
MEASURING THE EFFECTS OF AN AMERICAN
PHYSIOLOGICAL SOCIETY’S PhUn WEEK

ACTIVITY ON 2ND GRADE STUDENTS

Item Type Thesis

Authors Edelman, James

Publisher Indiana State University

Download date 23/05/2023 21:19:06

Link to Item http://hdl.handle.net/10484/12604

http://hdl.handle.net/10484/12604


MEASURING THE EFFECTS OF AN AMERICAN PHYSIOLOGICAL SOCIETY’S PhUn 

WEEK ACTIVITY ON 2ND GRADE STUDENTS 

_______________________ 

A Thesis  

Presented to 

Department of Applied Medicine and Rehabilitation 

Indiana State University 

Terre Haute, Indiana 

______________________ 

In Partial Fulfillment 

of the Requirements for the Degree 

Master of Athletic Training 

_______________________ 

by 

James Edelman 

May 2014 

 James Edelman 2014 

 

 

Keywords: PhUn Week activity, American Physiological Society, Second graders, Physiology, 

Science experiment     

 

 



ii 

 

 

 

COMMITTEE MEMBERS 

Committee Chair: Alvaro Gurovich, P.T., Ph.D., FACSM 

 Assistant Professor of Physical Therapy 

 Department of Applied Medicine and Rehabilitation 

 Member: Leamor Kahanov, Ed.D.,LAT, ATC 

 Professor, Applied Medicine & Rehabilitation 

 Department of Applied Medicine and Rehabilitation  

Member: Catherine Paterson, Ph.D., AT 

 Assistant Professor of Athletic Training 

 Department of Applied Medicine and Rehabilitation 

 

 

  

mailto:alvaro.gurovich@indstate.edu
mailto:alvaro.gurovich@indstate.edu


iii 

 

 

 

 

 

 

ABSTRACT 

 In the last few years the United States has been on the decline in the fields of 

science and technology. The American Physiological Society (APS) has developed a program to 

engage young minds with scientists. Physiology Understanding Week (PhUn) is the APS 

initiative to use interactive experiments to engage school-age children with science and 

physiology. Even though PhUn Week has been going on since 2005, systematic assessment of 

the activities effects is rare. Here, we sought to assess if an APS PhUn Week activity enhances 

physiology understanding and interest in science in second grade children form a rural area. The 

assessment design was a pre/post PhUn Week activity survey. The PhUn Week event included 

two parts: 1) on stage ‘magic’ show, performing live experiments about the neurological, 

cardiovascular, and renal systems, and 2) small-group hands-on activities featuring the 

respiratory, renal, cardiovascular, and neurological systems. Two days before and within a week 

and 12 weeks after the event the children answered a brief 19-question survey including 3 

general questions about their interest in science, 1 about their future profession, and 15 specific 

questions about the topics covered during the event. (3 cardiovascular, 4 respiratory, 4 renal, 4 

neurological). The third graders acted as a control group as they did not see the PhUn Week 

event until after the completion of the first two assessment attempts. Two-hundred children 
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attended the PhUn week event. One-hundred sixty five took all three attempts.The average pre-

event survey score was 45.8% (±13.1%) and two thirds of the children liked science. After the 

event, the average survey score was 65.3% (±14.5%)(significantly higher when compared to pre-

event, p<0.001) and 83% of the children liked science.  This APS PhUn week assessment 

showed an improvement in knowledge and appreciation for science in second grade children 

from a rural area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 

 

 

 

 

 

 

AKNOWLEDGEMENTS 

 I would like to express my gratitude to my committee chair, Dr. Alvaro Gurovich. 

You continually kept me motivated and on track with my thesis whilst maintaining patience 

thorough out the whole process. If not for you this whole project would have crumbled.   

I would also like to thank my committee members, Dr. Leamor Kahanov and Dr. Cat 

Paterson who helped immensely with the paper writing, proposal, and defense. 

I would like to thank all of the undergraduate students that helped put on Phun Week as 

well as the schools that it was held at.  

I would like to thank the Institutional Review Board for approving my Assessment. I 

would like to thank the Graduate School Research Fund for helping to fund this project and 

allowing me to present it at Experimental Biology. I would also like to thank the American 

Physiological Society for goodie bags and encouraging children to participate in science.  

 

 

 

 

 

mailto:alvaro.gurovich@indstate.edu
mailto:alvaro.gurovich@indstate.edu


vi 

 

 

 

TABLE OF CONTENTS 

ABSTRACT ................................................................................................................................... iii 

Aknowledgements............................................................................................................................v 

CHAPTER 1 ....................................................................................................................................9 

Introduction ......................................................................................................................................9 

CHAPTER 2 ..................................................................................................................................12 

Review of Literature ......................................................................................................................12 

What Teachers Believe About Science .............................................................................. 12 

Engagement Strategies...................................................................................................... 15 

Effective Teaching ............................................................................................................. 16 

Informal Learning ............................................................................................................. 18 

Learning Strategy/Theory ................................................................................................. 19 

Hands on Learning ........................................................................................................... 20 

PhUn Week........................................................................................................................ 21 

STEM................................................................................................................................. 21 

CHAPTER 3 ..................................................................................................................................24 

Methodology ..................................................................................................................................24 

Identification of Population .............................................................................................. 24 

Instrumentation ................................................................................................................. 25 

Data Collection ................................................................................................................. 25 



vii 

Activities ............................................................................................................................ 25 

Cardiovascular ................................................................................................................. 25 

Neurological System ......................................................................................................... 26 

Renal System ..................................................................................................................... 27 

Respiratory System............................................................................................................ 27 

Data Analysis .................................................................................................................... 28 

CHAPTER 4 ..................................................................................................................................29 

Results ............................................................................................................................................29 

CHAPTER 5 ..................................................................................................................................32 

Discussion ......................................................................................................................................32 

References ......................................................................................................................................36 

APPENDICES ...............................................................................................................................38 

Appendix 1: Pictures ......................................................................................................... 38 

Picture 1: Goodie Bags ..................................................................................................... 38 

Picture 2: Stage setup ....................................................................................................... 38 

Picture 3: Small Groups ................................................................................................... 39 

Picture 4: Cardiovascular Stage ...................................................................................... 39 

Picture 5: Cardiovascular Groups ................................................................................... 40 

Picture 6: Cardiovascular Groups ................................................................................... 40 

