
 

 

 

 

 

 

ABSTRACT 

The Impact of an Informal Science Program  

on Students’ Science Knowledge and Interest 

 

Anne Maria Zandstra, Ph.D. 

Committee Chairperson: Sandi Cooper, Ph.D. 

 

 

 In this sequential explanatory mixed methods study, quantitative and qualitative 

data were used to measure the impact of an informal science program on eleventh grade 

students’ science knowledge and interest.  The local GEAR UP project has been working 

for six years with a cohort of students who were in eleventh and twelfth grade during the 

time of the study.  Participants of this study were 122 eleventh grade students from this 

cohort.  In the first, quantitative phase, state standardized test scores and a modified 

version of the Test of Science Related Attitudes (TOSRA) were used to measure 

participants’ science knowledge and interest respectively.  The findings of the 

quantitative phase revealed a small but significant correlation between students’ 

attendance at the program elements (in total number of hours) and their science 

knowledge.  In addition, small but significant correlations were found between (1) 

students’ attendance at the mathematics program element and their total interest scores, 

(2) their mathematics attendance and the career interest subscore, and (3) their total 

attendance and the normality of scientist subscore.



 

 

 The qualitative data in the second phase consisted of focus group interviews with 

fourteen of the participants.  Results of this phase showed that the majority of the focus 

group participants agreed that they had learned something from the GEAR UP field trips 

and half of them thought the field trips had impacted their grades and test scores.  

Furthermore, a majority of the focus group participants concurred that their experiences 

in the field trips had increased their interest in science.   

 The purpose of the qualitative phase of this study was to provide explanations for 

the results of the quantitative phase.  Explanations for the correlation between attendance 

and knowledge were that the field trips covered the same content as the formal science 

classes and that students learned more because they perceived the field trips as fun and 

hands-on.  The correlations between attendance and interest were explained by the fact 

that students had the opportunity to see interesting aspects of science and interact with 

real scientists during the field trips.   
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CHAPTER ONE 

Introduction 

 

 

A widespread need is felt to improve the scientific literacy of American students 

(National Academy of Sciences, National Academy of Engineering, & Institute of 

Medicine, 2007).  Although the public school system forms part of the solution, informal 

institutions such as science museums, science centers, and zoos also play an important 

role in increasing scientific literacy.  Informal science education can contribute to 

students’ science learning in multiple ways, ranging from a school fieldtrip to a science 

museum to families watching a science TV show (National Research Council, 2009).  

The current study is designed to determine the impact of one of those informal science 

learning initiatives on high school students’ science knowledge and interest.  This chapter 

will discuss (1) an overview of the issues, (2) problem statement, (3) theoretical 

framework, (4) purpose of the study, (5) significance of the study, (6) limitations of the 

study, (7) summary of the methodology, (8) conclusion, and (9) definition of key terms. 

 

Overview of the Issues 

 

 

Concerns about Science Education 

Several national reports acknowledge the importance of scientific literacy for all 

people (National Academy of Sciences et al., 2007; Rutherford & Ahlgren, 1991).  

According to those reports, scientific literacy is important for people to be able to make 

informed decisions in their personal lives and to be able to think critically about societal 

issues.  At the same time, U.S.  students score lower on international assessments of 
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science than many Western countries.  For example, U.S. students ranked below 

countries such as Finland, Germany, the Netherlands, United Kingdom, Japan, and Korea 

on the Program for International Student Assessment (PISA) report of 2009 on science 

scores (U.S. Department of Education, National Center for Educational Statistics, 2010).  

Consequently, a need is felt by many stakeholders to increase the quality of science 

education in the United States.  Federal funding programs are available for initiatives that 

improve science, technology, engineering, and mathematics (STEM) education.   Efforts 

to achieve this goal of improved science learning among U.S. students are not only found 

within the formal education system of public schools, but also in informal science 

learning environments, such as science museums, science centers, zoos, and nature parks.   

 

Informal Science Education 

 Educational researchers generally make a distinction between formal and informal 

learning (see Anderson, Lucas, & Ginns, 2003; Gerber, Marek, & Cavallo, 2001; Jarman, 

2005; National Research Council, 2009).  Formal learning is generally defined as 

learning that takes place when a teacher and students interact with each other within a 

systematic framework of a fixed curriculum, standards, and tests.  Informal learning is 

learning that takes place outside the formal classroom.  Examples of informal learning 

environments range from institutions such as museums, zoos, libraries, and nature parks 

to radio, television, newspapers, and the home.  In fact, much of what students learn 

about science, they learn outside of the classroom (Gerber, Cavallo, & Marek, 2001).   

National educational organizations such as the National Research Council (1996) 

and the National Science Teacher Association (1999) acknowledge the role informal 

science institutions can play in science education.  In general, learning experiences in 
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informal science institutions have some common characteristics that set them apart from 

formal learning of science (Braund & Reiss, 2006; Cox-Petersen, Marsh, Kisiel, & 

Melber, 2003; Phillips, Finkelstein, & Wever-Frerichs, 2007; Phipps, 2010).  Most 

importantly, learning in informal settings is often characterized as free-choice learning 

(Phipps, 2010).  In museums, zoos, and nature parks, visitors choose what they are doing 

and learning.  They choose which exhibits to interact with and to what extent.  The free-

choice also relates to the decision to come to an informal learning setting in the first 

place.  The level of free-choice for school groups visiting informal settings varies.  In 

some cases students are allowed to roam free, like ordinary visitors, while in other cases 

activities are highly structured.   

There are other characteristics in addition to the free-choice environment that are 

unique to informal science learning settings.  Informal science educators work hard to 

offer visitors and students meaningful experiences.  In informal settings there is room for 

learning through social interaction.  Visitors are able to act upon intrinsic interests.  They 

also have authentic experiences with real phenomena such as artifacts in museums, live 

animals in zoos, and plants and trees in nature parks (Braund & Reiss, 2006; Cox-

Petersen et al., 2003; Phillips et al., 2007). 

 

Contribution to Science Learning 

 Informal learning settings can contribute to science learning in different ways.  

The National Research Council report Learning Science in Informal Environments: 

People, Places, and Pursuits (National Research Council, 2009) defines six strands of 

science learning.  The first two strands – developing interest in science and understanding 

scientific knowledge – are relevant to the current study.  According to the report, interest 
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in science has shown to support further learning, career choices in science, and 

motivation to keep exploring science.  The enjoyment people experience in informal 

settings can contribute to their general interest in science.  In addition, an important part 

of learning science consists of coming to understand the concepts, models, and ways of 

thinking in science.  Informal settings can contribute to the development of scientific 

knowledge.  Increasingly, researchers acknowledge that measuring learning outcomes of 

a single visit to an informal science learning site is difficult (National Research Council, 

2009).  Many studies show little or no change in content knowledge after a trip to a 

science museum, zoo, or aquarium.  In the current study, the effect of a series of 

experiences with informal science settings was measured rather than just a single visit. 

 

GEAR UP 

 In order to further explore the impact informal science learning has on students’ 

interest in and knowledge of science, this study focused on one particular GEAR UP 

program in Texas.  GEAR UP is an acronym for Gaining Early Awareness and Readiness 

for Undergraduate Programs.  It is a federally funded national program to help middle 

and high school students get ready for and succeed in college.  The GEAR UP program 

under study has included a cohort of students who were in 11th and 12th grade during the 

2011-2012 school year and have been part of the program since they were in 6th and 7th 

grade.  A university, a college, two urban school districts, and the city collaborate to 

prepare students in the areas of science and mathematics, to help them prepare for the 

admission process, and to promote parent involvement.   

The three program elements that are relevant to students’ learning in science are 

the physics, biology, and mathematics components.  These program elements have 
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characteristics of informal science learning because they take place outside of school, 

without the framework of standards, class periods, grades, etc.  The physics component – 

a combination of science theater and hands-on exhibits – takes place once a year and all 

students of the cohort are invited to participate.  The biology component includes two 

field trips a year, one in the fall and one in the spring, to a nature park.  Students 

participate in hands-on activities that biologists would do as part of their work, such as 

developing hypotheses, making observations, organizing data, and communicating 

findings.  The third program element focuses on mathematics and invites a subgroup of 

students from the cohort to two workshops and one summer camp each year.  During 

these events, students participate in different activities that are focused on mathematics.  

Although this program element does not have science learning as its goal, many of the 

applications of mathematics that are used are relevant to science.  Therefore, the 

mathematics component was included in the current study.  Chapter Two will include 

more elaborate descriptions of the three program elements.   

 

Problem Statement 

 The current study was designed to respond to the aforementioned issues in several 

ways.  First, this study will contribute to an improved understanding of learning in 

informal science settings.  In particular, there is a need for research on the impact of 

informal learning on interest in science.  The National Research Council recommends 

that researchers in informal science education put an increased effort in publishing their 

findings in peer-reviewed journals (National Research Council, 2009).  The council 

particularly calls for a broader view of learning in informal settings, including science 

interest as an aspect of science learning.  Research on the impact of informal learning 
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experiences on students’ interest in science has been underrepresented.  Therefore, 

science interest was one of the variables of the current study.   

Second, findings about the impact of an informal setting on science learning will 

be of interest to practitioners in the field of informal science education in general and the 

practitioners of this program in particular.  In this sense, the current study serves an 

evaluative purpose for the GEAR UP program.  This particular informal science learning 

experience is unique because students have repeated experiences with a combination of 

different program elements over a period of six years, from sixth grade until twelfth 

grade.  The findings will inform future informal science education programs.   

Last, this study serves as an example of the suitability of mixed methods research 

in informal science education.  The field of research in informal science settings includes 

quantitative as wells as qualitative approaches.  Phipps (2010) found that about half 

(57%) of the informal science education studies she reviewed included statistical analysis 

and half (54%) included some form of qualitative analysis.  Examples of qualitative 

research methods are visitor observations and interviews.  These qualitative studies 

address the uniqueness of many informal learning settings and respond to the fact that 

learning in informal settings is difficult to measure.  At the same time, funding agencies 

are often interested in hard data, i.e. quantitative findings.  These agencies want to know 

if visitors or students learned from the experience.  Furthermore, rigorous standards for 

statistical inferences also enable generalizations within the field of informal science 

learning.  Therefore, the researcher used quantitative as well as qualitative methods to 

collect and analyze data, thereby combining the goals of in-depth understanding and 

generalizing findings.   
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 Theoretical Framework 

 Continuum of Formal and Informal Science Education 

 Although educational researchers generally agree about the differences between 

formal and informal learning as stated above, many programs and projects cannot be 

categorized as belonging to either formal or informal learning because they share 

characteristics with both types of learning.  For example, a science teacher can use hands-

on activities with a high level of free-choice in the classroom.  Equally, a school visit to a 

science museum can be highly structured and take place in a classroom setting within the 

museum.  Therefore, some researchers suggest defining formal and informal learning not 

as a dichotomy, but on a continuum (Hofstein & Rosenfeld, 1996).  Jarman (2005) goes 

even further and proposes a continuum on four dimensions: curriculum, pedagogy, free 

choice, and assessment.  Researchers should develop a profile of the setting under study 

with regard to these four dimensions.  First, a program should be described with regard to 

the extent to which it is organized around a curriculum that orders and sequences the 

content of the experience.  The second dimension, pedagogy, should describe the method 

of instruction and theories of learning that form the context for the learning experience.  

Third, the profile should describe where the program falls with regard to the dimension of 

free-choice.  This includes the amount of free-choice participants have during the visit as 

well as how free they are in choosing to participate.  The last dimension, assessment, 

considers how participants of a program or setting are being evaluated.  Jarman argues 

that settings can resemble formal learning with respect to one dimension and informal on 

another.  She argues that offering such a profile of the setting under study will provide a 
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“fuller characterization” (p.428) and paints “a more illuminative and discriminating 

picture” (p.448).  Chapter Two will include a profile of the program elements of GEAR 

UP. 

 

Science Knowledge 

 In order to examine the impact of the GEAR UP program elements on students’ 

science learning, this study addresses both knowledge of science and interest in science.  

According to the NRC report Learning Science in Informal Environments (National 

Research Council, 2009), knowledge and interest are two of the six strands of informal 

science learning.  The other four strands are: engaging in scientific reasoning, reflecting 

on science, engaging in scientific practice, and identifying with the scientific enterprise.  

The first two strands were used in this study because they align with the goals of the 

program elements to prepare students for college and to interest them in science-related 

careers.   

 The knowledge strand of science learning consists of what students know about 

science.  The NRC report How People Learn: Brain, Mind, Experience, and School 

(National Research Council, 2000) states that knowledge consists of a collection of facts 

organized in a conceptual framework that enables retrieval of those facts.  Scientific 

knowledge includes factual information, models, principles, and theories.  Several 

educational theories exist about how students build their scientific knowledge.  Many 

researchers in the field of informal science learning adopt a constructivist view of 

learning.  Anderson, Lucas, and Ginns (2003) argue that constructivist learning theories 

are helpful to understand learning in informal settings because these theories recognize 
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the importance of prior knowledge, the learner’s personal involvement in construction of 

knowledge, and the dynamic nature of knowledge construction.   

 The current study used a constructivist perspective of knowledge because this 

perspective is recognized as one of the appropriate perspectives for informal science 

education and because it aligns with the approach of the GEAR UP program elements.  

The emphasis of the developers of the biology component, the mathematics component, 

and the physics component on learning by doing, active involvement of the students, 

taking into account students’ prior knowledge, and focusing on real life applications of 

scientific knowledge fit a constructivist perspective. 

 

Science Interest 

 The science interest strand of the NRC report Science Learning in Informal 

Environments (2009) consists of the interest and engagement students experience when 

interacting with science.  Interest and engagement influence future participation in 

science-related activities.  In fact, Hidi and Renninger (2006) reviewed that interest has 

shown to influence attention, learning goals, and levels of learning.  They stated: “interest 

is a psychological state that, in later phases of development, is also a predisposition to 

reengage content that applies to in-school and out-of-school learning and to young and 

old alike” (p. 111).  People who have high levels of interest adopt more effective 

strategies for learning such as posing questions, systematically looking for answers, 

seeking out challenging experiences, and persevering in the face of difficulties (National 

Research Council, 2009).  In addition, science interest during adolescent years has shown 

to be a strong indicator for the choices for science majors in college and career choices 

(Tai, Liu, Maltese, & Fan, 2006).   
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 Informal learning environment are often characterized by visitors and students as 

interesting, fun, and challenging.  Informal science institutions are also often designed to 

address and stimulate visitors’ interest in science.  Interest especially influences visits to 

free-choice learning environments.  Initial interest determines what people pay attention 

to and with which exhibits they will interact (National Research Council, 2009).  At the 

same time, interaction with exhibits or activities can also have an impact on science 

interest.  In other words, while science interest determines what people do and learn in 

informal science environments, the experiences people have in those environments also 

impact science interest itself.   

 Including science interest as an element of science learning in this study provided 

a fuller picture of the impact of the GEAR UP program on students’ science learning.  

Students who did not show high levels of science knowledge may have experienced a 

large impact of the program on their interest in science.  Increased interest may enable 

them to persevere when they experience a particularly difficult scientific topic or course.   

 

Purpose of the Study 

 The purpose of this mixed methods study was to measure the impact of an 

informal science learning program on students’ knowledge of and interest in science.  

The sequential explanatory design consisted of two distinct phases.  In the first phase, 

quantitative data was collected about science knowledge and interest of the students 

through the students’ scores on the state-wide standardized science test and an existing 

science attitude instrument.  The sample consisted of eleventh grade students who were 

part of the cohort of GEAR UP.  This quantitative phase measured the relationship 

between participants’ attendance at the program elements and their science knowledge 
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scores and science interest scores.  The second phase consisted of focus group interviews 

with a subsample of the participants to provide explanations for the quantitative findings 

of the first phase.  Depending on the quantitative outcomes, students with high interest 

and knowledge scores and low interest and knowledge scores were selected to participate 

in semi-structured focus group interviews.  The findings from the focus group interviews 

were used to provide a more in-depth explanation of the quantitative results. 

 In order to examine the stated purpose, the following overarching research 

question guided the study: What is the impact of participation in the GEAR UP program 

on the science knowledge and interest of eleventh grade students in an urban school 

district in Texas?  To address this overarching question, the following sub-questions were 

formulated.  Two questions guided the quantitative phase:  

(1) What is the relationship between eleventh grade students’ attendance at the 

GEAR UP program elements and their science knowledge scores?   

(2)  What is the relationship between eleventh grade students’ attendance at the 

GEAR UP program elements and their science interest scores?   

The two quantitative research questions translated into the following directional 

hypotheses: 

(H1) Eleventh grade students who have higher attendance at the GEAR UP program 

elements have higher science knowledge scores than students with lower 

attendance. 

(H2) Eleventh grade students who have higher attendance at the GEAR UP program 

elements have higher science interest scores than students with lower attendance. 

The question that guided the qualitative phase was:  
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(3)  In what ways do the GEAR UP program elements impact students’ science 

knowledge and interest? 

The research question that integrated the two previous strands was: 

(4) In what ways do the themes that emerge from the semi-structured focus group 

interviews about the impact of the GEAR UP program on students’ science knowledge 

and interest provide explanations for the relationships between attendance and science 

knowledge and interest found in the quantitative phase? 

 

Significance of the Study 

 The GEAR UP program is unique in its positioning on the continuum from 

distinctively formal to distinctively informal science learning.  Furthermore, because the 

program has been following a cohort of students all through middle school and high 

school, the findings will be a valuable contribution to the understanding of learning in 

informal settings.  The quantitative findings will be generalizable to similar populations 

of high school students in an urban district who participated in repeated informal science 

learning.  The qualitative findings will be transferable to high school students who have 

experienced similar types of informal science learning and have similar levels of science 

knowledge and science interest as the participants in the focus group interviews of the 

current study.  The focus of the current study on science knowledge as well as science 

interest fills the gap in the research field with regard to the impact of informal science 

learning on science interest.   

The findings of the current study are significant for several stakeholders.  The 

people directly concerned with this particular program gain information about how 

effective the GEAR UP program is in terms of students’ science knowledge and interest 
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through the quantitative questions.  The qualitative results show ways in which the 

program impacted students’ knowledge and interest in science.  These findings can be 

used to improve a subsequent program.  In addition, findings from the current study can 

be used in future attempts to secure federal funding for similar programs.  Another group 

of stakeholders to whom the findings of this study are relevant are researchers and 

evaluators of other informal science programs.  Last, findings from the current study will 

contribute to the field of research in informal science education.  The combination of 

knowledge and interest as two strands of science learning addresses a gap in the research 

field. 

 

Delimitations and Limitations 

 The current study was conducted within the following boundaries.  Although the 

cohort of the GEAR UP program consisted of students in grades eleven and twelve, the 

study was constricted to eleventh grade students because one of the program elements 

targets only the students in the lower grade of the cohort.  Furthermore, the study 

included students from one school district.  Selecting students from only one of the two 

school districts eliminated the need to control for differences between the districts that 

could influence science knowledge and interest of the students. 

 One of the most important limitations of the current study was that data collection 

happened a posteriori.  Because the students had been part of the GEAR UP program 

since they were in sixth grade, it was impossible to go back in time and do a pre-

assessment of science knowledge and science interest.  Therefore, the quantitative phase 

of this study was a correlational design, meaning that the independent variable of 
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attendance at the program was not manipulated by the researcher and that there was no 

control of nuisance variables.   

 

Methodology 

The researcher used a sequential explanatory mixed methods design consisting of 

two distinct phases.  The first, quantitative phase was followed by a qualitative phase for 

the purpose of explaining the numerical results from the first phase.  The research site for 

the study was an urban school district in Texas with a diverse student population.  

Participants for the study were selected from the eleventh grade students in the cohort of 

this GEAR UP program. 

In the first, quantitative phase the students’ scores on the science portion of Texas 

Assessment of Knowledge and Skills (TAKS) and scores on the modified Test of Science 

Related Attitudes (mTOSRA) were used to measure the relationship between attendance 

at the GEAR UP science-related program elements and students’ science knowledge and 

science interest.  A cluster sample of randomly selected intact science classes was used.  

Quantitative data analysis consisted of descriptive statistics as well as correlation 

coefficients.   

