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Abstract 

Students from the United States are consistently outperformed by their international 

counterparts on global assessments math and science skills. Furthermore, there is a lack of 

skilled workers in STEM fields in the United States. Participation in informal education has been 

shown to increase interest and participation in science courses during high school, which in turn 

is linked to increased interest and improved performance in STEM degree programs. In addition, 

informal science programs have been specifically shown to increase minority interest and 

participation in STEM fields, which is of particular importance given the large 

underrepresentation of those groups in STEM professions. This paper details the pertinent 

research outlining the efficacy of informal science education in increasing minority participation 

and performance in STEM studies and careers and establishes a framework for designing and 

implementing an informal science education program.  
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The quality of science education is an area of serious and growing concern in the United 

States. Media outlets seem to start new conversations every week regarding the poor 

performance of American students in science classes and a lack of American professionals 

qualified to do meaningful work in Science, Technology, Engineering, and Mathematics (STEM) 

fields. Beyond the anecdotal evidence, recent global testing data shows that American students 

have fallen behind their international peers in their science knowledge. The Program for 

International Student Assessment (PISA) is an evaluation given to 15 year-old students in 

roughly 65 countries, and is used to measure performance in the areas of math, science, and 

reading. On the most recent PISA, given in 2012, students from the United States ranked 28th, 

behind such countries as China, Japan, Canada, and the United Kingdom. The low U.S. ranking 

was consistent with scores from previous PISA data. Clearly, America’s science education is not 

on par with its global peers.  

In addition to the lack of global competitiveness, American students also struggle 

compared to domestic standards. According to data gathered by the National Science Foundation 

using the National Assessment of Educational Progress (NAEP), only 32 percent of American 8th 

grade students possess proficiency or advanced science skills relative to their grade level, while 

35 percent possess skills below a basic level. Among 12th grade students, only 21 percent meet 

the proficiency or advanced skills criteria, while 40 percent fall below a basic level. When 

evaluating NAEP scores, Basic represents  “partial mastery of materials appropriate for grade 

level”, Proficiency represents “solid academic performance”, and Advanced Skills denote 

“superior academic performance” (Student Learning). According to the 2011 NAEP Science 

Framework Guide, an eighth grade-appropriate performance expectation would be that students 

“given an animation of molecules in motion [can] identify the substance that is being illustrated 
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as a solid, liquid, or gas” (NAGB). More troubling than the low percentages is the trend, with 

over ten percent of the population losing relative proficiency in the four years between 8th and 12th 

grades. As American students are progressing in their education and moving towards higher 

education and future careers, they are as a whole regressing in their science skills.  

The previous statistics represent all students within the United States. When the numbers 

are broken down based on demographics, it becomes apparent that minority students possess 

significantly weaker science skills than the general population. According to the NAEP, among 

8th grade students, over 60 percent of Black students demonstrated science skills considered to be 

below basic understanding, which was almost double the rate within the general population 

Among Hispanic students, just over 50 percent of students scored within the below basic level, 

while just under 50 percent of Native American/Alaska Native students were within that range In 

addition, the proportions of Blacks and Hispanics achieving proficiency was roughly half that of 

the general population, and no students in either group demonstrated advanced skills). The trends 

are similar among 12th grade students, with slightly lower proportions of proficiency and higher 

proportions of students below basic levels (NAEP).  

In addition to their poor science performance in school, minority groups are 

underrepresented in science, technology, engineering, and math (STEM) fields, with recent 

estimates suggesting that the STEM workforce is comprised of only 3.9 percent Black and 4.5 

Hispanic individuals, even though those groups are both about three times more prevalent in the 

general population (Census). Because of this disparity, Blacks and Hispanics are considered 

underrepresented minority groups, or URM. These populations stand in contrast with whites and 

Asian/Pacific Islanders, whose prevalence in STEM fields is greater than that in the general 

population. Interestingly, at the college level, initial enrollment in STEM degree programs is 
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almost identical between URM students and non-URM students, with 34.1 percent URM and 

34.3 percent non-URM enrolling in STEM degrees (Degrees of Success). However, within five 

years of enrollment, nearly twice as many non-URM students graduated with their STEM degree 

as URM students, 45 percent to 26.8 percent (Huang).  