Picture 7: Neurological Stage .......................................................................................... 41 

Picture 8: Neurological Groups ....................................................................................... 41 

Picture 9: Renal Stage ...................................................................................................... 42 

Picture 10: Renal Stage .................................................................................................... 42 



viii 

Picture 11: Renal Group ................................................................................................... 43 

Picture 12: Respiratory Group ......................................................................................... 43 

Picture 13: Respiratory Group ......................................................................................... 44 

Picture 14: Respiratory Group ......................................................................................... 44 

Appendix 2: Science Assessment ....................................................................................... 45 

Figures............................................................................................................................................48 

Figure 1: Time Line .......................................................................................................... 48 

Figure 2: Demographics ................................................................................................... 48 

Figure 3: Overall Scores .................................................................................................. 49 

Figure 4: Cardiovascular Scores...................................................................................... 50 

Figure 5: Respiratory Scores ............................................................................................ 51 

Figure 6: Neurologic Scores ............................................................................................. 52 

Figure 7: Renal Scores ..................................................................................................... 53 

Figure 8: Like Science ...................................................................................................... 54 

Figure 9: Science is Fun ................................................................................................... 55 

Figure 10: I Like PhUn Week ........................................................................................... 56 

Figure 11: Profession Scores............................................................................................ 57 

Tables .............................................................................................................................................58 

Table 2: Cronbach’s Alpha and ICC ................................................................................ 58 

Table 3: Second grader’s Scores as Percentages ............................................................. 59 

Table 4: Third grader’s Scores as Percentages ............................................................... 60 



9 

 

 

 

CHAPTER 1 

INTRODUCTION 

The United States is lagging behind other countries in K-12 science, technology, engi-

neering and math (STEM) education.1,2 The United States is also behind when it comes to 

progress, having been topped by 24 countries. The public perception about science was on the 

decline in recent years but has begun to increase.3 The public at large no longer believed that the 

United States’ greatest achievements are science and technology; their perception has fallen from 

1999 to 2009. The public awareness that science and technology are the greatest achievements of 

the U.S. fell from 47% to 27%.1,2 

Student engagement is necessary for learning to occur.4 Educators understand that 

kinesthetic instruction may benefit students in learning.5 Strategies such as, hands-on learning 

can assist to engage children in science.6 Elementary teachers often instruct on many subjects 

and gravitate to limited teaching styles without discerning the need for differing techniques for 

varied subjects.5 Students prefer hands on learning over didactic delivery.6 Relating subject 

matter to everyday life increases engagement with student learners.7 Students often do not 

engage with subject matter they do not perceive apply to them.8 Informal learning can generate 

excitement and interest about science that cannot be achieved in the classroom.9 

Science can be complicated to teach, especially to elementary students in particular 

physiology is quite difficult to learn for many college students thus making it more difficult for 

elementary students.10 Making physiology interactive may be the solution to engaging 
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elementary students.4,5  Research assessing methods of teaching physiology is limited; however 

several studies investigated student reaction to science education.11,12 

Some believe that science is overlooked by educators because they focus largely on 

language and math development and this lack of focus is based on past bad experiences with 

science education or lack of skills needed to succeed in these areas.11,13 Teachers have an 

enormous impact on the growth and development of their students which influences the way the 

students perceive the effectiveness of their teacher. This can be seen as early as second-grade.11 

A study of elementary student’s motivation change over the years suggests that interest in 

science classes slowly decline starting in middle school and decline even more through high 

school.14 The decrease in class time spent on science was correlated with a decrease in 

motivation about science.  Many older students perceive that science lacks importance in their 

lives.14 Unfortunately, engagement tends to decrease as children progress through school. 

Although engagement is effective with elementary students, a decrease exists as children 

approach middle school and progress toward high school.  

Physiology Understanding Week (PhUn) is the American Physiology Society’s (APS) 

initiative to use interactive experiments to help kids learn physiology.15 PhUn Week is a 

nationwide outreach program building connections between scientists and local schools.  PhUn 

Week, which is held the first week of November each year, has increased in participation each 

year since inception in 2005.  PhUn Week’s main goal is to increase student interest in and 

understanding of physiology in their lives.16 

The purpose of this study is to quantify the acquisition and retention of physiological 

concepts after a PhUn Week on elementary students.  
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 I hypothesize that retention of physiological concepts and interest in physiology after the 

PhUn Week event will increase. 
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CHAPTER 2 

REVIEW OF LITERATURE 

In general, children figure out what they want to be when they grow up during their 

adolescent years and there is a trend that children are looking for career paths at a younger age.15  

Children are finding that by the time they hit middle school they are either interested in or dis-

interested in  science.15 Munzenmaier explains that children who  like science are often pushed in 

the direction of medicine or engineering rather than scientists.15 Oriol et al7 believes that “In the 

natural world, learning emerges from the joy of play, experimentation, an inquiry as part of 

everyday life. However, this kind of informal learning is often difficult to integrate within 

structured educational curricula.” 

What Teachers Believe About Science 

Levitt5 expresses that educators believe that the teaching and learning of science should 

be student-centered.  Student-centered science makes it easier to include everyone in the class 

and cover other themes with hands-on-activities.  In, addition teachers also believe, students 

should be an active part of learning.17 Learning science should be meaningful and give students a 

positive attitudes toward science.12 The role of the teacher should change as the student’s needs 

change.5  

Hands on activities force students to learn and experiment on their own; while allowing 

them instant gratification in seeing the results of their labors in the form of educational 

advancements and knowledge gained.5 Levitt, states that being hands on encourages students to 
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be more involved and they are able to see science in real time.5   Levitt also points out that 

during many of the observations teachers made   students were willing to participate in the 

lessons if they were more involved.5 Many teachers know that hands on teaching can benefit 

their students in learning science.17 However, elementary teachers often teach many subjects and 

get caught up in a certain teaching style for all of the subjects. The problem that arises with 

hands on teaching, is schools do not always have access to enough supplies for all of the students 

or cannot get their hands on what would be appropriate for the lesson.5 The main factor that 

came into play with hands on learning was “internal motivation.” The teacher’s internal 

motivation or belief that teaching science, with hands-on activities, was worth the time, money, 

and effort to help the kids learn was a main factor.5 

For children to learn new information they must be an active part of the activity or class.5 

Some individuals can passively learn but this typically does not happen until later in life.18 