 In the qualitative phase of the study, a multiple-case design, the researcher 

conducted semi-structured focus group interviews during the biology field trips and 

during science classes.  Participants for the interviews were purposefully selected on the 

basis of maximal variation on their scores on the two quantitative instruments.  

Transcriptions of the focus group interviews were used to analyze the individual cases 

and to reveal common themes through cross-case analysis.  Following the qualitative 
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phase, the interpretation phase consisted of a meta-narrative about how the qualitative 

findings helped explain the quantitative findings from the first phase. 

 

Conclusion 

 This GEAR UP program is a unique informal science learning setting.  Students 

have had experiences with different program elements over the course of several years, 

from sixth until twelfth grade.  Two of the goals of the GEAR UP program were to 

increase students’ knowledge of and interest in science.  The current study measured the 

relationship between students’ attendance at the program and their science knowledge 

and interest.  The findings not only evaluated the program under study, but also 

contribute to the understanding of learning science in informal settings.  In particular, 

science interest as a variable in informal science education research has been 

underrepresented.  Furthermore, combining quantitative and qualitative methodologies in 

a mixed methods design served the goal of acquiring a thorough understanding of 

learning in informal settings as well as the goal of hard data felt by informal educators in 

order to secure funding. 

 The purpose of this study was to measure the impact of an informal science 

learning program on students’ science knowledge and interest.  Quantitative and 

qualitative research methods were combined in two distinct phases to address this 

purpose.  Quantitative data about students’ knowledge and interest showed the 

relationships.  The qualitative data explained why a relationship existed or did not exist.  

Findings of the current study are significant for the stakeholders who are directly 

involved in the GEAR UP program as well as for the broader research community in the 

field of informal science learning. 
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 The following chapters will cover an extensive review of the literature (Chapter 

Two), a description of the research methodology (Chapter Three), the presentation of the 

results (Chapter Four) and a discussion of the findings (Chapter Five). 

  

Definition of Key Terms 

Formal science education.  Science education that takes place within the formal 

framework of a fixed curriculum, standards, and tests that can be found in schools 

(Jarman, 2005). 

Informal science education.  Science education that takes place outside of the formal 

classroom in settings that range from the home, television, and radio to institutions such 

as zoos, nature parks, museums, and aquariums (Jarman, 2005). 

Interest.  An intrinsic quality that determines if people are motivated to do certain 

activities within a specific domain.  Interest influences learning in that students who are 

interested are more likely to make an effort, think creatively, and persevere in a 

challenging activity.  Learning experiences that provide choice, authentic interaction, and 

novelty can increase interest (National Research Council, 2007). 

Knowledge.  Conceptual framework that consists of facts, models, theories, and habits of 

a certain subject area (National Research Council, 2009).   

TAKS.  Texas Assessment of Knowledge and Skills.  Standardized tests for the state of 

Texas in the subject areas of language arts, mathematics, science, and social studies.  

Students take one or more tests each year from grades 3-12 (Texas Education Agency, 

2011b). 
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CHAPTER TWO 

Literature Review 

 

Concerns in STEM Education 

 People encounter science and technology all around them, and for this reason they 

need to be able to understand what science is and how to use it.  Understanding science 

can influence people’s decision-making on personal, professional, economical, and 

political aspects of their lives.  The American Association for the Advancement of 

Science (AAAS) in its report Science for All Americans (1991) defines scientific literacy 

as follows:  

The science-literate person is one who is aware that science, mathematics, and 

technology are interdependent human enterprises with strengths and limitations; 

understands key concepts and principles of science; is familiar with the natural 

world and recognizes both its diversity and unity; and uses scientific knowledge 

and scientific ways of thinking for individual and social purposes (xvii). 

 

In their personal lives, understanding of science and adopting scientific habits of mind 

can help people make decisions about problems around them.  They need to be able to 

consider evidence, use quantitative considerations, and think critically. 

The report Rising above the Gathering Storm: Energizing and Employing 

America for a Brighter Economic Future (National Academy of Sciences et al., 2007) 

explains how scientific literacy affects American society.  The report lists seven reasons 

for scientific literacy.  First, knowledge about scientific developments and technological 

applications fosters economic growth.  Second, scientific research opens up the 

opportunities for new industries.  Third, the application of science in health care 

promotes public health.  Fourth, advances in environmental science provide the 
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opportunity to take better care of our planet.  Fifth, technological developments in areas 

such as transportation and communication have improved the standards of living.  Sixth, 

knowledge about the brain and the mind has improved our understanding about how 

people learn.  Seventh and last, scientific developments have been applied to the defense 

of the country.  The report urges that in order for the United States to maintain the current 

quality of all areas of life and to foster innovations, continuing investments in scientific 

development need to be made.  One area of these investments in science is K-12 

education. 

Although the need for a scientifically well-educated population is widely 

accepted, national and international assessments of scientific achievement in elementary, 

middle, and high school show that U.S. students do not achieve as well in science 

compared to students from other countries.  The 2009 Program for International Student 

Assessment (PISA) report (U.S. Department of Education, National Center for 

Educational Statistics, 2010) showed that the average score of U.S. 15-year-old students 

(502) was not significantly different from the average score for all countries (501).  U.S. 

students ranked below students from European countries such as Finland, Germany, the 

Netherlands, and the United Kingdom and Asian countries such as Japan, Singapore and 

Korea.  Only twenty-nine percent of U.S. students scored at or above science proficiency 

level 4.   PISA defines level 4 as follows: 

At level 4, students can work effectively with situations and issues that may 

involve explicit phenomena requiring them to make inferences about the role of 

science or technology.  They can select and integrate explanations from different 

disciplines of science or technology and link those explanations directly to aspects 

of life situations.  Students at this level can reflect on their actions and they can 

communicate decisions using scientific knowledge and evidence (p.25) 
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However, comparison of the U.S. average score of 2009 (502) to the 2006 score (489, 

which was lower than that year’s average) showed a slight increase over time. 

According to the National Assessment of Educational Progress (NAEP) report of 

2005 (U.S. Department of Education, National Center for Educational Statistics, 2006), 

science scores among 4th graders increased over the last decade.  The percentage of 

students scoring at or above the basic achievement level increased from 63 percent to 68 

percent from 1996 to 2005.  The basic achievement level “denotes partial mastery of the 

knowledge and skills that are fundamental for proficient work at a given grade” (p. 5).  In 

contrast, a proficient level “represents solid academic performance.  Students reaching 

this level have demonstrated competency over challenging subject matter” (p.5).  For 

grade 8 there was no significant change compared to the scores in 1996 and 2000.  Of the 

8th graders, 59 percent scored at or above the basic achievement level.  Among 12th 

graders, the percentage of students at or above the basic level even has declined since 

1996 from 57 percent to 54 percent.  Although these scores show an improvement in 4th 

grade, the scores of 8th grade and 12th grade students have remained the same or 

declined compared with previous years.   

Statistics such as these have made clear the urgency of improving education in 

science, technology, engineering, and mathematics (STEM).  Recently, U.S. president 

Barack Obama emphasized the importance of STEM education in his 2011 State of the 

Union (CNN, 2011).  He urges the entire nation to work together on this goal:  

The question is whether all of us – as citizens, and as parents – are willing to do 

what’s necessary to give every child a chance to succeed.  That responsibility 

begins not in our classrooms, but in our homes and communities ...  Our schools 

share this responsibility. 
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In fact, one of the priorities of Obama’s Race to the Top Fund program is the 

improvement of STEM education (U.S. Department of Education, 2009).  Clearly, the 

federal government is calling for an effort to increase science and mathematics education 

that is broader than just the realm of public education; an effort that would include formal 

education in classrooms as well as informal education outside of the classroom (Orion & 

Hofstein, 1994). 

 

Formal and Informal Science Education 

Educational researchers generally make a distinction between formal and informal 

(science) education (Anderson et al., 2003; Falk & Dierking, 2000; Gerber, Marek et al., 

2001; Hofstein & Rosenfeld, 1996; National Research Council, 2009; Phipps, 2010; 

Wellington, 1990).  Wellington (1990) characterized formal science learning as 

compulsory, structured, assessed, closed, teacher-centered, and with less social 

interaction.  Informal learning, on the other hand, according to Wellington, is voluntary, 

unstructured, not assessed, open-ended, learner-centered, and includes more social 

interaction.  In other words, formal education is the interaction between a teacher and 

students within a systematic framework of standards, tests, and a fixed curriculum.  

Formal science education is the education that takes place during science classes in 

schools.  In contrast, informal education is learning that takes place outside of this 

framework.  Examples of informal science education settings are the home, television, 

radio, magazines, and informal institutions such as nature parks, museums, and zoos.   

In fact, much of what people learn about science takes place outside of schools.  

Before students enter kindergarten, they already have an understanding of the world, even 

though that understanding is not always correct.  They also have thinking skills that could 
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be a foundation for scientific thinking (National Research Council, 2007).  For example, 

young children have an intuitive understanding of force.  Most students correctly 

understand the balance of forces for a book being held up on an outstretched hand.  

However, they fail to use the same analysis when the book is held up by the surface of a 

table (National Research Council, 2007).  Young children have gained such intuitive 

knowledge by exploring and discovering the world around them at home and in 

museums, zoos, and nature parks.  Older children, adolescents, and adults also learn 

about science outside of schools.  Gerber, Cavallo and Marek (2001) state that the 

majority of what students learn about science, they learn in informal settings. 

Learning in informal settings is often different from learning in a school setting.  

Researchers generally agree that learning experiences in informal science institutions 

have some common characteristics that set them apart from formal science learning in 

schools: students have meaningful experiences, there is room for social interaction, they 

are able to act upon intrinsic interests because there is a level of free-choice, and they 

have authentic experiences with real phenomena (Braund & Reiss, 2006; Cox-Petersen et 

al., 2003; National Research Council, 2009; Phillips et al., 2007).   

 

Meaningful Experiences 

Museums, zoos, nature parks, and science centers may provide meaningful 

experiences for visitors.  According to Braund and Reiss (2006), school science is often 

perceived as boring, irrelevant and only useful for future scientists, not for the average 

student.  In contrast, students think of learning science in informal settings as exciting, 

fun and challenging.  McComas (2006) argues that informal learning environments can 

improve learning by addressing the cognitive, the affective, and the psychomotor domain 
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of learning (knowing, feeling and doing), whereas in classrooms the emphasis is mostly 

put on the cognitive domain alone.  The inherent design of many informal science 

settings addresses the psychomotor domain of learning.  McComas (2006) explains: 

At these sites one finds buttons to push, levers to pull, experiments to try, and 

paths to walk.  There are unusual animals, puzzling questions, interesting 

equipment, and endless ways to put these objects and experiences together and 

discover new and meaningful insights (p. 29).    

 

The affective domain is addressed when visitors have emotional reactions to their 

informal experience such as surprise, interest, curiosity, or confusion.  Falk and Dierking 

(2000) describe the visit of a seven-year-old boy to the Smithsonian’s Natural History 

Museum.  The boy’s initial interest in dinosaurs made the researcher expect his curiosity 

for the dinosaur skeletons in the museum.  However, he was also intrigued by a live black 

widow spider that was eating crickets, because he thought that was “gross”.  This 

emotional reaction even persisted when he was interviewed four months after the visit.   

 

Social Interaction 

In addition, many researchers acknowledge that social interaction is an important 

factor of learning in informal settings (Falk & Dierking, 2000; National Research 

Council, 2009; Phipps, 2010).  Because visits to informal science settings occur often in 

groups, there is room for social interaction.  People talk to each other during their visit 

about what they see and experience and they collaborate while interacting with exhibits.  

These conversations and collaborations influence learning.  Falk and Dierking (2000), in 

their leading work about museum learning, make a distinction between the interaction 

visitors have within their own group, for example between a caregiver and a child, and 

with museum professionals such as guides, explainers, or demonstrators.  Both types of 
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interaction influence learning in informal settings.  For example, the amount of 

interaction between a parent and a child increases the child’s engagement in interactive 

exhibits in museums (National Research Council, 2009).  Parents can facilitate children’s 

learning by helping them understand the content of a certain exhibit, by modeling 

appropriate behavior, and by connecting the experience with previous family experiences 

and conversations (Falk & Dierking, 2000).  Falk and Storksdieck (2005) also found 

indications that visitors’ interaction with other members of their group is positively 

correlated with their learning.  They studied adult visitors to a life science exhibit in the 

California Science Center in Los Angeles and found that the number of adult-adult and 

adult-child interactions correlated significantly with learning.  Visitors who interacted 

more often with other adults or children showed increased learning, measured through 

their responses to open-ended questions and personal meaning mapping. 

Within-group social interaction also plays an important role in visits of school 

groups to informal science settings (Falk & Dierking, 2000).  If the sociocultural aspect 

of fieldtrips is recognized and capitalized upon, it can increase learning.  Students 

generally learn more and are better able to transfer what they have learned when they are 

given the opportunity to talk about what they have learned to peers or adults.  These 

findings reiterate research results from outside of the realm of informal science 

education.  People learn at higher levels when they collaborate with others (National 

Research Council, 2000). 

 

Intrinsic Interests 

The level of free choice resulting in visitors being able to act upon intrinsic 

interests is another important factor of learning in informal settings.  Contemporary views 
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on learning in general and science learning in particular include that autonomy can have 

an important impact on science learning (National Research Council, 2007).  The sense 

of autonomy or control is an important component of a visitor’s motivation to learn (Falk 

& Dierking, 2000).  Informal science institutions such as science museums and science 

centers are typically designed in a way that allows visitors to navigate freely and 

determine their own learning (National Research Council, 2009).  There usually is no 

predetermined route or order.  Visitors can skip certain exhibits, gloss over exhibits, or 

become deeply engaged in specific topics.  They can also control the depth of their 

learning and the amount of challenge they choose.  In a free-choice environment, people 

are able to act upon intrinsic motivation, which should lead to greater motivation to learn, 

greater self-esteem, and higher levels of learning (Falk & Dierking, 2000). 

 

Authentic Experiences 

Several researchers recognize the opportunity for authentic experiences in 

informal science institutions (Braund & Reiss, 2006; Cox-Petersen et al., 2003; National 

Research Council, 2009).  Visitors are able to interact with real phenomena, real objects, 

real animals, and real scientists.  Historically, science museums, zoos, and botanical 

gardens were established to enable visitors to see typical or rare objects (Braund & Reiss, 

2006).  Today, they often provide opportunities to interact with or handle those objects.  

In addition, through hands-on exhibits in science centers and science museums visitors 

are able to act as scientists and experience scientific concepts.  Such interactive 

experiences have shown to attract more visitors and engage them for longer periods of 

time than exhibits that are static (National Research Council, 2009). 
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In addition to the differences between formal and informal learning, there are also 

similarities.  Even though informal learning settings are different from school settings, in 

the end, both types of institutions want to increase scientific literacy.  The National 

Science Education Standards (National Research Council, 1996) express that goal for the 

formal science education system: “[NSES] outline what students need to know, 

understand, and be able to do to be scientifically literate at different grade levels.  They 

describe an educational system in which all students demonstrate high levels of 

performance” (p.2).  The goal of scientific literacy is also apparent from some of the 

mission statements of informal science institutions.  For example, the Smithsonian 

National Museum for Natural History writes: “We increase knowledge and inspire 

learning about nature and culture, through outstanding research, collections, exhibitions, 

and education, in support of a sustainable future” (Smithsonian National Museum of 

Natural History, 2011).  The mission of the Museum of Science in Boston includes 

inspiring a lifelong appreciation for the importance and impact of science and 

technology.   

Another similarity is that both types of learning are affected by students' prior 

knowledge, their interests and their attitudes towards science and towards learning 

(Guisasola, Morentin, & Zuza, 2005).  For example, Falk and Storksdieck (2005) found 

that prior knowledge was one of the most important factors that influenced learning from 

a life science exhibition.  Several reports agree that prior knowledge influences all 

learning situations (National Research Council, 2005; National Research Council, 2007; 

National Research Council, 2009).  Therefore, formal as well as informal educators need 

to take into account the learners’ prior knowledge.  Awareness of the differences and 
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similarities between formal and informal science education can result in effective 

collaboration between the two types of science education. 

 

Collaboration between Formal and Informal Science Education 

Various national educational organizations have acknowledged the role informal 

learning environments can play in science education.  The National Research Council 

(1996) states in the National Science Education Standards (NSES) that the “classroom is 

a limited environment.  The school science program must extend beyond the walls of the 

school to the resources of the community” (p.45).  In addition, the National Science 

Teacher Association (1999) declares in its official position statement about informal 

learning: “Informal science education complements, supplements, deepens, and enhances 

classroom science studies.”   

Similarly, informal learning settings are increasingly more aware of the role they 

can play in science education.  In a survey of nearly 500 informal science institutions, 

researchers found that 73% of them provide one or more programs to support students, 

teachers and schools (Phillips et al., 2007).  The majority of those programs are services 

directly aimed at the students, like field trips, visits, traveling demonstrations and support 

for science fairs.  Collaboration among schools and informal science institutions can 

range from schools simply making use of the programs that the institution provides to 

schools and institutions working together in an extensive partnership where the lines 

between them almost vanish.  An example of the latter is the so-called museum school 

(King, 1998).  In these collaborations, teachers work together with educators and science 

experts at the museums to develop curriculum, administer the curriculum, coach students 

in their learning and assess their understanding.  Teachers spend time working in the 



32 

 

museum and museum staff members work in the school buildings.  Mathison, 

Wachowiak and Feldman (2007) describe another example of an extensive collaboration 

between informal science institutions and schools.  In their School in the Park program, 

students from grades 3 to 5 study in ten informal learning institutions in San Diego, 

California, for six to nine weeks a year.  The program is carefully aligned with the state 

standards and is based on principles of meaning making, emotion and learning, learning 

as a physical process, and making multiple connections between prior knowledge and 

new information. 

One area in which informal settings can contribute to science education is by 

stimulating students’ interest in science.  Studies suggest that informal learning 

experiences can positively affect students' attitude toward and interest in science.  For 

example, Zoldosova and Prokop (2006) found that students who took part in a five-day 

field trip, doing biological and chemical experiments, chose relatively more biology and 

chemistry related book titles from a list than students who did not participate in the field 

trip.  Falk and Adelman (2003) observed that aquarium visitors who where little or 

moderately interested in the conservation of aquatic ecosystems gained interest after their 

visit of the exhibitions about conservation. 

In addition, informal science institutions have characteristics and opportunities to 

contribute to inquiry-based science learning.  According to the National Science 

Education Standards (National Research Council, 1996), students should learn science 

through scientific inquiry:  

Inquiry is a multifaceted activity that involves making observations; posing 

questions; examining books and other sources of information to see what is 

already known; planning investigations; reviewing what is already known in the 

light of experimental evidence; using tools to gather, analyze, and interpret data; 



33 

 

proposing answers, explanations, and predictions; and communicating the results 

(p. 23). 

 

Inquiry is essentially the building of new knowledge; it is the process of science.  Inquiry 

is not just the skills of the scientific method, but also the understanding of how 

investigations lead to new claims that have to be supported by empirical evidence to 

withstand the critique of others in the scientific community (Etheridge & Rudnitsky, 

2003).  According to the NSES, "[inquiry] into authentic questions generated from 

students' experiences is the central strategy for teaching science" (p.31).   

Unfortunately, despite the fact that research results suggest that inquiry should be 

a major part of the science curriculum, current practice is usually not aligned with these 

suggestions (Duschl, Shouse, & Schweingruber, 2007).  Among the reasons for why 

teachers do not apply scientific inquiry in the classroom are the perceived difficulty of 

implementing inquiry, the lack of understanding of what scientific inquiry is, and aspects 

of the school culture (Etheridge & Rudnitsky, 2003).   

In contrast with the lack of implementation of scientific inquiry in the formal 

classrooms, informal science institutions provide unique opportunities for scientific 

inquiry.  First, students and teachers perceive institutions like museums, zoos, nature 

parks and science centers as authentic environments (Guisasola et al., 2005; Melber & 

Cox-Petersen, 2005).  They experience real objects, real animals and real phenomena.  

This enables students to conduct meaningful investigations of their own questions.    

