
linked variables that impact a person’s career development: self-efficacy beliefs, outcome
expectations, and goals. It also proposes that contextual variables could act as a perceived barrier
to outcome expectations. For example, a young man with high interest in helping others and
medicine may not go into nursing because of his perception that nursing is not an appropriate
occupation for a man. Support, or lack of, from his family could also influence his decision to
pursue a nursing career. This is helpful to our project since it is important for us to keep in mind
these different factors of interest development. Though the DOW Chemistry Classroom may
capture a student’s interest, if the student’s family does not support their decision to pursue

science then they may choose not to pursue a science career despite their interest.
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Ganti, A. (2019). What is the correlation coefficient?. Investopedia Corporate Finance and
Accounting. Retrieved from https://www.investopedia.com/corporate-finance-and-accounting-
4689821

This website describes the correlation coefficient, r, and how to interpret it. It describes r
as a number between -1.0 and 1 that can show how closely correlated two variables are. The
closer to 1.0 or -1.0, the stronger the correlation. This is very important to our statistical analysis
of the correlation between student interest and varying factors because it can portray the

correlation between our variables of interest.

Hall, A., & Miro, D. (2016). A study of student engagement in project-based learning Across multiple
approaches to STEM education programs. School Science and Mathematics, 116(6), 310-319.
Retrieved from https://doi.org/10.1111/ssm.12182

This study investigated the implementation of project-based learning (PBL) activities in
various STEM education settings to examine the impacts on student learning. Results showed that
after completing engineering projects students had more confidence in math and science, higher
interest in engineering careers, and more awareness of the nature of engineering. PBL typically
includes higher-order questioning, student reflection, problem solving, content integration, and
teamwork. After implementing a STEM-focused PBL, it was found that students had an increased
knowledge as well as more positive attitudes toward STEM careers. This is important to our
project because if PBL is the most effective way to teach STEM and results in positive attitudes
towards STEM then we could suggest DOW incorporates this into their program.

Handson, R. (2014). Using small-scale chemistry equipment for the study of some organic chemistry
topics - a case study in an undergraduate class in Ghana. European Journal of Basic and Applied
Sciences, 2(2). Retrieved from https://www.idpublications.org/wp-
content/uploads/2015/06/USING-MICRO-SCIENCE-EQUIPMENT-TO-FACILITATE-THE-
STUDY-OF-QUALITATIVE.pdf

This case study conducted on students in Ghana investigates the impact of the Small-

Scale Chemistry Experiment (SSCE) in an organic chemistry class. They state that the practice of


https://www.investopedia.com/corporate-finance-and-accounting-4689821
https://www.investopedia.com/corporate-finance-and-accounting-4689821
https://doi.org/10.1111/ssm.12182
https://www.idpublications.org/wp-content/uploads/2015/06/USING-MICRO-SCIENCE-EQUIPMENT-TO-FACILITATE-THE-STUDY-OF-QUALITATIVE.pdf
https://www.idpublications.org/wp-content/uploads/2015/06/USING-MICRO-SCIENCE-EQUIPMENT-TO-FACILITATE-THE-STUDY-OF-QUALITATIVE.pdf
https://www.idpublications.org/wp-content/uploads/2015/06/USING-MICRO-SCIENCE-EQUIPMENT-TO-FACILITATE-THE-STUDY-OF-QUALITATIVE.pdf

ASSESSING SMALL-SCALE CHEMISTRY a

completing practical work increases comprehension of the subject. However, the cost of resources
and the increasing number of students in the classrooms are providing a barrier to implementing
practical work in classrooms. 110 undergraduate students participated in a study where small-
scale techniques and materials were introduced into their classrooms to test for feasibility and
likeableness. Researchers were able to assess feedback from the participants with the use of
guestionnaires with a mix of open and closed ended questions. Results showed that the majority
gained confidence in learning science, enjoyed the hands-on experience, and had an enhanced
understanding. Only some experienced difficulties. This is relatable to the idea behind the DOW
Chemistry Classroom: that small-scale experiments are simple to implement, and enjoyable for

students.

Hensen, C., & Barbera, J. (2019). Assessing affective differences between a virtual general chemistry
experiment and a similar hands-on experiment. Journal of Chemical Education, 96(10), 2097-
2108. https://pubs.acs.org/doi/pdf/10.1021/acs.jchemed.9b00561

A study at Portland State University which was completed by Hensen and Barbera
published in the Journal of Chemical Education assesses two types of lab learning styles: virtual
and hands-on. The assessment method uses an adaptation of the Attitude toward the Subject of
Chemistry Inventory (ASCI). Results showed that the students who participated in the virtual
methods scored lower in emotional satisfaction, intellectual accessibility, usefulness of the lab,
and equipment usability. However, the scores of this group varied depending on which teacher’s
assistant instructed the lab. This assessment type can benefit our group assessment of the
experiments used in the DOW Chemistry Classroom in three distinct categories of emotional

satisfaction, intellectual accessibility and anxiety to effectively assess the success of the program.

Johnson, J, Karisan, D., Macalalag, A. (2019). The effect of methods course on pre-service teachers’
awareness and intentions of teaching science, technology, engineering, and mathematics (STEM)
subjects. Education Resources Information Center. Retrieved from

https://www.ijres.net/index.php/ijres/article/view/461/pdf

In Turkey, a STEM methods course was offered to pre-service teachers. A study was
conducted by offering the subjects a survey before and after the course, to determine how their
understanding of STEM and intentions of teaching STEM had changed. The STEM methods

course had the pre-service teachers solve problems by completing small group activities. Results
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showed that both the awareness and intentions of teaching STEM overall increased after
attending this course. This is another course from a different country that can be used as
comparison to how the DOW Chemistry Classroom teaches its participants. Any of the activities
shown in this article can be offered and compared to the DOW Chemistry Classroom training.
Also, this program specifically reaches out to pre-service teachers. We could use the methods in
this article to potentially compare to DOW, and provide suggestions depending on the

conclusions we draw from our data.

Khayyat, N. T., & Lee, J. (2015). A measure of technological capabilities for developing countries doi:
https://doi-org.ezproxy.wpi.edu/10.1016/j.techfore.2014.09.003

This study was done to develop an index to measure the innovativeness of developing
countries and to investigate the role of science and technology in enhancing the rate of
innovation. After completing their study, they recommended that governments (1) allocate a
significant share of their budgets to factors that enhance technological capability such as science
education, education enrollment rates, and internet connectivity, (2) modify school curriculums to
emphasize creativity and spontaneity, and (3) encourage local organizations to conduct
specialized training programs to promote innovation activities. The group had other
recommendations as well such as relaxing taxes for innovative products/processes, but the first

three (especially the third) relate to our project most directly.

Koonprasert, T. (2019). When tutoring overtakes teaching. Bangkok Post. Retrieved from:

https://www.bangkokpost.com/opinion/opinion/1612534/when-tutoring-overtakes-teaching

This source describes how the Thai norm focuses heavily on standardized tests, but the
materials covered in class were found to be insufficient to prepare the students for exams.
Therefore, it requires the parents to seek for extra courses that can teach their children a more
comprehensive understanding of the curriculum. As a result of the pressure of taking extra
tutoring schools to get ready for the entrance exam, the students did not feel the importance of
paying attention in class. In order to get rid of this issue, the Thai education system should give
more attention to the materials covered in class and the science curriculum in Thailand. This is
important when assessing the experiments of the DOW Chemistry Classroom. It is essential that
these experiments follow the curriculum and are adequately teaching students the required

material.
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Krief, A. (2019). International Organization for Chemical Sciences in Development. Retrieved from

http://www.iocd.org/v2 index.shtml

This website expands on the International Organization for Chemical Sciences in
Development (IOCD) and their ideals of expanding nations economic growth though promotion
of sustainable chemistry. This source allows us to understand the collaboration and ideals of the
Chemical Society of Thailand's between other nations both developed and low-income nations.
Through the understanding of the IOCD goals we can understand the Chemical Society creation
of the DOW Chemistry Classroom in Thailand to expand sustainable chemistry in Thai youths

and impact the Thai economy.

Krotintakom, S., Noi-Am, N., & Krotintakom, S. (2017). Dow Thailand receives Professor Dr. Tab

Nilanidhi Foundation’s award. Retrieved from https://th.dow.com/en-us/news/press-releases/dow-

thailand-receives-professor-dr-tab-nilanidhi-foundations-award.

Directors of the DOW Thailand Group received the 2016 Outstanding Organization in
Promoting Science Education in Thailand Award. This is due to DOW’s contributions to research
in science, and development of science projects that are key to Thailand’s education and
economic growth. This source gives background information on DOW, and their goal as a
chemical manufacturing company. It is used in the background section of our report to describe

our sponsors accomplishments.

Landrum, A., Hilgard, J., Akin, H., Li, N., & Kahan, D. (2016). Measuring interest in science: The
science curiosity scale. Retrieved from

https://www.researchgate.net/publication/301293576 Measuring_Interest in Science The Scien

ce Curiosity Scale

This student aimed to create a “science curiosity scale.” It contained valuable information
on sample questions as well as pros and cons to particular methods of questioning. For example,
the study noted that when you ask someone to self-report their interest in something, they are
likely to give the “socially desirable response.” If you ask someone to what extent they agree with
statements such as “I’m curious about the world in which we live,” and “I find it boring to hear

about new ideas,” subjects will likely answer agree then disagree respectively since those are
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“socially desirable responses.” One way this study combatted this bias was they disguised the
purpose of the survey by making it seem that they were asking about your interest in a variety of
topics other than science (e.g., sports, entertainment, business, and politics). This way, there was
no reason for participants to think that the researchers were specifically interested in their science
interest and it encouraged participants to honestly report their interests. This is important to keep

in mind when surveying our subjects.

Larmer, J. (2015). Gold standard PBL.: Essential project design elements. Buck Institute of Education.

Retrieved from https://www.pblworks.org/blog/gold-standard-pbl-essential-project-design-

elements

The Buck Institute has developed the “gold standard” for project-based learning (PBL). If
done successfully, PBL helps students learn how to apply knowledge to the real world and use it
to solve problems, answer complex questions, and create high-quality products. Additionally,
students learn a lot of “soft skills” through PBL, such as how to think critically, work well with
others, and manage themselves effectively. These skills are referred to as “21st century skills.”
This relates to our project since one of the goals of the Thailand 4.0 initiative is to transform
Thais into “Competent human beings in the 21sth Century.” Project-based learning implemented
in the DOW Chemistry Classroom can help provide Thai youths with these skills and help them

succeed as they move forward in their careers.

Mongkhonvanit, J. (2017). Thailand’s dual education system: A way forward. Higher Education, Skills
and Work - Based Learning, 7(2), 155-167. Retrieved from http://dx.doi.org/10.1108/HESWBL -
09-2016-0067

Mongkhonvanit’s study compares the Thailand dual education system with four other
countries Germany, South Korea, Australia, and Singapore to understand the lack of graduates
pursuing a career in the technical workforce. The report analyses Thai’s dual education system
which consists of technical and vocational education. Although the duel education was endorsed
by the government in 2014 to increase employment in the technical fields, not all institutions
enforce this method. Therefore, the technical field still lacked numbers. The source gives
recommendations to strengthen the Thai dual education system by implementing ideas from the
other countries. Overall, this source is useful to understand the importance of youth interest in

STEM in Thailand. The country is in desperate need for youths to pursue a technical career paths
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because there are a lot of openings. The Dow Chemistry Classroom knows it is essential to grab
the attention of youth at a young age to pursue a technical career.

OECD. (1999). “Introduction”. In Measuring Student Knowledge and Skills: A New Framework for
Assessment, 7-11. Retrieved from

http://www.oecd.org/education/school/programmeforinternationalstudentassessmentpisa/3369399

7.pdf

OECD is an international organization that is responsible for designing the PISA
examination which measures students’ performance in science, mathematics, and English
literacy. This is used in 80 countries around the world. This article explains the objectives of the

PISA examination, and tells us which countries need to ameliorate their education curriculum.

OECD/UNESCO. (2016). Education in Thailand: An OECD-UNESCO Perspective. Reviews of National

Policies for Education. Retrieved from https://www.oecd-ilibrary.org/education/reviews-of-

national-policies-for-education 19900198

This article was a review of national policies for education in Thailand written from the
perspective of OECD-UNESCO (Organization for Economic Cooperation and Development and
the United Nations Educational, Scientific and Cultural Organization). It discussed the reforms
that Thailand has made to its education system and reviews the outcomes and challenges that
came with this change. It suggested areas for improvement in the Thai education system and
specifically recommended that Thailand should improve in the following: creating educational
standards, assessing student progress, preparing teachers to implement the revised curriculum,
and improving the use of information and communications technology. Similar to other articles, it
highlighted how rural areas of Thailand are struggling to keep up due to less access to educational
tools such as a lack of high-speed internet. This is important background information for us to be
aware of since we need to ensure that the DOW Chemistry Classroom is not trying to implement
things that require internet access or extensive training since these things seem to be causing

programs to be unsuccessful.
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Pajonporn, S. (2018). The NSM of Thailand in collaboration with DOW and CST serves to promote
science education for the forthcoming Thailand 4.0. Retrieved from

https://www.mhesi.go.th/main/th/34-news/news-qov/7047-dow-cst-award

The article mentions the role of NSM in relation with DOW and CST to organize the
CST Awards, in order to promote Thai science education amongst middle and high school
students. The NSM focuses on equality in science education and motivating learners to participate
in extracurricular activities, which in the long run, may increase in love of science in Thai youths.
In short, this website allows us to acknowledge the stakeholders and their impact towards the

DOW Chemistry Classroom program.

Rothwell, J. (2013). The hidden STEM economy. Educational Resources Information Center: Brookings.
Retrieved from https://www.brookings.edu/wp-
content/uploads/2016/06/TheHiddenSTEMEconomy610.pdf

This report found that “workers in STEM fields play a direct role in driving economic
growth.” They also found that in the US, STEM jobs have doubled as a share of all jobs from less
than 10% in 1850 to 20% in 2010. Additionally, job growth, employment rates, patenting, wages,
and exports are all higher in more STEM-based economies as well as lower income inequality.
This is important to our project because it shows that if the DOW Chemistry Classroom leads to
more workers in STEM fields, this could also lead to economic growth in Thailand.

