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ABSTRACT 

 Studies have shown experiential learning to be an effective instructional strategy, 

particularly for science education. Likewise, outdoor education has been shown to improve 

children’s mental and physical health, and environmental education seems to make children 

more likely to choose environmentally sound practices, even into adulthood. Field trips that 

teach biology in outdoor spaces unify these benefits. The Our River Project was an effort to 

create such a field trip opportunity for upper elementary students in San Marcos, Texas and 

determine if it makes a difference for our students. Working in conjunction with the 

Edwards Aquifer Habitat Conservation Plan and Travis Elementary School, a day-long field 

trip for 4th graders that focuses on river ecosystems and water conservation was designed, 

implemented, and studied. The efficacy of Our River field trips were tested using a mixed-

methods pre-test/post-test research design; before and after the field trip, students took a 

survey that measured conservation attitudes, science attitudes, and TEKS curriculum 

knowledge. It was hypothesized that these field trips would create more positive attitudes 

toward science and conservation and increased scores on relevant standardized test 

questions. Quantitative data showed little change in these categories, so these hypotheses 

could not be supported. However, the qualitative results showed promising growth and 

enthusiasm in the students who participated in the field trip, so further research is 

recommended for this topic.  
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INTRODUCTION 

Formal learning is often described as the learning that takes place in school while 

informal learning is learning that happens outside the classroom. Dr. Haim Eshach of Ben 

Gurion University in Negev, Israel is a leading researcher in science education and has paid 

particular interest to bridging in-school and out-of-school learning. Eshach (2006) argues 

that these common definitions are too simple, so he further divides what is generally labeled 

as “informal learning” into two categories: informal and non-formal. He describes formal 

learning as such: at school, structured, prearranged, extrinsically motivated, compulsory, 

teacher-led, evaluated, sequential, and often repressive. Informal learning, Eshach maintains, 

is the learning that happens everywhere. It is spontaneous, learner-led, non-sequential, and 

voluntary. This is the learning that happens at home and on the playground. It is 

unstructured and never evaluated, the type of learning that children are constantly 

experiencing. 

Eshach’s new category of non-formal education is the kind of learning that is most 

under evaluation here because it is typical of field trips. Non-formal education, according is 

Eshach, takes place in institutions outside of school: places we occasionally visit like zoos, 

planetariums, museums, or science centers. This learning can be characterized as somewhere 

between formal and informal. The motivation is less intrinsic than informal but certainly less 

extrinsic than formal. It is guide- or teacher-led, but it is usually not evaluated. Non-formal 

learning carries the benefit of being a structured experience for learning that is seen as fun to 

students, so they are excited to learn. 

Eschach (2006) does a great job of delineating the three types of learning children 

experience; however, his description of “informal” and “non-formal” learning is confusing 

because it does not match the common vernacular in the education field. His “non-formal” 
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learning describes what goes on at an institution of informal education. Although what 

Eschach calls “informal learning” does occur and is important for children, for the purposes 

of this paper, the term “informal learning” will be used to describe what he would call “non-

formal,” the type of learning that occurs in these institutions (as is generally accepted). 

Field trips create a special scenario where all three forms of learning can be 

incorporated by taking a class of students out of the classroom and into some kind of 

informal learning institution. The purpose of this project was to create a field trip 

opportunity for upper elementary students in San Marcos, Texas. Working in conjunction 

with the San Marcos Nature Center, the Edwards Aquifer Habitat Conservation Plan, and 

Travis Elementary School, a day-long field trip for 4th graders focusing on river ecosystems 

and water conservation was designed, implemented, and studied. Students were surveyed 

about their attitudes toward science and conservation to see if field trips can make a positive 

difference in these areas. They were also be tested on science knowledge in a way that 

mimics the 5th grade State of Texas Assessments of Academic Readiness, or STAAR, the 

standardized test all students take in the state of Texas. By completing these questionnaires, 

students could demonstrate how effective the Our River Project is at 1) teaching TEKS 

(Texas Essential Knowledge and Skills) curriculum and 2) developing positive attitudes 

toward science and conservation. 
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BACKGROUND 

At one time, field trips were seen as a vital part of education. Children piled into 

yellow school buses to experience a historical site, aquarium, or theatrical production. 

However, 2001 marked a year that would dramatically change the way schools taught 

children. The No Child Left Behind Act of 2001 required states to implement regular 

standardized testing and has since led to many changes in the operation of public schools. 

Just one of these is the typical regard of field trips, which can be viewed as a waste of time 

better spent on improving math and literacy skills. As a result, field trips have seen a 

dramatic decline. To illustrate, Cincinnati arts organizations reported a 30% drop in student 

attendance between 2002 and 2007, and the American Association of School Administrators 

found that half of schools in the United States had eliminated field trips entirely for 2010-

2011 (Greene et al. 2014). 

Despite 2001 marking a paradigm shift in education and the fate of field trips, the 

development of standardized testing in the United States is deeply engrained in our 

educational culture. Legislation like this is not particularly novel, and No Child Left Behind 

was a long time coming. As far back as the mid-19th century, public education advocates 

began calling for standardized tests, and students were regularly tested in subjects like 

spelling, math, and geography. At the start of the 20th century, the industrial revolution 

paved the way for mass education, and just as manufacturers embraced the assembly line for 

quick production, educators and psychologists were looking for faster ways to assess 

intelligence than lengthy written work.  

In 1900, the College Entrance Examination Board was formed, and this group would 

have a huge influence on education and testing throughout the 20th and now into the 21st 

century. Now simply called College Board, this institution has created consistent standards 
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for all high school graduates to master in order to pursue higher education. In 1926, the 

College Board saw need for a faster way to assess college applicants and introduced the 

multiple-choice Scholastic Aptitude Test, or SAT (Mathews, 2006). 1936 marked a pivotal 

year for testing when the first scanning machine was invented, automating the grading 

process and making the ubiquitous and all-too-familiar bubbling of answer sheets possible. 

Once the United States became involved World War I in the 1940s, the pressure was on to 

make quick decisions, and the original College Board tests were abandoned entirely in favor 

of the multiple-choice SAT. Essays would not reappear on any college entry exams until the 

1955 introduction of Advanced Placement tests. Then in 2005, the SAT added its own 

writing component. (Mathews 2006 and Fletcher 2009). 

In 1965, President Lyndon Baines Johnson passed the Elementary and Secondary 

Education Act (ESEA) as part of his “War on Poverty.” This legislation allocated federal 

funding for schools and established a national curriculum in an effort to provide equal 

educational opportunities to all children and ultimately lessen the achievement gap between 

race and class strata (Elementary and Secondary Education Act, 2013). Prior to this act, the 

federal government had little role in education, which had been considered a local issue. 

Then College Board put out a report in the mid-1970s that said SAT scores had been falling 

for the past decade, and the national drive to improve schools really began. Throughout the 

next few decades, politicians on both sides of the aisle called for more rigorous schooling to 

raise the nation’s competency in subjects like math and literacy and, in turn, improve state 

and national economies (Mathew, 2006). 

The Elementary and Secondary Education Act has been reauthorized three times 

since its creation. These reauthorizations were the Education Consolidation and 

Improvement Act of 1981, the Improving America's Schools Act of 1994, and finally the No 
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Child Left Behind Act of 2001 (ESEA, 2013). In order to track progress, a standardized 

form of assessment was necessary. No Child Left Behind was an effort of Congress to 

reform public education by requiring each state to implement standardized reading and math 

tests for certain grade levels. Although this sort of assessment was already happening in 

many places, NCLB was the first requirement for all states to adopt a form of standardized 

testing for federal assessment purposes. Schools are now held accountable for student 

performance on these tests, and schools that improve achievement are rewarded with 

bonuses while those who fail to improve are sanctioned with federal funding reductions (No 

Child Left Behind Act of 2001, 2002). It set the high, if not impossible, goal of 100% 

reading and math competency by 2014. Since NCLB was enacted, school funding, teacher’s 

bonuses, and students’ passing or failing of grade levels all depend on these test scores. 

Considering the high-stakes nature of testing, it is easy to see why many schools now 

approach teaching with the specific goal of raising test scores. In the wake of NCLB, 

students are more likely to spend their time working through pages and pages of multiple-

choice questions than having hands-on learning experiences that engage them in literature, 

math, science, or history. Meanwhile, subjects like art, theatre, music, family and consumer 

sciences, career and technology, agricultural science, and even physical education have seen 

enormous budget cuts—if not total elimination.  