 One suggested cause of the disparity among graduation rates is that the URM students are 

much less prepared for the rigor of a college-level STEM program, so despite their interest, they 

do not have the skills to be successful in their desired field. In a study published by the National 

Center for Education Statistics, investigators saw that achievement gaps between whites and 

URM groups in college STEM courses were high, with 46 percent of Whites and Asians students 

who declared STEM majors graduating within five years, compared to 26.8% in the URM 

population (Huang). While these statistics are disconcerting, these gaps were essentially non-

existent between students from different racial groups if they had participated in similar numbers 

of advanced science courses in high school, were self-motivated to study science and confident 

in their science knowledge, and if their parents held high expectations for their college success 

(Huang). Based on this evidence, one possible approach to increasing the rate at which URM 

students complete science degrees and participate in the workforce would be for schools to use 

programs that focus on boosting participation and engagement with science well before students 

begin college. One possible strategy for increasing URM student participation and engagement 

with science is the implementation of informal science programs in middle schools. A 

description and evaluation of this type of program will provide the focus for the remainder of this 

paper.  

Informal science programs have been shown to improve student attitudes about science 

and increase the amount of science courses a student will choose to take in high school (Ricks, 
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Farenga andJoyce). A study of participants in a Summer Science Camp for 7th and 8th grade 

students found that students reported increased interest in science education and careers after 

their informal science experience (Ricks). Another study showed that increased exposure to 

informal science learning opportunities at the middle school level leads students to be more 

active in advanced science learning during high school (Farenga and Joyce). While these studies 

imply the possibility that informal science education could have a positive impact on minority 

students, a study done by Dr. Kathryn Fadigan and Dr. Penny Hammrich actually demonstrated 

that these types of programs do achieve such a purpose. The authors followed 152 girls from 

low-income single-parent homes in urban areas who participated in a year-long Women in 

Natural Sciences program during their freshman or sophomore year of high school and observed 

that the girls who participated in WINS were much more likely to enroll in STEM degree 

programs and gain employment in STEM fields than their peers (Fadigan and Hammrich) 

Awesome support for your argument!. The authors conducted follow up surveys of their study 

group. One The authors measured the success of the WINS program with a series of follow-up 

surveys distributed to former WINS participants. One survey  measuring post-high school 

education trajectories received 117 responses, with  93% of the respondents having enrolled in 

college. In another survey of educational and career trajectories, 46% were currently pursuing 

STEM degrees or participating in STEM careers (Fadigan and Hammrich). The high rate of 

college enrollment and pursuit of STEM-related education and careers exhibited by WINS 

participants is evidence that informal education should be considered an effective tool for 

increasing the number of participants in the STEM workforce.  

The reason for implementing an informal science education program at the middle school 

level is multifold. As previously discussed, participating in these programs has been shown to 
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affect student participation in high school courses, so the establishment of an effective program 

may provide students with the opportunity to move onto advanced science coursework. 

Furthermore, the nature of informal education fits in very well with the developmental timeline 

of middle school students. Dr. Thomas Armstrong, in his book The Best Schools, suggests that an 

appropriate educational environment for middle school students includes small learning 

communities, personal adult relationships, engaged learning, positive adult role models, and 

facilitation of social growth. Students will be exposed to all of these factors in a properly 

designed program (Hofstein, Krishnamurthi and Rennie, Fadigan and Hammrich). 

Informal education can take many forms, so there is no strict definition of what 

constitutes an informal science education program. Essentially, informal education constitutes 

any learner-centered educational opportunity that allows participants to explore their interests at 

their own pace, encompassing events like organized after-school programs, museum visits, and 

daily interactions (Krishnamurthi and Rennie, Fadigan and Hammrich). In an organized informal 

science education program, such as an after-school group, the level of structure and the types of 

learning opportunities offered to participants can vary depending on the resources available to 

that program and the community it serves. The high level of flexibility in the design of informal 

education programs is key considering that the URM students who stand to gain the most from 

access to an informal program often come from low resource communities (Afterschool). Even 

with limited resources, program coordinators have the freedom to design a program that makes 

use of whatever resources are available.  