Royal Society of Chemistry. (2009). Microscale chemistry. Retrieved from

https://www.stem.org.uk/resources/collection/4034/microscale-chemistry

This digital database compiled by the Royal Society of Chemistry in the United Kingdom
displays over 60 small-scale chemistry experiments. If the DOW Chemistry Classroom created a
digital collection of the procedures for the intended lab kits, then the teacher would have a
website to refer to. Additionally, a website like this could help teachers expand on their ability to
create experiments and learn more about small-scale experiments that have been created. We
believe teachers would benefit from having sites to refer to when creating their own small-scale

experiments.


https://www.mhesi.go.th/main/th/34-news/news-gov/7047-dow-cst-award
https://www.mhesi.go.th/main/th/34-news/news-gov/7047-dow-cst-award
https://www.brookings.edu/wp-content/uploads/2016/06/TheHiddenSTEMEconomy610.pdf
https://www.brookings.edu/wp-content/uploads/2016/06/TheHiddenSTEMEconomy610.pdf
https://www.stem.org.uk/resources/collection/4034/microscale-chemistry

ASSESSING SMALL-SCALE CHEMISTRY

Royal Thai Embassy, Washington D.C. (2020a). Thailand 4.0. Retrieved from
https://thaiembdc.org/thailand-4-0-2/

Thailand 4.0 is an economic model to create a value-based economy driven by
innovation, technology and creativity. The model aims to increase research and development
spending, reduce social disparity, teach Thais 21st century skills, improve universities, and
become more environmentally conscious. They want the work force to shift to include high
skilled labor, more tech start-ups, and smart farming. This is important to our project because the
DOW Chemistry Classroom is a part of the Thailand 4.0 movement. DOW Chemistry Classroom
helps to improve the country’s competency through technology, innovation, and creativity, and

prepares the youth to be ready for the fast-paced and competitive world.

Royal Thai Embassy, Washington D.C. (2020b). National strategy Thailand 4.0 officially launched.
Retrieved from https://thaiembdc.org/2018/10/22/national-strategy-thailand-4-0-officially-

launched/

Thailand recently launched a national strategy called “Thailand 4.0”. This strategy,
initiated by the government, is a 20-year plan to promote innovation, creativity, research and
development, and more advanced and more environmentally friendly technologies. The goal of
this plan is to secure Thailand’s wealth and sustainability in the hopes of making Thailand a high-
income country, and to protect the environment. Therefore, the government is improving the
education and human resource development system in the hopes of bringing these plans to
fruition. The Thailand 4.0 initiative, as stated in the description of the above article, is part of the
reason behind the DOW Chemistry Classroom. The education reform is meant to be brought to
rural schools through the methods of the DOW Chemistry Classroom. Understanding the
guidelines and expectations behind Thailand 4.0 can help us implement plans to ensure that the
education system is being affected by the DOW Chemistry Classroom in ways that will align with

this 20-year plan.

Scola, N., & Paul Metcalf, H. (2016). Guiding principles for effective science and technology/engineering
education. Massachusetts Department of Elementary and Secondary Standards. Retrieved from

http://www.doe.mass.edu/frameworks/scitech/2016-04/GuidingPrinciples.pdf
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The published document “Science and Technology/Engineering Learning Standards
illustrates the framework behind Massachusetts Education of science and technology at all grade
levels pre-K- 12th grade. The document breaks down the whole Massachusetts education system
by grade stating the key subjects that should be taught at each level and listing the skills that
should be developed at each grade due to the lessons taught. My group can create a parallel
between the Massachusetts education system and Thai education system in relation to STE and
understand if the levels match up. If the levels are not at the same point alteration to the DOW
Chemistry Classroom can be altered to ensure students education is advancing at an appropriate
pace. Additionally, an understanding of each age level’s ability to learn is important to ensure the
lab experiments in DOW Chemistry Classroom are appropriate in difficulty level. If a lab

experiment is not pushing the students, interest will be lost due to boredom.

StatTrek. (2020). Two-sample t-test: Definition. Retrieved from

https://stattrek.com/statistics/dictionary.aspx?definition=two-sample%20t-test

This site describes how a two-sample t-test can be used to test the statistical significance
of the difference between two means. It describes the methods of this hypothesis testing as well
as how to calculate the t-score and p-value and then interpret these values. This is important in
our statistical analysis when comparing two means (ex. mean interest in science between DOW
and non-DOW schools) to determine the probability of our findings to exist in the entire

population.

Tesfamariam, G., Lykknes, A., & Kvittingen, L. (2014). Small-scale chemistry for hands-on approach to
chemistry practical work in secondary schools: Experiences from Ethiopia . African Journal of
Chemical Education, 4(3), 48-94. Retrieved from
http://www.faschem.org/AJCE/AJCE_2014 May Special2.pdf

This report published in the African Journal of Chemical Education studied the
differences between students who performed small-scale chemistry experiments and those who
participated in a theory only class. The study was performed in Ethiopia which used a small-scale
chemistry experiment kit that was made in South Africa. The study concluded that the students
who participated in the small-scale experiments benefited from the hands-on learning. This

source is valuable to understand that implementation of small-scale chemistry kits in other
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developing countries. Additionally, the source allowed us to understand other benefits of small-
scale experiments such as small quantities, low cost, and safety.

Tisadondilok, L. (2017). Dow Chemistry Classroom project expands to elementary level across Thailand.

Retrieved October 28, 2019, from https://corporate.dow.com/en-us/news/press-releases/dow-

chemistry-classroom-project-expands-to-elementary-level-across-thailand.html.

This article, published on the DOW website, provides details of the DOW Chemistry
Classroom program. It discusses the objective of the program: “to equip elementary school
teachers with innovative experimental techniques that can help make chemistry class safer, more
interesting, and more relatable.” The program understands that teachers are the key drivers in
developing the education system. It recently has expanded to elementary schools in addition to
high schools. Over 600 teachers, and 300 schools have become a part of this program nationwide.
This is important to our project because it can help us assess the role of teachers in the DOW

program.

The World Bank. (2019). The world bank in Thailand. Retrieved from

https://www.worldbank.org/en/country/thailand/overview

This website was developed by the World Bank Group, an organization that frequently
partners with the Kingdom of Thailand to promote sustainable and economic initiatives. The
website had good background information about the economy of Thailand and discussed their
growth from a low-income to upper-middle income country in less than a generation. It discussed
the decline in poverty, expansion of health insurance, and increase in education. It stated how the
quality of learning is not equal to the years of school they receive, and how even though the
average Thai student obtains 12.4 years of schooling, if you adjust that number to account for the
quality of their education they only obtain the equivalent of 8.6 years at an advanced institution. It
is important for our group to understand the current state of the educational system since our

project aims to improve it.

UNESCO. (2006). UNESCO teaching and learning materials. Retrieved from

http://www.unesco.org/new/en/natural-sciences/special-themes/science-education/basic-

sciences/microscience/unesco-teaching-and-learning-materials/
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The UNESCO digital library has published both teaching and learning material on a
variety of small-scale chemistry experiments. The creation of a digital database like this for all the
DOW small-scale kits would be beneficial for teachers to retrieve information about each kit.
Additionally, his website could be useful to share with the trained teachers so they can refer to the

site when they have questions about small-scale experiments in general.

UNESCO. (2011). Small is beautiful . A World of Science, 9(3), 17-19. Retrieved from
https://unesdoc.unesco.org/ark:/48223/pf0000193840.page=17

This article, published in A World of Science, elaborated on the global micro-science
project impact over the last 15 years. The article contains details about the creation of the original
kits created by RADMASTE in South Africa and the evolution of the kits over the years. In
addition, the article elaborates on the integration of the kits into other nations' curriculum. This
article is beneficial to understand the importance of small-scale in developing countries. Also, the
article informs us about other kits that have been created over the years which allows us to
compare the Kits to the ones created by DOW. We were able to use this to understand how DOW
Chemistry Classroom expands beyond other existing small-scale Kkits.

UNESCO. (2015). The global microscience experiments project: Practical teaching aids for secondary
schools . UNESCO Natural Sciences Sector, Division of Basic and Engineering Sciences, , 1-6.
Retrieved from
http://www.unesco.org/new/fileadmin/MULTIMEDIA/HQ/SC/pdf/sc_bes _microscience_EN.pdf

This document presents the key factors of the Global Microscience Experiment Project
created by UNESCO centered around South Africa. The presentation discussed the main
objectives of the project, which included promotion of practical science work to increase interest
in science through hands-on learning. The presentation elaborates on the teaching and learning
material created by the project and where to access the information; although, the material needs to
be adapted to each individual nation’s curriculum before it can be implemented. The presentation
continues to elaborate on the kits that have been created in various locations such as South Africa
and Thailand. This presentation allowed us to understand the history of small-scale experiments

and projects put in place to increase the use of microsciences across the world.
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United Nations Development Programme. (2018). Human development index (HDI). Retrieved from

http://hdr.undp.org/en/content/human-development-index-hdi

The Human Development Index was created by the United Nations Development
Program to assess the development of a country. It takes in the factors of life expectancy, years of
schooling, and GNI per capita to calculate an HDI value between 0 and 1 (1 being the most
developed). The United States has an HDI value of 0.924 and is ranked 13th in the world. The
average life expectancy is 79.5 years, expected years of schooling is 16.5, mean years of
schooling is 13.4, and GNI per capita is 54,941 (PPP$). In comparison, Thailand received an HDI
value of 0.755. The average life expectancy is 75.5 years, expected years of schooling is 14.7,
mean years of schooling is 7.6, and GNI per capita is 15,516 (PPP$). There is a noticeable
difference in both the mean years of schooling and GNI per capita between the US and Thailand.
More research needs to be done to see what factors might cause these differences. It is important

that our group understands these cultural/economic differences as we progress with our project.

Winters, J. V. (2014). STEM graduates, human capital externalities, and wages in the U.S.. Retrieved
from http://ftp.iza.org/dp7830.pdf

This study found that it is beneficial to increase the number and share of STEM graduates
in the labor force because STEM graduates appear to create large external benefits. In fact, there
seems to be a positive effect of STEM graduates even on the wages of workers without college
degrees and workers with degrees in non-STEM fields. They also found that non-STEM college
graduates created positive wage externalities, but STEM graduates created much larger ones. This

is important to understanding the large-scale effects our project could have on the economy.
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APPENDIX A: ADDITIONAL BACKGROUND

INFORMATION

Al: Number of teachers needed by subject in schools
experiencing a shortage

Table 5.3. Number of teachers needed by subject in schools experiencing
a shortage, 2013/14 school year

Subject Number of teachers needed

Science 6173
Mathematics 6031
Foreign language 5809
Thai 4764
Arts 4493
Vocational and technology 3420
Social, religious and culture 3105
Early childhood 2884
Health and physical education 2707
Computing 259
Special education 1700
Primary 1351
Psychology and counsellor 1233
Education administrator 825
Librarian 607
Total 47 696

Source: (OECD/UNESCO, 2016)
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A2: Interview with Doctor Professor Hellman (WPl Chemistry

Tips for Surveying Assessment Methods Project Based Learning Implementation of New WPI
Chemistry Curriculum
1) Consult experts on designing non 1) Self reflection is extremely beneficial | 1) Use Buck Institute of Learning’s 1) Stimulated independent thinking to

bias assessments

> Wording of questions impacts
results (not too open ended and
can’t be guided to answer)

to both students and teachers
> Student benefit: understand what
they have learned or haven’t, if
they have not learned reflect on

to construct project
based learning
> Collaboration
> Reflection

create procedures
> (Creating own procedures was
realistic to real STEM field
> Collaboration between students

on failures and successes of
experiments

what factors impacted that
> Teachers benefit: get around
assessment policies

> Assessment is hard

2) Assess different metrics
> Each question should target only

2) When surveying students in
particular they are considered
“human subjects” in an experiment

2) Students learn more when they can | 2) Elevated the whole chemistry
communicate and work through program because of what was expected

one aspect of the student’s learning | problems together of the students at the general class level

> Must get approval from experience > Students who completed new
Institutional Review Board > For example, the question curriculum had no complaints

should not talk about what about 2000 level difficult, while
they learned AND what past years complained
they liked, those should be
different questions

3) The survey legally cannot be made | 3) Data needs to be collected in a 3)”Students believe each other more 3) Initial backlash from teachers and

, S0 it is hard to get a good controlled manner than they believe me” students due to hazing mentality

> Peers tend to trust the

experiences of other peers over
the advice of professors

> Students compared it to past
experiences and thought it should
be the same level of difficulty as
past students
> Teachers wanted to teach students
in the same traditional way that
they had learned it
> More work for teachers to
learn a new teaching style

> When measuring the impact of
projects on exam grades too
many other variables to create
correlation

response rate

How does this relate to our project?
1. We should use experts to create an assessment for non-biased responses
2. Sclf reflection by students is critical for students to recognize the significance of what they’ve learned
a. Through this reflection, teachers can gain a more accurate representation of how the students benefited from and how the students struggled in the class
3. Collaboration and peer learning is essential to advancement

4. Backlash will occur when implementing new ideas

A3: Comparable Programs to DOW Chemistry Classroom

Analyzing programs comparable to the DOW Chemistry Classroom can be extremely
beneficial. Specific laboratory techniques, teacher training, and assessments of student learning
used in these programs can be adapted to improve the DOW Chemistry Classroom and Thai
curriculum.

A3.1: Comparable Program Summaries

In Bogota, Colombia, the American Chemical Society (ACS) partners with chemistry
professionals, professors, and students to organize a chemistry festival called the “Festivales de
Quimica”. This festival is an event held outside of a formal academic setting. They perform
demonstrations of experiments and hands-on activities for students and families to participate in.
It provides a more spontaneous learning environment where students don’t have to feel stressed
or anxious about school (Carriazo et al., 2019). In October of 2017, an assessment of this festival
was done by the organizers to determine the effectiveness of the event. Surveys showed that the
festival generated a more positive outlook on chemistry for students and other attendees. Overall,



ASSESSING SMALL-SCALE CHEMISTRY

the results showed that the students’ opinions on chemistry became more positive after
participating (Carriazo et al, 2019).

In Turkey, an undergraduate program started by university professors was created to
directly impact pre-service teachers. A total of 53 pre-service elementary school teachers design
and participate in small-scale activities and experiments that would be found in a youth STEM
classroom. The instructor would provide the pre-service teachers with a real-world problem and
have them come up with a solution through design and/or experimentation. A questionnaire was
given to the subjects before and after the course. Results showed that both STEM awareness and
intentions of teaching STEM overall increased after attending this course. Survey showed that
this is because pre-service teachers felt more equipped and knowledgeable in STEM areas and
had a greater overall understanding of how to teach specific concepts in STEM (Johnson et al.,
2019).