Even the core subjects of science and history have seen detrimental effects. Because 

NCLB uses math and reading scores for school and teacher accountability, schools have 

spent more time in these areas at the expense of other subjects. In fact, the Center for 

Education Policy reports that 71% of elementary schools have reduced instructional time in 

other subjects, social studies being the most affected (Jennings 2006). In a study of 349 

school districts across the nation, the Center for Education Policy found that 58% of 
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districts increased instruction time in elementary schools for English Language Arts, and 

45% had increased time for Math. This may sound like progress, but additional time in one 

subject means time lost in another. The same study found that 36% of elementary schools 

have decreased the time spent instructing Social Studies and 28% decreased time for Science. 

The number of school districts reducing Social Studies and Science, which are considered 

core academic subjects, was even greater than the 16% reducing Art and Music and 9% that 

reduced Physical Education. 

All reductions considered, elementary schools in the study devoted an average of 503 

minutes each week to English language arts, 323 to math, 178 to social studies, 178 to 

science, 110 to art and music, 105 to physical education, 142 to lunch, and 133 to recess 

(Jennings 2006). Reading and writing skills are important for children to learn, but spending 

less than half the amount of time teaching Science or Social Studies as we do English 

Language Arts is not preparing students to be socially-engaged, scientifically-literate citizens 

in a world that is becoming more interconnected and technological by the day.  

Even within the subjects that tend to be focused on, the material taught reflects the 

importance placed on test results.  In the same comprehensive study by the Center for 

Education Policy, administrators reported that their districts changed the curriculum to put 

more emphasis on tested material (McMurrer 2007). Elementary schools, middle schools, 

and high schools all reflect this trend. This includes 41-50% reporting that they have 

changed their English Language Arts curriculum “to a great extent” and another 34-36% 

that has changed it “somewhat.”  Educator and researcher Michaela Minarechová (2012) 

comments: “High-stakes testing means that teachers will spend class time teaching only the 

material to be found on the test or coaching students on test-taking strategies and how to 

choose correct answers. Not only does this devalue an interdisciplinary education, it 
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encourages an over-simplistic view of education and the role teachers and schools play in 

society.” 

Needless to say, this legislation is affecting the education system. Movements like 

Colorado’s “Free Our Teachers, Value Our Students” campaign are popping up nationwide, 

often led by teachers who are disenfranchised with the way things are going in their schools. 

Policy-makers are hearing the call. One reform aptly called the No Child Left Inside Act was 

introduced in July of 2013. This act further amends the Elementary and Secondary 

Education Act of 1965 to award competitive grants and sub-grants for schools to implement 

environmental literacy plans through environmental education programs and related teacher 

training. In particular, it encourages partnerships between schools and other institutions, 

including those of higher education and informal learning. It also emphasizes the ability for 

environmental education to support science and mathematics learning and prepare students 

for postsecondary education and careers. In the senate, the bill has been referred to the 

Committee on Health, Education, Labor, and Pensions. An identical bill was also introduced 

in the house and has been referred to the House Committee on Education and the 

Workforce. Unfortunately, no further action has been taken since the month these bills were 

introduced (No Child Left Inside Act of 2013, 2014).  

 

  



	  
	   	   	  

8	  

LITERATURE REVIEW 

 
In order to develop Our River Project to its full potential, an expansive collection of 

previous research was reviewed. The following studies informed the development of the Our 

River field trips in either theory or practice: 

Pinder (2013) conducted a qualitative study on teachers’ attitudes toward No Child 

Left Behind and increased testing. Of her participants, 100% found NCLB to be unrealistic, 

and 75% found the “barrage of testing” to be ineffective. They also expressed feeling 

pressured to “teach to the test” and concern that the needs of disadvantaged students were 

not being met. Teachers are expected to boost test scores and are thus focused on teaching 

to the test rather than creating life-long learners who are engaged in the material. As a result, 

Kerra Maddern of the Times Educational Supplement (2011) reported that science 

experiments and field trips are in decline due to exam pressure. A science teacher Maddern 

interviewed, Greg Jones, expressed worry about children just wanting to be “told the 

answer” instead of finding it themselves. Chris King, another teacher in Maddern’s article, 

went on to exert, “Schools are good at getting children to pass exams; they are not so good 

at producing scientists.”  

Informal education institutions, on the other hand, “can generate a sense of wonder, 

interest, enthusiasm, motivation, and eagerness to learn, which are much neglected in 

traditional formal school science” (Eshach 2006). This cultivation of interest is essential to 

get students intrinsically motivated to learn. They also provide the opportunity for patrons to 

engage in the content in a non-threatening environment where they will not be tested. This 

allows students to ask questions and think critically without fear of being wrong. Ramey-

Gassert (1996) claims that students in science centers are welcomed to take on challenging 
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tasks, which he says may be especially important for girls who are curious about science but 

intimidated by its difficulty and male-dominated nature. 

Students who have positive attitudes toward a subject are more likely to pursue 

further learning and eventual careers in that subject, and informal learning institutions play a 

critical role in cultivating those attitudes. Jarvis and Pell (2002) examined this correlation by 

studying the attitudes of 10- to 11-year-old students who had visited the Challenger space 

simulation. The authors found that students were more enthusiastic about science and 

appreciated its importance in the larger context of humanity. After the simulation, 24% of 

these students were also more positive about the idea of pursuing a scientific career in the 

future. 

 In addition to improving students’ attitudes toward science, field activities can 

improve their environmental attitudes. A study by Cheng and Monroe (2012) investigated 

the attitudes of 4th graders in Brevard County, Florida toward a mandatory environmental 

education program called Lagoon Quest. Authors found four factors that positively 

influenced children’s interest in participating in environmentally friendly practices: 1) having 

a connection to nature, 2) having prior experience in nature, 3) perceiving their family as 

valuing nature, and 4) feeling control over their own actions that affect nature. Results of 

this study suggest that feeling connected to nature is the highest indicator of a child’s 

likelihood to participate in nature-related activities and environmentally-friendly practices. 

Three indicators were found to be correlated with children feeling connected to nature: 

living near natural areas, previous experience in nature, and having a sense that they could 

personally help the environment. The study concluded that hands-on environmental 

education enhances children’s affective attitude toward the environment and makes them 

more interested in protecting nature. A field trip to the San Marcos River takes advantage of 
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all three of these indicators. Students are able to see natural areas they live near, have a 

memorable experience within those natural areas, and learn about the ways their own actions 

affect riparian ecosystems. It can thus be predicted that such a field trip would make children 

feel connected to nature, enhance their affective attitude toward the environment, and in 

turn make them interested in protecting nature. 

 A case study that particularly informed the development of Our River Project was 

written about an environmental education program called Project Connect in East Feliciana, 

a parish in Louisiana with high levels of poverty, a low tax base, and low teacher salaries. 

When NCLB was passed in 2001, 80% of East Feliciana’s K-8 students were performing 

below average in at least one core subject (Emekauwa, 2004). In an attempt to improve these 

persistently low test scores, the school district developed Project Connect, a place-based 

learning initiative. Initially focused on science, the program soon expanded to mathematics, 

social studies, and language arts. Project Connect used environment as a theme, and students 

studied “local soil, rocks, and minerals, ecology, topography, weather, biodiversity, and water 

quality…nature trails and butterfly gardens…[and] local geography and history” (Emekauwa, 

2004). Schools collaborated with community entities, including the State Office of Forestry, 

Natural Resource Conservation Service, United States Geological Survey, Regional 

Watershed Alliance, local preservation and historical associations, and colleges and 

universities. 

 Two middle schools and three elementary schools took part in Project Connect. 

Over all five schools, the percentage of students performing unsatisfactorily on state and 

district science assessments dropped from 18.2% and 27.5% in 2000 to 14.5% and 19.4% in 

2002, respectively. In 4th grade science, East Feliciana saw an 8.1-point decrease in the 

number of students getting unsatisfactory scores while the state saw an overall decrease of 
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only 3.7 points. Slaughter Elementary had the greatest individual school success. In science, 

the percentage of students scoring unsatisfactory at Slaughter dropped from 17.4% to 2.9% 

on district assessments and from 18.2% to 14.5% in state assessments (Emekauwa, 2004). 

Even if East Feliciana’s test scores still fall behind state averages, they made incredible 

strides by implementing place-based learning. Students not only performed better on 

standardized tests but also remembered the things they learned during their field trips year 

after year, were enthusiastic about their experiences, and made connections with their 

community. Project Connect made the kind of difference in East Feliciana County, 

Louisiana that the Our River Project set out to make in Hays County, Texas. 