One example of an effective program is the Women in Natural Sciences at the Academy 

of Natural Sciences in Philadelphia, which was the focus of the study done by Drs. Fadigan and 

Hammrich. WINS is a yearlong program serving female students as they transition from middle 
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school to high school and throughout their freshman year. During the 8-week summer portion, 

the girls participate in “environmental exploration in and outside the city,” culminating in a 

weeklong camping trip (ANSP). During the school year, WINS participants stay connected to the 

scientific community through “weekly workshops and monthly field trips” (ANSP). The program 

is broken into four content categories based on the season: summer is “Science in the City,” 

autumn is “Biodiversity and Classification,” winter is “Adaptation and Evolution,” and spring is 

“Aquatic Ecology” (ANSP). WINS activities include “classroom lessons, science experiments, 

behind-the-scenes museum tours, and day-long, weekend, and weeklong field trips,” which are 

designed to promote exploration between biological and physical environments (ANSP). While 

the Women in Natural Sciences is an extensive program connected to many resources, it offers 

several examples of elements that could be implemented in another program.   

There are many different approaches to informal education, but the remainder of this 

paper will focus on the design of an after-school ISE program targeted to middle school students, 

particularly those in low-income areas where more formal programs may not be readily 

available.  The explanation of the design of this program will establish a framework for a type of 

program that could be implemented on campus by teachers and staff, at community gathering 

centers like the YMCA or Boys and Girls Club, or off-campus as part of some other community-

run program. Areas of focus within this description will include the environment of the program, 

the methods to be used, the content to be addressed, and examples of specific activities.  

To reiterate, the goal of an ISE targeted to this age group is to improve their interest in 

science learning and their confidence regarding their science skills and knowledge. Therefore, it 

is essential that the culture of the program is conducive to both of those goals. Students who 

participated in the program studied by Drs. Fadigan and Hammrich stated that they found the 
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most benefit in the safe environment of the program, the opportunity to interact with their peers 

while learning, and the opportunity to learn about science topics that interest them (Fadigan and 

Hammrich). According to Afterschool Alliance, only an estimated 15 percent of the general 

student population attends after-school programs, but 24 percent of African American students 

and 21 percent of Hispanic students participate. Because these programs are predominantly 

attended by minority students, creating a welcoming environment in which students feel 

comfortable and are able to freely engage with the material should be one of the main objectives 

when organizing a new after-school program.  

Beyond the inclusive nature of the environment, the relationships that students have with 

the program facilitators and each other must be considered. As Dr. Armstrong mentioned, it is 

important for students in the middle grades to build personal relationships with adults. In 

addition to the developmental benefits of such relationships, informal mentors have been shown 

to act as “compensatory resources” for disadvantaged youth (Erickson). An adult mentor who 

has a close relationship with a disadvantaged youth can provide structure and interpersonal 

resources that may be lacking in the student’s life. Within an informal program, facilitators and 

instructors have the flexibility to provide such a relationship to students who they believe might 

need such a resource. If a program is not overly structured, then it can be tailored to meet 

individual needs for the participants. Another concern is the level of care students perceive from 

their instructor. “Caring” behaviors, according to students, include setting expectations in line 

with individual student skills, providing constructive feedback, and promoting democratic 

discussion (Wentzel). Students who feel that the instructor cares about them tend to be more 

social adept and perform better academically (Wentzel). As far as the peer-to-peer relationships, 

both the experts and the participants agree that a key benefit of informal education is the 
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opportunity for students to collaborate in their learning (Fadigan and Hammrich, Cavallo et al, 

Armstrong). ISE programs can provide students with a framework around which they can build 

social skills that will benefit them inside and outside of the classroom. Ideally, the material being 

covered and the activities being done will allow students to engage both with the material and 

each other.  