Bolivia created a low-cost biology course for high school and college students to
encourage a career path in STEM. This program in Bolivia was created to engage students of all
demographics through interactive activities (Ferreira et al., 2019). The main challenges in
encouraging students to pursue STEM were lack of resources, priority of other subjects, and
limited coverage of each subject. To overcome the lack of resources and money, the country
retrieved recycled equipment from United States’ universities. The teachers were trained in
project-based learning, their specific subject content, and in ways to diffuse difficult classroom
situations (Ferreira et al., 2019) Everyday students completed a five question quiz before and
after each lesson to assess their learning. In the end, all seven programs successfully increased
the level of STEM knowledge in all the students, which demonstrates that a hands-on learning
approach is successful for students from a variety of demographics in Bolivia.

A program in the United States, UrbanSTEM, aims to identify and overcome the main
obstacles of STEM teachers in urban schools in Michigan. Forty-nine teachers that participated
in UrbanSTEM were encouraged to have multiple methods in teaching one concept to be
effective for all different kinds of learners. In addition, UrbanSTEM trains teachers in the newest
technologies so that they can implement them in their classrooms (Berzina-Pitcher et al., 2017).
The teachers were assessed using the Teacher Efficacy Scale once in June of 2017, once in
December of 2017, then in May of 2018. Results showed that the main problems in the efficacy
of their teaching were lack of resources and organization of the course. The study shows that the
UrbanSTEM program was successful in helping teachers develop a plan against their
classroom’s specific obstacles by providing direct suggestions and plans to combat them
(Berzina-Pitcher et al., 2017).

In 2017, Worcester Polytechnic Institute implemented a project-based learning (PBL)
curriculum into the first-year general Chemistry sequence. This program was based off the Buck
Institute wheel for PBL. Students were expected to produce their own protocols to reach a
desired outcome which pushed them to collaborate to determine the successes and failures of
each procedure. As a result, the chemistry department was able to set higher expectations for
independent learning due to the high level of expectations initially set at the first year-levels.
Although the implementation of this new program advanced students’ education, the department
faced backlash from faculty and students during the first year due to the difficulty of the
program, and from some professors who wished to stick to the traditional methods. A self-
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reflection assignment completed by the students revealed that even though they disliked the high
expectations and workload, they valued the experience and the hands-on learning.

A3.2: Comparison of Comparable Programs

Below is the table , which compares some of the comparable programs. In this table, we
compared the purpose of the program’s assessment, their assessment methods, pros and cons of
the program, and how their program compares to the DOW Chemistry Classroom.
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Bogota

1 Urkey

unitea states

Bolivia

VVFI

Description

Festivales de
Quimica

® American Chemical
Society (ACS)
partnered with
Colombian
chemistry
professionals and
university students
to put on chemistry
demonstrations and
hands-on activities
for the youth

Undergraduate
Chemistry Course

® Course offered at
university

® Had pre-service
teachers complete
experiments that
answer broad
questions

® Then adjust the
experiments to fit
an elementary
classroom

UrbanSTEM

® Yearlong program
that trains teachers
to use multiple
teaching methods,
utilize technologies,
and implement
creative curriculum.

PBL Courses in
Bolivia

® Implements 7
science course
loads with 10 hours
of discussion-based
lecture and 20
hours of
projects/labs

New First-Year

Chemistry
Curriculum

® More independent,
project-based
chemistry
laboratory
implemented in
freshman classes

® Encouraged
collaboration and
peer learning

Assessment
Purpose

® [dentify if student
interest in chemistry
increased after the
festival and which
experiments captured
students’ attention
most

e Identify teachers’
intentions of
teaching STEM &
understanding of
STEM subjects

o Identify teachers’
challenges, efficacy
& how they changed
over the course of
the program

o Assess student
interest in the course
& their desire to
pursue a science
career

o Assess if project-
based learning
helped students learn
more material &
captured their
interest

Assessment
Method

® Pre and post chem.
interest surveys

® Strongly
disagree to
strongly disagree
(1-5 scale)

® Rating of favorite
experiments

® 1 to 5scale

® Qualitative
observations of
enthusiasm and
motivation

o Pre, mid, and post
survey about
intentions of
teaching STEM

e Given before the
course, 12 weeks in,
and 4 months after

e Strongly
disagree to
strongly disagree
(1-5 scale)

o Pre, mid, and post
survey

e Strongly disagree to
strongly disagree (1-
5 scale)

o General
demographic
guestions

e Pre and post
technical exams

o 5 course specific
questions

e Pre and post chem.
interest surveys

e 1-5scale

e Rated all aspects of

course
e 1-5scale

e Self-reflections that
allow students to
reflect on the
importance of what
they learned

Pros

® Relatable, intriguing
experiments

® Parent involvement

® Informal STEM
education creates a
fun environment

® Organizers trained
by ACS

o \Works with teachers
before they enter the
workforce

e Creative thinking by
the teachers

e Entices teachers to
include project-based
learning in youth
classrooms

e Directly targets
specific problems
encountered by
teachers

® Provides teacher
development
throughout the entire
school year

o All students gained
interest by PBL

e 80 students wanted
to continue to _
become scientist

e Teachers training
was extensive and
included classroom
simulation

e Project based
learning advanced
education

e Self-reflection
benefit students and
teachers

Cons

® Ability to attend the
event depends on
parents

® Rating of the
experiments could be
influenced by other
factors:

® Communication
and persuasive
abilities of
presenters

® Materials used in
presentation

e \Was more effective
in female pre-service
teachers than male

® Found that many of
the most pressing
challenges (student
home life, budget
cuts, etc.) were not
changeable by
teachers

e High-achieving
students did not
benefit as much from
Project Based
Learning as much as
low-achieving
students

o Backlash from
students and
professors during
initial )
implementation

Usefulness to
DOW
Research

® Program outside of
the classroom was
used to increase
student interest

e \Working with pre-
service teachers
instead of working
teachers could
produce a larger
impact since
experienced teachers
may be stuck in their
traditional teaching
styles

e Teacher training and
assessment methods

® Assessment of
student's interest in
STEM career

e Project Based
learning was
successful

e Project based
learning

e Self-reflection as an
assessment method




ASSESSING SMALL-SCALE CHEMISTRY

All these programs were similar to the DOW Chemistry Classroom in how they aim to
identify teaching challenges and assess if students are learning through PBL while increasing
their love for STEM. We can utilize the assessment methods and activities from these
comparable programs in our assessment plan and provide recommendations to the DOW
Chemistry Classroom based on the successes of these programs. To assess the success of the
programs, most of the researchers utilized Likert-style surveys using a scale from one to five,
from strongly disagree to strongly agree respectively. These methods of analysis were successful
in determining a change in teacher efficacy and students’ knowledge and interest in STEM.
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APPENDIX B: STUDENT QUESTIONS

B1: Student Survey

HUUFBUANEIMSUITaNIT INeAans (Student Survey)

nsiivgen lun1snuuudeuay (Survey Consent Form)

yanngindnndidli 3 singiaansohimimerdshutuaoiumaiia (WP snsmaanigouiniag
Tughanrsaniivenidanie 16 Tasanasiaiinr (DOW Chemistry Classroom) #aeufsn DOW Chemical
Company

madraiwuuasuawer iawddyegna i lunmwannamwdssseswnimindne Hadpanhivuiiu
axandayaiiioiuin Geuuazauaula i insmaadeamonien Tasgriuuusouombisniiuiieedos
noUANMNNYD

“ghapnamidayaiisgmivhl ddmiunisidoviniu nndesunn ludsdiivegnitulifluawduuase i
gminlJmsuniagading e

wnsnindnnanassdaniveezeuanluanuuiionauan DM INAN

We are a group of students from Worcester Polytechnic Institute in the United States and Chulalongkorn
University. We are conducting a study of the DOW Chemistry Classroom's impact on Thai youth interest in
science and technology.

Your participation in this five-ten minute survey is voluntary, and you can stop the survey at any point or skip
any question. The results of the survey will be completely confidential and no identification information will
appear on our published report. The data collected through this survey will be used to guide our published
research and allow us to evaluate chemistry education in Thailand.

We would greatly appreciate your participation in our study, but this survey is not mandatory. Ask us any
questions if you have them.

1. sinaiins e lunssriunuuaouowadiuansh lehaoyassgnifuiiumwdy (1 understand that my
participation in this study is voluntary and confidential.
Mark only one oval.

() 4 (Yes)

[ ) Tl (No) After the last question in this section, stop filling out this form.

2 yinFrw leimuagooiduss g sodGA1aeuspakuUEOUENE LR (| understand that my
teachers will not be able to see the answers to this survey)
Mark only one oval.

)l (Yes)
) Tai (No)

f#pyadaIua? (Information)

3. seAuduiAnm (Grade)

Mark only one oval.
() U6 (G.6)
() N1(GT)
() n2(G8)
( 1 6.3 (G.9)
() W4(G10)

1 H.5(G.11)
() W6(G.12)
() Other:
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4.

5.

6.

7

ine (Gender)
Mark only one oval.

' g (Female)
) gz (Male)

) Other:

Tsudsuidnwng (School Name)

UszTs Gaui'vi‘m"iinman (Which of the following describes your school...)
Mark only one oval.

' TsaSsuiguna (1 attend public school)
' TsaSsuenau (1 attend private school)
) 514'1 (other)

2anin (School Province)

anuaula luiznineaians (Student Interest in Science)

8.

10.

1

-h

uniFsuinnsmasuaiiuuug edu luimingmaninis i (Do you use DOW small-scale
experiments in your chemistry classroom?)
Mark only one oval.

) Yes

) No After the last question in this section, stop filling out this form.

. SolnseWilpBurevosF avizvinewnanfooainiFey (Which of the following describes your

chemistry class.)
Mark only one oval.

¢

wbifigunsainrsmaans lunsiSewingamans (1 do not have labs in my chemistry class.)
suiigUnsninmsiFauuadiinsudiu lumsiSewingamand (1 have a full laboratory in my science
class.)

| Other:

vouFsuMpnlfian1samivisinemanisesiniFauil... (Check the boxes of the classroom
materials that you have available in your classroom or lab...)
Check all that apply.

Bulmasiiin (Internet)

ApuARY (Computers)

(A3 avinaniou(Hot plate)

m’?mﬁaﬁugw fininad nansmmaas 9a4 (Basic Laboratory Equipments (beakers, flask etc.))
Wl (running water)

Other:

: \i'nﬁauvhmsmnmn'f’ihl_au‘:'n'lm' (When is the last time you did a lab / experiment in your

science class)
Mark only one oval.

' moluduamfuds (Within the last week)

. meluassduawifud (Within the last two weeks)
. nelui@auiiuds (Within the last month)

» me'lu 6 (@ouilida (Within the last 6 months)

| aubimgviinimeas WiAsingaenand (| have not done any lab into my science class)
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12 ainiFsuidnogralsiuAtnuaing a (For the following statements, please indicate your feelings of
agreement and disagree.)

Mark only one oval per row.

lLivudeegabs  bidudas  thunans (W Wuigodhads
(Strong Disagree)  (Disagree) (Neutral) da8(Agree) {‘i?:g;y
aunnznlan T
Feingmand (I - . - J— J—
am able to geta (_— ) { }
good grade in my
science class.)
A UA WO
Tisinewand
Idagalaifidaaadn
(lam able to
complete my
science
homework.)
AuinnNARTiain
EwA
Inpwandlu C ) C ) C ) C )
auan (| plan to o o ] o
use science in my
future career.)
swinaalodouly
Jeingmand (I ' ) ' '
will work hard in my — . - R
science classes.)
nsfawi lad T
Inmrraniaaiu
Uz Tomfd iy
a8 luaven (If | C ) ) C ) C ) (
do well in science o )
classes, it will help
me in my future
career.)
Hunasoamaiau
an liduiie
dingenans ) ) ) ) C
(My parents would o o ' o :
like it if | choose a
science career.)
duilanuaulalu
CREAERYY
ngaand (| am C ) C C C ) C
interested in h . h )
careers that use
science.)
dugauLEIm
Imenerand (| like
my science class.)
duiiangnlu
ATEUATIANIY
dineenand (| - S S J— J—
know of someone \ __/ } — ___/
in my family who
uses science in
their career.)
dugaufivyen oy
AUNTR LB Ty
dwineenand (| P p— j— )
would feel - —/ ) - (-
comfortable talking
to people who work
in science careers.)
AmAGRIuBEINY
WA
Inoenandlanda
azBpauaz v C ) ) C ) C )
(My science '
instructor explains
concepts in a way
that | understand)
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Liiudmsadaia Biviudas  1thunana Ly “ﬂ‘:i;_ﬂnd?“ﬂq
) ) ongly

(Strong Disagree) (Disagree) (Neutral) ¢an(Agree) Agree)

AmAgraaaun

JEvingmaniayn

uazivaula (My

teacher makes

science fun to

learn.)

Stop filling out this form.

wuUE1TIIMIMAaB (Student Experiment Survey)

Aowanafizgeaiunmag s lwian fuRnmaedveasinGou (The following questions ask about your
experience participating in chemistry labs.)

13. prammans afssranseninideuiieaduesls (What
was your last experiment ?)

14. Tusalimaiiuifisanusin udang1a (For the following questions please indicate the level in
which you agree to the statement. )

Mark only one oval per row.

Lidhudeadnads  Didlwine  4ineeq e dudeeghail

(Strongly Disagree)  (Disagree) (Meutral) (Agree) (Strongly Agree)
AUBBLYINTTNAAD
(I liked
performing this
experiment)
nrmaanainuy
au'la (This
experiment was
interesting to me)
Ui JHuns
neapai (| learned
from the
experiment)
u'ul'ﬂ"'flh;'j'm‘riri']
neap i
(fimadaenudin
U1 (1
understand how
this experiment
relates to the real
world.)

L= i - =
ANMNIANADBNITMAADY (Emotions Towards Experiment )
nﬁummurfﬁndﬁvi anvimnana lugaaing (For the following word pairs, please fill in the circle between the

two given words that best indicates your feelings about the experiment. Use the phrase at the top of each
question to begin your sentence).