 Khawaja (2003) measured the environmental attitudes of 4th grade students using an 

altered version of a survey developed by Malkus and Musser in 1994. Four 4th grade classes 

were surveyed, two from a school that utilized hands-on learning in outdoor settings for 

environmental science and two from a school that used textbooks and worksheets in the 

classroom. Students who partook in hands-on, outdoor learning showed a more positive 

inclination toward the environment, with statistically significant correlations in the categories 

of Environmental Conservation and Ecological Conservation. (Results were not significant 

for Land Use Management or Resource Management.) They also reported that young 

children get most of their information from television and are more aware of distant or 

global environmental issues than local ones, which further indicates the importance of taking 

students on environmental field trips to expose them to the problems in their own 

backyards. 

 Personal interest and motivation are key factors in student success in STEM fields, 

so science field trips should serve to cultivate that interest and motivation. Mohr-Schroeder 

et al. (2014) report that prior to 8th grade, many students conclude STEM subjects are “too 
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challenging, boring, and/or uninteresting.” However, according to the President’s Council of 

Advisors on Science and Technology (PCAST), “students who express interest in STEM in 

eighth grade are up to three times more likely to ultimately pursue STEM degrees later in life 

than students who do not express such an interest” (PCAST 2010; qtd in Mohr-Schroeder et 

al. 2014). In their study, Mohr-Schroeder et al. (2014) looked at See Blue STEM Camp, a 

week-long summer camp for 5th-8th grade students designed to provide fun and engaging 

STEM experiences. See Blue STEM Camp hoped to increase interest and enthusiasm toward 

STEM subjects, particularly in demographic groups that are historically underrepresented in 

STEM careers (women and people of color). The study utilized a pre- and post-survey for 

quantitative data administered before and after the camp. This survey used a 4-point Likert 

scale to measure “students’ perceptions, attitude, and confidence toward STEM fields.” 

Authors also collected qualitative “Respect and Feedback” forms after each session and a 

post-camp survey for parents. Overall, there was a 3.1% increase in student interest in a 

STEM career. While this may seem like a small increase, this is among students who already 

elected to attend a STEM summer camp and likely already aspired to STEM careers. The 

qualitative responses from students continually praised the camp for it’s hands-on and 

interactive activities. Over 90% of the students found the sessions to be “fun,” “interesting,” 

“cool,” or “awesome.” 99% of students enjoyed the LEGO Robotics portion of the camp, 

particularly due to its challenging and competitive nature. 99% of students indicated that 

they would like to return to the camp next year, and 100% of parents said they would 

recommend the camp to others. 

 A similar study performed in Athens-Clarke County, Georgia examined how an 

environmental education program affects children differently based on their age, gender, and 

ethnicity. Larson et al. (2010) used the Children’s Environmental Perceptions Scale in an 
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exploratory study of 6- to 13-year-old children from various demographic groups. Children 

participated in a one-week program at the State Botanical Garden of Georgia and were 

surveyed before and after on their “eco-affinity, eco-awareness, and environmental 

knowledge.” Surveys were also administered to a control group of students who did not 

participate in the program. Open-ended questions and short interviews were included to 

provide qualitative data. Pre-test results showed no differences between male and female 

participants but did indicate significantly lower eco-affinity in children 10-years-and-older. 

This supports choice to take 4th graders (aged approximately 9- to 10-years-old) on this field 

trip. Biophilia, “an inherent passion for the natural world that all humans possess at an early 

age,” appears to diminish around this age if not actively stimulated and supported (Larson et 

al. 2010), so 4th and 5th grade is an especially important time for environmental and outdoor 

education. 

 Pre-test results also showed lower scores for African American students than for 

white students in environmental knowledge and eco-awareness (Larson et al. 2010). 

Environmentalism in America has been widely (and falsely) viewed as a “white 

phenomenon.” Larson et al. (2010) discuss the effects socioeconomic background has on 

students’ previous outdoor experience, which is the likely cause for differences across 

ethnicities. However, after the week of environmental education, qualitative results further 

supported quantitative data that showed all students improving in all three areas. One 10-

year-old black boy said, “At first I wasn’t really interested in nature, but when I started 

coming to Eco-Camp, I started liking nature a lot more than I used too.” This shows that 

outdoor field trips for science may be particularly important for minorities and other 

children in low socioeconomic areas. 
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 Post-test results in this study showed significantly higher eco-affinity and 

environmental knowledge levels across gender, age, and race/ethnicity groups (Larson et al. 

2010). Authors suggest that environmental education programs in parks or other recreation 

areas are “ideal forums for stimulating positive environmental orientations in a diverse group 

of children.” Interviews with students indicated that the children enjoyed their time at the 

Eco-Camp: 79% said they would return given the opportunity, with 73% indicating that it 

was because the program was fun. 78% additionally said the experience changed the way 

they felt about nature in some way (Larson et al. 2010). This shows the impact an enjoyable 

outdoor experience can have on science education and attitudes toward science and 

conservation. 

 Rios (2014) further emphasizes the importance of outdoor education for science 

achievement, reporting that spending time outdoors benefits children’s cognitive, physical, 

and emotional development. Outdoor play appears to affect student attitudes and behavior 

in the classroom while developing their appreciation of nature, which can last well into 

adulthood. Rios (2014) recommends five scientific processes in particular that can be built 

into environmental education activities to build basic science skills: observing, classifying, 

measuring, communicating, and inferring, so Our River Project works to include each of 

these processes in its field trip activities. 

Kisiel (2005) investigated the reasons teachers gave for taking their students on field 

trips. He found eight primary motivations: teachers see field trips as an opportunity to (1) 

connect with their curriculum, (2) provide a new type of learning experience, (3) create a 

memorable experience, (4) foster student interest, (5) provide a change in routine, (6) 

promote lifelong learning, (7) reward or create enjoyment for students, and (8) satisfy school 

requirements. However, Griffin and Symington (1997) found that although teachers plan 
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field trips, they do not fully recognize the educational opportunities informal education 

institutions provide. The authors found that teachers often have no specific learning 

objectives for their trip and have trouble drawing direct connections to the curriculum. 

Furthermore, the authors note, teachers are sometimes uncomfortable taking students out of 

their classroom environment, expressing concerns about getting lost, being unable to 

manage the children, or being asked questions they do not know how to answer. 

There is also an apparent generational difference in the view of field trips. A survey 

of teachers in Arkansas found that teachers who had been teaching for less than 15 years 

listed “enjoyment” as the primary purpose of a school outing while their more senior 

counterparts listed “learning opportunities” as the main reason to take a field trip (Greene et 

al. 2014). This may offer not only further explanation for the overall decrease in field trip use 

in schools but also insight into the observed shift in field trip destinations. In recent years, 

schools are more likely to take groups of children to sporting events and other places of 

amusement as a reward for achieving academic goals (such as scoring well on standardized 

tests) than to take them to art galleries, science centers, or historic sites with particular 

learning objectives or instructional goals in mind (Greene et al., 2014). 

This current attitude toward field trips must be changed. Only when teachers and 

students see field trips as educational experiences where students may learn the curriculum 

and enjoy themselves can they be successfully implemented in schools. Field trips need not 

be used merely as reward. Rather, they can and should be a teaching strategy that is 

integrated into curriculum and lesson planning. If administrators recognize the value of 

educational experiences for learning and teachers take full advantage of that experiential 

learning, the field trip as an instructional approach may be more accepted in this high-stakes 

testing culture. On the other side of the process, if institutions of informal education made a 
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greater effort to design their tours and activities to adhere to stand curriculum standards, 

there would be even more justification for teachers to bring their students. Only through 

collaboration and a paradigm shift in the way we approach education may the drop in field 

trip use as a result from No Child Left Behind be corrected. Our River Project was designed 

to involve both teachers from San Marcos elementary schools and employees from the 

Edwards Aquifer Habitat Conservation Plan (EAHCP), the San Marcos Aquatic Resource 

Center (SMARC), and the Guadalupe-Blanco River Authority (GBRA) Surface Water 

Treatment Plant in San Marcos to create an outdoor experience for children to learn about 

their local environment that teaches state curriculum items while also positively affecting 

their attitudes toward science and conservation. 
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OUR RIVER FIELD TRIPS 

 
The Our River field trips consisted of three sections that students participated in 

throughout the day. First was a tour of the Surface Water Treatment Plant in San Marcos, 

Texas; second was a tour of the San Marcos Aquatic Resource Center; and third was a river 

walk where students participated in different activities facilitated by the EAHCP 

Conservation Crew. This portion of the field trip consisted of five individual stations in 

three locations along a half-mile stretch the San Marcos River. The two tours took about an 

hour each, followed by a half-hour for lunch, and then the two-hour river walk. From pick-

up to drop-off, the field trip took about 5 ½ hours, running from 8:30am to 2:00pm. 