Various studies have shown examples of how inquiry-based learning can take 

place in informal settings.  Guisasola et al. (2005) describe a program for 17- and 18-year 

old students in a science museum in Spain.  Before the visit, groups of students 

investigated a particular exhibit of the museum.  They learned some necessary concepts, 
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but they also posed their own questions and developed hypotheses.  In the museum, they 

gathered data by handling the exhibits and they prepared to have conclusions ready for 

the rest of the class.  Back at school, conclusions of the groups were shared in a class 

discussion.  

Other examples of inquiry in informal learning environments bring the museum 

process to the students.  Melber (2007) describes how labeling a museum specimen can 

be a meaningful inquiry activity.  Some of the museum schools that King (1998) 

describes let students become part of the museum process as “museum process 

apprentices”.  In some nature parks, students have the opportunity to work together with 

real scientists in the field and take part in authentic scientific investigations (Orion & 

Hofstein, 1994; Orion, 1993). 

 

Continuum of Formal and Informal Science Education 

Although researchers agree about most characteristics of purely formal and purely 

informal education, they also have started to realize that many programs do not fit into 

this pure dichotomy (Dierking, 1991; Eshach, 2007; Hofstein & Rosenfeld, 1996).  For 

example, a school visit to a science museum may be more structured than a family visit to 

the same museum.  Hofstein and Rosenfeld (1996) propose to look at the difference 

between formal and informal learning as a continuum, with strictly formal learning on 

one end and strictly informal learning on the other end.  Taking this concept of a formal-

informal science education continuum a step further, Jarman (2005) proposes a 

continuum on four dimensions to create a detailed profile of any informal science 

learning program or institution.  A program profile should position the program on a 
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continuum with regard to curriculum, pedagogy, free choice, and assessment (see Figure 

2.1).   

First, the description of a program’s curriculum should include an explanation of 

official documents, the content of the program, and the way the program approaches 

science as a sequenced body of knowledge.  Second, the pedagogy of the program should 

be described in terms of its educative processes and the type of activities that are 

included.  Third, the level of free choice should be included to indicate the amount of 

choice visitors have to participate in the program as well as how much freedom they have 

once they are participating.  Last, the profile should include how the program deals with 

assessment.  Informal learning generally has no assessment associated with it.  However, 

some programs include visitor evaluation as a form of assessment to determine what 

visitors learned.  According to Jarman, settings can have formal characteristics with 

respect to one dimension and informal characteristics on other dimensions.  She argues 

that describing the program under study through a profile like this provides a deeper 

characterization of the program and a clear positioning of the program within the field of 

formal and informal science education.  Jarman’s framework for profiling informal 

science education programs and institutions will be used below to describe the GEAR UP 

program under study.   
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Figure 2.1.  Jarman’s four dimensional framework. 

    

GEAR UP 

GEAR UP (Gaining Early Awareness and Readiness for Undergraduate 

Programs) is a federally funded program that aims to increase the number of students 

who are prepared to go to and succeed in college after their high school graduation.  The 

GEAR UP program in this study is a collaboration between a university, a college, two 

school districts and a city in Texas.  The program has been working with a cohort of 

students, starting when they were in 6th and 7th grade.  During the current study, the 

students were in 11th and 12th grade.  The GEAR UP program under study consists of 

several program elements that interact to increase students’ academic achievement in 

areas such as mathematics and science, to increase their knowledge about college 

application, and to motivate parents to get involved in their children’s education.  For the 

purpose of this study, the science and mathematics program elements are of most interest 

because these are likely to influence what students know and think about science.   
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All students of the cohort are invited to come to the physics component once a 

year, at the beginning of the spring semester.  First, the students watch an interactive 

science theater show which introduces them to a specific area of physics.  The show 

generally features two to three actors and includes audiovisual information and hands-on 

demonstrations.  Next, the students enter the exhibit area where they are encouraged to 

interact with hands-on exhibits that deal with the same subject area.  After the interactive 

activities, the students come back to the theater area and watch the last part of the show 

that generally consists of a game show to test the students’ knowledge about the topic in 

an informal and interactive way.   

Another science-related component of the GEAR UP program has a biological 

focus.  Students of the cohort are invited to participate in a nature field trip twice a year – 

once during the fall semester and once during the spring semester.  Students spend 

around four hours at a local nature park and work in groups to investigate biology-related 

research questions.  Generally, students spend the first part of the field trip rotating 

through different stations where they formulate hypotheses and research questions, 

conduct observations, and collect and record data.  During the second part of the field trip 

they organize the data in scientific ways and present their findings to the rest of the class.  

The activities are a simplified version of the work that real biologists do every day. 

The mathematics component is the third program element that is part of this 

study.  Although science is not the primary subject area, many activities are based on 

science-related applications of mathematics.  Unlike the physics and biology component, 

which both serve a substantial percentage of the entire cohort (55% and 24% respectively 

for the school year 2009-2010), the mathematics component targets a much smaller 
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percentage of the cohort (6%).  During the school year, the students have the opportunity 

to participate in two workshops and one week-long summer camp.  The mornings of the 

workshops consist of different types of mathematics-related activities, such as open-

ended group activities, collaborative work, interactive lectures, hands-on activities, and 

work sheets.  Each workshop targets a specific topic.  During the afternoon, the 

mathematics component teams up with other program elements or different departments 

of the university to expose students to applications of mathematics in other fields.  The 

summer camp is a five day program where students come every day and participate in 

hands-on activities, guest lectures, group activities and field trips. 

 

Profile of the GEAR UP program 

 

Curriculum 

The profile of the GEAR UP program is based on interviews with developers of 

each of the three components (personal communication, November 23 and December 1, 

2010).  To some degree, all three GEAR UP program elements operate according to a 

curriculum which the GEAR UP scientists and educators develop.  For each field trip or 

visit of the students, a curriculum is developed containing the concepts that will be 

addressed, the learning objectives that guide the curriculum, the activities the students 

will engage in, and the state standards that are related to the activities.  Developers of all 

three program elements look at the formal curriculum in the participating high schools in 

order to connect as much as possible to what students and teachers are doing in school.  

The mathematics component tries to target concepts that students struggle with in school 

or that teachers generally find difficult to teach.  The biologists collaborate with 
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participating teachers to develop the program curriculum and try to connect to the content 

standards and the formal curriculum.  The physics component covers concepts and skills 

that are part of the formal curriculum and includes hands-on activities that reinforce those 

concepts and skills.  Although the program elements somewhat follow the school 

curriculum, the GEAR UP program as a whole does not work according to an 

overarching scope and sequence, like the formal system.  Overall, in terms of curriculum, 

the program elements have more formal characteristics than informal characteristics. 

 

Pedagogy 

All three program elements have a distinctive pedagogical approach.  They have 

in common a commitment to student engagement.  The program developers (mathematics 

and science educators of the collaborating university) say they are always trying to find a 

balance between learning and having fun.  They believe that the biology component, the 

physics component and the mathematics component have something unique to offer that 

engages students because the students are enjoying the experience and learning at the 

same time.  For the physics component, part of the pedagogical approach is to use humor 

and theatre to engage students.  The first part of the physics component introduces 

students to the physics concepts through explanations and demonstrations by professional 

actors who connect to the language and everyday lives of the students.  In the second part 

of the physics component, students are engaged through hands-on activities.  The biology 

field trips engage students by going outside into nature as much as possible and by 

having students engage in activities that are part of what real biologists do, such as 

making predictions, conducting observations, organizing data, drawing conclusions, 

presenting their findings, and evaluating one another’s findings.  The interaction with real 
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phenomena is an important element of the biology component’s pedagogy.  The 

mathematics component also seeks to engage students by providing them with real-life 

applications of mathematics.  Often, students work on problems collaboratively in small 

or large groups.   

 Most of the activities in all three program elements are more teacher-led than 

student-led.  Groups of students are always led or guided through the different activities 

by one or more GEAR UP teachers or graduate students.  Some of the activities are 

somewhat open-ended in that students are given a problem that they can solve in their 

own way.  For example, during the biology field trips, students choose their own research 

questions that can be answered with the provided materials.  The mathematics component 

includes open-ended problems that can be solved in different ways.  Although activities 

are often teacher-led, they are also student-centered in the sense that developers make an 

effort to make connections to students’ everyday lives and experiences.  Overall, the 

GEAR UP program elements are informal in their pedagogical approach to student 

engagement, hands-on activities, and authentic experiences.  The approach to teacher-led 

instead of student-led activities is a more formal characteristic. 

 

Free-choice 

The developers of all three program elements regret the little amount of free-

choice that they can provide the students.  It seems that their concern that students need 

to learn from these experiences limits the amount of free choice that they allow students 

to experience.  None of the program elements let students just roam around like they 

would be able to in a science museum or science center.  Instead, students’ choices 

during the GEAR UP program elements are limited to the hypotheses they choose to 
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study during the biology field trip, the mathematical approach they choose for a certain 

problem during the mathematics component or the choice to participate in the game show 

at the end of the physics component.   

The students have different levels of freedom in their choice to come to the 

program elements.  The mathematics component activities are on Saturdays (during the 

spring and fall semester) and during summer break.  Participation is therefore completely 

voluntary.  For the biology component and the physics component, teachers usually 

decide if their classes will be participating.  Students have a choice to opt out by not 

turning in their permission slips or not showing up when the bus is leaving from school.  

Therefore, with respect to the free-choice dimension, GEAR UP lies more towards the 

formal end of the continuum. 

 

Assessment 

None of the program elements include any type of formal summative assessment 

in the sense that assignments are being graded.  Although some of the science teachers 

use participation in the program elements or the completed worksheets for a formal 

grade, the program developers do not include formal assessment in the programs.  

However, in order to gain information about what students learn from the program 

elements and what could be improved about the activities, all three program elements 

contain some sort of formative assessment.  The mathematics component uses basic 

mathematics skills tests to determine students’ progress and an attitude test to measure 

students’ attitude towards mathematics.  In addition, the projects that students work on 

during the mathematics field trips and summer camps are a form of performance-based 

assessment, even though no formal grading is attached to it.  The physics component 
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includes the administration of a pretest and posttest to measure how much students learn 

about the scientific content and an attitude test to measure students’ attitude towards 

science.  During the biology component field trips, student presentations are a form of 

assessment.  Students present what they learned and they get feedback on their 

performance.  In conclusion, on the assessment dimension, the GEAR UP program lies 

closer to the informal end of the continuum. 

 

Science Knowledge 

 The NRC report Learning Science in Informal Environments (National Research 

Council, 2009) identifies six strands of informal science learning: developing interest in 

science, understanding science knowledge, engaging in scientific reasoning, reflecting on 

science, engaging in scientific practice, and identifying with the scientific enterprise.  For 

the current study, the first two strands, interest and knowledge, were used to measure the 

impact of the GEAR UP program elements on students’ science learning.  These two 

strands align with the goals of the program to prepare students to go to college and to 

choose scientific careers. 

 Understanding scientific knowledge means “learning about the main scientific 

theories and models that frame Western civilization’s understanding of the natural world” 

(National Research Council, 2009).  This understanding of the natural world takes the 

form of concepts, explanations, arguments, models, and facts.  The National Science 

Education Standards (National Research Council, 1996) organize scientific content in 

eight categories: unifying concepts and processes in science, science as inquiry, physical 

science, life science, earth and space science, science and technology, science in personal 

and social perspective, and history and nature of science.   
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Regardless of how scientific knowledge is organized, several theories exist about 

how students build their scientific knowledge.  Phipps (2010) discovered that in the last 

decade of research in informal science education, researchers have used behaviorist, 

constructivist, sociocultural, and experiential theories of learning as well as the 

conceptual model of learning developed by Falk and Dierking (2000) specifically for the 

field of informal learning.  Phipps (2010) concluded that the vast majority of the studies 

she reviewed were based on constructivist and sociocultural perspectives.  In line with 

Phipps’ review, Anderson, Lucas, and Ginns (2003) argue that the constructivist 

perspective suits informal learning research because it recognizes the importance of prior 

knowledge, active involvement in the learning process, and the dynamic nature of the 

construction of knowledge.   

Most researchers who support a constructivist perspective on learning agree that 

the goal of science learning is for students to construct increasingly advanced conceptions 

of science (National Research Council, 2005; National Research Council, 2007).  The 

report Taking Science to School (National Research Council, 2007) emphasizes that 

students are no empty vessels in which teachers can pour scientific knowledge.  Instead, a 

growing understanding of scientific knowledge is an active process and involves 

conceptual change.  Students come to school with an existing framework of their 

understanding of the world.  These understandings help them make predictions, see 

patterns, and make sense of the world.  Some of these understandings are misconceptions 

while others are correct.  Learning science means refining and changing existing 

concepts.  Conceptual change can either entail building upon existing conceptual 
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structures, restructuring conceptual networks, or adding deeper levels of understanding to 

a conceptual structure. 

 The role of formal and informal science education is to assist students in this 

process of conceptual change.  It is important to realize that existing conceptual structures 

influence the new understandings that students construct (National Research Council, 

2000).  Sometimes erroneous existing structures inhibit the learning of new concepts.  In 

other situations, the activation of prior knowledge can enhance new learning.  Activating 

prior knowledge means making connections to what people already know and to what 

they have experienced in everyday life.  Hands-on activities in informal science settings 

are excellent situations where prior knowledge is activated and, with proper guidance, 

conceptual change can take place.   

 

Science Interest 

 The interest strand of science learning as identified by the NRC report (National 

Research Council, 2009) includes excitement, interest, and motivation to learn science.  

A person’s decision to engage in learning activities are informed by their interest 

(National Research Council, 2007).  “Individuals who are intrinsically motivated do 

activities for their own sake and out of interest in the activities” (p.199).  People with 

high levels of interest generally are more likely to persevere in challenging tasks, to think 

more creatively, and to learn at a conceptual level.   

In addition, Hidi and Renninger (2006) reviewed that interest has shown to 

influence attention, learning goals, and levels of learning.  They state: “interest is a 

psychological state that, in later phases of development, is also a predisposition to 

reengage content that applies to in-school and out-of-school learning and to young and 
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old alike” (p. 111).  They, like other scholars, make a distinction between situational and 

individual interest.  Situational interest is determined by the specific characteristics of an 

activity, task, or surrounding.  This type of interest can vary from situation to situation.  

In contrast, individual interest is related to a particular content area and is rather stable 

over time.  Both situational and individual interest have shown to positively influence 

learning.  Furthermore, Tai et al. (2006) found that science interest during middle school 

years predicted college science degree attainment and career choices.  The authors 

contend that we should not ignore the importance of students’ interest in science and 

exposure to science in favor of standardized test scores.  Informal environments are 

venues where students can interact with science and can develop situational and 

individual interest in science. 

According to the NRC: “informal environments are often characterized by 

people’s excitement, interest and motivation to engage in activities that promote learning 

about the natural and physical world” (National Research Council, 2009).  Visitors often 

experience informal environments as fun, challenging, and exciting.  Especially in free-

choice environments does interest play a role in learning.  Visitor’s initial interest 

determines their interaction with certain exhibits and their ignoring other exhibits.  

Moreover, interest influences to what information visitors pay attention (National 

Research Council, 2007).  Reversely, visits to informal environments can influence 

visitors’ interest.  Early childhood experiences, outdoor and indoor activities, and 

engagement with science through play have shown to influence a person’s interest in 

science (Bulunuz & Jarrett, 2010; Jarvis & Pell, 2005).  In fact, Bulunuz and Jarrett 
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(2010) found that informal science experiences appear to have a larger influence on a 

person’s interest in science than formal science experiences in middle and high school.   

The current study used science knowledge and science interest as measures of 

learning to obtain a deeper understanding of the impact the GEAR UP program elements 

have on students’ science learning.  From the research literature on informal science 

learning, the GEAR UP program, having many characteristics of informal learning, can 

be expected to positively affect students interest in science and knowledge of science.  

Science knowledge and interest were measured using both quantitative and qualitative 

research methods.  In the next chapter, the research methods will be further explained.    
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CHAPTER THREE 

Methodology 

 

 In this chapter all aspects of the research methodology will be discussed: the 

research questions that were posed in chapter one, the mixed methods research design, 

data collection methods, data analysis methods, and considerations of validity and 

reliability for the quantitative and qualitative phase, and the integration of the quantitative 

and qualitative strands.  Figure 3.1 contains a flow chart of the different stages of this 

mixed methods sequential explanatory study, including the research questions, data 

collection and data analysis methods.   

 

Research Questions 

 The overarching research question for this study was: What is the impact of 

participation in the GEAR UP program on the science knowledge and interest of eleventh 

grade students in an urban school district in Texas?  To address this overarching question, 

the following sub-questions were formulated.  Two questions guided the quantitative 

phase:  

(1) What is the relationship between eleventh grade students’ attendance at the 

GEAR UP program elements and their science knowledge scores?   

(2)  What is the relationship between eleventh grade students’ attendance at the 

GEAR UP program elements and their science interest scores?   
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Since the goal of the GEAR UP program elements is to increase science knowledge and 

interest, the two quantitative research questions translate into the following directional 

hypotheses: 

(H1) Eleventh grade students who have higher attendance at the GEAR UP program 

elements have higher science knowledge scores than students with lower 

attendance. 

(H2) Eleventh grade students who have higher attendance at the GEAR UP program 

elements have higher science interest scores than students with lower attendance. 

The question that guided the qualitative phase was:  

(3)  In what ways do the GEAR UP program elements impact students’ science 

knowledge and interest? 

The research question that integrated the two previous strands was: 

(4) In what ways do the themes that emerge from the semi-structured focus group 

interviews about the impact of the GEAR UP program on students’ science knowledge 

and interest provide explanations for the relationships between attendance and science 

knowledge and interest found in the quantitative phase? 

 

Research Design 

 In this study, a mixed methods sequential explanatory design was used.  This 

means that the study included quantitative as well as qualitative data in two separate 

phases.  The qualitative phase succeeded the quantitative phase and was aiming to 

explain the quantitative findings.  According to Creswell and Plano Clark (2011), an 

explanatory design is suitable when quantitative findings alone provide an incomplete 

understanding of the study.  In this case, science knowledge scores and science interest 
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scores alone only provide information about the relationship between attendance at the 

program under study and students’ knowledge and interest.  In order to explain how the 

program impacted those scores, the qualitative phase provided opportunities to get 

personal information from the students.   

The field of mixed methods research is a rather new field that started to develop 

as a distinctive approach to research during the second half of the twentieth century.  

Creswell and Plano Clark (2011) explain the emergence of mixed methods research:  

The complexity of our research problems calls for answers beyond simple 

numbers in a quantitative sense or words in a qualitative sense.  A combination of 

both forms of data provides the most complete analysis of problems.  Researchers 

situate numbers in the contexts and words of participants, and they frame the 

words of participants with numbers, trends, and statistical results.  Both forms of 

data are necessary today (p. 21). 

 

The initial interest in combining qualitative and quantitative research approaches 

emerged during the 1950s.  During the 1970s and 1980s researchers started to think and 

argue about whether it is possible to combine qualitative and quantitative data and how 

the differences between the philosophical assumptions of the two traditions could be 

reconciled.  After the 1980s, researchers shifted their attention toward questions of 

procedural nature.  Several scholars developed classification systems of different types of 

mixed methods research and the design decisions that are relevant to each mixed methods 

design.  Recently, the field of mixed methods research has moved towards a period of 

advocacy and expansion.  The development of the Journal for Mixed Methods Research 

and the Handbook of Mixed Methods in Social & Behavioral Research (Tashakkori & 

Teddlie, 2003) show the growth of the field and provide channels to promote the use of 

mixed methods research (Creswell & Plano Clark, 2011).   
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 Many mixed methods researchers apply a pragmatic worldview to their research 

(Tashakkori & Teddlie, 2003).  In this pragmatic approach to mixed methods research, 

qualitative and quantitative strands are combined in a manner that works best to answer 

the research questions.  Decisions related to data collection and data analysis should all 

be guided by the research questions.  In a pragmatic approach, researchers apply 

conventions from both quantitative and qualitative research traditions to their study 

(Creswell & Plano Clark, 2011).  For example, they can alternate biased and unbiased 

perspectives, or formal and informal writing styles in different strands of the study, 

depending on what works in order to address the research problem. 