Teachers believe children learn better when they are actively engaged in what they are learning 

about.5 Students should work cooperatively because they can discuss with one another what they 

are doing instead of just asking the teacher to show them what they are doing.5 Teachers, as well 

as the teaching standards, agree that working cooperatively not only enhances the  understanding 

of science, but fosters the practice of many skills, attitudes, and values that characterize it.5 

Along with being involved, students should have a meaningful relationship with science.5  Some 

of the teachers from Levitt’s study expressed this through utilization of past knowledge.5 Finding 

out what the students know and then having them build on their foundation by doing something 

they do not know.4,5  Some other teachers were interested in what their students knew but they 

did not link existing ideas with new ideas.  It is often difficult for teachers to incorporate what 
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students already know with something new they will learn. To incorporate meaningfulness 

teachers often had their students reflect on what they had learned.5  

Levitt et al, examines fostering positive attitudes towards science stating: “the primary 

goal for science instruction was the development of positive attitudes toward science.”5 In this 

case, students who enjoy science will have a larger inclination to be engaged with the class.6  

Students who are both engaged and enjoying what they are discovering will then have a positive 

attitude toward science.12  Engaging the students could potentially start learning and discovering 

science outside of the classroom. Osborne et al12 states, “It is somewhat surprising that so little 

work has been done in the context of science classrooms to identify what are the nature and style 

of teaching and activities that engage students.” Teachers should encourage the development of 

positive attitudes towards science by working on the themes mentioned earlier.  

For children to be enthused about learning science the teacher must also be excited about 

teaching science.19 Slavin et al20 agrees that teachers are sometimes unsure when it comes to 

science or they are just not enthusiastic about science as an overall subject.  Some teachers lack 

experience particularly in science or did not do as well in it compared to other subjects.20  

A systematic review investigating the achievement outcomes of all types of approaches to 

teaching science in elementary schools found that there is very little research in the area of 

elementary science. Slavin et al20 identified that 17 out of 327 articles met their standards about 

elementary school students.20  The rest of the articles are focused around middle school, high 

school and college aged students. The articles focused on elementary school discovered several 

approaches to improving outcomes in science teaching. The inquiry-based programs that used 

science kits did not show positive outcomes when compared to the programs that emphasized 

professional development. Technology such as computers and videos show promise for positive 
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outcomes. Methods for teaching science focused on enhancing the teacher’s classroom 

instruction have significant potential to improve science learning.20 

Lack of experience teaching sometimes forces teachers to focus on their strengths and 

less on their weakness.19 This gives students a disadvantage because they were not being taught 

the subject matter by an enthusiastic teacher. Tousen19 makes the suggestion, that teachers 

should have additional preparation courses to take full advantage of teaching science. Teachers 

could collaborate and use existing models to become more fit science teachers.19 

Determining what is “good” teaching can be seen as early as second grade.11 Murphy et 

al,11 examined what  second graders and teachers thought made a good teacher. The teachers that 

had a positive experience when learning about science themselves were more likely to stick to 

those beliefs, whilst teachers that had negative experiences were more likely to change their 

thinking. Teachers often form their beliefs off past experiences.11,13  

If a teacher had a substandard experience with hands on science experiments they may be 

less likely to utilize them in class.13 It is important for teachers to realize that what they do in the 

classroom and how they teach will influence weather students view them as good teachers. As 

stated earlier, this can be observed by as early as second grade.11  When teachers are planning to 

teach science they should take into consideration how the students will process and learn the 

lesson.5  

Engagement Strategies 

Engagement in the classroom is critical for motivating young learners to take up an 

interest in science.5 Levitt explains that keeping students engaged keeps them motivated to learn 

about science.5 Engagement is both psychological and behavioral.  According to Jablon et al,4 

psychological learners are curious, motivated by enjoyment of learning, and want to achieve 
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goals.  Student engagement in the classroom also shows that attendance and participation are 

higher4 Engagement tends to decrease as children progress through school. It starts in elementary 

school, worsens as they approach middle and then depletes in high school. Lack of engagement 

may lead to poor grades and dropping out of school.4 Young children need more engagement 

than older learners to keep them wanting to learn. The author mentions several ways to engage 

students. First, find out what students know and what they want to learn4,5 Second, ask a question 

with multiple correct answers. This allows students to utilize their creativeness and become more 

engaged. Third, involves group work or problem solving among other students. The last 

engagement tool that is talked about is games. 4,5   

Games can be a useful tool for engaging elementary children because they often involve 

the entire class, as well as, generate an atmosphere of fun in a learning environment.4 

Engagement works because children are exposed to new material, excitement with new ideas, 

utilization of prior knowledge, active investigation, encouragement of collaboration, and 

opportunities for choice.4 The teachers should use many engagement strategies, such as games, 

to get students more involved with learning, with the field of science in particular.  These 

strategies can help teachers keep students excited and interested in class activities. 4 

Effective Teaching  

Many factors play a role in achieving effective teaching. Cimer8 explains what makes an 

effective teacher of science.  Effective teaching can be broken down into six key areas: dealing 

with existing ideas, applying new skills, encouraging participation, encouraging inquiry, 

encouraging co-operative learning, and offering assessment and feedback. Establishing what 

students already know is important when teaching science.4,5,8 In order to teach effectively, the 

teacher must first understand what students already know.4,5,8  Understanding student’s prior 
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knowledge is helpful in linking what is known to what is unknown. Figuring out what students 

know can be done in several methods.8 These methods include but are not limited to: reviewing 

old work, question-and-answer, group discussions, brainstorming ideas, and conducting 

experiments.8 Student’s existing ideas are not always scientific ideas. Changing students ideas 

when they are not scientific can be difficult but there are strategies to address the ideas.8  

Discussion amongst students can often cause them to think of other ideas outside of their 

previous knowledge.  Investigating other ideas outside of students own perspective can be 

beneficial in discovering what their peers think, eliminating the ego centric views many 

youngsters have at this stage in life. Gathering the ideas of others allow children the opportunity 

to either discard old ideas or bring about new ones.8 Cimer describes it as such: “In short, 

according to the literature then, for effective learning to occur, teachers should first identify 

students’ prior ideas, make students aware of them and, in the light of these ideas, help students 

construct their own understanding.”8   

Students often find concepts that do not apply to their daily life unnecessary to learn. 