 

Surface Water Treatment Plant 

The Surface Water Treatment Plant prepares water from Lake Dunlap for 

distribution throughout the cities of San Marcos, Kyle, and Buda. This facility is , operated 

by the Guadalupe-Blanco River Authority (GBRA), which manages municipal water use for 

the Guadalupe River as well as its tributaries and lakes. Students participated in two activities 

at the plant: a tour of the facilities and a GBRA map talk. 

The tour began with a laboratory demonstration of how the machinery mixes raw 

water to remove larger contaminants. A plant employee measured various amount of 

chemical treatment and added it to a series of beakers with untreated water. He placed the 

beakers in a machine that mixes water in several beakers at once to complete what is known 

as a jar test. As the water is stirred, negatively-charged and positively-charged particles are 

pulled together to form flock, which settles to the bottom, leaving clear water on top. Jar 

tests were performed and the students each got to take a closer look before heading outside 
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to see the full-scale version. Students were they them shown the sand and charcoal gravity-

filters and the chlorine treatment tanks, where the next steps of water treatment take place. 

The employee finished the tour with a discussion about working as an engineer in the water 

treatment industry. 

Outside, an educational director from GBRA gave a map talk about the Guadalupe-

River Basin, explaining how water flows from the Trinity and Edwards Aquifers through 

several rivers (including the San Marcos and Comal Rivers commonly used for recreational 

activities in central Texas) and eventually to the Gulf of Mexico. She also talked with the 

students about the effects of droughts and flooding, the importance of water conservation, 

and the ways anyone can save water at home. She sent everyone home with a mirror-cling to 

put in the bathroom that reminds you to turn the water off while brushing your teeth. 

 

San Marcos Aquatic Resource Center 

The San Marcos Aquatic Resource Center (SMARC) is a research facility run by U.S. 

Fish and Wildlife that works with endangered species including the Texas blind salamander 

(Eurycea rathbuni), San Marcos salamander (Eurycea nana), fountain darter (Etheostoma fonticola), 

Devil’s River minnow (Dionda diaboli), and Texas wild-rice (Zizania texana). Local biologists 

research the species to learn about the conditions they can tolerate while also breeding the 

specimens. The information learned is invaluable for environmental management plans in 

central Texas, and keeping a reserve population of endangered species allows them to 

restocked in the wild in case of emergency. This is how the fountain darter was repopulated 

in the Comal River after a historically disastrous drought in the 1950s. One current project 

SMARC participates in is growing Texas Wild-rice, which is regularly replanted in the upper 

San Marcos River. 
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Biologists took students on a tour of their facilities, talking about each of these 

unique local species. The children got an up-close look at several animal species that the 

average person would never get a chance to see while also learning about the career of a 

conservation biologist. One highlight was a table of preserved specimens in jars that the 

students were able to pass around to really examine some of the rare and interesting 

creatures that live in the San Marcos River. During this activity, the U.S. Fish and Wildlife 

employees explained the dangers of dumping home aquariums into the river because it 

introduces non-native species to the ecosystem. They welcomed the students to bring any 

unwanted pet fish to SMARC for them to relocate appropriately.  

 

River Walk: Station One 

At City Park, students sat along the water for Station One, which focused on three 

main ideas: litter, erosion, and invasive plants. Here, two Conservation Crew members talked 

to the students about the damage litter causes in the river, using an EAHCP sign to illustrate 

(Appendix C, pg 57). Then students participated in a litter scavenger hunt, pointing out 

aluminum cans, plastic bottles, snack packaging, and Styrofoam cups that had been placed in 

the water and along the banks. 

Station One took place on a newly built limestone access point for the river, so the 

Conservation Crew members explained why these stair step structures are being built. Access 

points create a designated place for people to get in the water for swimming, tubing, and 

kayaking so that they do not trample plants, encounter wildlife, or push sedimentation into 

the river. This segued into a discussion about erosion and the difference between native and 

non-native plants. Native trees and grasses along the side of the river help hold the 

sediments into place, and increased sediments on the river floor encourage the growth of 
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invasive plants that outcompete native ones. Conservation Crew members pointed out the 

invasive hydrilla (Hydrilla verticillata) and hygrophylla (Hygrophila polysperma) plants in the water 

and explained that these plants were likely introduced from aquarium dumping and will 

overtake an area, killing native plants like Texas wild-rice (Zizania texana).  

 

River Walk: Station Two 

The next station was at Sewell Park, where two more Conservation Crew members 

walked students across both footbridges that cross the river to get a look at Texas wild-rice. 

They explained to students that this is an endangered plant that only grows in the upper San 

Marcos River. It is an endemic species that exists nowhere else on Earth. They discussed its 

ability to reproduce both sexually and asexually, but explained that only sexual reproduction 

allows for the genetic variation needed for adapting to a changing environment. They 

pointed out submerged Texas wild-rice stands that were reproducing asexually through tillers 

as well as the flowering stands that could sexually reproduce if left undisturbed. 

In Station Two, students got the opportunity to reach out and touch Texas wild-rice. 

The Conservation Crew members explained that it is a protected species, and it is normally 

illegal to touch or harvest it. However, since EAHCP is permitted to do so, together they 

examined the seeds and flowers. During this station, Conservation Crew members 

emphasized the importance of Texas wild-rice for keeping the ecosystem healthy for other 

endangered species as well, using another EAHCP sign to illustrate (Appendix C, pg 58). 

The federal protection of Texas wild-rice is also what keeps our river full and available for 

recreation, which further encourages the citizens of San Marcos to protect it.  
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River Walk: Station Three 

After Stations One and Two, students were walked to a third location where the 

three remaining stations were all located. Station Three, EAHCP supervisor Melani Howard 

stood in front of an iconic local waterfall that flows over a historic man-made dam 

separating Spring Lake from the rest of the San Marcos River. Here she talked about the way 

water moves from underground in the Edwards Aquifer, bubbles up through the San 

Marcos Springs in Spring Lake, flows over the two dams and then makes its way through 

San Marcos and beyond. She emphasized the karst geography of central Texas and explained 

that the Edwards Aquifer is made of limestone, a porous rock that is full of little holes and 

caves. To illustrate, she used a map of the Edwards Aquifer recharge zone (Appendix C, pg 

59) and passed around a chunk of limestone to give students a hands-on look and feel.  

Howard explained how animals like the Texas blind salamander (Eurycea rathbuni) live in 

those holes and caves and how the limestone works as a powerful filter to clean the water. 

With the help of Howard and a Conservation Crew member, students performed a clarity 

test by throwing brightly colored rocks over the ledge and into the river. They saw how clear 

the water is because they could see the rocks even several feet down on the river floor. This 

station also reinforced what students have learned about the never-ending water cycle. She 

explained the dye tests scientists have performed to track water through the aquifer, which 

suggest that water falling as rain in the recharge zone could be stored in the aquifer for over 

a hundred years before reemerging through the springs. 

 

River Walk: Station Four 

At the second Upper Sewell station, a Conservation Crew member talked to students 

about the temperature of the water in the San Marcos River. This activity was designed to be 
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investigative, making students make predictions and take measurements. Because the 

headwaters of the San Marcos River are located in San Marcos, the water is 72° F year-

round. The Conservation Crew member leading the station asked students to guess the 

temperature of the water then provided pairs of students with a thermometer to take 

temperature readings themselves. Here students got to take off their shoes, roll up their 

pants, and actually wade in the water to take their measurements. Students got readings 

ranging between 20° and 24°. This is when the station leader talked about the freezing point 

of water—Shouldn’t this water be iced over since it’s below 32°? She revealed that the 

thermometers were in Celsius, so they actually got measurements ranging between 68° and 

75° F. She explained that while weathermen use Fahrenheit to report temperatures, scientists 

use Celsius. The group discussed how being near the headwaters keeps the water a constant 

temperature despite seasonal changes. It was just underground being uniformly heated by 

the Earth. Drawing connections to the SMARC tour, she asked students to recall the species 

they saw and reminded them that the reason those endangered species can live in the San 

Marcos River (and no where else) is because it is so clean, clear, and constantly 72° F. This, 

she asserted, is what makes San Marcos so special and the river so worth protecting.  