 Creswell and Plano Clark (2011) discuss four key decisions mixed methods 

researchers should make.  They should make decisions about the level of interaction, the 

relative priority, the timing, and the procedures for mixing of the qualitative and 

quantitative strands.  The level of interaction refers to whether qualitative and 

quantitative data are collected and analyzed independently or dependently.  With regard 

to the priority of the strands, the researcher has to decide if both strands have equal 

priority or if either the quantitative or qualitative strand will have larger priority.  In 

addition, the researcher has to make decisions about the order, or timing, of the different 

strands.  Qualitative and quantitative data can be collected concurrently – at the same 

time – or sequentially – in different phases.  Finally, mixing can occur at different stages 

during the study.  The researcher has to decide the point of interface.  Mixing can occur 

at the design level, during data collection, during data analysis, or during the 

interpretation stage.  The researcher also has to decide if the data sets will be merged, 

connected, or embedded. 
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 In the current study, quantitative and qualitative data were collected and analyzed 

independently.  Interaction occurred during the sample selection for the qualitative 

strand, when quantitative data were used to choose the participants for the focus group 

interviews of the qualitative strand.  Priority was given to the quantitative strand, while 

the qualitative data added an important explanatory factor to the results of the 

quantitative phase.  Timing of the strands was sequential in two separate phases, with the 

quantitative phase preceding the qualitative phase.  Mixing of the two strands occurred 

during the interpretation stage of the current study: after data analysis for the two strands 

was completed independently, the data and conclusions were integrated in order to 

answer the fourth, mixed methods research question. 

 As Creswell and Plano Clark (2011) point out, combining qualitative and 

quantitative research methods in a mixed methods study does not provide an excuse to do 

a less than thorough job on either strand.  Each strand should meet the requirements set 

by the respective research communities as well as the requirements for a well-developed 

mixed methods study.  Therefore, the two strands of the current study are each explained 

in terms of existing quantitative and qualitative research designs.  The quantitative strand 

of the current study consisted of a correlational research design.  The students’ attendance 

at the different program elements was the independent variable for both quantitative 

research questions.  The dependent variables were science knowledge scores for the first 

quantitative research question and science interest scores for the second quantitative 

research question.   Because data could only be collected at the end of the program, the 

independent variable was not manipulated by the researcher.  Since, in addition, nuisance 
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variables were not controlled, a correlational design was appropriate for the quantitative 

strand of this study (Gay, Mills, & Airasian, 2009). 

 The qualitative strand of this study was a multiple-case study.  The students who 

were interviewed were embedded units of analysis within the holistic case of the GEAR 

UP program.  The GEAR UP program was a bounded system in terms of the participating 

students, the time period, and the program itself.  Therefore a case study was an 

appropriate method to investigate the impact of the program on students’ interest and 

knowledge of science (Creswell, 2007).  Each student formed a single case and cross-

case analysis connected the findings for each case in this multiple-case study phase. 

 

 

Figure 3.1.  Activities for the current sequential explanatory study 
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Quantitative Phase 

 

Research Site 

 The site for this study was an urban school district in Texas.  The school district 

collaborated with the local university and technical college as well as the city in this 

GEAR UP project.  As described in chapter two, the students of this school district who 

were in eleventh and twelfth grade during the time of this study had been part of the 

GEAR UP cohort since they were in sixth and seventh grade.  Of the total school district 

student population 31% was African American, 55% was Hispanic, 11% was White, 

0.4% was Native American, 0.3% was Asian/Pacific Islander, and 1% reported two or 

more races.  Students from economically disadvantaged homes made up 87% of the 

student population, measured by eligibility for free and reduced lunch.  Furthermore, 

17% were limited English proficient (Texas Education Agency, 2011a).  Students in the 

GEAR UP cohort were in three high schools in the district.  All three high schools served 

grades 9 through 12 and had similar demographics (see Table 3.1).  All three schools 

have been working with the GEAR UP program since the cohort first attended high 

school (2008-2009). 
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Table 3.1 

Demographics of the School District and the Three High Schools 

Demographics (%) 
 

 
District School A School B School C 

African American 
 

 
31 25 26 41 

Hispanic 
 

 
55 61 68 41 

White 
 

 
11 13 5 16 

American Indian 
 

 
0.4 0.3 0.2 0.3 

Asian/Pacific Islander 
 

 
0.3 0.6 0.2 0.6 

Two or more 
 

 
1.3 1.1 0.3 2.0 

Economically Disadvantaged 
 

 
87 85 82 73 

Limited English Proficient 
 

 
17 8 7 6 

 

Participants 

 Participants for the current study were all in eleventh grade during the 2011-2012 

school year.  Although students in twelfth grade are also part of the GEAR UP cohort, 

they were not included in the study, because not all program elements targeted twelfth 

grade students.  For the quantitative strand of the current study, cluster sampling was 

used to randomly select intact classes of students.  In order to minimize the burden for 

teachers and administrators in the school district during the data collection time, a 

number of science classes were randomly selected from the total list of eleventh grade 

science classes.  Gay, Mills, and Airasian (2009) explain that cluster sampling is often 

used by educational researchers, because it can be unethical or impossible to split up 

classes. 
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 Power analysis using G*Power v 3.1.2 (Faul, Erdfelder, Buchner, & Lang, 2010) 

yielded a minimum of 84 participants to obtain sufficient power for this correlational 

study.  In other words, in order to achieve a power level of 1- β = .80 or higher with a 

significance level of α = .05, a total number of 84 participants was needed for this study.  

Through the principals of the schools, the science teachers were asked to collaborate by 

distributing and collecting consent forms and by providing an opportunity for the 

researcher to administer the science interest survey.  All participants were required to turn 

in parental consent forms as well as participant assent forms before they were included in 

the study.  The consent and assent forms included a passage informing the participants of 

the possibility that they would be chosen to participate in the qualitative follow-up.  In 

total, 122 students turned in signed consent forms out of about 270 students who were 

asked to participate.  This means the return rate was about 45%.  There are several 

possible reasons for the low return rate.  Apparently many students were not interested in 

participating in the study.  Furthermore for many students there was no tangible incentive 

for participation.  Another possible reason is that parents were hesitant to let their 

students participate.  Last, pre-existing or unexpected circumstances within the schools 

sometimes made the process of obtaining permission challenging.  For example, in one 

school, science classes had to be reorganized as a result of one of the teachers leaving the 

school.  However, although the return rate was low, the number of participants did 

exceed the minimum number needed for sufficient power.  Moreover, the fact that the 

sampled classes were randomly selected from all eleventh grade science classes resulted 

in a sufficient representation of the population of all eleventh grade students in the GEAR 
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UP cohort.  The sample included 64 girls, 41 boys, and 17 students for whom the gender 

was not reported. 

 

Data Collection 

 The first quantitative research question focused on the relationship between 

attendance and science knowledge scores of the students.  The independent variable for 

this question was students’ attendance at the program elements in number of hours.  The 

attendance data of each participant was obtained from the database of the local GEAR UP 

program.  If participants did not attend any of the GEAR UP program elements, their 

level of attendance was zero.  The total number of hours of attendance was added over all 

years for the three science-related program elements, biology, physics, and mathematics.  

Therefore, this independent variable was measured on a ratio scale.  For example, if a 

student had attended the physics field trip (2 hours) all five years, the biology field trip (4 

hours) in grades eight and nine, and the mathematics field trip (6 hours) in grades eight, 

nine, and ten, his total attendance was 36 hours. 

 The dependent variable for the first question was students’ science knowledge.  

The science portion of the state-mandated standardized test, the Texas Assessment of 

Knowledge and Skills (TAKS, Texas Education Agency, 2011b) was used to measure the 

students’ science knowledge.  TAKS is an assessment program that measures students’ 

mastery of the state-mandated standards, the Texas Essential Knowledge and Skills 

(TEKS).  TAKS covers the following subject areas: reading, writing, mathematics, 

English language arts, science, and social studies.  Students in Texas take the science 

portion of TAKS in grades five, eight, and ten.  For the current study, tenth-grade science 

TAKS scores were obtained from the schools, with parental consent from the 
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participating students.  The tenth grade science TAKS was administered on April 28, 

2011 and reported on May 25, 2011.  The raw score of the science TAKS is the total 

number of correctly answered questions.  This raw score is then converted into the scale 

score, ranging from 1175 to 2830 (Texas Education Agency, 2011b).  A score of 2100 or 

above is considered a passing grade. 

 The second quantitative research question focused on the relationship between 

attendance at the program and interest scores of the students.  Data collection for this 

question consisted of administration of a modified version of the Test of Science Related 

Attitudes (TOSRA).  This is a well-documented instrument that measures science-related 

attitudes of middle and high school students (Fraser, 1978; Joyce & Farenga, 1999; 

Khalili, 1987; Schibeci & McGaw, 1981).  The TOSRA consists of 70 items that ask for 

a 5-point Likert scale answer ranging from 1 (strongly agree) to 5 (strongly disagree).  

The questions constitute seven subscales: social implications of science, normality of 

scientist, attitude to scientific inquiry, adoption of scientific attitudes, enjoyment of 

science lessons, leisure interest in science, and career interest in science.  For the current 

study, the TOSRA was modified to include only questions from the subscales that were 

relevant: normality of scientist, attitude toward scientific inquiry, leisure interest in 

science, and career interest in science.  This resulted in an instrument of 40 questions, 

which made the administration of the instrument more manageable.  Appendix A 

contains the mTOSRA survey.  Some of the statements were positive and some were 

negative.  The negative questions were reversely coded (5 for strongly disagree and 1 for 

strongly agree).  The normality of scientist scale contained statements such as “Scientists 

can have a normal family life” and “Scientists are less friendly than other people”.  The 
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attitude toward inquiry scale included statements such as “I would prefer to do an 

experiment on a topic than to read about it in science magazines” and “It is better to be 

told scientific facts than to find them out from experiments”.  Examples of statements 

belonging to the leisure interest scale were “I would enjoy visiting a science museum on 

the weekend” and “I get bored when watching science programs on TV at home”.  The 

fourth and last scale, the career interest scale included statements like “A job as a 

scientist would be interesting” and “I would dislike a job in a science laboratory after I 

leave school”.  Scores for each scale could range from a minimum of 10 to a maximum of 

50.  Consequently, the total score for the mTOSRA could range from 40 to 200.  The 

researcher visited each of the selected classrooms and administered the mTOSRA at the 

beginning of class. 

 During the quantitative phase of the study, confidentiality of the students was 

safeguarded by using an assigned student number for each participant.  These student 

numbers were used for data collection and data sorting purposes.  Print documents such 

as consent forms and questionnaires were kept in a locked facility under the researcher’s 

supervision.  Electronic data files were password protected for security.  All names of the 

school district, schools, teachers, and individual students in this dissertation were 

replaced by pseudonyms. 

 

Data Analysis 

 All data analysis procedures for the quantitative phase were performed using 

SPSS (v. 19.0).  In order to answer the first quantitative research question about the 

relationship between attendance at the GEAR UP program and science knowledge of 

eleventh grade students, the researcher performed a correlation analysis.  The number of 
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hours the students had participated in the GEAR UP program elements served as the 

independent variable and their scores on the science portion of the tenth-grade TAKS 

served as the dependent variable.  Before the correlation coefficient was calculated, the 

data was screened for normality, outliers, and missing data.  The assumptions for 

Pearson’s r correlation analysis are that the data are at least on the interval level and that 

the sample data are normally distributed.  Because attendance, in number of hours, and 

TAKS scores, on a scale from 1175 to 2830, are measured on a ratio and interval scale 

respectively, the first requirement is met.  Descriptive statistics and the Kolmogorov-

Smirnov test of normality were used to determine whether the TAKS scores were 

normally distributed (Field, 2009). 

 After verifying the assumption of normality, the Pearson r statistic or Spearman’s 

correlation coefficient, rs, was calculated and checked for significance.  The α level was 

set at .05.  This means that a significant correlation indicates that the probability is less 

than 5% that the value could have been caused by chance alone. 

 To address the second research question about the relationship between students’ 

attendance at the program elements and their science interest scores a similar procedure 

was followed.  Again, number of hours of attendance served as the independent variable.  

However, for this question, the science interest scores served as the dependent variable.  

Since the modified TOSRA can be divided into four subscales, the researcher calculated 

five correlation coefficients, one for each subscale and one for the total interest score.  

Both the dependent and the independent variable were measured on the interval or ratio 

scale, which fulfills the first assumption for Pearson’s r.  Normality was once again 

determined through the Kolmogorov-Smirnov test of normality as well as through 
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inspection of the descriptive statistics.  In addition, reliability of the modified TOSRA 

was calculated for the total score as well as for the four subscales.  Once the correlation 

coefficient for the four subscales and the total interest score were calculated, significance 

was determined on a level of α = .05. 

 

Validity and Reliability 

 Reliability of the TAKS science test is established by the Texas Education 

Agency (TEA) in terms of internal consistency.  TEA reports that reliability values for 

TAKS assessments generally range from the high .80s to the low .90s (Texas Education 

Agency, 2010).  The TEA, in the process of developing the TAKS assessment, uses 

several strategies to establish validity.  To ensure content validity, the TAKS questions 

are aligned with the state standards.  Criterion validity is determined by correlating 

TAKS scores with grades and other assessments.  In general, the involvement of subject 

matter and psychometric experts and the practice of pilot testing individual questions 

increase the level of validity of the TAKS. 

 Reliability data for the TOSRA are available from several previous studies that 

used this instrument.  For example, Fraser (1978), the developer of the TOSRA, reported 

reliability coefficients ranging from .64 to .93 for the different subscales and for different 

high school grades.  Joyce and Farenga (1999) reported a reliability coefficient of .96, 

using Cronbach’s alpha.  Reported reliability coefficients for the seven subscales in the 

same study ranged from .61 to .93.  Validity for the conceptual structure of the seven 

subscales was established empirically by Schibeci and McGaw (1981).  In their study, 

student responses did not provide evidence for the subscale structure, but teachers’ 
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categorizations of the questions corresponded with the subscales, providing a conceptual 

distinctiveness of the subscales. 

 

Qualitative Phase 

 

Research Site 

 The qualitative phase of this sequential explanatory mixed method study took 

place in the same school district, with the same demographics as the quantitative phase.  

Administration of the semi-structured focus group interviews took place in the schools 

and during the biology field trips.  For two of the focus groups the researcher was able to 

plan the interview during the biology field trip.  These field trips took place on the 

campus of the university and the interview was conducted during the lunch break.  The 

other three focus groups were interviewed on the campuses of the respective schools 

during the students’ science class.  The researcher took these focus groups to an empty 

classroom or the school library to conduct the interview.  The collection of the 

quantitative data took place before the focus group interviews, which gave the researcher 

time to use the quantitative data to select focus group participants. 

 

Participants 

For the qualitative strand, a smaller subsample of the quantitative sample was 

purposefully selected, depending on the students’ scores in the quantitative strand and, 

for two of the focus groups, their presence at the biology fieldtrips in the fall of 2011.  

Students with high and low science knowledge scores and students with high and low 

science interest scores were asked to participate in the qualitative phase, resulting in a 

maximum variation sample (Creswell, 2007).  A maximum variation sample is suitable 
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for a multiple-case study to “represent diverse cases and to fully describe multiple 

perspectives about the cases” (p. 129).  However, a true maximal variation sample was 

not feasible in all classes.  In some cases the knowledge data was not available at the time 

that focus group participants had to be selected.  In other cases, the researcher was 

dependent on which students showed up at school or at the field trips on the day of the 

interview.  Nevertheless, as Table 4.3 will show, there was a considerable range in the 

quantitative scores of the focus group participants.  The researcher conducted five focus 

group interviews with groups of two or three students.  One interview involved three 

students and was conducted during science class at the library of School A.  Two 

interviews with two and three students respectively were conducted for School B during 

the biology field trips.  Two interviews with three students each were conducted in an 

empty classroom of School C, during science class.  Fourteen students in total 

participated in the qualitative phase.  The gender and quantitative scores for each focus 

group participant are presented in chapter four. 

 

Data Collection 

In order to answer the qualitative research question, data was collected and 

analyzed within a multiple-case study.  The GEAR UP program provided the bounded 

system within which the students formed the units of analysis.  Consistent with case 

study design (Creswell, 2007), the system is bounded by time (from sixth grade until 

eleventh grade), geographical location (an urban school district in Texas), and the 

participants (students who are part of the GEAR UP cohort regardless of whether or not 

they had attended the program elements).  Each student was considered a separate case 

within the bounded system.  The current study does not attempt to give a holistic 
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description of the entire case.  Instead, the researcher focused on the impact of the 

program on students’ science knowledge and interest.  Therefore, the design can be 

considered an embedded analysis (Yin, 2003).   

Semi-structured focus group interviews were conducted during science classes 

and during biology field trips.  Each focus group consisted of two to three students.  

Creswell (2007) explains that focus groups interviews are an appropriate method of data 

collection when participants are more likely to provide information in a group than in a 

one-on-one situation, which turned out to be true for these high school students.  A 

disadvantage of focus group interviews is that the researcher must be careful that none of 

the participants dominates the conversation.  Participants for the focus groups were 

selected through four criteria: (1) they were present at the field trip or during the science 

class, (2) they were part of the quantitative sample, (3) they had either low or high 

interest or knowledge scores, and (4) they were willing to be part of the qualitative phase.  

The focus group interviews were conducted by the researcher on the basis of semi-

structured interview questions (see Appendix B for a list of the questions).  When needed, 

the researcher asked follow-up questions to encourage the participants to elaborate on 

their responses.  The interviews were audio-recorded and transcribed.  In addition, the 

researcher took notes on an interview protocol during the interviews to keep track of what 

participants were saying.   

 

Data Analysis 

 The qualitative data analysis consisted of pattern matching within a constant 

comparative process.  Creswell (2007) describes qualitative data analysis as a spiral 

instead of a linear process.  The researcher starts with the data, in this case transcripts of 
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focus group interviews.  The first step is then to manage the data by organizing 

transcripts into computer files that are easily accessible.  The next loop in the spiral 

consists of getting a sense of the whole dataset by reading all the transcripts and writing 

memos and reflections.  In this phase, organizing ideas or initial categories may emerge.  

The next loop of describing, classifying and interpreting the data, forms the bulk of the 

analysis process.  While the researcher reads and rereads the data, he or she uses a 

process of pattern matching to develop categories which are later organized into 

overarching themes.  In the final loop of the spiral, the researcher finds a way to visualize 

and represent the data in the form of graphs, tables, flow charts, or concept maps.   

 In the current study, this analysis spiral was first conducted for each case 

separately.  The researcher used categories that were partly developed prior to the 

analysis and partly emerged from the qualitative data and looked for instances during the 

interviews that were relevant to each category (see Appendix C for a graphical 

representation of the categories).  After the analysis of each case, cross-case analysis was 

conducted to find common themes (Yin, 2003).  Within each category, the researcher 

compared individual students’ responses to find similarities and differences.  For some of 

the categories the researcher recorded the number of participants who offered similar 

responses.  For example, within the category of differences between the field trips and 

school science the number of participants who talked about hands-on activities was 

recorded. 

 

Validation Strategies 

 In accordance with the qualitative research tradition, a slightly different approach 

to validating research strategies needs to be applied.  Some qualitative scholars are fiercer 
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in their rejection of quantitative terms than others.  Words like credibility and 

transferability are more common in the field of qualitative research than validity and 

generalizability (Creswell, 2007).  For a qualitative study to be credible, the researcher 

has to ensure that conclusions are adequately backed by the data to make them 

persuasive.  Moreover, data is transferable when the reader is able to determine if the 

conclusions of one study can be applied to a similar situation. 

 Although member checking would have been a preferred method of increasing the 

credibility of the current study, time constraints prohibited the researcher from doing so.  

However, other strategies were used to increase the credibility and transferability of the 

findings.  First, the researcher sought extensive external review from the dissertation 

supervisor as well as from other dissertation committee members.  Second, researcher 

bias was made explicit from the outset.  This way the researcher’s position, prior 

experiences, and orientation that may influence the interpretation of the qualitative data 

are clear from the outset.  Third, the cross-case analysis and comparison of the qualitative 

data with the quantitative scores of the focus group participants provided ways to 

triangulate the findings.   Last, rich and thick descriptions of the program elements will 

assist readers in determining transferability to similar cases. 