15. wannTnaan umisudin (During this experiment | felt...)
Mark only one oval.

f1ia (Nervous) laifu (Calm)

16. nmaapiidued i ls(This experiment was...)
Mark only one oval.

iambiasounan HaATaUAEH
(Incomprehensive) (Comprehensive)
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17. mmmapaiilued1al5(This experiment was...)
Mark only one oval.

1!-i'siHI] {Unpleasant) ayn (Pleasant)

18. szwdanismmand diniSeudin (During this experiment I felt...)
Mark only one oval.

vwio (Bored) iy la (Excited)

19. ﬁ'nﬁ!uim"mfﬁnLl.uud’m‘rw.mﬂ_h (Describe why you gave the answers for the previous
questions)

20. prmeassiilved 1 15(This experiment was...)
Mark only one oval.

livi-mAan (Unchallenging) viamie ( Challenging)

21. li'nlﬁHut‘lﬂ‘iﬁufﬁnumdmrmmﬂ_'li (Why did you feel this experiment was challenging or
unchallenging?)

22. SouuniniuAnd i funrsvimaanuailwuus odrunes Tassnsiaiiana (Provide any feedback you
have to improve the DOW experiments or program)
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B2: Student Interview Questions

1. How do you feel about science ?
2.What is your favorite thing about your science class?
3.Do you like doing small-scale experiments?

4.Have you ever experienced a conventional (full) laboratory before? If so, what are
some differences, pros and cons.

5.Has your perspective towards science changed before and after you take science class under the
DOW program?

6. Does DOW’s small-scale make it easier to study and understand scientific concepts taught in
class ?

7. If you have chosen your major, what are the factors that influenced you to make that decision
8.If you could change one thing about your science class, what would you change?

9.How often do you study science and how often do teachers perform experiments (schedule,
time), are they enough ?
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APPENDIX C: TEACHER QUESTIONS

C1: Teacher Survey

HUYEBUANEIMIUHEDUITINEAEnS ( Science Teacher
Survey)

n1sdugay lunismiuuuasuay (Survey Consent Form)

wnsndnindnssuii 3 invhamnsalimingmaziindudoniunaiia (WPI) aindsumaanizaiiniag
lunsaiivenids s ldlasinisiaiions (DOW Chemistry Classroom) 2841550 DOW Chemical
Company

msnHuiudasuose: ianudrdn e lumswannswidasasmnisnindnmn dasentshieuiu
avandayaii snudaauizingmans lasdinnuudsuawlisniluiesdasnouaionamnda

Y 4o & . ve o o PRI . - & qvs o .
moanundayaiinzgninly g miunsisaninii nnaesuan ludsadivezgnifivliidluanuavunaze:li
gminluwsunsanadnann

wnisnindnmnnndssdaaiuzeseuqu luarmsiuiisneudinugsinau

We are a group of students from Worcester Polytechnic Institute in the United States and Chulalongkorn
University. We are conducting a study of the DOW Chemistry Classroom's impact on Thai youth interest in
science and technology.

Your participation in this five-ten minute survey is voluntary, and you can stop the survey at any point or skip
any question. The results of the survey will be completely confidential and no identification information will
appear on our published report. The data collected through this survey will be used to guide our published
research and allow us to evaluate chemistry education in Thailand.

We would greatly appreciate your participation in our study, but this survey is not mandatory. Ask us any
questions if you have them.

1. suminsle lumasrauuy seumuaiiiuansn leindeyaszgnifiuiilumausy (1 understand that my
participation in this study is voluntary and confidential.)

Mark only one oval.
) i (Yes)
) 1ai (No) Stop filling out this form.

ArnNamTulaEnwITIngAaas (Science Teacher Questions)

2. 911 (Age)

3. inel (Gender)
Mark only one oval.

) wdjs (Female)
) o3 (Male)

") Other:

4. szaumsAn¥gean (Highest Degree Obtained)
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5. dszauntsalluntsdeu (Years of Teaching Experience)

6.

@

o

10.

1.

12,

13.

Mark only one oval.
) #ndn 111 (Less than a year)
) 1-271 (1-2 years)
) 2-571 (2-5 years)
) 5-101 (5-10 years)
) 10-20 11 (10-20 years)

) wnmin 20 11 (20+ years)

Yazauniol lunaeuizniai (Years of Chemistry Teaching Experience)
Mark only one oval.

) #nn 11 (Less than a year)
) 1-2 1 (1-2 years)

) 2-511 (2-5 years)

| 5-101 (5-10 years)

) 10-20 11 (10-20 years)

| Wnndn 20 11 (20+ years)

anldnmassuaiivuy dedrudmivnsdeu (Do you use DOW small-scale experiments in your
chemistry classroom?)

Mark only one oval.
) ‘l4(Yes)

) lli( No) After the last question in this section, stop filling out this form.

d4laansondune '[nﬁnunmqm'lﬁﬁﬁq f (What best describes your school?)
Mark only one oval.

) TsaSpusulufiviaaudy (My school does not have a lab)

) TsaSousuiiisiuduadnufingluuu(My school has a full-scale lab)

#aTsasnufiindaaeu (School Name)

7ania (School Province)

PuiFouideu (Grade Level Taught)

. o o FI
FIWMUNLTBUNADUIRABADYEN (Average Number
of Students per Class)

qﬂﬂ':nfﬁlu"l,uﬂﬁﬁnun'ﬁﬂw (Available Teaching Resources)
Check all that apply.

dutnasiiia (WIF1)

Tusiiamas (Projector)
| maufinmad (Computer)

i3 (Textbook)

Other:
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14. JEnrdneads nnnsrimaans (Waste Disposal
Method Used)

15, suunssnemnaaliiasiinimeans
(Ventilation Method Used)

16. drmoufisonndnans Turinvita (Fill in the bubble that corresponds with your answer. Remember
that this survey is confidential)
Mark only one oval per row.

lifushsathaiia  Lddfiude thunana wiu ‘““’s"”ﬂ”?‘m
(Strong Disagree)  (Disagree) (Neutral) fan(Agree) (AZOFEFE)Y

duilgUnsaimsanu

unzan (I have

the appropriate _— . _— _— _—
resources for
teaching)
suiianiulalu
myldina TuTaii
nzaNaIMIuINg
aauluiaasou (|
feel confident
incorporating
technology into my
lesson plans.)
duaNInAaL
AMIHEa NN Y
Tdathaiu lauazgn
A4 (| can answer
my student's

questions clearly
and correctly.)
duiiadenany
Tiruaidl (1am
knowledgeable in
chemistry.)
duasnsnaouli
afaililsdng W
(I have strong
teaching skills.)
Auilfug AL 24
wailzaawminiSou (I
have proper
chemistry
background to
teach my class).
suiiaaniulaly
Mg nannis
vaana liuninEe - _— - _— .
(I feel comfortable

running laboratory

experiments in my

class room.)

ﬁi‘mi'mjﬂauﬁdwmmnmmﬂnﬂm‘smﬁma (DOW Training
Questions)

17. anldSuniseusuiulasanisimiinnanrunuiiss la (How many years have you been trained by the
DOW Chemistry Classroom?)
Mark only one oval.

dnwnin 1 1] (Less than a year)
521314 1-21) (1 to 2 years)
5:173143-5 11 (3 to 5 years)
#nNi15 1 (More than 5 years)
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18. drnouiinonndaans Tuasite (Fill in the bubble that corresponds with your answer. Remember
that this survey is confidential)
Mark only one oval per row.

Livtushoathaia  Liifudoe  vwnan i rﬁuﬁwarjlwiia

(Strong Disagree)  (Disagree) (Neutral) @2n(Agree) (i;mmng)y
TP IRBDINTT
pusNAgawad Iy
mainluaau (The
fraining was
enough time to
leam lessons being
taught )
Sue u?"ii'flm\i*]
NNNFaLEH (|
leamed something
new from my DOW
training.)
v g lung
ouiles Taad
(The lessons being
taught at the DOW
conventions are
relevant and useful
AUABNIO0N
CRORITTTESTTE TR
felt like | could ask
questions if needed
at the DOW
fraining.)
AUABIONINAG
ausHAHLLL s
Tuaou luvoaSou
16i(1 was able to
apply the small-
scale chemistry
lessons to my
classroom)
e ldie lddmiu
mMmaasRiuuy
tiadminmane
@¥ (The small-

scale experiments
are cost-effective)

19. gauiinrraimas lumsianamanssuuus sdowli 19l wisadsulue (What were some challenges of
implementing DOW small-scale experiments into your classroom)

20. gruffindrnimansauuy dodruihlseiin nmuazitanenisufiiame (Do you feel that the small-scale
experiments are efficient and easy to set up?)
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21, qrudinwginoghals novuammaudrion Insinsineunndal fiinaaiiuvutediu (How do you feel
about teaching chemistry before versus after DOW training?)

22. pruAnmiminiisuosaurountmaasinn Insansiniinmie i (Do you think that your students like
the DOW experiments?)

23. gruanindn lnsesmsiineusiuys:Teminniiga (What did you find most useful about the DOW
Chemistry Classroom training?)

24. yminauannsodfuisuTasamainiinn 18 guefudgosls uasnnng 1a (If you could change
one thing about the DOW training, what would it be and why?)
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C2: Teacher Interview Questions

Initial Questions for School Visits:

1.

o > w N

o

How do you feel about teaching chemistry before versus after DOW training?

Do you think that your students like the DOW experiments?

What did you find most useful about the DOW Chemistry Classroom training?

If you could change one thing about the DOW training, what would it be and why?

What are the differences between teaching in small- scale experiments and full lab
facility?

Do your students become more interested in science during laboratory class?
Do all students get to participate equally in the lab?

How long do you usually prepare science experiments?

Revised Questions for Mandarin Hotel Conference

=

N

10.

How do you feel about teaching chemistry before versus after DOW training?
Do you think that your students like the DOW experiments?
What did you find most useful about the DOW Chemistry Classroom training?
If you could change one thing about the DOW training, what would it be and why?

What are the differences between teaching in small- scale experiments and full lab
facility?

Why do you think you have succeeded in teaching the DOW small-scale experiments?

What advice would you give to chemistry teachers who struggle to instruct their teachers
in laboratory experiments?

Are there any challenges in implementing the DOW SSCL in your classroom? If so,
please describe

Does the DOW training allow you to learn how the Kits are used in certain experiments
and how can they be adapted and applied to other experiments?

Do you think the SSCL encourages students to pay attention in class and become more
interested in science ?
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11. What are some factors you believe may influence students’ interest in science? (learning
environment, teacher, teaching techniques, laboratory experiments etc.)

12. How often do you usually talk or exchange ideas with other teachers under the DOW
program?

13. Is there currently adequate access to DOW in case you have any inquiries or are
experiencing some issues?

14. If you are uncertain of how experiments are conducted and/or how the Kits are used ,
what do you usually do to solve this problem?
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APPENDIX D: ENROLLMENT SURVEY

doyanisamuisuiieuasingaraad (Enroliment Data)

fayadinTunamziisuiasingAdaTmuLLULEEEBINITANEN
s"n‘uulsﬂmlmzl (8.4 B3 4.6) uazn1sAne luszALNwI IneNaBIDUNSE Y
Q..L'f]uimuanmntyaznwa'lum-mnw"nwumwmtﬂ jddnenanednnL
Fennasdnsuasinmdr laieanuns ldmmassaiiuuugadiuuay
anwdulaluniasouns luamsinemansssniniseu S9eearw
lums'luvm"m'[-m-:zlumna'n Tanusiudaunauitaaasninsd
undnm Tm.ln"lmwnuatmannmﬂ"mu%‘lmuumwunam*mﬂuLiﬂuinzl
1'nﬂ"lu's"nuwuﬁﬂuﬂa'mua"'luuwnﬂmau (lﬂﬂ'l“ﬁl’lu"luuﬂl.‘illuﬂl!'l
fnun luanzingaand) luszazian 15 Ditkiuan wanisiidaenans
ﬂmuuuanﬂm!m'lun'l's'l.ﬁm'mﬂuuana»zT'Nl:ir.lumna'l’; Our team is
looking to collect statistics about students enrollment in science
over the last few years. We hope to collect data about the number
of students who pursued science majors in high school and also
the number of students who pursued science majors in university
upon graduation. If you have this data, we would greatly
appreciate if you could provide it to us. We are looking for trends
over the last 15 years, but if you do not have data from then, we
would still appreciate if you could upload what you have.

4. mn'[m-muuanumﬁ piuswinFevismaisuisumesinmmand lunsinun lussduruises
ums'luquuuu'lﬂn awsnon nanldid (If you already have a file that contains science major high
school enroliment data, please upload it here.)