 

River Walk: Station Five 

At the final station, an ex-Conservation Crew member talked to the students about 

invasive animal species. He showed the students live specimens of some of these non-native 

species and let the students touch a suckermouth catfish (Hypostomus plecostomus) and 

aquarium snails (Melanoides tuberculatus). He explained that these are both aquarium species 

that have been dumped in the river inappropriately. Because they have no natural predators 

in the area, they grow and reproduce, taking over the river and out-competing native species 
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that should be there. The students were able to compare pictures of small aquarium catfish 

to the large fish they become into with a memorable experience. The ex-Conservation Crew 

member who ran this station has gone on to become an independent contractor for the 

EAHCP, spear-fishing invasive suckermouth catfish and tilapia from the river and Spring 

Lake, so he was able to talk to students about taking his education in geography and biology 

and turn it into a fun career where he gets to be his own boss. 
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RESEARCH METHODS 

Our River field trips were scheduled for May 18-20, 2015. This week was selected 

because it is after standardized testing is finished in elementary schools. It is also necessarily 

after the spring semester ends at Texas State University. The Conservation Crew is a team of 

EAHCP employees composed almost entirely of Texas State students. Each summer, these 

employees start working as soon as their final exams are over. Normally, they perform 

conservation work on the river to maintain healthy Texas wild-rice populations, but they 

were brought into the Our River Project to serve as activity guides and environmental 

educators. On the first day of field trips, one class of fourth graders participated. Then two 

classes came on the second and third day, bringing the total to five classes. This was the 

entire fourth grade at Travis Elementary School. 

Classroom teachers distributed pre-test surveys approximately one week prior to the 

field trip taking place and post-test surveys approximately one week after the field trip had 

been completed. Science enrichment instructor Sara Torres collected both the pre-test and 

post-test surveys, and matched the two surveys taken by each child to one another. She also 

erased the names of students and replaced them with numbers. This allowed us to analyze 

data while keeping the students securely anonymous. 

The survey was designed to measure our three categories (science attitudes, 

conservation attitudes, and TEKS curriculum knowledge) without being too long or too 

verbose for 8- to 11-year-old children. Questions that measure attitudes were measured on a 

3- to 5-point Likert scale while questions that measure TEKS curriculum knowledge 

followed the multiple choice format with which students are familiar from standardized 

testing. The Our River survey student took is split into four sections. The first three sections 

measure the three categories and are each five questions long. Then a fourth section allows 
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the students to write a response to an open-ended question, adding a qualitative measure to 

the study. 

Part A measures the children’s attitudes toward environmental conservation and was 

adapted from the Children’s Environmental Attitude and Knowledge Scale (Leeming and 

Dwyer, 1995). Part B measures their attitudes toward science and was adapted from the 

Modified Attitudes Toward Science Inventory (Weinburgh and Steele, 2000). Part C 

measures their acquisition of relevant TEKS items. Texas Essential Knowledge and Skills, or 

TEKS, are the state standards followed by all public schools in Texas. For this section of the 

survey, questions related to Our River field trip topics were pulled from past STAAR tests. 

The State of Texas Assessments of Academic Readiness, or STAAR, are the standardized 

tests taken by students in Texas public schools. The first time science is tested by the 

STAAR is 5th grade, so 5th grade science TEKS are tested and were used in this survey. 

TEKS items are very similar between grades; even though these questions are a grade-level 

ahead, the same concepts are taught in 4th grade and are familiar to students in this study. 

Finally, Part D asked students to indicate one thing they knew about the San Marcos River. 

Although the first three sections were identical on the pre-survey and post-survey, Part D 

changed slightly. In the pre-survey, students were asked what they knew about the river, and 

in the post-survey, they were asked what they learned. The entire survey is included for 

reference (Appendix A). 

110 students participated in the Our River Project and took surveys. However, 18 

students were absent and unable to take either the pre-survey or the post-survey, so their 

surveys were discarded. Additional survey sections were discarded due to ambiguous answers 

or skipped questions. In the end, 81 matched surveys were used for Part A: Conservation 

Attitudes; 84 were used for Part B: Science Attitudes; and 90 were used for Part C: TEKS 
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Curriculum Knowledge. Although skipped questions made a survey invalid for Parts A and 

B, skipped questions were simply marked incorrect on Part C and the survey was still 

included. This was to follow standard STAAR test grading procedures.  

Each survey category was scored separately. Attitude scores for Parts A and B were 

measured on a scale of -10 to 10. Negative scores represent a negative attitude while positive 

scores represent a positive attitude. A score of 0 would indicate a neutral attitude toward 

conservation. Content knowledge (Part C) was measured on a scale of 0-5. A score of 0 

shows that the student got none of the STAAR questions right while a 5 would mean he or 

she correctly answered all five questions. 

Three T-tests were performed to assess changes caused by the experimental 

treatment. The null hypothesis for this study states that survey results will show no 

significant change after the Our River field trip. The three alternate hypotheses are as 

follows: HA1) students will report more positive attitudes toward environmental 

conservation after the Our River field trip, HA2) students will report more positive attitudes 

toward science after the Our River field trip, and HA3) students will score higher on a 

practice STAAR quiz over relevant TEKS after the Our River field trip. Answers to 

individual survey questions were also compared before and after treatment, including 

qualitative responses from Part D. 
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RESULTS 

 

T-Test Analysis 

Before the field trip, the average Conservation Attitude score was 7.44. After the 

field trip, the average Conservation Attitude score was 7.77 (Fig 1). The p-value for this T-

test is 0.19. Before the field trip, the average Science Attitude score was 5.55. After the field 

trip, the average Science Attitude score was 5.54 (Fig 2). The p-value for this T-test is 0.96. 

Before the field trip, the average TEKS Curriculum Knowledge score was 2.77. After the 

field trip, the average TEKS Curriculum Knowledge score was 2.60 (Fig 3). The p-value for 

this T-test is 0.22.  

 

 

Fig 1) Average student scores for Conservation Attitudes before and after the Our 
River field trip are graphed. The p-value for this T-test is 0.19. 
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Fig 2) Average student scores for Science Attitudes before and after the Our River 
field trip are graphed. The p-value for this T-test is 0.96. 

 

 

 

Fig 3) Average student scores for TEKS Curriculum knowledge before and after the 
Our River field trip are graphed. The p-value for this T-test is 0.22. 
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Question Comparisons: Part A 

Answers to each question on the survey were compared between the pre-surveys and 

post-surveys. Below, graphs depict the shift in how students responded to each Part A 

question after the Our River field trip (Figs 4-8). For Part A questions, students indicated the 

degree to which they agreed with a statement about their attitudes toward conservation. 

Answers ranged from “Definitely Yes” to “Definitely No.”  

 

 

Fig 4) Part A, Question 1: “The San Marcos River is a unique place that I care about.” After 
the field trip, more students answered “Definitely Yes” and fewer students answered 
“Somewhat Yes” or “Unsure.” No students disagreed during either survey. 

 
 

 
 
Fig 5) Part A, Question 2: “My everyday actions have an effect on the environment.” After 
the field trip, more students answered “Definitely Yes” and “Somewhat Yes” and fewer 
students answered “Unsure” or “Definitely No.” 
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Fig 6) Part A, Question 3: “I recycle things like aluminum cans, plastic bottles, and paper.” 
After the field trip, a few more students answered “Definitely Yes” and fewer students 
answered “Somewhat No” or “Definitely No.” 

 
 

 
 
Fig 7) Part A, Question 4: “I turn off the water while brushing my teeth.” After the field trip, 
more students answered “Definitely Yes” and fewer students answered “Definitely No.” 
 

 

Fig 8) Part A, Question 5: “Littering near the river hurts plants and animals.” Most students 
answered “Definitely Yes,” and answers remained relatively unchanged between surveys. 
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Question Comparisons: Part B 

Answers to each question on the survey were also compared between the pre-surveys 

and post-surveys. Below, graphs depict the shift in how students responded to each Part B 

question shifted after the Our River field trip (Figs 9-13). For Part B questions, students 

indicated the degree to which they agreed with a statement about their attitudes toward 

science. Answers ranged from “Definitely Yes” to “Definitely No.” 

 

 

Fig 9) Part B, Question 1: “Science is too difficult to learn.” After the field trip, more 
students answered both “Definitely No” and “Definitely Yes.” Fewer students answered 
“Somewhat No.” This question was reverse-scored, so “no” answers represent a positive 
attitude while “yes” answers represent a negative attitude. 
 
 

 
 
Fig 10) Part B, Question 2: “Science activities are fun and interesting.” After the field trip, 
fewer students answered either “Definitely Yes” or “Definitely No.” More students 
answered “Somewhat Yes.” 
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Fig 11) Part B, Question 3: “The things I learn in science are relevant to my everyday life.” 
After the field trip, more students answered “Unsure.” Fewer students answered “Definitely 
Yes,” “Somewhat Yes,” and “Somewhat No.” 
 