Concepts should apply to a student’s everyday life if they are expected to learn more.8 Teachers 

can employ various methods to help students apply their knowledge, such as conducting practical 

work, field trips, simulations, writing activities and role-play.8 Teachers could have the students 

work through a simulation. Cimer states that: “Using simulations in science lessons also 

improves students’ higher order skills like application and analysis, and thus, helps them 

comprehend the topic better.”8 Some also reported that field trips that show practical use of 

science often lead to more engaged students. The problem that arrives with trips is the budget of 

schools.5,8 
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Students must be active in the learning process to better understand the material.5,8 

Students need more than just passive learning through books and lectures. They must also think 

about the material on their own and how it applies to them personally. When a student feels as 

though their idea is important it encourages them to share the idea and participate in more 

activities.  In order to get students to share their ideas requires a very good lesson plan form the 

teacher. Lessons should be structured enough to lead the class but also flexible enough to adapt 

to the needs of the students. Teachers need to ask well thought out, open-ended questions to get 

students active and participating. Questions with more than one right answer will encourage 

students to be more involved and actually want to answer questions.8 

To be an effective teacher students must have continuous assessment and be provided 

with corrective feedback.8 Students need positive feedback to incorporate old knowledge with 

new knowledge. If assessment is used early on, then the teacher can more effectively evaluate 

their class and make changes in the future. Feedback is important for both learning and teaching. 

Feedback is necessary for effective learning as students need information about their 

accomplishments in order to grow and progress. 8 Providing feedback that encourages 

performance is a necessity for learning.8 

Informal Learning 

Informal learning can generate excitement and interest about science that cannot be 

achieved in the classroom.9 Pressley et al9 expresses that informal science “can effectively teach 

science concepts, engage participants in scientific reasoning, and help participants understand 

how science is related to their everyday lives.”  Pressley et al held their study at United States of 

America Science and Engineering Festival which had thousands of people attended. Their 

experiment focused on heart health and blood flow. They estimated that 2,500 people saw the 



19 

experiment. When the participants completed the experiment to see how the heart worked they 

were given a postcard with follow-up information. Only 20 people performed an online aspect. 

The online aspect was not performed due to the fact that there were many packets and materials 

taken home from many different kinds of organizations that often get thrown out or just left in a 

pile. More people would have followed up with the online event if the activity was more 

isolated.9 

Granger et al17 found that,  research synthesized by the National Research Council 

suggests that the goal of science instruction should be to help students develop four aspects of 

scientific proficiency. These four aspects are the ability to (i) know, use, and interpret scientific 

explanations of the natural world; (ii) generate and evaluate scientific evidence and explanations; 

(iii) understand the nature and development of scientific knowledge; and (iv) participate 

productively in scientific practices and discourse.21 Granger’s study demonstrates that making 

the teaching of science student centered helps them to grasp science more easily than before.17 

Slavin et al mentions that the National Research Council came to a consensus that science should 

be inquiry based not just facts out of a book.20,22 Oriol et al7 also found that the National 

Research Council believes that out of classroom experiences will be beneficial.  

Learning Strategy/Theory 

Milner et al14 studied elementary student’s motivation and learning strategy in a regular 

classroom and a life science laboratory.  Science classes slowly declined starting with middle 

school and increased through high school.14 Many older students do not think science will be 

important to their lives.14   There are a few implications from this study which prove otherwise. 

First, the use of laboratories boosts motivation and the use of learning strategies.14 Milner et al14 

states that: “Incorporating life science laboratories in elementary schools is a viable option to 
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promote, sustain, and increase student motivation and learning strategy use as well as 

constructivist teaching and learning practices.”  

Hands on Learning 

Hands on education has been a growing over the past two decades.6 Discovery learning 

when compared to direct instruction is the best way to get students a better understanding of 

science.23  The only issue that arises with discovery learning is that they often do not get the 

appropriate guidance.6,23 There are some studies that show how hands on activity can be 

beneficial but there is not much follow up after it is implemented.6  Textbook science is still 

treated as the norm. Foley et al6 explains that Many elementary teachers or schools choose a 

third option. The third option is to teach little or no science. Instead the schools and teachers 

focus on math and language skills which are more heavily tested on standardized tests.  

Foley et al6 found that elementary students prefer hands-on activities over textbook work. 

“All students ratings on a 5 point scale showed science averaged to 4.33 for all students 

compared to social studies (3.34), math (3.92), and reading (3.98). The type of curriculum did 

make a difference in how students rated liking science. Students in the hands-on classes rated 

science higher (4.44) than those in the textbook classes (4.23).”6 They also varied on the type of 

science that they enjoyed hands on. For example students that enjoyed space preferred textbooks. 

No matter the class hands-on or textbook they both did not increase in weather they would be 

scientists. “Despite these differences, there were no significant differences in the number of 

students who indicated they would like to be a scientist (18.9% of hands-on and 18.7% of 

textbook students).”6 Hands-on learning can be an effective method for teaching students and 

getting them more interested in science. 



21 

PhUn Week 

Physiology Understanding Week (PhUn) is the American Physiology Society’s (APS) 

initiative to use interactive experiments to help kids learn physiology.15 The APS website states16 

that there are two things that make it distinct: 1) it fosters grassroots partnerships between 

biomedical researchers and K-12 teachers; and 2) it is carried out into classrooms by “citizen 

scientists” composed of a senior researcher along with his or her undergraduate, graduate, or 

post-doctoral students. The APS makes physiology convivial and opens children’s eyes to what 

physiology. PhUn Week also promotes science in general which can lead to actively involving 

younger students in the hands on learning aspect of science at a younger age. 