Files submitted:

5. minTsufsuiisayaidsnusnnmindauildiganin lusnsinemandluguuyInd aunsosnTnan

'|.n'n'i|l (If you already have a file that contains science major university enrollment data, please
upload it here.)
Files submitted:

windszavilgmn lun1sew Tanalnd Tusasalwdnnii gr-
DOWChem2020@wpi.edu (If you have any trouble uploading your
files, please email them to gr-DOWChem2020@wpi.edu)

6. mnlaon InanIWdiaToud? vudon "Sudunisda” u'\m‘m'nuinmwﬁ'lliingmm [4iden "rie” (If you
uploaded a file, select "submit"”. If you would like to manually input your data press "continue™.)
Mark only one oval.

fiugiun1sds (Submit) Stop filling out this form.

nAa(Continue)

nsnsandayaiiuininiFauniamadswiiauasingfaasamuuuLn

uPBINSANENSEAUNSENUA1Y Manual Input Enrollment Data (High

School Science Major)
minma TS puasainiivsdsdayannilanaild maluszezaan 15 Udounds

“fipfergAnfisuEanuaunsiGourioui Tassnrsemiaiisaiatu® suilanungonagnais (We are hoping to
collect data from the last fifteen years but if you do not have that data, we would appreciate if you could
submit what you have.)
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7. snnwiniSeunanualugu 3. 3 1 w.a. 2548 (Total
number of students enrolled in grade 9 in 2005)

8. smuaminFeuluty a. 3 AgSsussinedandly
1 w.A. 2548 (Total number of students in grade 9
who enrolled in a science major in 2005)

9. smnwinSeunimualugy u. 3 7 w.a. 2549 (Total
number of students enrolled in grade 9 in 2006)

10. swawvniSeu lugu u. 3 AwSevasineaiand v

1 w.A. 2549 (Total number of students in grade 9
who enrolled in a science major in 2006)

1. smnwiniSsunimunlugy x. 3 7 w.a. 2550 (Total
number of students enrolled in grade 9 in 2007)

12. swwiniseu lug u. 3 IwSevasineaians lu

1 n.q. 2550 (Total number of students in grade 9
who enrolled in a science major in 2007)

13. snwinSeunanunlusy 4. 3 T w.a. 2551 (Total
number of students enrolled in grade 9 in 2008)

14, gruwiniFeu lugu 4. 3 IESevasineaians lu

1 n.. 2551 (Total number of students in grade 9
who enrolled in a science major in 2008)

15. smnwinSeunanualugy 3. 3 T w.a. 2552 (Total
number of students enrolled in grade 9 in 2009)

- £ = - =
16. sruauiniSeu lugu 2. 3 'I'Ili"ll.?!uﬁ"l!'l'l’l!"lﬂ"lﬁﬂﬂu

1 n.a. 2552 (Total number of students in grade 9
who enrolled in a science major in 2009)

17. smnwinSeunanualusy 3. 3 7 w.a. 2553 (Total
number of students enrolled in grade 9in 2010)

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

. - - -
snminEee ey 8. 3 A uSsuaeinemandly

1 w.A. 2553 (Total number of students in grade 9
who enrolled in a science major in 2010)

snwminEsunanan lugy u. 3 9 w.a. 2554 (Total
number of students enrolled in grade 9 in 2011)

. - - v -
smnwinFey lugy . 3 idSsuasingarandlu

1 w.A. 2554 (Total number of students in grade 9
who enrolled in a science major in 2011)

snnwminEsuniman lugy u. 3 0 w.a. 2555 (Total
number of students enrolled in grade 9 in 2012)

snwniniSeuludy 1. 3 Mg Ssuansingwmandly
1 w.A. 2555 (Total number of students in grade 9
who enrolled in a science major in 2012)

snwminFsunananlugy u. 3 9 w.a. 2556 (Total
number of students enrolled in grade 9 in 2013)

. - - -
smwminFeuludy u. 3 AgFsuaeineeandlu

1 w.A. 2556 (Total number of students in grade 9
who enrolled in a science major in 2013)

snwminEsunanan lugy 3. 3 9 w.a. 2557 (Total
number of students enrolled in grade 9 in 2014)

. - - -
snwinFey lugy . 3 idFsuasingrarandlu

1 w.A. 2557 (Total number of students in grade 9
who enrolled in a science major in 2014)

snmminFeunanunlugy u. 3 1 w.a. 2558 (Total
number of students enrolled in grade 9 in 2015)

snwniniSeuludy 1. 3 Mg Ssuansingwmandly
1 w.A. 2558 (Total number of students in grade 9
who enrolled in a science major in 2015)
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29. sraminiSeunanan lugy . 3 1 w.a. 2559 (Total
number of students enrolled in grade 9 in 2016)

30. srwiniFew lugu u. 3 Mg Feuasinearanily
1 n.A. 2559 (Total number of students in grade 9
who enrolled in a science major in 2016)

31, snnwmindsunananlugu u. 3 9 w.a. 2560 (Total
number of students enrolled in grade 9 in 2017)

32, swnwiniGew lugu u. 3 Mg rSeuasinearanilu
1 n.f. 2560 (Total number of students in grade 9
who enrolled in a science major in 2017)

33, grunminFsunanunlugu u. 3 9 w.a. 2561 (Total
number of students enrolled in grade 9in 2018)

34. sywiniGew lugu u. 3 Mg rSeuasinearanilu
1 n.f. 2561 (Total number of students in grade 9
who enrolled in a science major in 2018)

35. srunwinFsunananlugu 3. 3 9 w.a. 2562 (Total
number of students enrolled in grade 9in 2019)

. - - = - v - -
36. sruwiniSeu lugy 4. 3 AWuSsuaisinedtandlu

1 n.f. 2562 (Total number of students in grade 9
who enrolled in a science major in 2019)

n1snsengayasnuwuinisauiEndnen luanzineraans Manual Input

Enrollment Data (University Science Enroliment Data)
winma lsaSpuasaniivzdsgayanni lananld moluszsznan 15 Ddauwds

“pfivzgAriisidanuuunsEounaui lasinisamilsaiedu sailuanunsonadneis

We are hoping to collect data from the last fifteen years but if you do not have that data, we would
appreciate if you could submit what you have.

37. srwnwiniFeu lustu u. 6 1) w.a. 2548 (Total number
of students enrolled in grade 12 in your school
in 2005)
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38. srwwiniTeu ludu u. 6 ARtz dnm luams
Snsneand 1 w.6. 2548 (Total number of

students in grade 12 that enrolled in a science
major for university in 2005)

39. snnwiniSeylusy 4. 6 1 w.a. 2549 (Total number

of students enrolled in grade 12 in your school
in 2006)

40. smnwminiFeulugy u. 6 finnaseasdnmn luans
Inseaas 1 n.A. 2549 (Total number of
students in grade 12 that enrolled in a science
major for university in 2006)

41. mnwinSeulusy 3. 6 T w.a. 2550 (Total number
of students enrolled in grade 12 in your school
in 2007)

42 srunniniSoulugy u. 6 Amaseagdnen luans
Inseans 1 w.6. 2550 (Total number of
students in grade 12 that enrolled in a science
major for university in 2007)

43. smnwiniSeulusy 3. 6 1 w.a. 2551 (Total number

of students enrolled in grade 12 in your school
in 2008)

44, grurwiniseu ludu u. 6 ANz dnn luams
Inseans 1 w.6. 2551 (Total number of

students in grade 12 that enrolled in a science
major for university in 2008)

45. srvurminiSeulugy u. 6 1 w.a. 2552 (Total number
of students enrolled in grade 12 in your school
in 2009)

46. smunwiniSeulugu u. 6 Antasezsrann luans
InpAans 1 w.A. 2552 (Total number of

students in grade 12 that enrolled in a science
major for university in 2009)

47. snunwiniSeulusy 3. 6 T w.a. 2553 (Total number
of students enrolled in grade 12 in your school
in 2010)

48.

49.

50.

51.

52.

53.

55.

56.

57.

snawindeu ludy u. 6 imassagrdinn luans
Ingmand U w.a. 2553 (Total number of

students in grade 12 that enrolled in a science
major for university in 2010)

snuiniFeulugu 1. 6 D w.a. 2554 (Total number

of students enrolled in grade 12 in your school
in 2011)

snuiniFeuludy 3. 6 Afndssasrdnmn luans
Ingmand U w.a. 2554 (Total number of
students in grade 12 that enrolled in a science
major for university in 2011)

smawinioulugu w. 6 1 w.a. 2555 (Total number
of students enrolled in grade 12 in your school
in 2012)

smwinFouluty u. 6 fintdssadrdnmn luans
InpAans U w.A. 2555 (Total number of
students in grade 12 that enrolled in a science
major for university in 2012)

snnuiniFeulugu u. 6 D w.a. 2556 (Total number
of students enrolled in grade 12 in your school
in 2013)

- - - e s -
- smwiniFeu lugu u. 6 intassagrdnmn luaus

ngAand U w.A. 2556 (Total number of
students in grade 12 that enrolled in a science
major for university in 2013)

smnwiniFeulugu u. 6 1 .. 2557 (Total number
of students enrolled in grade 12 in your school
in 2014)

. - 3 de o
waninieu lugu u. 6 Annasezgidnmn luams
Insdnand U w.A. 2557 (Total number of

students in grade 12 that enrolled in a science
major for university in 2014)

smnwiniFoulugu u. 6 1 w.a. 2558 (Total number
of students enrolled in grade 12 in your school
in 2015)
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58.

59.

60.

61.

62.

63.

65.

66.

swaminiFeulugu . 6 Annassasdnmn luams
nsreand 1 w.A. 2558 (Total number of
students in grade 12 that enrolled in a science
major for university in 2015)

suiniFeu lugy u. 6 1 w.a. 2559 (Total number

of students enrolled in grade 12 in your school
in 2016)

. - -] - . -
VIWIVUN I.'IB'I.I'I'I.I!!'I.I 3.6 11ﬂ"|ﬁ~ﬂ=l.!l"lﬂﬂm1'l.lﬂm=
nereand 1 w.aA. 2559 (Total number of

students in grade 12 that enrolled in a science
major for university in 2016)

srwrminiEeulugy 3. 6 1 w.a. 2560 (Total number
of students enrolled in grade 12 in your school
in 2017)

snwninGoulugu u. 6 invaseadrnmn luams
nsraand 1 w.A. 2560 (Total number of
students in grade 12 that enrolled in a science
major for university in 2017)

swiniSeulugu u. 6 O w.a. 2561 (Total number
of students enrolled in grade 12 in your school
in 2018)

. - = e W - -
- wnwiniseu lugu u. 6 Annasszamdnen luans

nereand 1 w.A. 2561 (Total number of
students in grade 12 that enrolled in a science
major for university in 2018)

swminiEeulugy 3. 6 1 w.A.2562 (Total number
of students enrolled in grade 12 in your school
in 2019)

. - B - . - e
smnwminiSeulugu u. 6 niassuidnmn luams
Insrdand U w.A.2562 (Total number of students

in grade 12 that enrolled in a science major for
university in 2019)
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APPENDIX E: LAB QUALITY SCORING

E1: Criteria for Scoring

Lab Frequency Score: Given based on how frequently students performed chemistry labs in
their classroom.

Score of 1: Once a year - Once a Semester

Score of 2: Twice a semester

Score of 3: Once a month

Score of 4: Twice a month- once every other week

Score of 5: Once a week

Lab Group Score: Given based on how many students were in a group when performing
experiments.

Score of 1: 7+ students
Score of 2: <7 students
Score of 3: <6 students
Score of 4: <5 students

Score of 5: <4 students

Lab Material Score: Given based on the observed quality and quantity of lab materials.

- Personal opinion based on observation of available lab materials
- Lower scores for schools where students reported lack of materials or broken materials

Overall Lab Quality Score: An average of the three scores above.
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E2: Lab Quality Scores for the Schools We Visited

Frequency Lab Group Lab Lab
Score Size Score Materials Quality
Score Score
School 1 1/week 5 4-5 students 3 Both S 4.33
School 2 DOW I/week 5 5-6 students 3 Both - 4
CONYV. 2/month
School 3 Depends on topic 3 4-5 students 4 Both 3 333
School 4 1/semester 1 7 students 1 DOW 1 1
School § 1/month 3 5 students 3 Non DOW 3 3
School 6 DOW: 1-2/semester 3 5-6 students 3 DOW 5 2.67
CONV: 2/semester
School 7 1/semester 1 2 students 5 -Conventional lab in G.10 2 2.67
&G.11
- Only SSCL once in G.12
School 8 1/semester (only 1 4-5 students 3 Almost no lab 1 1.67
G.7)

APPENDIX F: STATISTICAL ANALYSIS METHODS AND

DEFINITIONS

F1: Two-Sample T-Test Definition

The two-sample t-test is one of the most commonly used hypothesis tests. It is applied to
compare whether the average difference between two groups is significant or if it is due instead
to random chance. This method of analysis results in a p-value which is the probability of getting
the observed difference between the two samples, under the assumption that the population
means are equal. Therefore, the smaller the p-value, the stronger the evidence is that the two
populations actually have different means. A threshold (known as the significance level) is
chosen for the test so researchers can set a boundary to indicate evidence of a difference between
the means (StatTrek, 2020).

F2: T-Test Calculations

Definitions of variables: (StatTrek, 2020)

Xa= mean of sample group 1
xg= mean of sample group 2

sda= standard deviation of sample group 1
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sds= standard deviation of sample group 2
ssa= sample size of sample group 1
sse= sample size of sample group 2

df = degrees of freedom

We first used the following equation to get a t-value:

X4 — XB

t =

sd fl_l_sd s
SS 4 SS p

\

We then used Stat Trek t-distribution calculator to compute our probability or p-value.
The website had us input our t-value (previously calculated) and the degrees of freedom, which
we used the smallest sample size (SSa or Ssg) minus one.

F2.1: Comparing Interest between non-DOW and DOW

“I plan to use science in “l am interested in “I like my science class”

my future career” careers that use science”

Non-DOW | DOW Non-DOW | DOW Non-DOW | DOW
Mean 3.15 3.57 328 376 3.46 384
STDDEV 1.37 1.00 1.38 0.99 1.07 0.81
Sample 105 148 105 148 105 148
t-value 2.676 | 3.050 3.068
probability 0.43% 0.15% 0.14%
Statistically Statistically significant Statistically significant Statistically significant

significant or not


https://stattrek.com/online-calculator/t-distribution.aspx
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F3: R2 and r Definitions

The r value, or the correlation coefficient, tells us the strength of the correlation between
the independent and dependent variable (ex. The strength in the correlation between lab quality
score and interest in science). An r value close to 1.0 or -1.0 indicates a strong correlation
between the variables. The r value can be positive or negative, which indicates the slope of the
regression line and a positive or negative correlation. It is extremely important to note that the
correlation described by the r value cannot prove that one variable caused the other (Ganti,
2019). R, or “goodness of fit” of the model, tells us the percent of variance in the dependent
variable that can be explained by the independent variable. For the purpose of our analysis, a
high R? (~60% and above) value would mean most of the data falls along the regression and the
model is a good fit for our data (Corporate Finance Institute Education Incorporated, 2015). To
find these values we used excel to give an output of r and R? for each regression line.

F4: Chi Square Test Definition

A chi-square test for independence compares two variables to see if they are related. The
test outputs a chi-square statistic and a p-value, or probability. The chi-square statistic compares
the expected values with the values you actually collect whereas the p-value takes the chi-square
value combined with the degrees of freedom to calculate the probability of the observed result
occurring if there was no correlation. The smaller the p-value, the more significant your results
are.( https://www.statisticshowto.datasciencecentral.com/probability-and-statistics/chi-square/ )

To compute these values, we used an online chi-square test calculator:
https://www.socscistatistics.com/tests/chisquare2/default2.aspx

F4.1: Chi Square Test for Parent Influence

Chi-Square Calculator

Success! The contingency table below provides the following information: the observed cell totals, (the
expected cell totals) and [the chi-square statistic for each cell].

The chi-square statistic, p-value and statement of significance appear beneath the table. Blue means you're
dealing with dependent variables; red, independent.