 

 
 
Fig 12) Part B, Question 4: “Scientists help make the world a better place.” After the field 
trip, fewer students answered “Definitely Yes,” but more students answered “Somewhat 
Yes” and fewer were “Unsure.” 
 
 

 

Fig 13) Part B, Question 5: “I would enjoy working as a scientist one day.” After the field 
trip, fewer students answered “Definitely No” and “Somewhat Yes.” More students 
answered “Definitely Yes” and “Unsure.” 
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Question Comparisons: Part C 

Answers to each question on the survey were also compared between the pre-surveys 

and post-surveys. Below, graphs depict the shift in how students responded to each Part C 

question shifted after the Our River field trip (Figs 14-18). For Part C questions, students 

circled the multiple-choice answer they thought best answered a STAAR exam question. A 

star on the graph indicates correct answers for Part C. 

 

 

Fig 14) Part C, Question 1 was a STAAR test question about erosion and the way sediments 
travel across a landscape to a river delta. The correct answer was A. After the field trip, more 
students were split between answer choice A and D. 
 

 

 
 
Fig 15) Part C, Question 2 was a STAAR test question about agricultural pollution causing 
overgrowth of an aquatic plant. After the field trip, more students chose J, which was the 
correct answer. 
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Fig 16) Part C, Question 3 was a STAAR test question about a food chain. It included 
species that live in the San Marcos River and Spring Lake. After the field trip, more chose D, 
which was the correct answer. 
 
 

 
 
Fig 17) Part C, Question 4 was a STAAR test question about bird morphology that has been 
adapted for catching and eating fish. After the field trip, fewer students chose G, which was 
the correct answer. 
 

 

Fig 18) Part C, Question 5 was a STAAR test question about an invasive plant species that 
covers native plants. After the field trip, fewer students chose A, which was the correct 
answer, and more students chose answers B and J. 
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Question Comparisons: Part D 

The qualitative responses in Part D showed the most change between pre-surveys 

and post-surveys. Key concepts were recorded from all 110 surveys, and the number of 

occurrences of each is summarized in the following table (Fig 19) and graph (Fig 20). 

 

Word/Concept Pre-Field 
Trip 

Post-Field 
Trip 

Generic Species (e.g. birds, fish, plants) 40 14 
Specific Species (e.g. wild-rice, blind salamander) 7 29 
Endangered/Extinct/Endemic Species 7 19 
Invasive/Non-native Species or Aquarium Dumping 0 16 
Littering/Trash/Recycling 6 27 
Water quality/temperature 18 24 
Hydrology (e.g. Edwards Aquifer, San Marcos Springs) 3 18 
Recreation (e.g. swimming, tubing, waterfalls) 15 5 

 

 

Fig 19, 20) After the field trip, more students mentioned endangered species, particular 
species, littering, hydrology, water quality or temperature, and invasive species in their open-
ended responses. Fewer students talked about recreational river activities or referred to 
plants and animals living in the river in general or unspecific terms.  
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Selected Qualitative Responses 
 
 

 
Fig 21) Matched quotes from nine pre- and post-surveys. Spelling and punctuation have 
been corrected, but responses are otherwise unaltered. 

Pre-survey Response Post-survey Response 

“Lots of things live in it.” 

“That you can only find Texas wild-rice in the San Marcos river. 
And there is a lot of animals that live in the water so if you litter 
in the river it hurts the animals and effects the environment. And 
to keep the river a nice place.” 

“People swim in the river. Some 
people go innertubing in the 
river.” 

“All of the litter hurts the river. It has some invasive species. The 
river is clean. You can see many fish in the river. The water comes 
from the Edwards Aquifer.” 

“They have fish, frogs, and water 
for them to swim in.” 

“People might throw the litter in the water or near the water and 
hurt the animals that live in the water. All the litter can cause 
pollution and make the water dirty. And there’s a type of plant 
that you take out of the water.” 

“Some people litter. There is fish. 
It is long.” 

“People introduced plants into the San Marcos River. The river is 
about 25° C but 72° F. The San Marcos River is fresh water. The 
San Marcos River is clear water. The San Marcos River is always 
the same temperature even in the summer and winter.” 

“The river is an important part of 
the lives of organisms. It provides 
life for fish and other water 
organisms.” 

“Water can be 1,000 years old. It is important to water organisms. 
Do not litter. Keep the river safe. Pick up all trash you see on the 
ground. Styrofoam, aluminum, plastic, and other waste must be 
gotten rid of. Don’t throw cups and cans into the water. Texas 
wild-rice is a plant that is endangered. Elephant ears are an 
invasive species.” 

 

“It is deep and huge.” “It has fish that don’t belong in the river.” 

“Well the San Marcos River has 
lots of different types of fishes. It 
has rocks, frogs, tadpoles, and 
animals. And that is all I know.” 

“Ok so what I learned at the San Marcos River. I know that when 
you get any type of fish and you don’t want it no more you don’t 
throw it in the river because you don’t know where it is from. 
And the river’s temperature is 20° C. Oh and it has different types 
of fishes.” 

“It goes all the way through San 
Marcos.” “It goes all the way to the Gulf of Mexico.” 

“It is home to many endangered 
plants and animals such as the 
Texas salamander, the fountain 
darter, Texas blind salamander, 
and Texas wild-rice.” 

“The river has been flowing for more than 1,000 years. The 
temperature stays about 20° Celsius or 75° Fahrenheit. There are 
so many endangered plants and animals such as Texas blind 
salamander, fountain darter, and Texas wild-rice. There are 
invasive plants and animals too. I am glad to have the San Marcos 
River.” 
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DISCUSSION 

The T-tests comparing the pre- and post-survey scores on Parts A-C yielded 

insignificant results. All three p-values were below the 0.10 threshold of statistical 

significance. This means we fail to reject the null hypothesis and this particular study does 

not support the three hypotheses, which predicted a significant positive change in the 

conservation attitudes, science attitudes, and TEKS curriculum knowledge of students post-

field trip. The Conservation Attitudes variable had a p-value of 0.18, which was closest of 

the three to being significant. It was also the only variable with a change in the positive 

direction. Although the results were not significant, this suggests that conservation attitudes 

are a potential area for future, more targeted research. 

The comparisons of answers to individual questions show very small changes that 

are probably not significant. However, they may provide additional insight into what 

students were thinking. Answers to Part A questions show how the students’ attitudes 

toward environmental conservation shifted after the Our River field trip. The first question 

regarding place, shows a noticeable difference in what the children from Travis Elementary 

think about living in San Marcos. Many sections of the field trip discussed the endemic and 

endangered species that live in San Marcos and emphasized the specific qualities of the San 

Marcos River so near the headwaters. Post field-trip, more students realized and appreciated 

that it is a particularly unique place on Earth (Fig 4). There was also a shift in how 

accountable students felt for environmental degradation or improvement, shown in the 

second question of Part A. More students answered positively to this question, which said 

everyday actions affect the environment (Fig 5). Although there were slight increases, the 

answers directly related to action (recycling, faucet use, and littering) were least changed (Figs 
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6-8). This is surprising because these concepts were directly emphasized at multiple points 

during the field trip. The faucet use message was even taken home with the mirror-cling 

provided by GBRA. However, students already indicated very positive responses in these 

areas, so there was not much room for scores to increase. 

Answers to Part B showed mixed feelings toward science. The first question, which 

stated that science is too difficult to learn, was particularly polarizing. Post-field trip, more 

students chose both “Definitely Yes” and “Definitely No” (Fig 9). Perhaps seeing science in 

practical applications solidified the views students already had about science, pushing them 

to choose the more extreme answer choices. The questions that said science was 

fun/interesting, relevant to students’ lives, and beneficial to society all had a small increase 

negative responses (Fig 10-12). These shifts were slight but still unfortunate since one goal 

of the Our River Project was to help students see science as enjoyable, important, and 

happening in real life in real communities. However, talking to local scientists in the various 

tours did seem to make students more interested in growing up to be scientists. The idea of 

working in science can be rather abstract to children, so the field trip aimed to show students 

actual scientists working in their community. After the field trip, fewer students said they 

would “definitely not” be interested in a career in science. More students were “unsure” 

about it or said “definitely yes” (Fig 13). 