 

Interpretation Phase 

In the interpretation phase, the fourth research question was answered: In what 

ways do the qualitative data help explain the quantitative data?  This phase is where the 

“mixing” took place.  Creswell (2011) advises that in this phase of the sequential 

explanatory design the researcher should summarize the quantitative findings, summarize 

the qualitative findings, and discuss in what ways the qualitative findings help explain the 
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quantitative findings.  The result of this phase are a description and a visual 

representation of how the themes that emerged from the focus group interviews 

illuminate the numerical results from the quantitative phase.   

 

Advantages and Challenges of Sequential Explanatory Design 

 Mixed methods research in general and the sequential explanatory design in 

particular have several advantages.  First, mixed methods research can combine the 

strength of both quantitative and qualitative research to make up for the weaknesses of 

the other tradition.  Mixed methods designs combine the generalizability of quantitative 

research with the rich descriptions and personal voices of qualitative research.  Second, 

mixed methods research can answer questions that cannot be answered by either 

quantitative or qualitative research alone.  In the current study, numbers about test scores 

alone cannot illuminate in what ways the program influences students’ science 

knowledge and interest.  Likewise, interview data alone cannot establish whether there 

exists a relationship between the program and science knowledge and interest in the first 

place.  Like Creswell and Plano Clark (2011) say: “[Mixed methods research] is also 

‘practical’ because individuals tend to solve problems using both numbers and words” (p. 

13).  The sequential explanatory design is a particularly advantageous type of mixed 

methods design because it is straight-forward and manageable for a single researcher 

because of its organization in separate phases.   

Despite its advantages, mixed methods research can also be hindered by several 

challenges (Creswell & Plano Clark, 2011).  One of the challenges for mixed methods 

researchers is that they have to be skillful in quantitative, qualitative and mixed methods 

research strategies.  Both the quantitative and qualitative phase of the study need to 
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follow the standards of the respective research traditions and in addition, the mixing 

should follow the expectations of the emerging mixed methods tradition.  Another 

challenge is the fact that in general, mixed methods research takes more time than a 

single quantitative or qualitative study.  The collection and analysis of two types of data 

requires a longer time span.  A third challenge is related to the fact that mixed methods 

research is a rather new research methodology.  The paradigm war between the 

quantitative and qualitative research camps makes some researchers suspicious of the 

mixing of two different worldviews.  Mixed methods researchers have to negotiate the 

tension between qualitative and quantitative research tradition especially when they try to 

submit their work for presentation or publication in organizations and journals that have 

been strongly associated with either quantitative or qualitative traditions. 

 

Role of the Researcher 

 The role of the researcher was different for the two phases of the study.  In the 

quantitative phase the researcher collected existing data for the attendance of participants 

and for the science knowledge scores and administered the science interest instrument.  

Data collection and data analysis in this phase followed standardized procedures and did 

not involve any interpretation other than descriptive and inferential statistics.  Therefore, 

the influence of the researcher on the data was minimal. 

 However, in the qualitative phase, the role of the researcher, as in any qualitative 

study, was less objective.  The researcher served as a key instrument in collecting 

qualitative data (Creswell & Plano Clark, 2011).  As a former museum educator, the 

researcher has experience with informal science learning settings.  Her current position as 

a graduate student for the physics program element caused personal involvement with the 
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program under study.  However, data was not collected during the physics field trip, so 

there was never a hierarchical relationship between the researcher and the participants.  

The researcher took great effort to explain to the students that any information they gave 

her within the context of the study would be entirely confidential.  However, the 

researcher acknowledges that her involvement with the GEAR UP program may have 

introduced bias during qualitative interpretation.  The validation strategies discussed 

above counteracted some of this bias.   

 

Conclusion 

 As discussed in this chapter, this sequential explanatory mixed methods study 

consisted of two distinct phases.  In the first, quantitative phase TAKS scores and scores 

on the modified Test of Science Related Attitudes were used to measure the relationship 

between the attendance at the GEAR UP science-related program elements and students 

science knowledge and science interest.  A cluster sample of randomly selected intact 

science classes was used.  Quantitative data analysis consisted of descriptive statistics as 

well as correlation coefficients.   

 The qualitative phase of the current study consisted of a multiple-case design.  

The researcher conducted focus group interviews with fourteen of the participants, 

forming the single cases.  Participants were selected on the basis of their scores on the 

two quantitative variables – knowledge and interest, resulting in a maximal variation, 

purposeful sample.  The transcriptions of the individual participants were analyzed to 

find themes and a cross-case analysis was conducted to look for similarities and 

differences among the focus group participants.  Subsequently, in the interpretation phase 

the researcher combined the qualitative and quantitative findings and looked for ways in 
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which the findings from the focus group interviews could help explain the existence or 

absence of correlations in the quantitative phase. 
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CHAPTER FOUR 

Results 

 

 The purpose of this mixed methods study was to measure the impact of the GEAR 

UP program on high school students’ science knowledge and interest.  The sequential 

explanatory design of the study consisted of two phases.  The first, quantitative, phase 

measured the relationship between participants’ number of hours spent at the program 

elements, their scores on the science portion of the state standardized test and their scores 

on the interest survey (mTOSRA).  The second, qualitative, phase entailed five focus 

group interviews with fourteen participants in total to provide a further explanation for 

the quantitative findings.  This chapter contains the results of the quantitative and the 

qualitative phase as well as the interpretation phase in which the two types of results were 

merged. 

 

Quantitative Phase 

 The quantitative phase of the study addressed the following two research 

questions: 

(1) What is the relationship between eleventh grade students’ attendance at the 

GEAR UP program elements and their science knowledge scores?   

(2)  What is the relationship between eleventh grade students’ attendance at the 

GEAR UP program elements and their science interest scores?   

The independent variable for both quantitative research questions was the number of 

hours the participants had spent in the GEAR UP field trips.  The data for this variable 
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were collected from the GEAR UP office for each of the participants of the current study.  

Hours were measured from the total time period that the participants had been part of the 

cohort, i.e. from sixth grade until the end of tenth grade.  The number of hours for each 

individual program element was measured as well as a total number of hours for all three 

program elements and the number of hours of the two specifically science-related 

program elements (physics and biology).  The reason for including this last total was that 

the mathematics summer camps skewed the distribution of attendance data.  Although 

only about fifteen of the participants had attended one or more summer camps, it added 

40 hours to the total amount of hours for each summer camp, resulting in a couple of 

participants with more than 150 hours.   

Figure 4.1 and Figure 4.2 show the frequency distributions of the total hours of 

attendance and the attendance at the science-related program elements.  A Komogorov-

Smirnov test was conducted to show that both the distributions for total attendance, 

D(122) = .35, p < .01, and for the attendance at the science-related program elements, 

D(122) = .092, p < .05, are significantly non-normal.  However, the latter distribution is 

closer to normal.  In any case, since both distributions are non-normal, non-parametric 

tests for correlation were used.  Table 4.1 shows the descriptive statistics of the 

independent and dependent variables.  The range of scores for the total attendance was 0 

to 195.8 with a mean of M = 26.1, SD = 42.2.  The attendance at the science-related 

program elements ranged from 0 to 36.25 hours with a mean of M = 12.0, SD = 8.3.   
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Figure 4.1.  Frequency distribution for attendance at all three program elements. 

 

 

Figure 4.2.  Frequency distribution for attendance at science-related program elements 

(physics and biology) 
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The dependent variable for the first quantitative research question was science 

knowledge and was measured through the science portion of the Texas Assessment of 

Knowledge and Skills (TAKS; state standardized test for Texas) that the participants had 

taken in tenth grade.  These scores were obtained from the science instructional 

specialists of the high schools with permission of the superintendent, the principal, and 

the parents.  TAKS scores were available for 113 of the 122 participants.  The missing 

scores were due to students who had not taken the tenth grade science TAKS yet.  In 

general, TAKS scores can range from 1175 to 2830, with 2100 or above indicating a 

passing score.  For the sample of the current study, the range of TAKS scores was 1765 

to 2508 with a mean of M = 2131.9, SD = 137.3 (see Table 4.1).   The distribution of the 

TAKS scores was significantly normal according to the Kolmogorov-Smirnov test of 

normality, D(113) = .076, p > .05. 

The dependent variable for the second quantitative research question was science 

interest.  This variable was measured by means of the modified Test of Science Related 

Attitudes (mTOSRA).  The mTOSRA was administered in the fall semester of 2011 

during fourteen different eleventh grade science classes in three high schools.  Due to 

absences on the day of administration (n = 14) and students who did not answer the 

questions seriously (n = 4), 104 of the 122 participants completed the survey.  The 

researcher calculated a total score for the mTOSRA as well as subscores for the four 

dimensions – normality of scientist, attitude towards inquiry, leisure interest, and career 

interest.  Because of the Likert scale format of the questions, the total mTOSRA score 

could vary from 40 to 200.  The range for this sample was 88-175 with a mean of M = 

133.0, SD = 19.3.  The possible scores for the four dimensions could each lie between 10 
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and 50.  The means with standard deviation in parentheses for the four subscores 

(normality, inquiry, leisure, and career) were 35.6 (4.6), 38.2 (7.4), 28.4 (7.4), and 30.8 

(7.7).  See Table 4.1 for the descriptive statistics of the dependent variables.  The 

distribution of the mTOSRA total score, D(104) = .06, p > .05, was significantly normal 

as were the distributions of the subscores normality, D(104) = .08, p > .05; inquiry, 

D(104) = .08, p > .05; leisure, D(104) = .06, p > .05; and career, D(104) = .08, p > .05. 

 

Table 4.1 

Descriptive Statistics Independent and Dependent Variables 

 
N Minimum Maximum Mean 

Standard 

Deviation 

Independent Variable      

Attendance physics field trips (h) 122 0 11.5 5.7 3.2 

Attendance biology field trips (h) 122 0 26.75 6.3 6.5 

Attendance math field trips (h) 122 0 174 14.1 37.7 

Attendance physics + biology (h) 122 0 36.25 12.0 8.3 

Total attendance 122 0 195.8 26.1 42.2 

Dependent Variables      

TAKS 113 1765 2508 2131.9 137.3 

TOSRA 104 88 175 133.0 19.3 

Normality subscore 104 25 45 35.6 4.6 

Inquiry subscore 104 20 50 38.2 6.4 

Leisure subscore 104 11 46 28.4 7.4 

Career subscore 104 10 47 30.8 7.7 
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In order to determine the reliability of the mTOSRA instrument, the researcher 

calculated Cronbach α values for the total mTOSRA and the four subscales.  The 

mTOSRA had a high reliability with Cronbach’s α = .90.  The subscales inquiry (α = 

.84), leisure interest (α = .83), and career interest (α = .88) also had a high reliability.  

However, the normality subscale had a relatively low reliability of α = .63. 

 To find the relationship between eleventh grade students’ attendance at the GEAR 

UP field trips and their science knowledge score, the first quantitative research question, 

the researcher calculated Spearman correlation coefficients for the five different 

attendance values with the TAKS scores.  In order to gain a better understanding of how 

attendance at the GEAR UP program elements correlated with the students’ knowledge 

scores, correlations were calculated for the separate programs as well as total attendance 

and total science attendance.  Because the researcher developed directional hypotheses, 

predicting that a positive correlation existed between the variables, a one-tailed test of 

significance was conducted.  As can be seen in Table 4.2, significant correlations (p < 

.01) existed between TAKS scores and attendance at the physics (rs =  .304, rs
2
 = .09) and 

biology (rs = .317, rs
2
 = .10) field trips and between TAKS scores and attendance at both 

science field trips combined (rs = .373, rs
2
 = .14) and to all three field trips combined (rs = 

.309, rs
2
 = .10).  The values for rs

2
 were calculated to give an indication of the 

explanatory power of these correlations.  In other words, when only the attendance at the 

physics program element was considered, 9% of its variance was shared with the variance 

in the scores on the TAKS.  The attendance at the biology program element shared 10% 

of variance with the TAKS scores.  The total hours of attendance at the science field trips  
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and for all three field trips shared 14% and 10% variance with TAKS scores respectively.  

This means that in general for this sample, students who attended the field trips for more 

hours also scored higher on the science TAKS. 

 

Table 4.2 

 

Spearman Correlation Coefficients for  

Attendance with Science Knowledge and Interest Scores 

 Science 

Knowledge
a
 

 
Science Interest

b
 

 

 

 
TAKS 

 
mTOSRA Normality Inquiry Leisure Career 

Attendance 

Physics   

 

    

rs 

p 

.304
**

 

.001 

 .026 

.398 

.103 

.149 

-.008 

.469 

-.007 

.473 

.015 

.440 

Attendance 

Biology 

 

 

rs 

p 

.317
** 

.000 

 .112 

.129 

.139 

.080 

.045 

.324 

.032 

.373 

.122 

.108 

Attendance 

Mathematic

s 

 

 

rs 

p 

.116 

.110 

 .185
*
 

.030 

.143 

.074 

-.018 

.430 

.123 

.107 

.239
**

 

.007 

Attendance 

Science
c 

 

 

rs 

p 

.373
** 

.000 

 .101 

.155 

.143 

.073 

.009 

.465 

.035 

.361 

.107 

.140 

Attendance 

Total 

 

 

rs 

p 

.309
** 

.000 

 .134 

.087 

.176
* 

.037 

.013 

.446 

.044 

.330 

.150 

.065 

a
 n = 113, 

b
 n = 104, 

c
 Attendance at science-related program elements, i.e. physics + 

biology. 
*
 p < .05, 

**
 p < .01 (one-tailed). 

 

 For the second quantitative research question, the relationship between students’ 

attendance at the GEAR UP program elements and their science interest, the researcher 
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again calculated Spearman correlation coefficients for the five values for attendance with 

the total TOSRA score and the individual subscores for normality, inquiry, leisure 

interest, and career interest.  As Table 4.2 shows, the only significant correlations were 

between mathematics attendance and the total TOSRA score (rs = .185, p < .05, rs
2
 = .03), 

between mathematics attendance and career interest (rs = .239, p < .01, rs
2
 = .06), and 

between total attendance and normality of scientist (rs = .176, p < .05, rs
2
 = .03).  These 

correlations are fairly low, with the variables sharing only three to six percent of 

variances. 

 For the purpose of a better understanding of the data, the researcher looked at 

differences between male and female students.  The researcher conducted a t test to 

determine if boys and girls scored differently on any of the variables.  There were no 

significant differences between boys and girls on any of the variables (all ps > .05).    

 In summary, the results for the quantitative phase of the current sequential 

explanatory study included a small but significant correlation between high school 

students’ attendance at the GEAR UP field trips and their science knowledge scores.  In 

addition, small significant correlations were found between the students’ attendance at 

the mathematics field trips and their total interest scores and their scores on the career 

dimension and between the students’ total attendance and their scores on the normality 

dimension.  All other correlations between attendance and interest were non-significant.  

Furthermore, male and female students on average scored similarly.  In the qualitative 

phase, focus group interviews were conducted for the purpose of helping to explain these 

quantitative findings. 
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Qualitative Phase 

  The qualitative phase of the current study addressed the following research 

question: In what ways do the GEAR UP program elements impact students’ science 

knowledge and interest?  The researcher conducted five semi-structured focus group 

interviews with fourteen participants in total.  Table 4.3 includes a list of the fourteen 

participants with some of their quantitative scores (gender, TAKS scores, TOSRA scores, 

total amount of hours in the program).  The names of the participants in this manuscript 

are pseudonyms to protect the confidentiality of the participants.  All of the focus group 

participants had completed the interest survey before being selected to participate in the 

interviews.  TAKS scores were obtained for all but one of the participants (Alessandro).  

In this section, the cross-case analysis will be described.  As Yin (2009) suggests, not all 

multiple-case studies have to include a description of the individual cases.  In this 

particular study, the stories of the individual students make more sense within the cross-

case analysis than as separate cases because the focus of the study is on the GEAR UP 

program and how it affects students’ knowledge and interest.   

 Each participant’s transcript was analyzed according to a list of categories (see 

Appendix C for a representation of the categories).  Some of these categories were 

determined by the fact that the goal of the qualitative phase was to provide an explanation 

for the quantitative findings.  Therefore one category was knowledge and another one 

was interest.  The latter was divided into subcategories that matched the four dimensions 

of the mTOSRA instrument from the quantitative phase: normality (or what scientists 

are), inquiry (or what scientists do), leisure interest, and career interest.   
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Table 4.3 

Quantitative Scores of Focus Group Participants 

Participant Gender TAKS Normality
* 

Inquiry
* 

Leisure
* 

Career
* 

Attendance 

(hours) 

Alessandro male n/a 29 22 15 22 12.5 

Carissa female 2050 36 30 22 25 21 

Celina female 2177 30 46 40 45 22.25 

Jeremy male 1929 31 31 21 29 16 

Jonah male 2177 39 38 32 39 11.75 

Karla female 2209 33 22 30 20 17.75 

Katie female 2162 29 25 20 16 13.75 

Kayla female 2037 33 33 29 33 43 

Kris female 2263 34 44 29 40 21.25 

Miranda female 2458 42 42 33 37 195.75 

Noelle female 2050 30 31 19 20 14.75 

Norbert male 2508 38 32 34 39 6.5 

Travis male 2147 37 28 28 26 5 

Zaida female 1970 27 49 44 38 12.5 

*
 The interest scores are on a range from 10 to 50.  Scores below 30 indicate a negative 

attitude, scores above 30 indicate a positive attitude.   
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Three other categories were developed from the initial examination of the qualitative 

data: connection with school (divided into similarities and differences), experience with 

the program (number of times, reasons to go), and description of the program.  One last 

category was added to be able to identify students’ comments about the overarching 

question of the entire study, the impact of the program on their knowledge and interest.  

Students’ narratives within each of these categories were grouped together and compared 

as part of the cross-case analysis. 

 

Experience and Background  

 All except one of the focus group participants (Travis) had experiences with both 

the physics and the biology field trips and five of them also had some experience with the 

mathematics field trips.  Most of the students could recall going to the field trips during 

their middle school years and their first years of high school.  However, in some 

occasions the number of times they recalled going to the field trips did not exactly 

correspond with the attendance data from the program’s database.  One reason for these 

discrepancies can be the incomplete memory of the students.  Another reason may be 

errors in the database caused by illegible entries on sign-in sheets or mistakes during data 

entry.  Although the number of hours did not always match up, the fact that they had 

experiences with the three program elements was correct for all focus group participants.   

 All the students agreed that they had a say in the decision to go to the field trips.  

Most of them felt that they had the final decision in going, although their parents and 

teachers sometimes encouraged them.  Teachers encouraged students by giving them the 

permission slips and parents had a say by signing that permission slip.  For example, 

Carissa said: “All of us [decide].  Because, like, sometimes when they don’t have enough 
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spots for everybody, they choose certain people.  And then they give you a permission 

slip and your parents sign it if you want to go.”  Although parents have to sign the 

permission slips, several students mentioned that “they just sign it” or that they “don’t 

know much about it”.   

 Not all of the students gave a reason for choosing to go or not to go to the field 

trips.  For those who did give a reason, it usually was because they thought it was fun and 

interesting.  For example, Katie said: “Freshman year was my first year going.  I had a lot 

of fun.  I went again in sophomore year because I liked it.”  However, Norbert said that 

he only joined the field trips to get out of class and Zaida said she especially liked going 

to the field trips if they were on a day that she had an exam for another subject.  For some 

students an unpleasant experience during one of the field trips made them decide to not 

go there anymore.  The following exchange took place during one of the interviews.   

Celina: I haven’t been to the [biology field trip] since middle school, because it’s 

nasty.   

Katie: Yeah! 

R: It’s nasty? 

Celina: Well, like it stinks.  And I fell in the pond in 7th grade. 

Katie: I lost both of my shoes in 7th grade.   

R: So you don’t go to the [biology field trip] because it’s nasty. 

Celina: I don’t go to the [nature park]. 

 

 When asked to describe the GEAR UP program as if they were talking to 

someone who had never heard of it, students gave diverse descriptions.  Some of them 

seemed to find it hard to come up with a good description.  Even after prompting they 

said things like “field trips” (Norbert), “science trips” (Katie) or “It’s got to do with 

science and stuff” (Travis).  Some students mentioned the fact that the field trips let the 

students see and experience things they normally did not get to see in school.  For 

example, Alessandro said: “You see things you would normally not pay attention to… 
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They are activities you do outside of school that help you raise your learning skills and 

learn more.”  Other students also talked about the fact that the field trips provided ways 

to learn more while also having fun.  Jeremy: “You learn a lot of new stuff.  And 

probably we have fun with it.”  Jonah: “Fun.  It makes you curious.  [It] makes you want 

to learn more.”  Miranda: “I’d say, it’s a time when they take students and they give them 

different activities to do, involving science and mathematics, but they’re fun.”   