Results
Strongly Disagree Disagree Neutral Agree Strongly Agree Row Totals
Strongly Disagree 15 (2.49) [62.72] 6 (3.78) [1.30] 3 (9.97) [4.88] 1 (5.59) [3.77] 2 (5.16) [1.93] 27
Disagree 5 (4.08) [0.22] 16 (6.17) [15.69] 18 (16.25) [0.19] 4 (9.11) [2.86] 1 (8.41) [6.53] 44
Neutral 4 (10.81) [4.29] 17 (16.39) [0.02] 63 (43.22) [9.05] 20 (24.22) [0.74] 13 (22.36) [3.92] 17
Agree 3 (6.46) [1.86] 1 (9.81) [7.91] 23 (25.86) [0.32] 21 (14.49) [2.92] 22 (13.38) [5.56] 70
Strongly Agree 2 (5.17) [1.95] 4 (7.85) [1.89] 9 (20.69) [6.60] 19 (11.59) [4.73] 22 (10.70) [11.93] |56
Column Totals 29 44 116 65 60 314 (Grand Total)

The chi-square statistic is 163.7605. The p-value is < 0.00001. The result is significant at p < .05.



https://www.statisticshowto.datasciencecentral.com/probability-and-statistics/chi-square/
https://www.socscistatistics.com/tests/chisquare2/default2.aspx

We used this chi-square calculator to find the statistical significance. The values on the left side
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of each box indicate the number of responses for that combination of answers. Since this
calculator did not allow values of zero, we inputted “1” for the top row, fourth column (Agree,
Strongly Disagree). Since we had 313 responses, we assumed that adding one additional
response for calculation purposes would not impact our results.

F4.2: Chi Square Test for Self-Efficacy

Chi-Square Calculator

Success! The contingency table below provides the following information: the observed cell totals, (the
expected cell totals) and [the chi-square statistic for each cell].

The chi-square statistic, p-value and statement of significance appear beneath the table. Blue means you're
dealing with dependent variables; red, independent.

Results
Strongly Disagree Disagree Neutral Agree Strongly Agree Row Totals
Strongly Disagree 2 (0.55) [3.82] 1 (0.84) [0.03] 1 (2.22) [0.67] 1 (1.25) [0.05] 1 (1.14) [0.02] 6
Disagree 6 (1.56) [12.64] 4 (2.37) [1.13] 5 (6.29) [0.27] 1 (3.55) [1.83] 1 (3.23) [1.54] 17
Neutral 17 (13.86) [0.71] 31 (21.03) [4.73] 67 (55.91) [2.20] 25 (31.54) [1.36] 11 (28.67) [10.89] |151
Agree 3 (10.37) [5.24] 7 (15.73) [4.85] 38 (41.84) [0.35] 30 (23.60) [1.73] 35 (21.46) [8.55] 113
Strongly Agree 1 (2.66) [1.04] 1 (4.04) [2.29] 6 (10.74) [2.09] 9 (6.06) [1.43] 12 (5.51) [7.66] 29

Column Totals

29

44

17

66

60

The chi-square statistic is 77.1013. The p-value is < 0.00001. The result is significant at p < .05.

316 (Grand Total)

We used this chi-square calculator to find the statistical significance. The values on the left side

of each box indicate the number of responses for that combination of answers. Since this
calculator did not allow values of zero, we inputted “1” for the top row, fourth column (Agree,
Strongly Disagree). Since we had 313 responses, we assumed that adding one additional
response for calculation purposes would not impact our results.
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APPENDIX G: GRAPHS SHOWING DATA TRENDS AND

CORRELATIONS

G1: Student’s Feelings Towards Experiments

Feelings Towards Experiments
160

140
120

100

(2]
o

NUMBER OF STUDENT RESPONSES
N ©
) S

N
o

o

1 2 3 4 5
RANKING BETWEEN ADJECTIVE
1 Nervous(1) - Calm(5) ® Incomprehensive(1) - Comprehensive(5)
m Unpleasant(1) - Pleasant(5) m Bored(1) - Excited(5)

APPENDIX H: FULL SUMMARY OF SURVEY DATA

H1: Teacher Survey

We received 92 responses for our teacher survey. 10 responded “No” to “Do you use
DOW small-scale experiments in your chemistry classroom”. Since this wasn’t a large enough
group to compare to, we deleted these responses and only analyzed the 82 DOW responses. This
is the summary of those 82 responses:

Age:
e Average age: 36.4

o Number of teachers age 20 - 29: 14
e Number of teachers age 30 - 39: 41
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o Number of teachers age 40 - 49: 22
e Number of teachers age 50 - 59: 3
o Number of teachers age 60 - 69: 1

Gender:

e Number of Males: 21
o Number of Females: 61

Years of Teaching Experience:

Years of Teaching Experience

12 04

= Less than a year = 1-2 years = 2- 5 years

= 5-10 years = 10 - 20 years = 20+ years

Years of Chemistry Teaching Experience:

Years of Chemistry Teaching Experience

6

= | ess than a year = 1-2 years 2- 5 years

= 5-10 years = 10 - 20 years = 20+ years
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How many years have you been trained by the DOW Chemistry Classroom

"How many years have you been trained by
the DOW Chemistry Classroom"”

6

22

32

= less than ayear = 1-2 years 3-5 years = more than 5 years

Which best describes your school?

o “Full-scale Lab”: 39 responses
e “No Lab”: 42 responses

Average Number of Students per Class:

Average number of students: 39.1

Number of teachers who responded 20 - 29: 6
Number of teachers who responded 30 - 39: 26
Number of teachers who responded 40 - 49: 40
Number of teachers who responded 50 - 59: 7
Number of teachers who responded 60 - 69: 2

Strongly Disagree to Strongly Agree Questions:

Statement # of # of # of # of Agree # of
Strongly Disagree Neutral Strongly
Disagree Agree

I have the appropriate resources for teaching 8 8 28 33 5

| feel confident incorporating technology into my lesson | 7 6 18 35 16

plans

| can answer my students’ questions clearly and 6 3 14 33 25

correctly
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I am knowledgeable in chemistry 8 4 15 38 16
I have strong teaching skills 6 3 15 42 15
I have the proper chemistry background to teach my 7 3 10 40 21
class

| feel comfortable running laboratory experimentsinmy | 8 3 14 33 23
classroom

The training was enough time to learn the lessons being | 3 3 19 43 13
taught

I learned something new from my DOW training 3 1 6 30 41
The lessons being taught at the DOW conventions are 3 1 4 36 37
relevant and useful

| felt like I could ask questions if needed at the DOW 3 1 12 41 23
training

I was able to apply the small-scale chemistry lessonsto | 3 2 7 39 31
my classroom

The small-scale experiments are cost-effective 1 4 14 42 20

What were some of the challenges of implementing DOW small-scale experiments:

/About organic experiment

Attracting kids' interest (ansnsanszduanuaulales)

Attracting lots of kids, Improve theirs
understanding.(nszsfuanuaulaldinigourin ldanugainmsuaasaluosneg)
Because only some DOW's lab match with science cirrculum
(fimsTgnsuaasstadiuiiasesuiilommsisou ldifuuensuaass)

Buy equipment

Creating methods

Developing material for the small-scale lab (fauvinmsTunnseanuuunisuaasd
o Iaunsnluazansiaiiviweasm leiaTulsasou)

Developing the suitable lab for kids with safety and consume less time.
(hvneTunsesnuuumaneassiied Tundngnsiisuuuazdinadisogifouriesoznan i
LN WUNAYRLRY MseassdiaNUasadug)

Enthusiasm in teaching (nszfiososuTunisaon)

Galvanic cell experiment is tough.(fimnuviwvneTwses galvanic cell)

Have

Have

Have

Have
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Have

Have

Have

how to do when our experiments require heat?

In adapting the experiment as fix with students

(fimnavhvihpegeds Tunsiasin Wusu s Twmanzansuusunvesinsounaz Tuauisous
DIL)

In preparing the lab kit (fi s lidoansongunsalunnune

Aanunsavinnsuaass Wilnouinase ls)

In the developing of new lab activities. (vnuTumsanfanssuTnly)
Lack of equipment

Lack of time and lack of equipments

Lack of time and lack of equipments

Make students can know more about chemistry experiment

Make students can know more about chemistry experiment

Needs to find more equiment. (axsaiin lusanmsisounmsaou et
wsidosdavnaunsalifuifin dedoudediuin)

No

No special budget for buying equipment

Not yet

Small-scale is a good option to

implement. (fifumaidoniisl lTunsInnsiEBuMTaOU)

Small-scale is lots differ from the normal lab so i think it is quite hard for me to
make kids understand.({Humsveaassiiuansannndngns

vih IWiAaanuvhmeuumsasu tnsoulfidasanudhlaldosels)
students are a lot of but the kit is a little

Students can observe the chemical reaction individually.
(fwszdaans Twus. Idissusnoyaradunanadinnuoinian)

Students need to learning kind of experiment.(fi dniFuudousuusnsveassuuu Tnsi)
Teaching in class(theory)

There are challenges when applied with my teaching techniques.
(Ananuvivne Twin W s Tunsaou ldase)

There are some challenges(danuvinmunaaums)

Using unfamiliar lab equiment.(msisusiuIgaunsaiunswiiad kiesTdunnou
LLazm'stawamﬂ'gﬂu,uumsmmaaqﬁsmaaﬂvlﬂmﬂm‘mmaawamuuﬁﬂu)

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes, about the equiment condition (i feaunsalaznnand lé lnu)

Yes, as it requires less chemical, less time, etc. (iaNuvinmsunn
o niuwmaila lnidfivindie Toansilos iuwa)

Yes, because students are monk.(Tsmwswma'uﬁaazmlﬁummm‘s)

Yes, for the classroom development.(ansnsaia luwaiun ToTuweasuuls)
Yes, interesting (fanuiwvnouazinanla)

Yes, It does

Yes, it does

Yes, most of the time (Junrz)

Yes, small-scale experiment gives same result as normal-scale experiment and
give even better picture. (fanuvinvne

dansvaasuafivuugeduvih induusuiu innafunadaiau uasldnansmaasais)
Yes, students will get to know more...lab gadget is easily to

find.(16in §3susunndu. . maUnsalineg)

Yes, there are some challenges

Do you feel that the small-scale experiments are efficient and easy to set up?

yes, it can be as effective as the conventional lab. Can be use more often in classroom,
no need to always do full lab

convinient and applicable in real life

convinient and can be applied in teaching
convinient and easy to understand

convinient and gives overall picture of the concept
Easy

easy

Easy

easy

Easy

easy

easy

easy

Easy

easy

easy
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easy and effective

easy and effective

easy and effective

easy and effective

Easy and effective but there were some errors in analytical lab
easy and give a better picture

Easy in some experiments

Easy in some experiments

easy to conduct

easy to conduct

easy to conduct

easy to conduct

easy to conduct and results are obvious and observable
easy to conduct if there is sufficient equipment
effective

effective

Effective

effective and easy to conduct

effective and easy to conduct

effective and easy to conduct

effective, observable, and applical in classroms
good

| feel so good

It is difficult to set up

It’s easy but we need to create by our own technique.
more efficient in designing experiments

the experiments are very effective

useful for both teachers and students

very effective, safe, and convinient

very good

Yes

Yes

Yes

Yes

yes

yes

Yes

yes

Yes

Yes

Yes

yes

Yes

yes

Yes
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yes

Yes

Yes

Yes

Yes

yes

Yes

Yes

yes but not all the experiments

Yes | do

Yes of corse

Yes they could manage the training time very well

Yes, but in some labs are not in accordance with the purpose of the
training.(§&nigusiu

WsiU9AANTINDNA IaenRdasfURnUsasATamMdnansfiusi Tadasms TWisuusinuaUng
al)

Yes, i do

Yes, i do

How do you feel about teaching chemistry before versus after DOW small-scale training?

Before, | wasn't confident with performing experiment, but the training allows me to
carry out and explane it correctly

Before the trainig, | had no clue what small-scale experiment was, but after getting to
know the SSCL, I really like because it allows kids to understand, at the same time,
teachers can perform experient in a shortr period of time.

Before the training, I felt the conventional lab was boring, requires large amount of
chemicals and many equipments, which isn't enough for all the students. After the trainig,
doing seems easier, kids can actually observe the reaction, and learing science becomes
more interesting

improve creativity in creating teaching resources, using equipments, and method to carry
out experiment
new techniques, perspective, and a chance to exchange ideas with teachers from different
countries
recive more experience from the trainig, opportunity to exchange thoughts with teachers
from other school, new perspectives on how to use and adapt the equipments
After the trainig, | gained a lot of useful knowledge.

After the training, | recieved more useful knowledge

always impressed and happy to participate

Amazed when students can actually understand by performimg SSCL

/At this time, i feel i have movative and energy

Before the training, | struggled with many experiments, but after | know how the issues
ca be solved. Students can perform experiment with SSCL, making it more convinient
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Before, | didn't know how to use SSCL equipment, but after the training | gained more
knowledge and can implement it appropriately

Better

can be adapted and aplied

convinient and affordable

curious, interested, and excited to apply in classroom

Dow small-scale training makes me more confidence in teaching chemistry

DOW small-scale training making experiment easy, low cost and save

Easy then before

easy to understand, very useful for teaching in classroom

Enjoy teaching science using Small-Scale equipments

excited and curious

Excited in bringing new ideas to the classroom

excited to use and apply in classroom

exciting

experiments are easier to prepare and carry out

feels god, gained new experinece

feels good

feels good

fun

good and looking forward to deliver these to the students

Got many new ideas about small-scale experiment

Got new ideas to adapt the experiments

Got so many interesting ideas

| feel excited

| feel excited

| feel good

| feel like get exposure to chemical and waste chemical substance to used.

| feel so glad to join this comferrent because it's the good technique to improve the
chemistry experiment in high school level to the students.

| feel so glad to join this comferrent because it's the good technique to improve the
chemistry experiment in high school level to the students.

| got to learn about experiments, which will make teaching easier.

| used to feel like performing experiment was difficult, but the trainig gave me
confidence and made experiments easier to carry out.

Impressed and the knowledge is practical in teaching students

impressed becasue it can be used in real life

improve our chemistry experiment

It is hard but after training it is easy for me

Its very efficient

Like it becasue it improve my skills and knowledge

Make laboratory class easier

More capable of designing new experiments

more confidence

more confident in preparing and conducting experiments
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more knowledgable on how to apply SSCL into teaching
more knowledge

more knowledge

New ideas on how to perform SSCL in related topics
New knowledge, can apply to students in the class.