Answers to Part C showed a higher percentage of correct answers on some answers 

and a lower percentage in others. The first question showed the most dramatic shift, and it 

was a shift toward fewer students choosing the correct answer (Fig 14). The question has a 

three-dimensional map depicting a river that flows from a mountain range, down through a 

valley, then through a river delta on the coast and into the ocean. It tests the concept that 

sediment travels from places of high elevation to places of low elevation, which was covered 
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in the GBRA map talk at the Surface Water Treatment Plant. However. During Station One 

of the river walk, Conservation Crew members talked about the power of a river to erode a 

riverbank, pulling sediment from its surroundings and into the water. This seems to have 

confused some students who said sediments in a river delta come from the adjacent coastline 

rather than the faraway mountain range. In reality, a river delta would include sediment from 

both areas, but the mountain range was the “most correct answer” in the context the 

STAAR question presented. Although this lowered their score on the practice STAAR quiz 

portion of the survey, this is actually evidence of students learning. Science is nuanced and 

rarely does one rule hold true in every situation. The San Marcos River doesn’t start in a 

mountain range, but it does confluence with the Guadalupe River that flows into the ocean. 

We believe that students chose the incorrect answer choice “coastline” because it was more 

fitting with what they had learned about river erosion during the field trip. This shows that 

they were able to take what they had learned about local river erosion and apply it to a new 

situation, a very important skill in science. This particular data point goes to show how tricky 

it is to write good multiple-choice questions, a recurring problem with standardized tests. 

Students were more successful in answering the questions about fertilizers polluting 

an aquatic ecosystem and food chain interactions in an aquatic ecosystem (Figs 15, 16), but 

there was a slight decrease in correctly answering the question about morphological 

adaptations (Fig 17).  This question asked students to identify a bird that caught fish with its 

talons like an eagle does. It was the most correctly answered question in both pre-surveys 

and post-surveys. However, in the post-survey, students were more likely to choose the 

wading shorebird or the pelican (instead of the falcon) post-field trip. This is likely because 

they are species associated with water, and they had been conditioned to expect river-related 

questions after the Our River field trip. 
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Answers to the final question were most surprising. Although most students did 

answer Question 5 correctly in both surveys, the post-survey showed a decline (Fig 18). This 

question was about kudzu, an invasive plant species. The question describes kudzu as 

“quickly [using] available resources and [able to] completely cover the plants in an area.” The 

field trip repeatedly visited the topic of invasive species. They learned about how a non-

native organism can be introduced to an ecosystem and outcompete native species at 

SMARC and repeatedly during the River Walk (Stations One, Two, and Five). Station One in 

particular showed students Hydrilla and Hygrophylla, which have a similar effects in the river 

to kudzu in terrestrial environments. However, fewer students correctly indicated that the 

variety of native plants would decrease due to a rapid growth of kudzu. It is unclear what 

caused this shift. In future research, interviews with children instead of (or in addition to) 

surveys would help clarify how students reason through questions and select answers. 

Although Our River Project was developed to create positive attitudes toward 

science and conservation and teach TEKS concepts along the way, it attempted to meet 

these objectives mostly through exposure rather than explicit teaching. However, Judson 

(2011) reports that exposure is unfortunately not enough. Field trips are most effective when 

instruction is meaningful, students are familiar with the surroundings, and the visit is 

connected to classroom instruction. In his study, school districts in Phoenix, Arizona took 

4th, 7th, and 10th graders on field trips to the Sonoran Desert Center. After the visit, 

students were asked to draw a desert environment, label their drawing, and write an 

explanation about what makes it an environment. These drawings are thought to represent 

students’ mental models and thus offer insight into their understanding of the regional 

environment. Results show that the field trips did not affect mental models. Judson argues 

that this is because the teachers did not identify the altering of mental models as an explicit 



	  
	   	   	  

41	  

goal of the field trip, so interaction was not catered to that goal. He writes, “Essentially, the 

teachers made a dangerous assumption that exposure to nature obliges deeper (or more 

connected) understanding. Unfortunately, this may too often be only a hopeful desire of 

educators who expose students to the outdoors but who do not deliberately plan to 

challenge student conceptions” (Judson 2011). The article recommends teachers involve 

students in discussions on meta-cognition, talking to students about their own understanding 

of environments before and after field trips and reminding them that our understanding of 

the world must be adapted as we learn new things. If the goal of the Our River Project is to 

help students better understand the riparian environment of San Marcos, future field trip 

leaders must be explicit in those goals and encourage meta-cognition throughout the visit. 

If Our River Project is continued, more involvement with the school and teachers 

should also be utilized for students to truly learn the TEKS curriculum items. According to 

the National Research Council (NRC)’s Committee on Learning Science in Informal 

Environments (2009), the impact field trips make on students relies on “advance content 

preparation, active participation in activities, teacher involvement, and follow up activities.” 

Studies have shown that teachers spend little time preparing students to go on field trips by 

previewing the material to be covered, but those students who do receive advance 

preparation have been shown to spend more time interacting with exhibits and ultimately 

learn more on field trips. A similar pattern is observed for follow-up work once the field trip 

has ended and the students return to their classroom routine (NRC 2009). The NRC report 

recommends that field trips include structured, hands-on activities. It cites many studies, 

which found that field trips that followed these guidelines had more excited, engaged 

students who were more likely to experience changes in their attitudes and interests.  Finally, 

it found a wide range of teacher involvement in field trips and asserts that teachers who play 
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an active role in planning the field trip are more likely to participate throughout the day and 

include activities that align with classroom curricula. Field trips that connect to the 

classroom and include teacher participation have been correlated to greater student learning 

(NRC 2009), so Our River field trip developers should work on materials for teachers to use 

in the classroom before and after the field trip to fully involve teachers and take students 

more smoothly through the learning process. 

Despite these issues, the qualitative results from Part D of the survey show some 

noticeable difference in the way these students talked about the San Marcos River. It was 

astonishing that six of the 4th graders at Travis Elementary said they had never been to the 

San Marcos River despite living in a city that owes much of its growth and success to the 

river that cuts through it. When asked what they knew about the river, most students talked 

about one of two things: recreation or habitat. Many children wrote about swimming and 

tubing or visiting with their families. Even more students acknowledged that the river was 

home to plants and animals but did so in very general terms. A few students knew about the 

San Marcos Springs, mentioned that they were not supposed to litter near the river, or knew 

that there are endangered species living in this particular ecosystem (Fig 19, 20).  

After taking Our River field trips, there was a jump in students specifically discussing 

the idea of a species being endangered, going extinct, or being endemic to a certain region. 

The way they talked about the plants and animals shifted from generic terms to very specific 

ones, mentioning species like the fountain dater, Texas wild-rice, or San Marcos salamander. 

They were more likely to demonstrate an understanding of the aquifer/spring hydrology or 

declare the dangers of litter and pollution. Perhaps most dramatic was the student’s 

understanding of invasive species. Before the field trip, there was not a single mention of 

non-native or invasive plants and animals, despite it being a TEKS curriculum item. After 
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the field trip, there were several responses that included this concept (Fig 19, 20). One of the 

main take-home messages from SMARC and the EAHCP river walk was to never dump a 

home aquarium into the river, and it was encouraging to see students not only commit that 

rule to memory but also understand why introducing exotic species is problematic.  

Comparing the qualitative responses of individual students from before and after 

taking the Our River field trips show changes in the way particular students wrote about the 

San Marcos River (Fig 21). These nine selected quotes demonstrate the kinds of shifts that 

could be seen in individuals. Answers tended to be longer and show a greater enthusiasm for 

conservation. Students often mentioned specific facts or concepts they learned on the field 

trip such as the names of endangered species and the temperature of the water in the San 

Marcos River. Specific students who focused on recreation in their pre-survey condoned 

litter and invasive species in the post-survey.  

 
 

CONCLUSIONS 

 
The Our River Project was an incredibly rewarding experience. Although the 

quantitative data did not yield any significant results and could not support the alternate 

hypotheses, the qualitative responses show clear changes in the way the 4th graders at Travis 

Elementary perceive and understand the San Marcos River after spending time interacting 

with it in a direct and focused way. Feedback from teachers and administrators was 

overwhelmingly positive, and there is interest in continuing the program in future years. This 

study contributes to a growing body of literature on the value of informal education, 

environmental education, and the use of field trips in schools.  
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APPENDIX A: PRE-SURVEY 

Our River Survey 
 
 
Part A) Conservation Attitudes 
 
Circle one option that best describes how much you agree with each statement. 
 