The APS has established four main goals: 1) to increase student interest in and 

understanding of physiology in their lives; 2) to increase teacher recognition of physiology in 

their standards-based science curriculum; 3) to introduce students to physiology as a possible 

career; and 4) to involve more physiologists in outreach to the students and teachers in their 

communities. PhUn Week, which is held the first week of November, has been growing every 

year since it started. In 2005 there were approximately 500 children involved in four states. The 

latest round of statistics, from 2010, showed that nearly 9,000 children participated in 63 

locations. This number is increasing and with this the exposure of young minds to physiology.24 

STEM  

STEM is an initiative to incorporate more science, technology, engineering, and math 

activities into schools and society.2 The United States has been working hard to incorporate 

STEM in education and increase the interest in these fields.  The U.S. is pushing to increase jobs 

in the fields of science and technology as we are lagging behind other global powers such as 

Europe and Asia.22   
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  During the 2011 State of the Union address the president Barack Obama called for 

training of 100,000 math and science teachers over the next 10 years, stating that it is essential to 

American economic growth.1-3,22 There was roughly $3.4billion spent by Federal agencies on 

STEM education in 2010 in an attempt to increase the U.S. science and math scores.3 Children in 

the United States are scoring lower averages when compared to the other countries in the 

Program for International Student Assessment (PISA).22 On the 2009 exam there were 17 

countries that scored higher than U.S. average 11 that were the same and 5 that were below the 

U.S.2 The National Assessment of Educational Progress (NAEP) demonstrated that far too many 

U.S. students are not at or above the proficient level in math and science. 2 

Low understanding of science at a younger age carries over into adult hood. Some 

teachers in elementary schools may be afraid to teach a certain subject be it math or science and 

that translates over to the students.2 The STEM initiative has been seen in middle and high 

school but it is rarely seen in elementary school.25  The Partnership for 21st Century skills 

initiative is attempting to help diminish the gap.22  Engineering and more advanced science 

concepts are being brought into education at an earlier age.  The plan is that if students have 

these concepts integrated into their early education, their likely hood to pursue a career in STEM 

will increase as well as electing to take more advanced science and math classes.22 Swift and 

Watkins explain that outreach programs are a great way to get elementary aged children 

involved.26 Programs in which mentors from the STEM fields come and perform an activity with 

the children is most helpful in teaching abstract concepts.26  

DeJarnetted makes three recommendations for improving STEM in elementary 

education.  First, there needs to be a better connection between STEM and the education of 

teachers. Teachers need to feel more comfortable with these topics and incorporating them into 
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their classroom. Thus, laying down the foundation for a stronger, more scientific future. Second, 

university teacher educators need to reach out to veteran teachers and provide staff development.  

Finally, more opportunities for students to be involved in STEM.  By implementing summer 

camps, classes, and workshops for elementary students to experience STEM and gain the 21st 

century skills needed to advance the United States.22 

The United States is relying on the youth to bring American ranking of STEM up. This 

can only be done if STEM is incorporated now with some of the methods mentioned earlier.       
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CHAPTER 3 

METHODOLOGY 

Indiana State University Institutional Review Board reviewed and approved the study. 

The purpose of this study is to quantify the learning and retention of physiological 

concepts after a Physiology Understanding Week (PhUn) on elementary students. This study was 

survey-based study to assess the effects of a PhUn Week event in acquisition and retention of 

physiological concepts. The independent variable was the PhUn Week event. The dependent 

variable was the pre and two post-event assessments (one 2 days after the event and the second 

12 weeks after the event).  

Identification of Population 

PhUn Week was held at two Elementary Schools in eastern rural Illinois, during the first 

week of November to all second and third graders. 

STUDY DESIGN 

The PhUn Week event included two parts: 1) an on stage “magic” show, performing live 

experiments about the neurological, cardiovascular, and renal systems, and 2) small-group 

hands-on activities featuring the respiratory, renal, cardiovascular, and neurological systems. .  

Once the kids finished interacting and playing with the experiments, they received some 

information and a goodie-bag of physiology items (foam hear, ruler, pencils, and some handouts) 

provided by APS. (Picture 1, Appendix 1)  The science assessment attempts for the 2nd graders 

occurred 2 days before, 2 days after, and 12 weeks after the PhUn Week event. For the 3rd 
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graders (control group) the science assessment attempts occurred 2 days before, the morning 

prior, and 12 weeks after the PhUn Week event (Figure 1).  

Instrumentation 

The science assessment consisted of nineteen questions with four questions from each 

activity which included: the nervous system, circulatory system, renal system, respiratory 

system, and three general science questions (Appendix 2). 

Data Collection 

All students (2nd and 3rd graders) took the science assessment that asked basic physiology 

questions two days before and two days after the PhUn event. Only 2nd grade students will be 

present during the first PhUn Week activity.  This data will allow for a controlled pre/post-

activity learning analysis.  Twelve weeks after the activity, 2nd grade students will take the same 

science assessment to test for mid-term retention. The science assessments will be administered 

by the teacher of each class. The science assessment that was utilized stayed the same throughout 

all three attempts.  

Activities 

The PhUn Week event included multiple systems of the body and is as follows: the 

cardiovascular system, neurological system, renal system, and respiratory system. Once the kids 

interacted with the experiments, they received some information and a goodie-bag of physiology 

items from the APS.  Pictures 2 and 3 (Appendix 1) depict the overall setup of the PhUn Week 

activity. 

Cardiovascular 

An electrocardiogram (ECG) to monitor the heart rate was used to demonstrate how the 

heart produces electricity. The ECG was connected to an undergraduate student lying down so 
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that when she was awakened, the children would be able to see the electricity that the heart 

produced.  This student on stage appears to be asleep with a sheet covering her body. Other 

undergraduate students proceeded to the front of the stage and asked the audience to help awaken 

the student on stage under the sheet. One of the volunteers explained to the kids how the heart 

functions and how it produces electricity.  The student on stage was awakened; the ECG was 

projected on a large screen so that the kids were able to see the heart producing electricity and 

the differences between resting and exercising ECG. In small groups (Picture 4, Appendix 1), the 

children will be able to have a closer look at how an ECG works and how the electricity 

produced by the heart changes between subjects and different activities. This way all the kids 

were able to see that anyone’s heart can produce electricity. The child will jumping jacks and 

running in place to show that the heart rate increases with exercise.  Next the child will be 

startled which showed an increase in heart rate and electricity production. (Picture 5 and 6, 

Appendix 1) 

Neurological System 

A human-sized skeleton (Mr. Bones) was used to demonstrate a person, and he had a 

light bulb inside his head. Mr. Bones was exposed to several different sensations and each time 

his head lit up. Another part of the project was to demonstrate what happens to the brain after a 

trauma. The head of the skeleton was knocked off to show that trauma had occurred. Then, the 

same situations that were done before were done again to test and see what happened to the brain 

after a trauma.  The head of Mr. Bones was put back on and the light bulb no longer light up 

because there was damage to the brain. (Picture 7, Appendix 1) The second portion of our project 

involved an electrical nerve stimulator (TENS unit) to initiate a muscle contraction. The pads of 

the TENS unit were placed on the wrist and forearm of an undergraduate volunteer so when the 
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frequency and intensity are increased, the hand of the adult contracted due to the TENS unit. The 

hand moving was to demonstrate to the kids that using this device sends a signal from the brain 

to the muscles causing them to contract. The purpose was to portray that the CNS controls all of 

the body and the brain can send signals without a person even controlling the movement. (Picture 

8, Appendix 1) 

Renal System 

The Renal system portion of the activity also consisted of two parts. The first part was a 

stage performance that utilized Mr. Bones who had clear tubes through his body representing the 

esophagus and the renal system.  The two tubes transported different colored liquids through his 

body. One tube was for bringing in nutrients and the other represented the waste product. Mr. 