A couple of students offered a much more elaborate description of the program.  

Celina explained how the GEAR UP field trips could appeal to different types of learners:  

It’s a fun time to learn about science and be with your friends.  It teaches you 

more, but in different ways.  I mean, it teaches you probably the same thing, but 

in different ways.  And if you’re a visual or kinetic learner then it’s a good place 

to go and get more information and learn more. 

 

Carissa described how the field trips can help students: “At first I would ask them, how 

do you look at science?  If they say it’s boring or I have trouble with it, I would be, like, 

well they have certain field trips that maybe could help you to understand better and if 

you see it as boring, this might be a fun way to understand it.” 

 

Connections with School 

 The GEAR UP program elements were specifically designed to support and to 

reinforce what students are learning in school.  As discussed before, the program 

elements tried to cover content that was based on the state standards for science and 

mathematics.  This connection with the school curriculum was apparent to most of the 

focus group participants.  Twelve of the fourteen students mentioned that the content of 

the field trips and the content of school science were similar.  Or, as most of the students 

expressed it: “You all talk about the same stuff” (Karla).  Some students went a little 
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more in-depth, explaining how there is a mutual relationship between what they learn in 

school and what they learn in the field trips.  For example, Miranda told the researcher:  

I think more of the school stuff is, like, part of it.  We’re using [what we do in the 

field trips] to get ahead in school.  So you have to [use] stuff you already know in 

combination with the stuff they just gave you to figure out what they’re trying to 

get to. 

    

The two students who did not specifically talk about how the topics or the content were 

the same still saw some similarities but were not able to express those similarities with 

more detailed descriptions.  Jeremy said, after being asked if he saw any similarities 

between the GEAR UP field trips and school science, “I think it’s the same.  I don’t know 

in what way.”  Noelle just said: “There are connections.”   

 Although most students agreed that the content and topics were similar between 

the field trips and science in school, some of them commented on specific differences 

with respect to content.  Alessandro, Zaida, Miranda and Noelle talked about how the 

specific topics in the field trips are often more in-depth or a little different from what the 

teachers in school do to prepare them for the standardized state test.  They discussed that 

the people they meet during the field trips know more and tell them things that are related 

to, but at the same time different than what they have learned in school.  For example, 

Miranda said: “Well, when we go out to the [nature park], in school we don’t really talk 

about how water is impacting things and stuff like that.  And how all the animals are 

contributing to having a [unclear] habitat.  In school we talk more about the sciences, 

biology, you know, school stuff.” 

 On the other hand, Celina, Katie and Norbert commented that the content of the 

field trips was not new to them.  They said that they already knew everything that was 

discussed in the field trips and that there was nothing new.  Norbert even thought that the 
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content of the physics field trips was too easy.  The following two exchanges between 

him and the researcher illustrate his feelings. 

Norbert: Yeah, like, I learned someth.., they ..  we talked about… Honestly, the 

stuff they talked about was like really for like, younger people, I would say. 

R: You think so?   

Norbert: Like, it was really dumbed down, the whole thing, but, I mean.   

R: So did you feel like it was too dumbed down? 

Norbert: Yeah.   

R: You already knew all the information they were talking about?   

Norbert: Yeah, I really think that.   

 

And a little later in the interview: 

 Norbert: It just wasn’t anything new.   

R: Do you think for other students who are not as smart as you, it would help 

them? 

Norbert: I guess it could.  If they just listened in and not … What they taught us, I 

feel like I’ve known that since fourth grade.  I feel like we’ve learned that in our 

school systems, since growing up.  It’s just something that is programmed, I don’t 

know when I learned it or anything.  It’s just there.  It’s just like common logic. 

 

Clearly there is a range of responses with respect to what the focus group participants 

think about the content and topics of the field trips.  Although most see the similarities, 

some think the field trips cover topics that are above and beyond what is discussed and 

tested in schools, while others felt that they already knew the field trip content.   

 When the researcher asked the participants about differences between the GEAR 

UP field trips and school science, the majority mentioned that the field trips were more 

hands-on than school.  They perceived school science as listening to a teacher and taking 

notes while at the field trips they got to do activities and experiments.  Kris responded to 

the researcher’s question if the things they do in the field trips is the same as in school 

with: “Well, not really, because at the [nature park] we actually do activities and in 

biology we mainly talk about it.”  Similarly, Noelle said: “I think in the GEAR UP stuff 

you do more hands-on stuff.  And at school we don’t really do anything, we just listen.”  
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Besides these two students, Jonah, Katie, Kayla, and Carissa also specifically mentioned 

the hands-on activities as a difference between school science and the field trips.   

 Another difference many students mentioned was that they perceived the field 

trips as more fun than school science.  For example, Celina said: “They took the stuff we 

learned in school and showed it in a fun way for us to remember it more.”  Some of the 

students tried to explain what made the field trips more fun.  In many cases, part of the 

reason was the fact that the field trips were more hands-on.  Katie said:  “I think the field 

trips are different.  Because you’re more hands-on and in class it’s more like listen and 

take notes, I guess.  We did electricity at one of the [physics field trips] and it was really 

cool.  But it’s boring when you learn it at school.”  Kayla explained: “I think it’s more 

fun [at the field trips] because there are more hands-on activities.  Because when we did 

water samples or something, we would go to different areas.  I guess that makes it more 

fun.”  Zaida indicated more than one aspect of the field trips that made them more fun: 

“It’s like we’re a group.  We’re more than one student, more than two or three.  And it’s 

outside of school and there are people who know more about it and they can explain it.  

And we get to know new things too.” 

 

Impact on Knowledge 

 Since the purpose of GEAR UP is to better prepare students to be successful in 

college, one of the main goals for the science-related program elements is to increase the 

scientific knowledge of students.  The majority of the students in the focus groups 

mentioned that they learned something from the GEAR UP field trips and agreed that the 

field trips help them know more about science.  For example, Jonah said: “[The field 

trips] helped me out a little bit more.  It helped me get to what we do in here [in class] 
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and stuff.”  Only three out of the fourteen students did not agree, two of which (Celina 

and Norbert) because they already knew everything and one (Travis) had only 

participated in one field trip, so he could not tell if it really helped him know more.  

Among the comments of the eleven students who said they learned from the field trips, 

there were different reasons.  Some of them referred to the fact that they perceive the 

field trips as more fun than school.  Carissa explained:  

Yes, I think it does help.  Because like in physics, that makes it fun but at the 

same time you’re actually learning … The way they teach you it’s not like… 

because like, the teachers usually read from a textbook or something and that 

makes it boring, so… [The way they teach in the field trips] gets your attention in 

a way. 

 

Kayla said something similar: “It helps you remember because it’s more fun.  You learn 

more and you keep it.  And when it’s boring you don’t even learn it.” 

 Another reason for learning from the field trips was the fact that they included 

many hands-on activities.  For some students, doing hands-on activities just made them 

more engaged in learning.  Karla said: “I don’t pay attention unless I’m doing hands-on 

stuff.  So, like, it helps me understand it better.”   Others explained how doing hands-on 

activities actually helps them learn better.  Jonah explained how hands-on activities make 

it easier for him to remember what he learned during the field trips: 

It’s hard to explain.  It just helped me out.  Because all the hands-on it’s just… 

you can remember it and you remember what you’re doing.  It just pops, it just 

clicks into your brain.  And then you just do the work.  It helped me out in 

biology a lot … It helped me with the equations and stuff. 

 

Zaida also mentioned how hands-on activities increase learning: “Because when you do 

hands-on it’s like basically getting into your brain.”  Kris explained it slightly different:  

It’s easier to understand when you do it than just write it down … The way I learn 

is hands-on basically.  That’s how I understand.  And I think that’s why I like 

science and math so much because I am able to do the work while they’re 
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teaching instead of just taking notes.  Because when I take notes and don’t 

actually do what we’re talking about, it just gets lost. 

 

 Although the majority of the interview participants mentioned that their scientific 

knowledge increased as a result of the field trips, only half of them thought the field trips 

had an impact on their grades and test scores.  Seven (Celina, Katie, Kris, Miranda, 

Noelle, Norbert, and Travis) said their grades would not have been any different without 

the field trips while the other seven thought their grades would have been lower if they 

would have never participated in the field trips.  Some of the students didn’t think their 

grades would have been different, because they already knew everything that was 

covered in the field trips.  However, some of the students who did think they learned 

something from the field trips but did not think their grades would have been different 

said that that knowledge was different from what they needed for the exams and tests in 

school.  Miranda explained it as follows:  

I think my grades would be the same.  Because in school they teach you the 

material that you need in order to pass the test.  And here it’s like extra 

knowledge.  The extra knowledge and you use … and then it all kind of ties 

together.  If you come here you get a better understanding, but for the most part I 

think they do a good job at school. 

  

Noelle agreed: “I think [my grades and TAKS scores] would be the same.  Because I feel 

like, there is different things that’s on TAKS that we do with the teacher.”  Alessandro 

thought that what he learned in the field trips helped him in class but not for the TAKS: 

“Well, I think this stuff is helping me on my classes, but not really on my TAKS, because 

it doesn’t touch, like, all these subjects that we discuss here [during the field trips].” 

 The other seven students thought their grades would be different.  Three students 

thought that the reason participating in the field trips helped their grades was because the 

field trip mentors “gave them a heads-up”.  Carissa explained it to the researcher:  



88 

 

If they’re doing something that has to do with speed of light or friction and 

gravity, anything like that.  And there is like a question they’ll be like, you’re 

probably going to be learning this in class with your teacher, so if they ask you 

this question, here is the answer.  They give you the answer so you already kind 

of know. 

 

Some of the others explained it again in terms of the hands-on activities.  Zaida said: “For 

me, I think [my grades and TAKS scores] would be a little bit different, because as for 

me in person, I like to do stuff and know how to do it instead of just writing it.” 

 A comparison of interview participants who passed their tenth grade science 

TAKS test (i.e. scored 2100 or above; n = 8) and the participants who failed (n = 5) 

showed that passing students were less inclined to think that their school grades and 

TAKS scores were impacted by the field trips (2 out of 8 vs. 4 out of 5).  In addition, all 

of the participants who failed the tenth grade science TAKS test mentioned that the field 

trips increased their knowledge about science, while only five of the eight participants 

who passed said their knowledge had increased.   

 

Impact on Interest 

 For the purpose of this study the concept of interest was defined in terms of the 

four dimensions of the mTOSRA: students’ ideas about the normality of scientists, their 

attitude towards scientific inquiry, their leisure interest in science, and their career 

interest in science.  In the focus group interviews some discussion about the students’ 

general interest in science was included to find out what students liked and disliked about 

science.  Although the researcher emphasized that the interview was about science in 

general, not just school science, most students seemed to identify science primarily with 

the science subjects in school.  The following exchange between the researcher and two 
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focus group participants illustrates how students were thinking of the school subject when 

the researcher asked about science: 

 R: What are some of the things you do like about science? 

Katie: It’s better than history.  I hate history. 

R: In what ways?  Can you explain? 

… 

Katie: It’s more interesting than other subjects, I guess.  But I still don’t want to 

be a science teacher. 

R: Can you try to… Like.  What in science does it make more interesting than 

history? 

Katie: That it’s more like interesting.  There is cooler stuff going on in science 

than there is in history.   

R: Can you give an example? 

Katie: Like the stars.  Or like how the earth is always moving, I think that’s pretty 

dang cool.   

R: And what about you?  Can you tell me anything you like about science? 

Celina: It’s more hands-on than other subjects.   

Katie: Yeah, I like...  It’s more hands-on.  That’s what I like.   

 

Just like Celina and Katie commented in this excerpt, one of the main aspects many 

interview participants liked about science was that it included hands-on activities and 

experiments.  Nine of the fourteen students mentioned hands-on, experiments, or projects 

as something they liked about science.  One of them, Kris, said:  

I like the experiments.  It helps me learn better … The way I learn is hands-on 

basically.  That’s how I understand.  And I think that’s why I like science and 

math so much because I am able to do the work while they’re teaching instead of 

just taking notes. 

 

Some students gave examples of experiments and activities that they liked, like dissecting 

animals, doing an egg drop or growing shrimp.  Overall, biology was a more popular 

subject than physics and chemistry among the focus group participants, for different 

reasons.  Alessandro liked biology because it involved less mathematics, Noelle liked 

biology better than physics because she found it easier, and Zaida liked biology because 

it involved blood and she was interested in the human body.  A few students added other 
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aspects they liked about science.  Miranda liked problem-solving: “I like having a 

problem and trying to solve it.  You need that in science.  You have a problem and you 

try to solve it and I like going in deeper with my friends.”  Some of the other students 

also liked the “figuring out” part of science, although they did not provide that as a 

response to the questions about what they liked about science.  During one of the other 

questions, Kris and Jonah talked about how they love to wonder about things they come 

across and to try to figure out why things are the way they are.  For example, Jonah 

talked about how he wondered about how speech works: “How am I speaking right now, 

you know what I mean?  Like, how am I talking to you all?  How does it create sound 

that comes out?” 

Norbert said: “I like things you can work out.  Like math and science you can work with 

and history and English it’s just stated.  You know what I’m saying.  I like things you can 

kind of bend.  Science is very bendable.”   

 One thing many participants disliked about science was the mathematics that is 

involved in the form of equations, formulas, and numbers.  It also seems to be the reason 

that some participants liked biology and disliked physics and chemistry.  Noelle, for 

example, responded to the question about what she liked or disliked about science as 

follows: “Science is kind of hard but then easy at the same time, because it depends on 

the area that you like.  Like, physics is hard for me because it’s combining science and 

mathematics at the same time.  That’s hard.  But biology, it’s kind of easy, I don’t know.”  

Her response implies that the level of difficulty makes science less enjoyable.  In fact, the 

following exchange confirmed that assumption:  

R: So do you like one better than the other?  You like biology? 

Noelle: That one is easy. 
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R: So you like biology better because it’s easier? 

Noelle: Yeah.   

R: Or is it easier because you like it? 

 Noelle: I think both. 

  

Some of the other participants’ comments suggested the same.  The following response 

illustrates how being difficult is perceived as a negative aspect of science:  

R: And is there anything you don’t like about science? 

Miranda: Uhm.  Sometimes I get confused by the way things are being explained, 

but once I understand it, it’s easy. 

R: So you don’t like that sometimes it’s confusing?   

Miranda: Yeah.  Because sometimes you have to… you really have to think about 

it.  But once you understand it, I really like it. 

 

The following exchange shows how the negative perception about science can be 

persistent even after positive experiences:  

Katie: [Science] is confusing.  I’m not really good at science.   

R: But you did good, there, when you were [referring to an instant in class before 

the interview where she was explaining the third law of motion to a classmate] 

Katie: I KNOW! Because I just did my homework. 

R: Does that make you ….  Like it? 

Katie: That makes me feel good.   

Katie: No.  I still don’t like it.  It’s confusing. 

R: You still don’t like it?  Even if you understand it? 

Katie: That’s because it was like really basic.  Once it gets like more intense, I get 

like mind-boggled and I feel stupid, so I don’t like it. 

 

Although many students mentioned the involvement of mathematics in science as 

something negative, Jonah and Miranda, in contrast, liked that mathematics is part of 

science.  Miranda liked the problem-solving aspect of mathematics, while Jonah simply 

liked mathematics as a subject and also liked that mathematics is part of science. 

 Another aspect that several participants did not like was sitting listening to a 

teacher and writing notes, which also illustrates how the students were thinking of school 

science instead of science in general.  It also ties in with the fact that many students 
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mentioned doing experiments and hands-on activities as something they liked about 

science.  Karla stated it concisely: “It’s boring if we don’t do stuff.”   

 Interestingly, not liking aspects of science did not always make students dismiss 

science altogether.  Some of the participants clearly saw the importance of science in 

spite of difficulties or negative aspects.  Alessandro expressed it as follows: 

R: What do you like about science and what do you not like about science? 

Alessandro: Science is hard, intense.  

R: And do you like that or you don’t like that? 

Alessandro: I kind of don’t like that.  But in a way, we have to use science.  It’s 

everywhere.  Everything is science.  It’s like math.  Math is everywhere.   

 

Celina agreed: 

Celina: I don’t like it that you have to know math to know science.   

R: Why is that? 

Celina: Because you have to do all the equations and I’m not good at math.  But I 

want to go into science as one of my majors, but you have to know a bunch of 

math. 

R: So does that make you try to like math a little better?   

Celina: Yes.  It makes me try …. 

 

 

Leisure Interest 

 With respect to students’ leisure interest in science, the researcher asked them to 

describe how science was part of their free time.  Many students started to explain how 

science is all around us; that science is involved with how we open a door, how we drive 

a car, or how a doctor diagnoses different diseases.  Although these responses were 

interesting in themselves, they were not related to how students spend their free time and 

if science is part of their activities.  After some prompting the question became clearer 

and students were able to describe to the researcher if they had had experiences with 

science museums (10), science-related TV shows (12), scientific books or magazines (6), 

and if science was part of their conversations with friends and family (7).   
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Most students had been to the local science museum on field trips, but also in 

their free time.  Some of them commented that they liked to go there and that they were 

interested in the science content of the museum.  Almost all of the students were familiar 

with and liked TV shows that were science-related such as Mythbusters, Animal Planet, 

Crime Scene Investigation, and Discovery Channel.  Some of them even mentioned how 

watching some of these programs made them interested in science-related careers, such 

as forensic science.  Some students also read books or magazines about science, such as 

National Geographic, although a couple of them admitted that they usually only flipped 

through them or looked at the pictures.  Some of the students who talked with their 

friends and family about science explained how they discussed things they wondered 

about, like where a random back pain comes from, how the Earth goes around the Sun, or 

why a young girl needed to get her gall bladder removed.  One focus group even included 

these kinds of discussions in the interview itself.  They just kept talking about all the 

interesting things you can wonder about in science.  One example came from Jonah:  

Last night, me and my dad, our backs were hurting.  He was like, man, my back’s 

hurting.  I was like, you too?  And it just clicked to me, like, why is it hurting?  

Why does it hurt?  How does your muscle and your body get tightened and loosen 

up?  That’s just how I figured it.   

 

Other students only talked about science with their friends and family if it was related to 

what they had learned in school science or when they needed help with their homework.   

 The researcher also asked the focus group participants if they thought their 

interest in science changed because of their participation in the GEAR UP field trips.  

Eight students thought so, three thought their interest changed in some ways and three 

thought their interest had stayed the same.  Some of the students who responded that their 

interest in science had changed were not able to provide an explanation, but others tried 
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to explain in what way the field trips had changed their interest.  For some of them the 

field trips made them change their perception from thinking about science as a boring 

subject to seeing it as a more interesting subject.  For example, Alessandro said: “I used 

to see science as a dull subject, but now it’s more interesting because I know more stuff 

about it.  I pay closer attention to it.”  Carissa said something similar: 

Yes, I think so, because we see it in a more fun way.  Like in elementary school, 

they made you do little things, but sometimes you find it boring.  And when you 

start taking the field trips, I guess you find it more in a fun way.  You see it in a 

fun way, instead of boring. 

 

Some students did not completely abandon the idea that science is boring, but agreed that 

it had its interesting aspects.  Kayla said that the field trips had changed her interest in 

science and added: “Because it was really boring to me.  It still kind of is, but not 

entirely.”  Other students tried to explain what aspects of the field trip made them more 

interested in science.  Miranda explained: “They find ways to like draw you in.  And that 

makes it more interesting… You see things you normally don’t see.” 

 Three students were very clear that the field trips had not changed their interest in 

science.  For Travis and Karla their interest was low and it stayed low.  Travis even 

commented that his interest would probably never change.  Celina, on the other hand, did 

not think the field trips had impacted her interest in science because she had always been 

interested in science.  She just thought the field trips were a “fun thing to do”.  Three 

other students were not totally clear on a change in their interest.  Katie thought it only 

changed her interest at the moment, but not her general interest in science.  She said: “I’m 

still the same interested.  I don’t know.  The [physics field trip] made me more interested, 

but only at that time.  Like, only while I was there.  Once we left, I was just like, eh, 
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whatever.”  Norbert answered negatively to the question if his interest had changed, but 

added the following: 

R: So it didn’t add to your feeling about science in any way? 