1. The San Marcos River is a unique place that I care about. 

Definitely Yes          Somewhat Yes         Unsure          Somewhat No          Definitely No 

 

2. My every day actions have an effect on the environment. 

Definitely Yes          Somewhat Yes         Unsure          Somewhat No          Definitely No 

 

3. I recycle things like aluminum cans, plastic bottles, and paper. 

Definitely Yes          Somewhat Yes         Unsure          Somewhat No          Definitely No 

 

4. I turn off the water while brushing my teeth. 

Definitely Yes          Somewhat Yes         Unsure          Somewhat No          Definitely No 

 

5. Littering near the river hurts plants and animals. 

Definitely Yes          Somewhat Yes         Unsure          Somewhat No          Definitely No 

 
 
 
Part B) Science Attitudes 
 
Circle one option that best describes how much you agree with each statement. 
 
 
1. Science is too difficult to learn. 

Definitely Yes          Somewhat Yes         Unsure          Somewhat No          Definitely No 

 

2. Science activities are fun and interesting. 

Definitely Yes          Somewhat Yes         Unsure          Somewhat No          Definitely No 
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3. The things I learn in science are relevant to my every day life. 

Definitely Yes          Somewhat Yes         Unsure          Somewhat No          Definitely No 

 

4. Scientists help  make the world a better place. 

Definitely Yes          Somewhat Yes         Unsure          Somewhat No          Definitely No 

 

5. I would enjoy working as a scientist one day. 

Definitely Yes          Somewhat Yes         Unsure          Somewhat No          Definitely No 

 
 
 
Part C) TEKS Curriculum Knowledge 
 
Circle one option that best answers the question. 
 
 
1. A river delta is an area where sediments are deposited. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The sediments in the river delta shown above most likely come from the ______________. 
 
A  mountain range 
B  desert 
C  ocean floor 
D  coastline 
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2. The picture below shows a frog in a pond containing duckweed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Which of these human activities would most likely cause an overgrowth of duckweed in a 
pond environment? 
 
F  Gradually introducing geese into the pond 
G  Fishing in the pond as recreation 
H  Planting trees in nearby forests 
J  Heavily fertilizing nearby farm fields 
 
 
3. A type of organism is missing from the food chain shown below.  
 
 
 
 
 
 
 
 
 
 
Which statement about the type of organism that correctly completes this food chain is 
NOT true? 
 
A  It produces its own food. 
B  It is unable to move from one place to another. 
C  It gets its energy from the sun. 
D  It breaks down nutrients from decaying organisms.  
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4. Eagles catch fish in rivers with their talons. They fly with the fish to a tree branch and tear 
the fish into small pieces. Which bird most likely catches and eats its food the way an eagle 
does? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. The picture below shows a type of plant called kudzu. Kudzu is a fast-growing Asian vine 
that was introduced into the United States. Kudzu quickly uses available resources and can 
completely cover the plants in an area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
What effect does the rapid growth of kudzu most likely have on an ecosystem? 
 
A  The variety of native plants decreases. 
B  The water supply in the area increases. 
C  Weather patterns in the area change. 
D  The number of other plants increases. 
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Part D) Qualitative Response 
 
Write your answer in the box below. Use complete sentences. 
 
 
1. What is one thing you know about the San Marcos River? 
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APPENDIX B: POST-SURVEY 

Our River Survey 
 
 
Part A) Conservation Attitudes 
 
Circle one option that best describes how much you agree with each statement. 
 
1. The San Marcos River is a unique place that I care about. 

Definitely Yes          Somewhat Yes         Unsure          Somewhat No          Definitely No 

 

2. My every day actions have an effect on the environment. 

Definitely Yes          Somewhat Yes         Unsure          Somewhat No          Definitely No 

 

3. I recycle things like aluminum cans, plastic bottles, and paper. 

Definitely Yes          Somewhat Yes         Unsure          Somewhat No          Definitely No 

 

4. I turn off the water while brushing my teeth. 

Definitely Yes          Somewhat Yes         Unsure          Somewhat No          Definitely No 

 

5. Littering near the river hurts plants and animals. 

Definitely Yes          Somewhat Yes         Unsure          Somewhat No          Definitely No 

 
 
 
Part B) Science Attitudes 
 
Circle one option that best describes how much you agree with each statement. 
 
 
1. Science is too difficult to learn. 

Definitely Yes          Somewhat Yes         Unsure          Somewhat No          Definitely No 

 

2. Science activities are fun and interesting. 

Definitely Yes          Somewhat Yes         Unsure          Somewhat No          Definitely No 
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3. The things I learn in science are relevant to my every day life. 

Definitely Yes          Somewhat Yes         Unsure          Somewhat No          Definitely No 

 

4. Scientists help  make the world a better place. 

Definitely Yes          Somewhat Yes         Unsure          Somewhat No          Definitely No 

 

5. I would enjoy working as a scientist one day. 

Definitely Yes          Somewhat Yes         Unsure          Somewhat No          Definitely No 

 
 
 
Part C) TEKS Curriculum Knowledge 
 
Circle one option that best answers the question. 
 
 
1. A river delta is an area where sediments are deposited. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The sediments in the river delta shown above most likely come from the ______________. 
 
A  mountain range 
B  desert 
C  ocean floor 
D  coastline 
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2. The picture below shows a frog in a pond containing duckweed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Which of these human activities would most likely cause an overgrowth of duckweed in a 
pond environment? 
 
F  Gradually introducing geese into the pond 
G  Fishing in the pond as recreation 
H  Planting trees in nearby forests 
J  Heavily fertilizing nearby farm fields 
 
 
3. A type of organism is missing from the food chain shown below.  
 
 
 
 
 
 
 
 
 
 
Which statement about the type of organism that correctly completes this food chain is 
NOT true? 
 
A  It produces its own food. 
B  It is unable to move from one place to another. 
C  It gets its energy from the sun. 
D  It breaks down nutrients from decaying organisms.  
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4. Eagles catch fish in rivers with their talons. They fly with the fish to a tree branch and tear 
the fish into small pieces. Which bird most likely catches and eats its food the way an eagle 
does? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. The picture below shows a type of plant called kudzu. Kudzu is a fast-growing Asian vine 
that was introduced into the United States. Kudzu quickly uses available resources and can 
completely cover the plants in an area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
What effect does the rapid growth of kudzu most likely have on an ecosystem? 
 
A  The variety of native plants decreases. 
B  The water supply in the area increases. 
C  Weather patterns in the area change. 
D  The number of other plants increases. 
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Part D) Qualitative Response 
 
Write your answer in the space below. Use complete sentences. 
 
 
1. What is one thing you learned about the San Marcos River? 
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APPENDIX C: EAHCP SIGNS 

 

Litter Sign used at City Park litter station. 
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Endangered Species Sign used at Sewell Park Texas wild-rice station. 

- Use only the constructed access points to enter the river.
- Pick up litter every time you visit rivers, parks, or trails.
- Minimize walking on the river bottom or disturbing habitat.

Please help us protect these species!

Texas Blind Salamander

San Marcos Salamander

Fountain Darter

Comal Springs Riffle Beetle

                 The only known population of this mysterious amphibian
lives in the limestone caverns of the Edwards Aquifer.
Sightless and living in total darkness, the Texas Blind

Salamander hunts by sensing changes in water
pressure caused by small insects and vertebrates.

The San Marcos Salamander can only be found in the
headwaters of the San Marcos River. It is most abundant in

the eastern spillway of Spring Lake Dam. Unlike the Texas
Blind Salamander, which does not transform, the San Marcos

Salamander hatches as a fish-like larva then undergoes
metamorphosis. (Just like a tadpole turns into a frog!)

This fish gets its name for the way it stays perfectly still, waits for prey
to pass, and then “darts” out to snatch up a meal. The population of
Fountain Darter in the Comal River was wiped out during the historic
1950s drought, but conservationists successfully restocked the river
with individuals from Spring Lake. While still rare, today it can be found
in the calm, clear waters of both rivers.

A riffle is a shallow area in a stream or river where the water is choppy
because it is passing quickly over rocks. Riffles make the perfect home for
this tiny arthropod, which is adapted for such rough waters. It has a mass
of waterproof hairs on its belly that traps a thin air bubble. That way, when
the riffle beetle goes underwater, it can use this stored air to breathe!

These species are federally protected because they are only found in the Edwards Aquifer or its spring systems:

(Etheostoma fonticola)  -  San Marcos Springs

(Heterelmis comalensis)  -  Comal Springs & San Marcos Springs

(Eurycea rathbuni)  -  Edwards Aquifer

(Eurycea nana)  -  San Marcos Springs
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Edwards Aquifer Sign used at Upper Sewell hydrology station. 

Edwards Aquifer