The learning environment is another critical component that must be properly calibrated 

in order to have an effective program. For an informal education program, inquiry-driven 

learning is essential to maximizing the benefit for students (Cavallo et al, Hofstein). Problem-

based and inquiry-based learning (IBL) are both learner-centered techniques where the student 

drives the questions being asked and the discovery of information. The major difference is that in 

an inquiry-based environment, the facilitator may act as a source of information, whereas in a 

problem-based model, the students are entirely responsible for finding what they need in other 

resources (Savery). Inquiry-based learning is common in science education because the nature of 

the material often requires that the instructor provide some amount of information to the 

students. A suggested cause for the effectiveness of informal education is the cognitive 

challenges and social development opportunities such programs provide (Cavallo et al). Inquiry-

based learning promotes social development and poses significant cognitive challenges, and has 

been shown to be have a significant positive impact on students’ scientific reasoning ability. In 

an effective IBL environment, the students will “conduct research, integrate theory and practice, 

and apply knowledge and skills to develop a viable solution to a defined problem” (Savery). The 

goal of an IBL approach is for students to develop the ability to find information and actually 

apply their knowledge to a given task. In an informal program with no grades and no set 

expectations or requirements, students are free to exercise creative license in developing their 
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solutions, which can help them engage more with the material and their peers. The activity 

examples included in this work will provide specific details about what inquiry-based learning 

looks like in this type of after-school program.  

Within an inquiry-based program, students are particularly engaged with their learning. 

They design experiments, ask questions, find information, and put it all together to create a 

tangible product designed to address their guiding question or problem. In such a program, it is 

important to ensure that the students are giving appropriate thought to the actions they are taking 

and not just playing around. Professor Avi Hofstein of the Weizmann Institute of Science in 

Israel refers to “hands-on” experimentation and “minds-on” reflection as the two components of 

effective learning in such a program. While students are engaged in “hands-on” activities, doing 

the research, making observations, and applying their knowledge, they must also take time for 

“minds-on” reflection whereupon they consider the reasoning behind and implications of what 

they are doing. An IBL model allows for both because students aren’t given a set of instructions 

or a procedure to follow, so they can engage in thinking about their approach as much as they 

engage in actually completing the activity.  

An additional advantage to the IBL approach is that there is a tremendous amount of 

flexibility in the material that a facilitator can choose to cover, so long as it is relevant and 

appropriate for the grade levels represented in the program. For a teacher run-program, the 

instructor may choose to design activities that are aligned with what is being done in the 

classroom, or with general material pulled from their existing curriculum. For community-based 

programs that don’t have access to the curriculum used in their learners’ classrooms, there are 

many different resources available that illustrate appropriate content for middle school students. 

This guide will refer to the education standards set by the state of Montana for middle school 
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science education. Montana students were near the very top on the most recent NAEP test of 

middle school science students, and the state standards are very explicit in the content to be 

covered and the skills students should develop at each grade level. For any community group 

looking to start an ISE program, the Essential Learning Expectations for Science published by 

the Montana Office of Public Instruction is an excellent starting point.  

The following activity plans will provide examples of ways to incorporate the principles 

of informal education into the daily operation of an afterschool program. These lesson ideas are 

meant to highlight the breadth of skills that students can begin developing in an effectively 

designed program. Each activity uses the actual science content as a framework to support an 

inquiry-based, collaborative learning environment. These lesson ideas can be implemented as-is 

and should also be used as templates for the creation of new activities to be included in a 

developing ISE program.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Neenan 13 
 

Activity #1: Cell Types and Components 

  

The purpose of this activity is to illustrate some major components of cells, the functions 

of those components, and the differences between animal, plant, and prokaryotic cells. In an 

informal setting, it may be beneficial for participants to draw connections between the science 

concepts they are learning and different things that they experience in there day to day life. This 

activity consists of three parts.  

 

In Part 1, the students will learn about cell components and create models of animal, 

plant, and prokaryotic cells that accurately illustrate the differences between each cell type. This 

is part science lesson and part art activity, and the types of models that students create can vary 

depending on the resources that the program can provide. Students could make drawings, clay 

sculptures, cutout diagrams, Lego models, etc. Whatever materials are used, the students should 

end up with three models representing the three types of cells that accurately reflect the 

differences between each type.  

 

In Part 2, the students will be asked to identify something from their life experience that 

is analogous to one of the cells they just created. The students will then make a model that 

demonstrates their analogy. Whatever they come up with, they should label the components of 

their new model to illustrate the relationships between the cell components and their new model. 

For example, a student could relate a plant cell with the school building. The street around the 

school is like the cell wall, the fence around the school is like the cell membrane, the library is 

like the nucleus and the books are DNA, notes they take from those books are like mRNA, the 

kitchen is like the mitochondria… Students may have any number of other analogous examples 

that they choose to represent instead.  