Norbert: No.  Except for that one dude at the [nature park], but that’s about it.  I 

think that was just him.   

 

Kris did not think her own interest had changed because she had always loved science, 

but she did mention that other students’ interest could change because of the field trips: 

“It makes people help to like it more, because they actually get to see how fun it actually 

is instead of just hearing about it and learning about it in the classroom.  But you don’t do 

anything there [in the classroom].” 

 Comparisons between the responses of students whose scores on the mTOSRA 

indicated a neutral or positive attitude towards leisure interest in science (scores on the 

leisure dimension of 30 and higher) and students whose mTOSRA scores indicated a 

negative attitude towards leisure interest in science (scores below 30) revealed several 

differences.  First, students with a neutral or positive leisure interest more often indicated 

that they visited science museums, watched science-related TV shows, read books about 

science, and talked with their friends and family about science (n = 6; on average 3.4 out 

of the four types of experiences) than students with a negative leisure interest (n = 8; on 

average 2.1 out of the four types of experiences).  Second, more of the students who had 

a positive leisure interest score said their career would involve science (4.5 out of 6 vs. 

3.5 out of 8).  Last, a smaller percentage of the students from the neutral/positive group 

thought that their interest in science had changed because of the field trips compared to 

the negative group (58% vs. 81%).   
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Career Interest 

 Half of the focus group participants were certain that science would be a part of 

their future after high school and two more thought that science may become part of their 

career.  Some of the students only knew they would major in science in college without 

having a specific job in mind while others had an idea of the career they were interested 

in at the moment.  For example, Celina just knew she wanted to major in science: “I like 

science.  I don’t really know.  I just like science.  I just know that is one of the things I 

will enjoy in college.”  She had no idea what kind of job a science major could get except 

becoming a science teacher, but she still wanted to major in science because she enjoyed 

it.  A couple of students did have a specific career in mind that involved science.  

Forensic scientist was a popular career among the participants.  Four students were 

thinking of going into forensic science or criminal justice.  Some of the other careers that 

involve science were engineer, nurse, chef, veterinarian, orthodontist, dental assistant and 

dermatologist.  Five of the focus group participants (Alessandro, Karla, Katie, Noelle, 

and Travis) were certain that science would not be part of their education or career.  Most 

of them had a different career in mind such as business, child therapist, band director, and 

mathematics teacher. 

 In discussing the impact the field trips had on their science interest, most students 

did not specifically talk about how their career interest had changed as a result of the field 

trips.  However, Norbert did have an experience during one of the field trips that 

impacted his career choice.  Interestingly, when asked about the impact of the field trips 

on his science interest, he had answered negatively.  In the following excerpt he explains 

the impact on his career choice:  



97 

 

R: Can you give an example of something you learned from the [biology field 

trip]? 

Norbert: It kind of made me decide that I want to go into the science field. 

… 

Norbert: Well, I was already thinking about it because …of… microbiology.  And 

then, to see that the little micro-things take place in the bigger place, like with 

actual animals involved and ecosystems … I don’t know, it just gave me a bigger 

picture.  I guess.  It’s cool to see that. 

 

 The researcher compared students whose mTOSRA scores revealed a neutral or 

positive career interest in science (scores on the career interest dimension of 30 or above) 

with students whose mTOSRA scores indicated a negative career interest in science 

(scores below 30).  Expectedly, more students with a neutral or positive career interest in 

science said that their career would involve science than students with a negative career 

interest (6.5 out of 7 vs. 1.5 out of 7).  No other clear differences were found between 

these two groups of participants. 

 

Normality of Scientist and Attitude toward Scientific Inquiry 

 In order to get more information about how the participants perceived scientists 

and scientific inquiry, the other two dimensions of the TOSRA, the researcher asked 

them to describe what a scientist is and what a scientist does.  Some comments were 

about characteristics of scientists.  Six of the participants said that scientists are very 

smart or intelligent.  Another characteristic that was mentioned by several students was 

that scientists are dedicated or committed to their job.  Kris explained why she thought 

that scientists have to be committed: “If you’re in the lab and you’re in the middle of an 

experiment, you can’t just quit until it’s an appropriate time and that may not be for hours 

on hours.”  Jonah agreed: “They don’t stop until they found the answer to whatever it is.  

If it’s on-going then they just keep on going until they find an answer.”  Zaida even knew 
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from her own experience that some scientists put their job before personal relationships.  

Several students shared their thoughts about the difference between scientists and normal 

people.  Most of them realized that scientists were normal people.  Jonah had thought 

about a scientist’s lifestyle:  

They can have normal lifestyle.  Scientists they can probably work out, because 

you really don’t see that many fat scientists around… They probably have fun.  

They probably have fun with people they know.  They hang around with each 

other, a lot of scientists. 

 

Miranda saw scientist as normal people with a job: “They’re ordinary people who just do 

what they do.”  She did see a little difference in the way scientists look at things: “[They 

are] a little bit different in the way they see things.  They pay more attention, because 

they have to… In order to find things they have to pay really good attention.  Like they 

said it’s somebody that likes looking for something.” 

 In terms of what scientists do, only two students (Karla and Travis) specifically 

said that scientists do experiments.  Four students mentioned that scientists work in a lab 

(Karla, Miranda, Travis, Zaida).  Several of the other students described what scientists 

do as problem solving and discovering new things.  For example, Carissa said: “I think a 

scientist is a person that finds things that other people don’t.  Like, he discovers new 

things.”  The following exchange is another example of the students’ description of what 

a scientist does: 

R: Can you describe to me what a scientist is and what they do? 

Noelle: They find stuff. 

R: They find stuff? 

Noelle: They find new stuff that hasn’t been found yet. 

Alessandro: They’re trying to find… They’re trying to solve a problem that hasn’t 

been solved.  I think that’s what scientists do. 
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Norbert had a different explanation of what scientists do and had some idea of a scientific 

community.  He explained: “Most scientists falsify things other scientists proved.  It’s 

just a war; scientists fighting other scientists.  But they’re also working together.” 

In addition to descriptions of what scientists do, four of the participants 

commented on the impact of science on society.  Carissa said: “They find a better for our 

future.”  Celina said something similar: “I think scientists help the world a bunch… The 

world would be a bunch more different without science.”  Norbert thought without 

science there would be anarchy and Katie thought there would be chaos without science.  

However, they could not really explain why they thought so.   

Seven of the fourteen focus group participants did not think their view of what a 

scientist is and what they do had changed because of their participation in the field trips.  

The other seven did think seeing scientists and doing scientific activities helped them 

know more about the life and work of a scientist.  Some of them told the researcher the 

field trips made them realize that not all scientists wear lab coats and work in the lab all 

day.  For example, Miranda said: “I used to think, like, scientist, white coat, always in the 

lab.  But there are different kinds of scientists.  They don’t have to just work in the lab.”  

A couple of students talked about how the biology field trips showed them that scientists 

do not always work in a lab and the physics circus showed how scientists try to solve 

problems.   

The researcher used the two scores on the mTOSRA that were relevant to 

students’ ideas about scientists and their work – the normality score and the inquiry score 

– to look for differences between students with positive attitudes towards scientists and 

inquiry and students with negative attitudes.  Students who had a neutral or positive 
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attitude both on the normality dimension and on the inquiry dimension (both scores of 30 

or above) were slightly less likely to think their ideas about scientists had changed 

because of the field trips (4 out of 9 vs. 3 out of 5).   

 

Validation 

The researcher used different methods to increase the credibility of the qualitative 

findings of the current study.  The first method was triangulation of the qualitative 

themes through cross-case analysis.  Comparing the cases with each other provided 

evidence from several participants for the themes that were developed.  A second method 

of increasing credibility was triangulation of the qualitative findings by means of the 

quantitative findings.  For this method the researcher compared the qualitative findings of 

the focus group participants with their quantitative scores, in particular their answers on 

the interest survey.  Although not all of the themes that emerged from the interviews had 

an immediate relationship with the quantitative data, for several of them comparisons 

were possible.   

Students’ description of how science was part of their free time mirrored the 

questions of the leisure interest dimension of the mTOSRA.  The researcher examined the 

correspondence between the questions on the mTOSRA about interest in watching 

scientific TV shows, reading scientific books and magazines, visiting science museums 

and talking to friends about science with their responses to similar questions during the 

focus group interviews.  There was a complete correspondence for only six of the 

fourteen participants.  For two students there was a difference between their responses 

about science museum visits.  Carissa had answered the mTOSRA question, “I would 

enjoy visiting a science museum on the weekend”, with disagree while during the 
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interview she said she had been to the local science museum and found it interesting.  An 

explanation for this discrepancy may be that she enjoyed the science museum while there 

for a field trip, but would not necessarily want to go back in her free time.  Zaida had 

answered the mTOSRA question about science museums positively, but had never been 

to one, which resulted in her negative response during the interview. 

Two students (Carissa and Norbert) showed discrepancies in their responses about 

reading scientific books and magazines.  Both had answered the two questions on the 

mTOSRA related to reading negatively, while they admitted to reading books and 

magazines about science.  Three students answered the questions about talking to friends 

about science differently during the interview than on the mTOSRA.  Karla did not agree 

that talking to friends about science was boring, but said that she never did have those 

conversation.  Reversely, Kayla and Noelle did find talking to friends about science 

boring, but admitted during the interview that they did talk to them about science and 

liked it.  Similarly, two students (Katie and Travis) answered the survey question about 

scientific TV shows negatively, but during the interview declared to watch and love 

shows like Mythbusters, Discovery Channel, and Crime Scene Investigation.   In all of 

these cases, it is possible that during the survey the participants did not stop and think 

about their own experiences with reading scientific books, talking to friends about 

science, and watching science-related TV shows.  When prompted by the researcher to 

think about their own experiences and whether they enjoyed them, their responses were 

different.   

Overall, for all but one of the participants there was only one discrepancy between 

their answers on the mTOSRA about their leisure interest in science and their responses 
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during the interview.  Furthermore, the participants’ responses about their career interest 

in science had a much higher correspondence between the survey and the interview.  The 

only discrepancies were a couple of students who were mainly neutral on their answers 

relating to career interest on the survey and answered the interview question about if 

science would be part of their careers positively.   

The participants’ responses on the dimensions normality of scientists and attitudes 

toward inquiry of the mTOSRA were a little more difficult to match up with what 

students said during the focus group interviews.  Because the interview question was 

more open (“Describe what a scientist is and what they do”) than the survey questions, 

the focus group participants did not automatically talk about their ideas about the 

normality of a scientist and their own attitudes towards inquiry.  Therefore, not all of the 

survey responses could be matched up with interview responses.  However, when 

participants did talk about normality and inquiry, their interview responses and survey 

responses corresponded.  For example, during the interview Jonah commented that 

scientists can have normal lifestyles and can work out.  Correspondingly, on his survey 

he had answered the questions about fitness, sport, family life, and married life 

positively.  Overall, the triangulation of the qualitative findings with the quantitative 

survey answers provided enough overlap to warrant them trustworthy. 

A third method to increase the credibility of the qualitative findings was to have 

another expert look at the data.  This second rater was another doctoral student with 

experience in educational research and with qualitative methods of data collection and 

analysis.  She reviewed two of the five focus group interview transcripts and used the 

same list of categories to code the data.  The second rater’s codes were then compared to 
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the researcher’s and discrepancies were discussed until an agreement was reached.  

Discrepancies existed in terms of a different interpretation of some of the categories.  

After discussing these differences, both coders agreed on all of the codes.  The changes 

that were made compared to the initial codes were incorporated in the qualitative 

findings.  Most of the differences, however, did not change any of the findings discussed 

in this chapter.  Enough of an agreement was present between the coders that no other 

measures needed to be taken to increase this studies credibility. 

 

Interpretation Phase 

In the last phase of this sequential explanatory study – the interpretation phase – 

the quantitative and qualitative findings were combined to determine how the qualitative 

results helped explain the quantitative results.  The research question that guided this 

phase was: In what ways do the themes that emerged from the semi-structured focus 

group interviews about the impact of the GEAR UP program on students’ science 

knowledge and interest provide explanations for the relationships between attendance and 

science knowledge and interest found in the quantitative phase?  First, the results from 

the other two phases will be summarized, followed by the findings from this 

interpretation phase. 

The findings from the quantitative and qualitative phase of this sequential 

explanatory mixed methods study both casted a different light on the impact of the GEAR 

UP program elements on eleventh grade students’ science knowledge and interest.  The 

quantitative data showed a small but significant correlation between the number of hours 

the students had spent in the physics, biology, and mathematics field trips and their 

science TAKS scores.  Students who had spent more hours in the field trips tended to 
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have higher science TAKS scores.  With regards to the correlation between the time spent 

in the field trips and students’ science interest, only a few small but significant 

correlations were found.  Students who had spent more hours on the mathematics field 

trips tended to score a little higher on the total mTOSRA and on the career interest 

subscale.  Also, students who had a higher total number of hours in the GEAR UP field 

trips scored a little higher on the normality of a scientist subscale.  Furthermore, male and 

female students did not score significantly different on any of the variables, meaning that 

in this sample, male and female students behaved similarly.   

In the qualitative phase of this study, the cross-case analysis of the multiple case 

study revealed several patterns.  Most students saw a connection between the GEAR UP 

field trips and school science in the similar content that they covered.  Some prevalent 

differences that the students perceived between the field trips and school science were 

that the field trips were more hands-on and more fun.  With regard to the impact of the 

field trips on students’ science knowledge the majority of the participants said they 

learned something from the field trips.  Nevertheless, half of the students did not think 

their participation in the field trips had helped their class grades or their standardized test 

scores.  Interestingly, when comparing students who failed and students who passed the 

science TAKS, failing students were more likely to think that their school grades and 

TAKS scores were impacted by their participation in the field trips.   

In general, the participants liked the hands-on aspect of science, like doing 

experiments.  Aspects of science they did not like were the fact that it involves a lot of 

mathematics and that science is often difficult.  The majority of the interview participants 

agreed that their interest in science had changed because of the GEAR UP field trips.  
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Several of them commented that the field trips had made them realize that science could 

be interesting and fun instead of boring and dull.  A few students, with both high and low 

interest in science, thought that their attending the field trips had not changed their 

interest in science because it had always been high or low respectively.  Interestingly, 

within the qualitative sample, students who had a negative leisure interest as measured 

with the mTOSRA tended to think their interest had changed more than students with a 

neutral or positive leisure interest. 

Comparing the qualitative findings with the quantitative findings provided several 

ways in which the qualitative data could explain the quantitative correlations and lack of 

correlations.  Table 4.4 shows a joint display of the quantitative and the relevant 

qualitative findings.  The comments of the focus group participants about the impact of 

the GEAR UP program on their science knowledge showed that the majority of them 

agree that they learned something from the field trips.  In addition, half of the students 

thought their class grades and TAKS scores would have been different without the field 

trip experiences.  These findings correspond with the correlations that were found in the 

quantitative phase of the study.  Students explained that the field trips covered some of 

the same content as their science teachers in school and that the mentors in the field trips 

sometimes give them a “heads up” about what they can expect in school.  Other students 

commented how having done hands-on activities about certain topics helped them know 

more about it and remember it better.  In contrast, the other half of the students told the 

researcher that they did not think their TAKS scores and grades would be different 

without the field trips, possibly explaining why the correlations between attendance at the 

field trips and students’ TAKS scores were rather low.  Some of these students declared 
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that the field trips did not cover exactly the same content that was being tested on the 

TAKS.  Another explanation for the low correlation is that for some students the content 

of the field trips was not new and thus did not help them score better on TAKS. 

The qualitative findings about students’ interest in science provide several ways 

to explain the low correlations between some variables and the lack of correlation 

between the other interest variables.  First, the existing correlations can be partly 

explained by the fact that 10 of the 14 interview participants stated that their interest in 

science had increased as a result of the GEAR UP field trips.  Reasons for this change 

were that the field trips showed science in a more fun way and made them realize that 

science can be fun.  Another reason for this increase in interest was that the field trips 

give the students an opportunity to get in touch with interesting aspects of science such as 

hands-on activities, experiments, and a more in-depth coverage of scientific topics.  

Second and last, half of the focus group participants thought that their views of what a 

scientist is and what a scientist does had changed because of the field trips.  Several of 

these students talked about how seeing real scientists outside of the lab during the physics 

and biology field trips made them realize that not all scientists wear lab coats and work in 

a lab.  These findings can explain the correlation between the total attendance and 

students’ attitude towards the normality of scientists. 

In contrast, the lack of correlation between students’ attendance and some of the 

other interest dimensions can be explained by the fact that some students admitted that 

the reason for them to go to the field trips was to get out of class, not because they were 

interested in science.  Furthermore, a couple of students explained how the field trips did 

not change their interest in science because it had always been high or low and would 
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probably not change anyway.  Another interesting comparison of part of the qualitative 

and quantitative findings showed that students with a negative leisure interest as 

measured by the mTOSRA were more likely to report a change in interest caused by the 

GEAR UP field trips.  With regards to students’ view of scientists and their work, half of 

the focus group participants did not think their ideas had changed through the field trips.  

In addition, more of the students with a negative attitude towards normality and inquiry, 

measured through mTOSRA, reported that the field trips had change their views 

compared to students with neutral or positive attitudes. 
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Table 4.4  

 

Joint Display Showing How Qualitative Findings Help Explain Quantitative Findings 

 

Note. The left column contains the significant quantitative findings, the middle column 

contains qualitative findings explaining the correlations, and the right column contains 

qualitative findings explaining the lack of correlations. 

  

QUANTITATIVE FINDINGS QUALITATIVE FINDINGS 

 Explaining Correlation Explaining lack of correlation 

 

Knowledge 

Significant Correlations: 

Physics Attendance – TAKS 

Biology Attendance – TAKS 

Science Attendance – TAKS 

Total Attendance – TAKS 

11/14 participants learned 

something from field trips 

Students with failing TAKS 

scores more often thought 

grades and TAKS were 

impacted by field trips 

7/14 thought field trips 

increased grades and TAKS 

7/14 thought field trips did not 

change grades and TAKS 

Both field trips and school 

science include same 

content 

Field trips did not cover 

exactly what was on TAKS 

 Field trip content was not new 

Interest 

Significant Correlations: 

Math Attendance – mTOSRA 

Math Attendance – Career                    

   Interest 

Total Attendance – Normality 

I go to the field trips 

because they are fun 

I go to the field trips to get out 

of class 

10/14 thought field trips 

changed interest in science 

3/14 thought interest stayed 

the same, high/low 

Field trips show science in a 

more fun way 

Students with negative leisure 

interest (mTOSRA) reported 

more change in interest 

Field trips show interesting 

aspects of science 

 

7/14 thought views of 

scientists had changed 

7/14 thought views of 

scientists had not changed 

 

Seeing different scientists at 

biology and physics field 

trips outside of the lab 

Students with negative 

normality/inquiry scores 

(mTOSRA) reported more 

change in view of scientists 
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CHAPTER FIVE 

Discussion 

 

 In this sequential explanatory mixed methods study numerical as well as narrative 

data were gathered to determine the impact of an informal science education program on 

high school students’ science knowledge and interest.  The researcher first collected and 

analyzed quantitative data to measure the relationship between eleventh grade students’ 

attendance at the GEAR UP program elements and their science knowledge and interest.  

In the second phase, the researcher then used the quantitative data to inform participant 

selection and interview questions and collected qualitative data through focus group 

interviews.  The categories and findings from the qualitative analysis provided 

explanations for the quantitative findings in the interpretation phase.  In this chapter, the 

results of the study will be summarized and placed within the existing research literature.  

The rest of this chapter will include the limitations of the current study, the implications 

of the findings, and suggestions for further research. 

 

Discussion 

The quantitative phase of this study revealed several small but significant 

correlations between participants’ number of hours spent on the field trips and their 

scores on the standardized science test (TAKS) as well as their scores on the interest 

survey (mTOSRA).  Students who had spent more hours in the program elements also 

tended to have somewhat higher scores on their tenth grade science TAKS.  This finding 

provides support for the first research hypothesis: Eleventh grade students who have 
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higher attendance at the GEAR UP program elements have higher science knowledge 

scores than students with lower attendance.  In addition, in terms of science interest, three 

significant correlations were found.  First, students who had a higher attendance at the 

mathematics field trips tended to have slightly higher scores on the total mTOSRA.  

