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The result of survey questions pertaining to “caring” and 
“learning how to learn” goals is also intriguing. In terms of 
“caring goals”, student’s feedback to questions 20 and 21 depicts 
that most students (about 92%) agreed that they care about 
sustainable living and saving earth planet for the next generation 
to meet their needs. In terms of “learning how to learning 
goals”, there is no clear difference between pre- and post-course 
assessment (Figure 1). As illustrated in Table 1, the responses to 
“caring goals” are (in general) consistent and higher than the 
ones to “learning how to learn goals.” except question 22.  
This is consistent with the recent change in US curriculum, 
where students start learning about environmental stewardship 
at an early stage of their elementary or middle school years.  

Finally, in “caring and learning how to learn goals”, the 
difference is low between pre- and post-course assessment as 
compared to foundational goals (Figure 1). Question 22 was 
designed to assess if students have interest to become water 
quality experts. In the pre- course assessment some students 
thought they have, but after post course assessment less 
students have interest to become water quality expert which 
might be due to self-realization.  

For further validation of student’s satisfaction, we 
administered additional survey questions near the beginning and 
end of the semester as progress test to measure the change in 
student human dimension and cognitive learning goals. These 
additional tests complement pre- and post-course survey.  
Figure 5 is consistent with Figure 1, where 100% of student 
agreed or strongly agreed that they understood the concept and 
will apply it to solve problems. In other words the application 
goals of this course are met. Figure 6 shows that in the final 
test, most students agreed that it is easier for them to learn 
concept than to memorize facts.  
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Figure 5. I clearly understand the scientific method and will apply it to solve 

 

Figure 6: Shift of learning approach: I find it easier to learn 
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Figure 7. This course is one of the life changing course
it makes me think how to apply knowledge than learning facts
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Figure 8.Summative assessment g
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thinking levels throughout the semester as they received 
frequent open ended questions and just in time frequent 
feedback.  
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Conclusions 

In order to assess the effectiveness of non-traditional teaching 
and learning method, the proposed study designed and 
implemented an experiential teaching and learning for a science 
course. This study demonstrated the relevance of experiential 
learning to address the significant issue of how to foster 
significant learning in all students including underrepresented 
minority students in STEM sciences. The results addressed the 
two research questions as well as the hypothesis being tested. 
The result depicts that the constructivism learning theories plus 
hands-on activities, scientific inquiry, group project, teaching 
critical thinking, frequent feedback has significantly improved 
student’s learning in foundational, application, and integration 
goals. It was also observed that students take a deep approach 
when the course content invites them to solve ill-defined 
problems that are relevant and necessary, and intriguing to their 
daily experience. Based on the pre- and post-course assessment 
as well as formative and summative assessment, we can draw 
the following specific conclusions: 
  

• Appropriate course design with inquiry and problem-based 
teaching improved student’s cognitive learning skills. 

• Applying student-centered learning theories such as 
constructivism and connectivism fosters transformative 
and significant learning. 

• Engaging students in hands-on and inquiry-based problem-
solving activities is very effective in attracting and 
preparing underrepresented minority students in sciences 
and technologies.  

• Teaching critical thinking through hands-on activities helps 
students change their learning approach, from memorizing 
facts to exploring concepts.  

• Engaging students in hands-on lab project right at the 
beginning of the course helps students to bridge academic 
theory and real-world practice. In this experiential learning 
approach, students learn the theoretical concept by 
contemplating and reflecting on their experiences. 
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In general, to foster significant and transformational 
learning in sciences in both mainstream and underrepresented 
minority students, the course content needs to be relevant to the 
bigger purpose than the course itself; students need to be 
encouraged to adopt active learning approach; have a sense of 
confidence that they can learn the new skill but feel free to try 
and fail and receive frequent feedback. The constructivist and 
connectivist teachers need to focus more on concept questions 
that are ill defined, but intriguing and relevant to learner’s daily 
lives to nurture the 21st Century skills such as ingenuity, team 
work, critical thinking, and problem solving skills.  

There were a few limitations associated with this study. 
One limitation was that there was no larger sample pool and nor 
control sample. To overcome this limitation, we conducted pre- 
and post-course assessment based on all students enrolled in 
the proposed course (n=16). Significant student learning gains, 
both observed and perceived, were assessed based on 
comparing the mean difference assuming normal distribution. 
Further analysis on a larger sample size to compare the 
traditional lecture-based learning approach with the proposed 
student-centered approach will help us determine the 
significance of these initial findings.  
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