Bones also had a balloon as a head that would explode if the kidneys were not functioning 

displaying high blood pressure. The tubes displayed how the kidneys help regulate blood 

pressure. (Picture 9 and 10, Appendix 1) The hands on portion of the activity involved a funnel 

with a small filter to display how the kidneys only filter out waste product and not nutrients. 

Candy was utilized to represent the nutrients and sprinkles to represent waste. When the two 

items were put into the filter the sprinkles fell through and the candy is retained in the funnel. 

(Picture 11, Appendix 1) 

Respiratory System  

The respiratory system also had two components however both were hands on activities. 

First, a model lung displayed how the diaphragm functioned. The chest cavity was made out of a 

plastic two quart juice bottle with the bottom part cut off. A balloon was then cut and stretched 

over the open bottom, demonstrating the diaphragm muscle. A hole was cut in the cap of the 

bottle and a plastic straw was inserted to represent the trachea. At the end of the straw inside of 
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the bottle a second balloon was attached representing a lung. When the balloon on the bottom of 

the bottle was pulled down the balloon on the end of the straw inflated. The inflating balloon 

demonstrated the negative pressure produced by the diaphragm. (Picture 12, Appendix 1) The 

second activity demonstrated how to measure pulmonary capacity. A tub that was filled half way 

with water, a large gallon jug full to the top with water, tubes, and mouth pieces were utilized. 

The large jug was filled to the top with water and then placed up-side down into the half-filled 

tub. Next, one of the children blew out the air in their lungs via a mouth piece connected to the 

tube that is inside the upside down jug. Upon expiration air replaced water inside the jug and the 

kids were able to see their pulmonary capacity. (Picture 13 and 14, Appendix 1) 

Data Analysis 

The Statistical Package for the Social Sciences (Version 20.0 SPSS Science, Chicago, IL) 

was utilized to assess the data. To test the reliability of the assessment, interclass correlation and 

Cronbach’s alpha were calculated.  A repeated measure 2-way ANOVA (time x grade) will be 

utilized to determine the significant difference between the pre-event and post-event as well as 

compared against the control group. 
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CHAPTER 4 

RESULTS 

A total of 200 children were present for the PhUn Week event.  Of that total, 105 3rd 

graders (53 boys and 52 girls) and 95 2nd graders (47 boys and 48 girls) (Table 1 & Figure 1).  

From the 200 total children, 196 children completed at least one science assessment (102 3rd 

graders and 94 2nd graders).  The total number of children that completed all 3 assessment 

attempts was 165 children (82 2nd graders and 83 3rd graders).  

The science assessment reliability was tested using Chronbach’s alpha and an interclass 

correlation comparing first and second assessments in the 3rd graders.  Chronbach’s alpha was 

0.67 and ICC was 0.67 (p<0.001) (Table 2). 

Tables 3 and 4 present means and all three assessment attempts for 2nd and 3rd graders.  

The repeated measures 2-way ANOVA depicted a significant interaction between age groups and 

time of the assessment for overall, cardiovascular, respiratory, neurological, and renal (p<0.001) 

(Figures 3 – 7).  

For overall score (Figure 3) 2nd graders improved their physiology knowledge 

immediately after the PhUn Week event.  The 3rd graders had an increase after the third attempt 

which was 12 weeks after their PhUn Week event. The 2nd graders had a decrease on their 

knowledge 12 weeks after the PhUn Week activity; however, their knowledge at 12 weeks was 

significantly higher than before the activity. 
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 Second graders improved their cardiovascular physiology knowledge score immediately 

after the PhUn Week event (Figure 4).  The 3rd graders had a decrease in cardiovascular score 

after the third attempt which was 12 weeks after PhUn Week event. The 2nd graders declined in 

the third attempt of knowledge retention. They retain information about the cardiovascular 

system just not as high as the 3rd graders.   

For respiratory score (Figure 5), 2nd graders improved their physiology knowledge 

immediately after the PhUn Week event.  The 3rd graders had an increase after the third attempt 

which was 12 weeks after their PhUn Week event. The 2nd graders did not have a significant 

decrease on their knowledge 12 weeks after the PhUn Week activity, which was significantly 

higher than before the activity. 

For neurological score (Figure 6), 2nd graders improved their physiology knowledge 

immediately after the PhUn Week event.  The 3rd graders had an increase after the third attempt 

which was 12 weeks after their PhUn Week event. The 2nd graders did not have a significant 

decrease on their knowledge 12 weeks after the PhUn Week activity, which was significantly 

higher than before the activity. 

For renal score (Figure 7), 2nd graders improved their physiology knowledge immediately 

after the PhUn Week event.  The 3rd graders had an increase after the third attempt which was 12 

weeks after their PhUn Week event. The 2nd graders had a significant decrease on their 

knowledge 12 weeks after the PhUn Week activity; however, their knowledge is significantly 

higher than before the activity. 

For liking science (Figure 8), the 2nd graders had an increase in liking science immediate 

after their PhUn Week event. The 3rd graders did not have an increase in liking science 12 weeks 

after the PhUn Week activity. 
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For science is fun (Figure 9), the 2nd graders had an increase in fun immediately after the 

PhUn Week event. The 3rd graders had a decrease in thinking science is fun 12 weeks after their 

PhUn Week event. The 2nd graders had a decrease in having fun with science after 12 weeks. 

Liking PhUn Week (Figure 10), the 2nd graders had a significant increase after the first 

assessment. The 3rd graders also had a significant increase after the third assessment which 

would have been 12 weeks after their PhUn Week event.  The 2nd graders had a significant 

decrease on their perception toward PhUn Week 12 weeks after the PhUn Week activity; 

however, this perception is significantly better than before the activity.  