New network across ASEAN(lgfiiasotins Tuaiduu)

not as complicated as thought

observable and requires minimal chemicals

Practikum more effective and efficient

recieve knowkledge and teaching techniques to apply with small-scale Kits

recieve knowledge and experience

save time and more affordable

SSCL is very useful, it is very practicle. However, in some experiments such as tritation,
the convention lab is still necessary.

useful

very fun

very god

very good

Very good in training. It gave the teachers ideas to improve and design the experiments
in class

very good, enjoyable

very interesting and after the trainig, | can apply these knowledge and techniques in
teaching

very useful, should happen regularly

\Wonderful

Do you think that your students like small-scale experiments?

absolutely interested

Absolutely yes they like it so much

almost 95% enjoy

| do because the students pay attention to experiments
| think they like it because the kids like doing the experiments
Like

Like

Like

Like

Like

Like

Like

Like

Like

Like
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Like

Like

Like

Like

Like

Like

Like

Like

Like

Like

Like

Like

Like

Like

Like

Like all the hands-on experiment

Like because everyone gets to participate

Like because it requires less chemicals

Like doing experiments more

Like it if they can adapt it to their daily liives

Neutral

not sure, but it is very useful

probably yes

Some of them are more interested

The students like it because they get to do individually
The students really like the experiments

They like it

They like it

They like it

They like it

They like it

They like it

They like it because it's challenging and the kids could focus more on doing experiments
They like it because it's convenient and some equipments were too simple but unexpected
They like it because it's less time consuming and easy to understand
They like it because it's not boring and environmental friendly
They like it because the results gave a clearer picture
They really lilke it

Yas | do

Yes

Yes

Yes

Yes

Yes

Yes
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yes
yes

Yes

yes

Yes

Yes it is

Yes of course! They really like it.

Yes of course! They really like it.

Yes, and the kids become more interested in science

yes, because it is observable

Yes, i do

Yes, i do

Yes, i do

Yes, | do because it gave the students opportunity to do hands-on experiment
Yes, they like to study to make experiments

What did you find most useful about the DOW training?

1.less chemicals required 2.equipments can be easily found 3. students can understand
concepts more easily

Applying local natural resources(save money!)
(msuszansildgUnsaifivndiin Turosdu lidesisaunsalsiamuna)

connections with other teachers

Create new innovation in class(mnufsasassdiazmananuinngsu lukoasou)
demonstrating science experiments
Demonstration of experiment(nsasioUfva uaziimsshone demo snumasd)

Doing experiement (Msnaaodd)

Dow Chemistry Acadamy

Dow training is mostly useful. It's can help me to do the experiment to my students and
help save environment pollution when we waste it.

Dow training is mostly useful. It's can help me to do the experiment to my students and
help save environment pollution when we waste it.

Easy to do experiments

Electrochemistry(lWiiadi)

Equipments are easily prepared, doesn't require lab

expeirments can be carried out in classroom

experience to doexperiment

Experiment

experiment

experiment

experiment, because it gives us technigue that allows us to teach the students
experiments used in teaching
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Fun, easily to understand

Gain idea for developing new experiment (lduuian Tunsiia W ideanuunisuaass)
Gain knowledge abount small-scale experiments

Gets idea from PACCON event(dnwsgau Paccon

sialannsnaass riginuiuann winds laidionsvaanasineg)
hands-on experience

hands-on experience

hands-on experience on several experiments

how to perform experiments

| have some ways to apply in my classes

| know lots of experiment chemistry

Ideas to make Kit

Keep environment clean and safety

kids get to perform experiment thoroughly

Lab

Lab(nsnaassindgisinng)

Lab(vihnu§usinns)

Learn new experiment, exchange idea with other
teachers(lsisuusivaiiansaasuiinunndu
sianurduiouasisTulsmeuazsnalsanea)

learn new techniques

Learn to conduct experiment in more effective ways

Learning by the role-model teacher

Learning by the role-model teacher

Less chemicals are used

Less chemicals are used

Lots

Lots (uniiam)

Low cost, easy to doing experiment and safety

More experience and knowledge

More savety

New experiment for future development(nmsiiniauanisnaass v
vih Tiuundaiiowsnunuaysios )

New experimental Kits

new lab experiments

New way of thinking(uw@a Tnsds Tunsuaassii ikmnuvanvauvoisaia
ManranuFnaufigndasnnniMsuaassiiin laddneunsedoasuidn)
performing experiment and connect scientific concepts to it
performing experiments

performing experiments with teachers from different countries

a oo

Practical learning(lsmaassUguifimavnasiass)

Practical learning(nsasfoUfjusazg)
Save money and interesting experiment
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Seeing forienger perspective through workshop(awnis workshop
lasAnennsvsiheend esann lduunosiisieoan )

Small and affordable

Small-scale can be easier to
understandimafinnnsrinAnsuaased nisasasvine i@ isouinndn W us

wuugoauvin IidnTa ldghaenn

The experiment is easy to apply in my class and i can solve the problem when i apply
SSC

The experiment is easy to apply in my class and i can solve the problem when i apply
SSC

To cut down the pollution, save money ,save time

Traing in school by the expert(nsilneusuAuinennsifivszaunisal msandalu 5.5.
uarnsiuinennsg)

Using cheap instrument (msidan liianiiviingquuuianaunsaliisimung)
\We can do our experiments with our surrounding materials

workshop

yes

YES

If you could change one thing about the DOW training, what would it be and why?

Adapting instrument for middle high school
student.Usuaansveass Mg Aumsisuwinenmans u.sdu

adapts for primary school students.

Advertisement(Uszondunusvranggdoang)

After the conference, making a teacching competition for teacher(Use small-
scale equiment) (“asAzoUSH ARUTENIR
nmsdansaoulasTdgunsanniafiousowaun TnaiTwaenndasiunangns
Tuusiasszsuigulsznu suusiu WspuUane azldifiunadniau

AsindSaouil WidudwusznouTunmswamnewesluanulde (Tunanuas)asvinTiag
Auenuadny ldusnswasiosan W ldonuiu dudagiiu dow-cst Amgld)

All Good !(Tasamsilfuasmanzanudez)

All small-scale kits should be in good

conditions.Usumsatwadasal iWldnuldfinanmwinndu
wsznaNaUsHiAsasfiouvating el ld lisiwe fisa fldanysaling

Creates more new lab(#ghwasnmsehsAuaanuuun1snanaod)

Develops new handbook (Waiudiiansg)

Give me more time

Good

| Hope this training doing more on Indonesia
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I think Dow training should provide some Kits to teacher in ASEAN to teaches other
students

| want buying small-scale equiment to be easier

(madiasiodoaunsalinfinn Iwiusiomadoundu)

| want DOW to make at least 5 new labs and introduce it to

schools.(asnn Twdnousn fAanssuTvinuau Tntqednaios 5 masveasd
waziioan lUanu lsai5ou

| want DOW-CST contest in Thailand and aboard.
(TiimsiniauemMaveassiinatnnansunndeduisnuiignaseduic TuuassinsdsamaiiaT
WiAm loidatiaziin Usioson)

| want more outstanding teacher to share their knowledge in train the trainer.
(udsanusi launmsrimuisasuaniniuuTushusingeg filasenns training the trainer
TumsihnauesiifussdunuuTunmsuinswaislassmssiotuda)

| want more small-scale kits for my
kids.(amﬂiﬁﬁmsﬁm%ﬂﬁﬁmmsmmaaﬁv"fma:m"]ﬁ, Wi Tidunsiia Widnuanndu)

| want take my students to travel and do workshop

oversea.(asnn iinisuuldfi lonananildsusuinissuannrasgsvamiiounnasinag

)

| want to have more training which in accordance with

IPST(nsousu TN ndunaniunmsnaasaaiinuudeauasandosduiilomTu
Ad.)

| want to share experience.(esnnTinsuss Uszaunnsal Ausnnniil)
Improve the experiment activity(lANAINTINNNADI NAINTVINADY)

Involving the students, because some of them lack of laboratory skills

It is good. | want DOW to give us more financial support.(1fulasinisiidiunn
pnavnuan lwesorny advauusu lumsousuasTuusiazsminsiuly)

It's perfect !

Keeping chemical solution instrument (aunsalusesnslumsiAuansazain)
Makes a platform for buying small-scale kit(vihiaaerauaufusinnstiodin)
Makes more suitable instrument(unaunsni [Waenadasriundnans uunisuu)
Making small-scale for other subjects(iin lUszansilarussiandu)

More opportunities to do all experiments, more time so there is no need to hurry
No

No idea

No idea

No idea

No! Thanks

Nope

NOPE !l

Nothing

Nothing

Ok
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Organization of DOW-CST competition(5UuuunsiamsuaNguiainig)

Perfect |(fudrnsu vouamlomauazUszaunmsal i iWunsurisiunauesuiuasy)
Perspective !(Usuiriuag)

Presentation of ASEAN teacher(msiniauanuwesns lusndionduu)

Sends handbook to the involved

school.(JsuiafitoduTwinnises lunilsdaisaunsouinddons Tiss. it m 1asems)
Seperates primary school and high school
lab(misusnausuasiasussiuUsandnunuazisondnuinmeas Isidonimunzansugizon
dedamasiomainan Tgus:Toantleags)

Students often confuse with the lab so maybe DOW should adpat the order of lab
procedure.(F@dudunaulunsinmsuaass iorinigouufioufusiud) iAamnudvan
liianunsasunazasfiouus lssomnui)

The procedure of experiments. Some people make the water dirty

The procedure of experiments. Some people make the water dirty

Wants experiement that in accordance with classroom

topic(eunn ldmasvnasdii i Tudenigou)

Wants experiement that in accordance with classroom topic, Currently, only
some experiment are usable(esnnTwIgnmaveassiiliuvemdnagnsudu s
T¥esoumau wsludagiude T8ldrutnessudu)

wants small-scale for primary school !(nsveassiiinaunginioudulszandnmn)
wants small-scale in countryside( asnn T insinsinedanin)

Wants teacher to exchange the lab experience(amﬂTﬁ’mgﬁmsuamﬂﬁuuiumsﬁw
lab snndu)
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APPENDIX I: SUMMARY OF INTERVIEW DATA

I1: Summary of Interviews at DOW-CST Awards

Experiments from DOW-CST Contest
Experiment 1

Description of Experiment created:

An unpleasant odour created from spoilage of
food waste in the school canteen has been a long
standing issue for everybody, especially the students.

\ As a result, the students are committed to finding a
solution to eliminate those odors by using plants in
their local community. Three samples used were
Banana Stalk, Pandan, and Feather Pennisetum. The
difference between pores size allows them to conclude
Feather Pennisetum to be the most effective, due to its
highest ability to absorb oil and odors. In order to
make the absorbent sheets, the plants were grinded into
fine mixture, shaped into thin sheets, dried, and
compressed.

Interview responses:

The students from Buntharikwittayakarn
School (Ubon Ratchathani Province)) reported DOW
Chemistry Classroom gives them the opportunity to
. spend their time wisely. Additionally, the hands-on
experience motivates them to become more interested
in science. Moreover, the teacher mentioned students’
participation also increases when experiments are
carried out as a group.

Experiment 2

117
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Description of Experiment created: Micro-
. scale titration techniques & Synthesis of Acid
using local plants.

Interview responses:

e Group of 3-4 students (grade 10)

e From Sathing Phra Wittaya (Songkhla
province)

e Used to have no lab before DOW classroom
was implemented

e DOW chemistry classroom provides a
chance for them to use local resources wisely

Description of Experiment created:
Finding lead(Pb) contamination in natural
water using Pitaya.

Interview responses:

° Group of 5 students (grade 10)
From Strisrinan School (Nan providence)

° Used to have no lab before DOW
classroom was implemented

° Pitaya is not just fruit! It can be used
for pollution leak indication ex. Pb2+ ion in
contaminated water

Description of Experiment created: Separation of
various lon using filtered paper.
Interview responses:

| o Used to have full lab but lacks some lab
@ resources
° SS lab easier to understand compared to

normal lab
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Experiment 5
7
-~ .- Description of Experiment created: Water Treatment
= using electrocoagulation method with aluminum electrode
& 4 Interview responses:
N e Group of 5 students (grade 10)

° From Strisrinan School (Nan providence)

° Used to have No lab before DOW classroom
implemented

° Widely used techniques for water treatment process

(aqueous medium)

Experiment 6

Description of Experiment created:

The students came up with an innovation to
remove toxic chemicals from dye before water
can be drained and disposed of. The dye in water
is removed and absorbed as it passes through
layers of cotton, sand, charcoal powder, White
Rot fungi. The White Rot Fungi produces
enzyme which activates the whole process.

Interview responses:

The teacher stated small-scale experiments allow students
{" to learn how equipments are handled. It generates less waste
and requires less time. In comparison, the conventional lab
normally requires at least 2 hours to prepare and carry out,
while the small-scale allows learners to understand the concept
within a shorter period of time.

B Experiment 7
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Description of Experiment created:

The students came up with an idea to purify
water and soil that are contaminated heavy
metals using a process called
Phytoremediation. Phytoremediation can be
understood as the use of plants (trees, shrubs,
grasses and aquatic plants) and their associated
microorganisms in order to remove, degrade or
isolate toxic substances from the environment.
Interview responses:

The teacher mentioned the kids enjoyed
learning science with hands-on experience.
They pay more attention in class and are also
enthusiastic to invent new experiments and
join the CST competition.

Experiment 8
Description of Experiment created: Microplastic Management

Translation of interview and questions asked:
-Grade 9 students
-From Prachinburi province
-1st time small-scale lab implemented
-Normally had no lab at school
-Usually implement the lab in lecture classroom in a group of 5 students

Teacher Interview at DOW-CST Awards:

1. He feels happy DOW gives him a chance to create new science experiments that can be
applied to solve current environmental problems

2. He likes the DOW Program because of its small size so he can perform the teaching
experiments wherever he wants. The

3. He loves to talk and exchange useful ideas with the foreign instructors

4. He couldn't think of any other ways to improve the program . DOW already adapted the
classroom as the theme of this year is about water reduction.

5. He believes students need both styles of labs, small-scale and full-scale because most of
the universities in Thailand teach using a full-scale lab.

6. One suggestion to improve the competition was to increase the promotion of small-scale
so there are more participants in the competition.
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12: Summary of Student Interview Responses

School Compiled Key Responses from Student Interviews
Number
1 ®  They find small-scale lab convenient, require less time and solvents and

allows them to understand scientific concepts better.