 

In Part 3, the participants will present their new model to the rest of the group and explain 

how what they created is related to a cell. They should be able to connect each component of the 

new model to its counterpart in their cell model.  
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Activity 2: Elements, Compounds, and Mixtures 

  

Activity 2 is an opportunity for students to be active, get some exercise, and observe 

some of the science in their everyday environment. At the beginning of the session, students 

should be introduced to the terms Element, Compound, and Mixture. An element is a substance 

made up of a single type of atom. Examples that students may bring up include oxygen or 

hydrogen gas in the air. A compound is a material that is made up of two or more elements 

which are chemically bound and cannot be physically separated into their constituent parts. An 

example that students may find is water, made up of hydrogen and oxygen atoms. A mixture is a 

material that is made up of two or more elements or compounds that are intermingled, but not 

chemically bound. The components of a mixture can be separated by physical means. Air is a 

mixture of various gasses, including hydrogen, oxygen, and nitrogen.  

  

After introducing the students to these concepts, give them time to explore outside to 

identify some examples. Ideally, there will be access to a playground, field, or park where the 

students can explore and make observations. Have the students attempt to find and classify ten 

things that are examples of elements, compounds, or mixtures. The students should take notes, 

because they will be asked to share their observations with the group.  

  

After students make their observations, have them come back together and share their 

findings. The kids should share what they found, how they classified, and how they justified their 

classifications. Encourage discussion and debate as to whether or not the classifications are 

appropriate.  
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Activity #3: Egg Drop 

 In this activity, groups of students will compete to design the most effective egg-

protecting devices they can from a certain set of materials. The activity is designed to promote an 

understanding of Newton’s third law and introduce concepts of experimental design. While this 

is a fairly common demonstration in middle school classrooms, this activity will expand upon the 

typical version by requiring students to complete a small-scale proposal to justify their intended 

design.  

  

The first part of this activity is an explanation of Newton’s third law, which is that every 

action, or force, in nature, there will be an equal and opposite reaction. So, if object A hits object 

B with a certain amount of force, object B will respond by providing an equal amount of force 

against object A. In the context of the egg drop, the egg container hits the ground with a certain 

force, and the ground acts back upon the container with equivalent force.  

  

The students’ goal is to create a device to hold an egg and protect the egg from breaking 

when the device is dropped from a high point. Drop locations can be from the top of a ladder, the 

top of a jungle gym, the roof of the school, or some other reasonably accessible place. In 

designing their devices, students should have a set list of materials available to use. Those 

materials should be broken into three categories: containment vessels, filler material, and binding 

material. Examples of containments vessels include small plastic containers, empty plastic 

bottles, small cardboard boxes, etc. Filler materials could include gelatin, Styrofoam, packing 

peanuts, tissue paper, or other materials that could be fit to the inside of the container. Binding 

material should be things like glue, tape, and yarn that students could use to secure their devices.  

  

This will be a two-part activity, with the first day dedicated to device design and the 

second to the manufacturing and testing phases. Day One should begin with an overview of the 

egg drop activity and the physics behind it, i.e. Newton’s third law. From there, students should 

be placed into groups of 2-3, given the list of materials, and begin discussing designs. Students 

should submit a written proposal that includes a drawing of their design, the materials they 

intend to use, and a detailed justification of why they chose each material. The proposal is an 

opportunity to increase the depth of inquiry that students pursue. Feedback should be provided 

while the students are working to challenge them to provide deeper analysis of their chosen 

materials. Ideally, final proposals will link each chosen material to the initial physics overview. 

For example, if a group were to choose gelatin as their filler material, they would be expected to 

justify that choice based on how they believe the gelatin will reduce the force felt by the egg. An 

answer that only refers to gelatin as the best option, or the softest, or something along that line, 

would be insufficient and could lead to a rejected proposal.  

  

On Day Two, each group should be provided with their requested materials and have a 

chance to put together their design. Once all the groups have finished building, proceed to the 

drop site.  

  

Spreading this activity across two days serves two purposes. First, it allows the students 

more time to conduct meaningful inquiry into the design of their device and the related physics 

principles. Second, it should minimize costs by providing an exact outline of the required 

materials. 
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