The likelihood of pursuing a profession within STEM (Figure 11), the 2nd graders did not 

have an increase in wanting to be scientists or in the bio-medical profession after the PhUn Week 

event.  The 3rd graders did not have an increase in bio-medical professions after the third attempt 

which would have been 12 weeks after their PhUn Week event.  
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CHAPTER 5 

DISCUSSION 

The main findings of the present study are three-fold: 1) in general, 2nd graders 

significantly acquired knowledge about human physiology after the PhUn Week activity; 2) both 

2nd and 3rd graders were able to retain most of this knowledge 12 weeks after the PhUn Week 

activity; and 3) although both 2nd and 3rd graders significantly enjoyed the PhUn Week activity, 

their likelihood to choose STEM professions did not change after the PhUn Week activity. 

The United States has been working hard to incorporate Science Technology Engineering 

and Math (STEM) topics in the K -12 programs to increase student interest in these fields.  The 

main reason the U.S. is pushing to increase jobs in the fields of science and technology is 

because we are lagging behind other global powers such as Europe and Asia.22 Many teachers 

know that hands on teaching can benefit their students in learning science.17 Hands on activities 

force students to learn and experiment on their own, while allowing instant results feedback in 

the form of educational advancements and knowledge gained. 

  To the best of our knowledge, this is the first prospective study looking to assess a PhUn 

Week activity as an instructional tool in elementary school children.  The design of the present 

study considered a control group, 3rd graders, who answered the immediate post-activity 

assessment without exposure to the PhUn Week activity.  In general, after the PhUn Week event 

the 2nd graders had an immediate increase in physiology knowledge, which was partially retained 

after 12 weeks.  Interestingly, the only physiological system where a significant knowledge 
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improvement was not identified was the cardiovascular system.  The best explanation is that the 

heart is often associated with pumping blood throughout the body.  However in this instance the 

heart was utilized to demonstrate how it produces electricity. The heart producing electricity may 

have been a difficult concept for the 2nd graders to understand.  This same explanation is valid 

for 3rd graders who did not improve their cardiovascular scores 12 weeks after their PhUn Week 

event. 

In general, the first assessment indicated that 3rd graders had more knowledge acquisition 

of physiology than the 2nd graders (Figures 3-7).  However, the second assessment indicated a 

significant improvement in 2nd graders, even beyond 3rd graders knowledge.  As 3rd graders, (the 

control group), had the PhUn Week event after the second assessment, we could confirm that the 

event significantly improved acquisition of physiology concepts in 2nd graders. 

When comparing the third assessment 12 weeks after the PhUn Week event, we did not 

see any major differences between 2nd and 3rd graders, except for the respiratory section (Figure 

5).  In general, 2nd graders retained their knowledge and 3rd graders improved their knowledge 

compared to the second assessment.  These finding could indicate that 3rd graders had better 

knowledge retention than 2nd graders, which may be important when planning PhUn Week 

activities.  This is most likely due to their older age and understanding of science. One year older 

at this age can make a huge difference.  As mentioned earlier, the cardiovascular section of the 

assessment did not follow the same pattern that the other sections for both 2nd and 3rd graders.  

The reason may be associated to the electrophysiological concepts covered during the PhUn 

Week event. 

When asking about science in general (Figures 8 and 9), 2nd graders significantly 

increased their enjoyment of science after the PhUn Week event, something that did not occur in 
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the control group.  Surprisingly, this science enjoyment returned to baseline values 12 weeks 

after the PhUn Week event in both 2nd and 3rd graders.  Even though enjoyment returned to 

baseline 12 weeks after the PhUn Week activity, both 2nd and 3rd graders had a significant 

appreciation of the PhUn Week event per se, even 12 weeks after it was over (Figure 10).  These 

findings may indicate that the PhUn Week event would be a great way to increase students’ 

motivation. 

The final portion of this study was to discover the likelihood of the students to select a 

STEM profession.  Less than 20% of both 2nd and 3rd graders would like to be STEM 

professional (e.g. engineers, biologists, scientists, chemists, and medical) (Figure 11).  The most 

frequent answer to the open question about what they wanted to be when they grew up was 

athlete (NBA, NFL, NASCAR, gymnast, softball), followed by  civil service and teacher. This 

may be related to the rural area the PhUn Week event was hosted.  Surprisingly, there was no 

increase on the children likelihood to choose a STEM profession after the PhUn Week event.  

We expected the STEM likelihood to increase after the event, which did not happen.  These 

findings may indicate that other activities, including strong changes to the curriculum would be a 

better way to increase recruitment to STEM professions.5-7,9,12,17,20  

The present study was not without limitations. First, and as discussed earlier, the PhUn 

Week activity was held in a rural area.  It would be interesting to see if this same PhUn Week 

activity would have the same impact in 2nd and 3rd graders from urban or suburban school 

districts.  Secondly, our PhUn Week event covered only physiology, which is only a small part 

of STEM which could have had an impact on our STEM professions results, especially when 

special events involving adults in the profession have been shown to get more kids involved 
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with, for example, engineering.26  However, PhUn Week created to encourage children learn 

physiology and help with the STEM initiative. 

There are several considerations for future research. The first would be to perform a 

PhUn week activity with both middle school aged children and high school children. The results 

from older students may indicate the most appropriate age group to get children interested in 

physiology.  Performing the event with older children may also have an effect on the selection of 

their profession.   

In summary, the results of the present study have shown that an American Physiological 

Society’s Physiology Understanding week activity could increase physiological knowledge and 

retention of 2nd and 3rd graders of a rural community.  In addition, and although the activity was 

very well perceived by the school children, one single exposure to science and physiology did 

not change the likelihood to choose a STEM profession by school children in a rural community.   