®  Some drawbacks are they are less noticeable and students may have
difficulty understanding how conventional lab equipment are handled.

Enjoy and would love to do more experiments

®  “It’s more interesting than learning theory because I get to see what is
happening in real-life. | want to do small-scale for the whole year”

It gives me a hands-on experience
Noticed high interest in science

“Some lab rooms are for storage only so we usually perform small-scale
lab in our classrooms”

Enjoy hands-on experiment

Can feel the environment and learn something new

Like small-scale because saves time and is easy
Experiments allows them visually to understand the topics

They reported SSCLs are convenient, fast, applicable, since materials
can be easily found and adapted.

For instance, using wooden popsicle sticks to stir solutions.

One student mentioned her parents forced her to do science major, when
she actually prefers art.

® Have 3 science classes/week and lab class 2-3 times/month

3 ®  They are interested in science because they can observe the
surroundings.

®  Some students love science because of the practical learning
Small-scale help improving the understanding of science
Small-scale is a good choice but a big lab gives a better picture of what
is going on.

e  Students would prefer to have more practical learning and experiments
Students enjoy the experiments because they enjoy preparing chemicals
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and seeing results, makes them excited

Full-scale lab: Everything is a lot, there are a lot of instruments. | get
more concerned when | do full-scale since there is so much to prepare
and there is also a lot of equipment to dispose of and wash, 50 minutes.
Overall, I get a little anxious. Takes a long time to prepare and clean
Small-Scale lab: it’s easier and there is less lab equipment. It’s more
concise and fast (around 10 minutes). It's more interesting because |
have to always focus on what’s going to happen. Overall, it’s more

friendly

Small-scale allows students to perform rather than watching teacher
perform a large scale experiment

One kit box per 6-7 persons.

Small-scale labs give them a better understanding of science.
Enjoy science because of experiments

Before using DOW, students had no practical learning.
Experiments make them excited to learn

Only one science teacher, limited science education quality
Many students pursuing non-science major due to background

Performs experiment 2-3 times per semester depending on their topic of
study.

Equipments are broken and insufficient

We found teacher also plays impact on students’ interest and
understanding

Majority selected science major due to more options in future career

One of the experiments done was titration

Frequency of experiments
O DOW 1-2/semester
O Full-scale 2/semester

Students reported too much theory were taught, while only little
experiments

Enjoy chemistry the least out of three branches of science.

Some kids prefer to do full-scale lab because it gives a clearer result and
requires less time.
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®  Their favorite experiment was flame color and spectrum elemental using
bunsen burner

® Would like to do less theory and more experiments (both SSCL and
Full-Scale lab.)

®  Having the opportunity to do labs allows them to understand science
concepts better.

Small-scale can save more time, easy to use

After DOW’s experiment, students feel more interested in science

Not enough time for students to perform hands-on experiment in G.12
Large class size of 45, teacher can’t pay attention to everybody
Incomplete, broken old equipments

One student reported she prefers arts, but was influenced by her parents
to study science major due to more options in future career.

®  Chemistry classes are taught 3 sessions/week, but they have done the
small-scale once, which is not enough and they would love to do more.

®  [fthere’s something they could change, they would want to perform
more hand-on experiments.

They do not have any major. Normally, the school focused on buddhism.
®  Before, no lab class

They did small-scale and they found out that small-scale is super
comfortable as its size.

®  Small-scale gives a better picture for understanding. Before doing small
labs were confused.

Small-scale gives a better picture for understanding.

®  Only one lab per semester (Grade 7). Would like to have more practical
learning in science

13: Summary of Teacher Interview Responses from School

Visits

School
Number

Compiled Key Responses from Teacher Interviews
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®  Teaches small-scale to multiple classes in grade 11

Feels that using SSCL is very convenient and useful since less chemicals
are required, less danger, reduce chemical waste, and it takes less time to
do lab set up

® Before SSCL: requires a lot of chemicals and set up, and not all students
get to use real instruments since they’re expensive, tired and difficult to
do waste disposal. They have no lab assistant so some teachers just skip
lab sessions and rely on “Dry lab” and theory instead due to time
limitations

®  SSCL: more convenient, they are organized into smaller baskets (EX:
100 ml of chemicals can be used 3-4 times), and they don’t have to take
care of the equipment. Some instruments can be used to teach different
lab topics (science teacher improvises and come up with new lab topics
based on what they have in their lab Kits)

All students like to do experiment since they understand more

®  Believes that small-scale provides more conceptual understanding than
full-scale lab

2 e [ don’tuse sscl 100% because some science topics cannot use small-
scale
e My topics have to be based on the IPST standard curriculum which
provides topic content as long as laboratory experiment so | decided to
combine this with sscl
Advantage: on budget
Decide Full-scale vs SSCL: Quantitative vs. Qualitative
o Qualitative lab requires instrumentation and amount so they
should be taught in full-lab scale
o Quantitative lab is for analyzing chemical substances so SSCL is
prefered. Students also like it more since it requires less time and
it’s easier and it’s way more concise than full-scale
e | prefer that both of these two types of laboratories be taught together
since you cannot replace one by the another
e | like to be a science instructor since | get to share my knowledge in
small-scale to other science teachers that don’t have the opportunity to
attend DCC
e | also like PACCON event where i get to learn a few more SSCL lab
topics
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e Doesn’t buy all kit boxes but he comes up with a new science topic
based on the small-scale concept

e Taught in 2 periods (100 minutes in total)- (1 week teach 3 science
classes per room) so students have enough time to prepare/ finish lab

e Small-scale is extra science content based from the standard curriculum=
students become more interested

e Some chemical reactions cannot be observed in small-scale so normal
scale is used so it must be used both thoroughly

e Most small-scale topics cannot be taught in middle school so they
usually do full-scale since the topics are combined (biology, physics,
chemistry)

e Sometimes there is not enough time to perform full-scale lab and not all
lab instruments are used

e Most students like small-scale because reactions happen faster since it
requires smaller amounts of chemicals

e Importance of Small-scale chemistry:

e Time Efficient: students/teachers do many activities, so small-

scale is implemented

Cheap

Easy

Don’t have to use lab room

e Results are pretty similar

e Feedback:

o Target audience: teachers who become instructors (travel to give out
training around Thailand) and some teachers who attend the training
program

o DOW should give out more lab Kits through their training

e Normally I teach full-scale because we have enough instruments, I think
grade 11 science topics cannot do sscl

® | want to teach full-scale because using real equipment is important but
sscl is also important because 1. Budget 2. Dispose waste but | teach
depending on topics (I decide based on the content and the technical
skills required)

e | usually sscl when there is a science fair (every year we have science
fair and we get students to demonstrate sscl there

®  Students don’t get to do a lot of small-scale so they’re excited. They also
think it’s easier
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®  Full-scale: They like it but they still need to improve their technical
skills and they’re pretty anxious because | get strict when | teach them
technical skills

® | think both full and small-scale should be applied
Full-scale is used in volumetric experiment

Small-scale: change student’s perspective in science in a good way. They
view full-scale normally but since they rarely see sscl, it pulls their
interest to want to do lab

® Feedback:

O We have instruments but | want DOW to come up with more lab
topics ( like creating more topics + lab kits)

Come up with new topics so | can use to teach in class
I think small-scale should be more universal.

Some science teachers skip the lab because they think it’s not
important and they think it’s easy. So lab should be emphasized
because it makes students think that lab is not important, and
theory is only needed.

O Many teachers focus on theory and this creates students for the
students when they enter university

Teachers want to have small-scale for biology and physics.
They want to visit small-scale equipment manufacturing process.

4 ®  Our school does not have enough small-scale kits for students (7 people
per a single Kit).
The school contains up to grade 9. (Middle school)

e Normally, students will not continue their studies in science due to their
background

She is the only science teacher in this school.

Thanks to DOW, Kids had a chance to do practical learning by using a
small-scale lab.

She thinks that student’s interest in science is influenced by lab learning.

®  She can adapt and create my lab instrument as appropriate. (Daily waste
can be applied to be the lab material)

®  She wants to have small-scale lab physics and biology as well.

5 e School previously had two teachers trained by DOW: one moved and
one passed
e School has teachers that have been trained by those who attended the
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DOW program
Lab makes students excited, but only uses full-scale
5 students per lab group
Students don't participate equally, most are good but if they don't
understand theory then they do not participate
Full-scale lab takes a lot of time to prepare especially by yourself,
Large quantity of chemicals is disposed of down the sink, no hood
Acid/bases and titrations can use lots of lab experiments and are
therefore students favorites.
Teaching process: lesson—> experiment—> lesson-> report
Didn't want to be a teacher but liked chemistry
Graduated from faculty of science
Went back for teaching degree, believed it was a stable job
Would do experiments more frequently if they were small-scale
Experiments performed typically once a month, depending on topic
35-40 students per class with 9 groups (~4 students per group)
Waste disposal for full-scale lab: sink with water
With full-scale sometimes ran out of time to fully complete experiment
Students are usually bored with theory and calculations but interested
after completing an experiment.
Having a lab changes students mindset
Feedback:
o Better if DOW can come up with more topics for the kits because

it’s easier and faster on the teachers

Needs to be more convenient to get small-scale equipment

More financial support

m School only supports full sclar, no budget for small-scale
m Have to pay out of their pocket since school hasn’t
approved of small-scale
o Create kits for other subjects in science

Use small-scale labs depending on topic

Usually full-scale not enough time

Small-scale more efficient but does not fit IPST curriculum that has to be

followed

Students become more excited when they do small-scale
o Reaction happens fast which is good when students are impatient
o Students tend to be more interested when small-scale is

implemented
Students also like small-scale because they don't have enough materials

127
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for full-scale labs

o Every student gets to interact in groups
Students compare small and full-scale labs so aren't confused
Small-scale is cheaper but best to do both small and full-scale because
some topics need a full-scale lab

7 e First place in the DOW-CST award
She gets to teach a specific classroom, so not all students get to do small-
scale chemistry
Waste disposal method: disposed in a waste bottle
Has taught arts major students before and they seem to be interested in
SSCL as well

e Small-scale is more convenient, requires less time and more obvious
results, promote positive opinion towards science, promote active
learning, students prepare their own set up

e Normal teach theory along with SSCI when full-scale is taught separated
from theory

e Feedback:

o DOW could provide lab Kits that are more relevant to the
standard curriculum (IPST) since teachers don’t have enough
time to come up/improvise a lab experiment based on what she
has to follow to the curriculum

o Some teachers don’t have time to teach lab so they either: skip
lab, teach theory and do “dry lab”

8 ®  Before the DOW’s training program-He wondered how it would work. Is
a small-scale lab really possible?

®  After the DOW’s training program- He feels wow! Small-scale is very
useful. For instance,the kits are easy to use, daily waste can be applied to
the equipment. Small-scale is very useful. For instance,the kits are easy
to use, daily waste can be applied to the equipment.

® Normal lab and small-scale lab shared some similarity in term of the
concept. Small-scale is a little easier for the preparation process.
He thinks that students feel excited as they can do it by themselves.

®  With DOW’s lab, students are more interested as they have a clearer
picture of what they are doing.

®  Suggestions: the DOW-CST competition topic is too narrow. It would be
better if the topic is more open.
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14: Summary of Teacher Interview Responses at Mandarin

Hotel

Mandarin Hotel Training Teacher Interview Summary

Do student like the experiments:

Students liked creating their own experiments (Cambodia)
The equipment piques student interest as well.

o They are intrigued by “tiny” materials instead of full-scale
Yes, they like it because all the students get to participate and it can be
implemented in the normal classroom.

Yes, because they can observe the chemical change and it also motivates kids to

be more interested in science (Thai).

Small-scale changes student perspectives

Students will ask the teacher “when are we going to do an experiment again?”’
They are eager to do them

Like to work together

What did you find most useful about the DOW Chemistry Classroom training?

Ideas on how specific experiments are conducted

Lots of knowledge to attract students towards science

Did not gain confidence in science knowledge from the training but allowed
students to participate and understand curriculum

Discusses the small-scale lab with other teachers across Thailand and ASEAN
(Thai).

Suggestions for the future of the program:

Allow teachers not trained by DOW to attend conferences like this

Have 1 instructor per group instead of 1 instructor for everyone that floats
around

Give more time for training

Give instructions slower

There is not a kit suitable for combustion

Teacher suggestion - teachers should communicate with each other and share
ideas

They want a youtube video or channel and a way of connecting through social
media so they can communicate with DOW
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o When they go back to Vietnam they sometimes forget the experiments
or can’t figure out new ways to do them so they want videos and a way
of communication to ask questions

m | also observed a teacher taking a video of the experiment so that
she could remember how to do it
Want a handbook with all of the experiments
SSC is not the same as full lab so it’s hard to ask for help from other teachers or
google when trying to come up with new things
Vietnam does not want to lose touch once they leave!
Have trained teachers go visit less fortunate schools to teach and give
opportunities to kids in remote area.
e They would like DOW to create an official platform for teachers to connect,
discuss and share ideas. One indonesean lady was the only chemistry teacher in
school and find difficulties to contact others when having inquires in teaching.
Platform for communication between teachers trained by DOW
Want a effective workshop as it used to be
Want to have a trip overseas among DOW?’s trainers to be in unity.
Small-scale vs. Large Scale:
The small quantities make it safer
o Use 3ml instead of 100ml
e ~60 students per class (one class in vietnam)

o Small-scale everyone gets kit

o Large scale not everyone gets to do the experiment because there are too
many students per group

e Less time required to prepare and carry out experiments. Before, they were
reluctant to do lab, since it would take up to 2 hours, but small-scale allows
students to understand scientific concepts within a shorter period of time.

e The Thai curriculum does not require the use of large-scale experiments so the
use of the small-scale experiments can be used to teach the curriculum

e Before learning full-scale they only did full-scale, now they so a mix but do
small-scale more frequently

e They want a “train the trainer” program involving the presentation part so that
they can practice presenting with their companion.

Things they like about small-scale experiments:

e Most useful because you can use surrounding materials from the environment
or what already exists in the classroom
Cheap
The results are like the full-scale experiment
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e Save more time
e Safety

Challenges of small-scale chemistry:

Not enough Kits per student

o Do experiments in groups of 5-6 students, would prefer groups of 2-3
It’s not part of the national standard curriculum
Not enough material because it is still expensive. You have to get creative in
finding small-scale equipment
DOW-CST completion is only popular among the outstanding teachers.