Finally, it appears that the effects of a PhUn Week activity would be more significant if the 

children are older, at least in this rural community. 
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APPENDICES 

Appendix 1: Pictures  

Picture 1: Goodie Bags 

 

Picture 2: Stage setup 
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Picture 3: Small Groups 

 

Picture 4: Cardiovascular Stage 
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Picture 5: Cardiovascular Groups 

 

Picture 6: Cardiovascular Groups 
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Picture 7: Neurological Stage 

 

Picture 8: Neurological Groups 
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Picture 9: Renal Stage 

 

Picture 10: Renal Stage 
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Picture 11: Renal Group 

 

Picture 12: Respiratory Group 
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Picture 13: Respiratory Group 

 

Picture 14: Respiratory Group 
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Appendix 2: Science Assessment 

Science Assessment 

1. I like science. 

a. Yes 

b. No 

c. Sometimes 

 

2. The heart produces  

a. Electricity 

b. Blood 

c. Air 

 

3. When does the diaphragm contract?  

a. When you breathe air in 

b. When you breathe air out 

c. When you pump blood 

 

4. Which system works when breathing oxygen into the lungs? 

a. respiratory system 

b. nervous system 

c. circulatory system 

 

5. Your_______________ filters your blood and gets rid of waste? 

a. Heart 

b. Kidneys 

c. Lungs 

6. The_________________ is the control center of the body? 

a. Heart 

b. Lungs 

c. Brain 

7. Small and large people have the same amount of air in their lungs. 

a. True 

b. False 

c. I don’t know 

 

8. As you exercise your heart beat 

a. Stays the same 

b. Slows down 

c. Speeds up 

 

9. If your kidney was not working right and you drank a bunch of water 

a. You would have to go to the bathroom a lot more 

b. You would jump higher 

c. Your blood pressure would be higher 

 

http://www.testdesigner.com/questions/43292/which-system-works-with-breathing-oxygen-into-the-lungs
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10. The kidneys work like a filter keeping in good things and washing the bad stuff out in 

your pee. 

a. True 

b. False 

c. I don’t know 

 

11. How does air get into your lungs? 

a. Someone blows air into your lungs 

b. A muscle called the diaphragm pulls air into your lungs 

c. Your lungs just work 

 

12. Science is fun 

a. True 

b. False 

c. I don’t know 

 

13. What makes muscles work? 

a. Blood sent from the heart 

b. Electricity sent from the nerves 

c. Air sent from the lungs 

 

14. Damaging your spinal cord is like cutting the power cord on a T.V. It will not work right 

until it’s fixed. 

a. True 

b. False 

c. I don’t know 

 

15. The ______________ pumps blood to the whole body 

a. Kidney 

b. Heart 

c. Lungs 

 

16. The _____________system is made up of the brain and nerve cells? 

a. respiratory  

b. nervous  

c. circulatory 

 

 

17. When your kidneys filter out bad stuff you 

a. Breathe it out 

b. Use the bathroom  

c. Sneeze it out 

 

18. I like PhUn Week 

a. True  

b. False 
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c. I don’t know 

 

19. I want to be ____________________________________________________ when I 

grow up. 
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FIGURES 

Figure 1: Time Line 

 

Figure 2: Demographics 
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Figure 3: Overall Scores 
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Figure 4: Cardiovascular Scores 
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Figure 5: Respiratory Scores 
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Figure 6: Neurologic Scores 
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Figure 7: Renal Scores 
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Figure 8: Like Science  
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Figure 9: Science is Fun 
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**: p<0.01 vs. 2nd assessment attempt in 2nd graders 

#: p<0.01 vs. 1st assessment attempt in 3rd graders 

##: p<0.01 vs. 2nd assessment attempt in 3rd graders 
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Figure 10: I Like PhUn Week 

 

†: p<0.01 2nd vs. 3rd graders 

*: p<0.01 vs. 1st assessment attempt in 2nd graders 

**: p<0.01 vs. 2nd assessment attempt in 2nd graders 

#: p<0.01 vs. 1st assessment attempt in 3rd graders 

##: p<0.01 vs. 2nd assessment attempt in 3rd graders 

 

 

 

 

 

 

 

 

 

-40%

-20%

0%

20%

40%

60%

80%

100%

120%

140%

First Second Third

Sc
o

re

Assessment Attempts

I Like PhUn Week

3rd graders

2nd graders

Interaction:
F(2, 326)=32.26 (p<0.001)

† *

* ** 

# ##

†



57 

Figure 11: Profession Scores 

 

†: p<0.01 2nd vs. 3rd graders 

*: p<0.01 vs. 1st assessment attempt in 2nd graders 

**: p<0.01 vs. 2nd assessment attempt in 2nd graders 

#: p<0.01 vs. 1st assessment attempt in 3rd graders 

##: p<0.01 vs. 2nd assessment attempt in 3rd graders 
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TABLES 

 

 

 

Table 1: Demographics 

Grade Students Boys Girls 

3rd 105 53 52 

2nd  95 47 48 

Total 200 100 100 

 

 

 

 

Table 2: Cronbach’s Alpha and ICC 

 Chronbach's  

Alpha 

Interclass 

Correlation 

Lower bound 

95%  

Upper bound 

95% 

F-Value Sig 

Average Measures 0.67 0.67 0.505 0.78 3.032 0.000 
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Table 3: Second grader’s Scores as Percentages 

 

 

 

 

 

 

 

 

 

 

Assessment First attempt Second attempt Third attempt 

Total 46% ± 13% 66% ± 15% 60% ± 16% 

Cardiovascular  58% ± 19% 74% ± 20% 41% ± 25% 

Respiratory 35% ± 25% 48% ± 28% 46% ± 26% 

Neurological 43% 24% 69% ± 24% 62% ± 25% 

Renal 50% ± 23% 75% ± 22% 66% ± 27% 

Like Science 33% ± 24% 39% ± 21% 83% ± 45% 

Science is Fun 35% ± 23% 42% ± 18% 31% ± 24% 

I like PhUn Week 16% ± 23% 49% ± 8% 40% ± 20% 

Profession 14% ± 23% 15% ± 23% 14% ± 23% 
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Table 4: Third grader’s Scores as Percentages 

Assessment First attempt 

(mean score ± SD) 

Second attempt 

(mean score ± SD) 

Third attempt 

(mean score ± SD) 

Total 52% ± 14% 54% ± 13% 64% ± 16% 

Cardiovascular  57% ± 17% 60% ± 15% 46% ± 34% 

Respiratory 44% ± 26% 42% ± 27% 56% ± 24% 

Neurological 54% ± 23% 55% ± 22% 61% ± 26% 

Renal 55% ± 27% 59% ± 27% 71% ± 25% 

Like Science 27% ± 25% 31% ± 24% 85% ± 46% 

Science is Fun 37% ± 22% 38% ± 22% 31% ± 24% 

I like PhUn Week 24% ± 25% 23% ± 25% 38% ± 22% 

Profession 16% ± 24% 18% ± 24% 22% ± 58% 

 

 