Second, students who had a higher attendance at the mathematics field trips also tended 

to have slightly higher scores on the career interest subscale of the mTOSRA.  Third, 

students who had spent more hours in all three field trips combined tended to score 

higher on the normality of a scientist subscale of the mTOSRA.  These findings provide 

some support to the second research hypothesis: Eleventh grade students who have higher 

attendance at the GEAR UP program elements have higher science interest scores than 

students with lower attendance.  However, the lack of correlation between the other 

attendance variables and the total mTOSRA scores as well as the four subscores in this 

study warrants the conclusion that this study could not provide enough evidence for a 

strong relationship between the program elements and students’ interest in science. 

The findings from the qualitative phase on their own provided an insight in what 

students thought about the impact that the GEAR UP program elements had on their 

learning, answering the third research question: In what ways do the GEAR UP program 

elements impact students’ science knowledge and interest?  Most students agreed that 

their science knowledge had increased as a result of their experiences in the field trips.  In 

addition, half of the students thought their grades and TAKS scores were impacted by the 

field trips.  In terms of the impact on students’ interest in science, the majority thought 

their experiences had increased their interest.  In addition, half of the students thought 
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their ideas about scientists and their work had changed through their attendance at the 

field trips.   

Examination of the qualitative findings in light of the quantitative results provided 

explanation and reasons for the correlations that were present between some variables 

and for the lack of correlations between other variables.  The focus group participants 

said they learned from their experience in the field trips because there were many 

opportunities to do hands-on activities and because they perceived the field trips as fun, 

which increased their ability to remember what they had learned.  The impact that the 

field trips had on students’ interest in science could be explained by the fact that the field 

trips provide students the opportunity to see more interesting aspects of science, to go 

more in-depth, and to meet real scientists.  In contrast, the qualitative findings also 

suggested that the lack of correlation between some of the quantitative variables can be 

explained by the complexity of the relationship between knowledge, interest, and 

students’ science experiences in school as well as outside of school.  Focus group 

participants with different levels of knowledge and interest experienced different levels 

of impact.  If those complexities can be transferred to the total population, they can 

explain the lack of a strong correlation.  Nevertheless, these reasons and explanations 

answered the fourth research question: In what ways do the themes that emerge from the 

semi-structured focus group interviews about the impact of the GEAR UP program on 

students’ science knowledge and interest provide explanations for the relationships 

between attendance and science knowledge and interest found in the quantitative phase? 
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GEAR UP as Informal Science Experience 

During the focus group interviews students described the GEAR UP field trips as 

a fun and interesting experience.  Although their teachers and parents encouraged them to 

go, they felt a high level of autonomy in the choice to come to the field trips.  They chose 

to go if they thought the experience would be fun and interesting, but they also decided 

not to go to field trips that had in the past proven to be unpleasant.  For example, the fact 

that the biology field trips were outside in the nature park where the students sometimes 

got dirty and wet made some students not want to go there another time.  For other 

students, the reason to go to the field trips was simply to get out of school.  This was 

mainly true for the biology and physics field trip, because these took place during school 

hours.  The mathematics field trips were scheduled on Saturdays and in the summer, 

therefore being more dependent on students’ interest in spending their free time on a field 

trip.  These findings illustrate how the GEAR UP field trips can be positioned on the 

informal end of the free choice dimension in Jarman’s four dimensional framework 

(Jarman, 2005, see also Figure 2.1).  Informal programs have a high level of free-choice 

whereas formal programs have less free-choice.  Students agreed that there was a high 

level of free-choice in the decision to come to the GEAR UP program elements.   

Some of the focus group participants offered detailed descriptions of how they 

perceived the GEAR UP program elements.  One of their observations was that they saw 

and did things during the field trips that they would normally not see or do.  Although 

they agreed that the content of the field trips was similar to the content of school science, 

the field trips went more in-depth and provided hands-on activities to learn the content.  

These findings place the field trips towards the informal end of the pedagogy dimension 
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in Jarman’s framework.  Informal programs usually are more learner-centered than 

teacher-centered, provide authentic experiences, and include many opportunities for 

students to be active and self-directed.  The students clearly were aware of the fact that 

the field trips adapted a pedagogy that included active learning and learning science by 

doing science. 

Although most students saw some differences between the field trips and school 

science, the fact that the content of the field trips was aligned with the school curriculum 

did not go unnoticed.  Some students even suggested that there was nothing new in the 

field trips and that they already knew everything.  Furthermore, several students 

commented how what they learned during the field trips sometimes helped them in what 

they were learning in school.  This alignment of the GEAR UP content with the school 

curriculum places the program more towards the formal end of the curriculum dimension 

of Jarman’s framework.  Where formal science programs include official curriculum 

documents and curriculum standards and approach science as a sequenced body of 

knowledge, informal programs do not necessarily work according to such a formal 

curriculum.  In this case, students agreed that the GEAR UP program elements included 

many of the same things that they also had learned or would learn in school. 

This comparison of some of the qualitative findings of the current study and three 

of Jarman’s four dimensions provides an expansion of the profile of the GEAR UP 

program that was offered in Chapter 2.  In addition, these findings emphasize the 

usefulness and validity of the framework.   
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Knowledge of Science 

Quantitatively, participants in this study who had spent more hours in the field 

trips tended to score higher on the TAKS test, the Texas Assessment of Knowledge and 

Skills, compared to participants who had spent fewer hours in the field trips.  Although 

this correlation does not imply a causal relationship between attendance at the field trips 

and science knowledge, it does point toward the possibility that students were learning 

from the field trips.  However, the correlations were rather low, with variables sharing 

only around ten percent of their variances.  Furthermore, attendance at the mathematics 

field trips by itself did not correlate with knowledge scores.  Understandably, students’ 

performance on the standardized science tests is dependent on much more than just their 

participation in field trips.  Their abilities, their formal education, and other experiences 

outside of school all contribute to what students know about science.  In the context of 

this study, with its variety of science content, its long timescale, and the fact that 

measurements were taken after the experiences, the correlational design was the most 

appropriate design.  However, no control could be included for extraneous variables such 

as previous knowledge, ability to learn, formal education, and other informal experiences.  

In light of these limitations and in agreement with the difficulty to measure knowledge 

gain in informal settings (National Research Council, 2009), finding a significant 

correlation, however small, is a promising result. 

 Qualitatively, the majority of the focus group participants agreed that the field 

trips increased their knowledge about science.  One of the reasons the students gave was 

that the field trips were more fun than school science.  Students said that they 

remembered it better because it was more fun.  This is an interesting finding in the light 
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of the concern sometimes heard that when informal science setting are only fun, no 

learning can take place.  On the other hand, more and more researchers agree that often 

the level of entertainment and enjoyment during informal science experiences can help 

cognitive learning (Appelbaum & Clark, 2001; Jarman, 2005; Wellington, 1990).  

Another reason the participant gave to explain why they learned from the field trips was 

that there was more opportunity to do hands-on activities.  Many of them literally said 

that being active helped them learn better.  These findings were consistent with existing 

literature about interactive learning in informal settings (National Research Council, 

2009).  Visitors generally self-report a deeper understanding when they have hands-on 

experiences during their visit.  Moreover, Piaget (1964/2003) addressed the importance 

of physical experiences for learning.  Children need to have opportunities to physically 

interact with their environment to learn about it.   

 Half of the students thought their grades were impacted by the GEAR UP 

program elements while the other half did not think their grades were impacted.  The 

students who felt there was an impact on their grades gave the same reasons as above.  

For them, learning from the field trips actually translated into higher grades and TAKS 

scores.  Some of the students who did not think their grades were impacted told the 

researcher that they already knew everything, so the field trips did not add new 

knowledge.  Others said that what they learned during the field trips did not exactly align 

with what they were tested on in school.  Apparently, different students thought 

differently about the alignment of the content of the field trips with what they did in 

school science.   
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Interestingly, of the focus group participants with lower TAKS scores a larger 

percentage thought their grades and scores were impacted by the field trips.  From the 

data in this study it is difficult to determine the cause for this difference.  However, this 

finding does fit the goal of the GEAR UP program to specifically target the low 

performing portion of the student population.  Possibly, the content and the approach of 

the program elements helped the grades of low performing students more than those of 

higher performing students.  Still, these students were scoring a failing grade on TAKS at 

the end of the program duration, implying that their scores were not boosted enough to 

pass the test. 

 Using the qualitative findings to interpret the quantitative findings of this study 

provided useful explanations.  On the one hand, the correlation between knowledge 

scores and hours of attendance can be explained by the fact that most students admitted to 

having learned from the field trips and the fact that several of them believed the field trips 

positively impacted their grades and TAKS scores.  The interactive approach of the field 

trips and the enjoyment students experienced aided their learning.   

On the other hand, the fact that correlations between attendance and knowledge 

scores were low was illustrated by the variety of comments of the students about how the 

program had impacted their science knowledge.  Some students felt it impacted their 

knowledge of science in every way, others felt it did impact their knowledge, but not 

their grades and TAKS scores, some thought it only impacted their grades, but not their 

TAKS scores, and others did not think it impacted their knowledge at all.  Furthermore, 

of the small qualitative sample, more students who had failed the TAKS test experienced 

an impact on their knowledge than students who had passed the TAKS test.  Apparently, 
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the programs impact different groups of students differently, resulting in a low overall 

correlation.  Comparing the different groups quantitatively requires a larger sample and a 

different statistical design than was available in the current study.   

  

Interest in Science 

Quantitatively, students who spent more hours in the mathematics field trips 

scored slightly higher on the total mTOSRA.  None of the other attendance variables 

showed a significant correlation with the total interest score.  The fact that only the 

attendance at the mathematics field trips correlated with the total interest score is rather 

unexpected.  One would expect the field trips that are more specifically focused on 

science to show a larger correlation with students’ science interest.  One possible 

explanation could be that participation in the mathematics field trips was truly voluntary.  

The field trips took place on Saturdays and during the summer breaks.  Therefore, 

students had to be specifically interested in mathematics and science to choose to 

participate.  The students who went to the other field trips to get out of school did not 

have a reason to spend their free time on the mathematics field trips.  Therefore, some 

correlation between interest and attendance can be expected for these mathematics field 

trips.  Furthermore, the mathematics field trips did include many applications of 

mathematics that are somewhat science-related, possibly resulting in an increased interest 

in science.  Again, no causal relationship can be implied from this study, so either 

explanation can be true.   

The lack of correlation between the other attendance variables and students’ total 

mTOSRA scores contradicts the existing literature of informal science programs that 

positively impact visitors’ or students’ interest in science (National Research Council, 
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2009).  However, interest may be an even more complex concept to measure than 

knowledge with many experiences influencing how students feel about science (Falk & 

Dierking, 2000; Hidi & Renninger, 2006; National Research Council, 2009; Rennie, 

1994).   

Qualitatively, the majority of the focus group participants agreed that their 

experiences in the field trips positively affected their interest in science.  They used to 

think of science as a boring subject, but the field trips showed them that science can be 

interesting and fun.  What the students liked about science in general were hands-on 

activities, experiments, and problem-solving.  Many of them liked biology better than 

physics or chemistry because it included less mathematics.  In addition, aspects they did 

not like about science were the mathematics that is needed to do science, the difficulty of 

the subject, and having to sit and listen to a teacher lecture.  These findings illustrate why 

students liked the field trips.  The field trips combine the aspects of science that students 

like and keep the negative aspects of science to a minimum.  Previous research studies 

have found similar results.  For example, Bulunuz and Jarrett (2010) found that informal 

science experiences had a high impact on preservice elementary teachers’ interest in 

science.  Joyce and Farrenga (1999), reported a positive relationship between high ability 

students’ informal science experiences and their interest in science.     

Some of the focus group participants commented that they were interested in 

science at the moment of the field trip, but that it did not change their overall interest in 

science.  This finding fits the distinction scholars have made between situational and 

individual interest (Hidi & Renninger, 2006).  Situational interest depends on the specific 

situation, while individual interest is more stable and covers a broader content area.  In 
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the case of these students, their situational interest at the time of the field trip was 

affected, whereas their individual interest remained negative.  In addition, some focus 

group participants contended that their interest had not changed as a result of the field 

trips.  For a couple of them, their interest was already low and would not change and for 

the others their interest was so high that the field trips were enjoyable, but did not impact 

their overall interest.   

Interestingly, some students commented on the importance of science for their 

own lives and for society.  These students thought that even though science was difficult 

or boring at times, they should try to pay attention and learn it because it is important.  

Furthermore, some students realized the impact that scientists and their work have on 

society.  Basically, these students are realizing the importance of science literacy, a 

concept that is being emphasized by national reports such as the National Science 

Education Standards (National Research Council, 1996) and Rising Above the Gathering 

Storm (National Academy of Sciences et al., 2007; 2010). 

The aforementioned qualitative findings explain the correlation between 

attendance and interest and provide reasons for the existence of a relationship.  The focus 

group participants believe their interest was impacted by their experiences in the GEAR 

UP field trips.  The field trips brought them in contact with the interesting aspects of 

science such as hands-on experiences and interesting scientific topics and showed them 

how science can be fun.  In addition, the qualitative findings also provide a possible 

explanation for the lack of correlation between the attendance at the biology and physics 

field trips.  First, some students admitted that they participated in the biology and physics 

field trips because they provided an opportunity to get out of class time, decreasing the 
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true correlation between interest and attendance.  Second, for some students with 

extremely high or extremely low interest in science, the field trips did not have an impact 

on their interest.  Third, for some students the field trips did impact their situational 

interest, but not their individual interest, which was the type of interest that was measured 

on the mTOSRA. 

 

Leisure 

The mTOSRA instrument consisted of four dimensions.  The leisure interest 

dimension included students’ interest in spending their free time on science-related 

activities such as science museums, reading scientific books and magazines, and talking 

to people about science.  In the quantitative phase, no correlation was found between any 

of the attendance variables and students’ scores on the leisure interest dimension.  This 

finding is surprising in the light of the other studies, mentioned before, that have showed 

a positive relation between experiences in informal science programs and participants’ 

science interest (Bulunuz & Jarrett, 2010; Joyce & Farenga, 1999; National Research 

Council, 2009).   

The qualitative findings related to participants’ leisure interest in science revealed 

that almost all of the students watched and liked science-related TV shows and channels 

such as Crime Scene Investigation, Discovery Channel, Mythbusters, and Animal Planet.  

The majority of the participants had been to a science museum and had enjoyed their 

visit.  For most of these students their experience was limited to the local science 

museum.  Half of the focus group participants said they talked to friends and family about 

science and about half of the participants read, or flipped through, science-related 

magazines.  These every day science experiences are likely influencing a person’s 
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science learning more than any other experience because they are often based on 

excitement and intrinsic interest (Hidi & Renninger, 2006; National Research Council, 

2009).  This excitement was evident in some of the students’ conversations during the 

focus group interviews.   

The qualitative findings aligned with the quantitative findings for leisure interest 

for the fourteen focus group participants.  Participants’ with neutral or positive leisure 

interest as measured by the mTOSRA also reported a higher involvement in science-

related activities.  Interestingly, participants with neutral or positive leisure interest 

tended to agree less often that their interest was changed by the field trips.  This finding 

provides a possible explanation for the lack of correlation in the quantitative phase 

between leisure interest and attendance.  A difference between the impact of the field 

trips on the leisure interest of interested versus non-interested students decreases the 

measured correlation of the entire sample.   

Another feasible explanation for the lack of correlation between attendance and 

leisure interest is that how students feel about spending their free time on science-related 

activities is influenced by many different factors outside of the realm of school or field 

trips.  For example, parents have an immense impact on which activities children spend 

their time and what habits they develop in terms of leisure activities (National Research 

Council, 2009).  These extraneous factors were not included in the current study, but 

could have affected the data, decreasing the measured correlation. 

 

Career 

The quantitative phase of this study revealed a positive albeit small correlation 

between participants’ number of hours spent in the mathematics field trips and their 
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interest in a scientific career.  There was no significant correlation between the students’ 

attendance at the other field trips and their career interest.  Just like for the correlation of 

mathematics attendance and total mTOSRA scores, this surprising finding can be 

explained by the truly voluntary nature of the mathematics field trips and summer camps.  

Possibly, students with a high career interest in science may also be more likely to attend 

mathematics field trips in their free time.  Nevertheless, this correlation is in line with 

other studies that have addressed the impact that science experiences outside of school 

had on the career choices of science majors and scientists (Cosmos Corporation, 1998; 

Fadigan & Hammrich, 2004; Rowsey, 1997).   

Qualitatively, half of the focus group participants were sure science would be part 

of their future education and career.  Two students thought that they might choose a 

science-related career.  The careers that students mentioned were forensic scientist, 

engineer, nurse, chef, veterinarian, orthodontist, dental assistant and dermatologist.  The 

other five students were convinced that they would not have a career that involved 

science.  Previous studies have showed how career expectations during middle and high 

school impact their actual choice of college major and career choice.  For example, Tai et 

al.  (2006) reported that students who during their middle school years expected to have a 

science-related career were more likely to graduate college with a science major than 

students who did not expect to have a science career.  In Fadigan and Hammrich’s study 

(2004), a little more than half of the women who in high school expected to have a 

science-related career actually pursued a science major in college.   

The qualitative findings with respect to participants’ career interest were in line 

with the quantitative findings in the sense that participants whose mTOSRA scores 
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indicated a neutral or positive career interest were more likely to tell the researcher they 

were interested in a scientific career.  In addition, students who had a neutral or positive 

leisure interest in science were also more likely to want to pursue a scientific career.  Not 

all students specifically discussed the impact of the field trips on their career choice.  

However, for one student, his experience in the biology field trip helped solidify his 

choice for a major in microbiology.  The fact that only one of the fourteen interview 

participants disclosed an impact of the field trips on career interest provides an 

explanation for the low correlation between mathematics attendance and career interest 

and the lack of correlation between the other attendance variables and career interest.   

  

Normality/Inquiry 

Quantitatively, participants who had a larger total attendance at the GEAR UP 

field trips scored slightly higher on the normality subscore of the mTOSRA, indicating 

that they viewed scientists more as normal people compared with students with lower 

attendance.  This finding is promising since part of the intention of the field trips is to 

bring the students in touch with actual scientists and with authentic scientific experiences.  

The developer of the biology field trip specifically mentioned the goal of finding 

activities that resemble the work of a biologist as closely as possible.  Similarly, the 

developers of the physics field trips tried to show the students how scientists work and to 

model scientific reasoning.   

 During the qualitative phase, the mTOSRA dimensions normality of a scientist 

and attitude towards inquiry were translated into questions about the students’ views of 

scientists and the work that scientists do.  The focus group participants characterized 

scientists as very smart or intelligent people who are extremely committed to their job 
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and pay attention to detail.  Practically all of the students realized that scientists are 

normal people with normal lifestyles.  Some students noted how scientists often have to 

spend less time at home because of their demanding job.  From these findings it appears 

that the focus group participants had few stereotypical views of scientists as old, White, 

men in lab coats who live secluded lives.   

 In terms of the work of scientists, only a couple of students mentioned that 

scientists do experiments or that they work in a lab.  Interestingly, more prevalent 

responses were that scientists solve problems and discover new things.  One student had 

an idea of a scientific community in which scientists try to fight each other’s findings, but 

also work together.  Several participants discussed the impact of science on society, albeit 

in broad terms such as making our future better.  These findings support the lack of a 

strong stereotypical view of scientists and their work among the focus group participants.  

In a review of research into people’s perceptions of scientists, Finson (2002) summarized 

that students’ perceptions of scientists are related to their attitude towards science (“Do I 

want to become a scientist?”) and their self-efficacy (“Will I be able to become a 

scientist?”).  When students have less stereotypical views of scientists, they presumably 

are more able to see themselves becoming a scientist. 

 Half of the focus group participants agreed that their experiences in the field trips 

helped them get a better view on what scientists are and what they do.  They said that 

meeting scientists during the biology field trips helped them realize that not all scientists 

have to be in a lab all the time.  According to the students, seeing the scientists during the 

theatre portion of the physics field trips also helped them understand how scientists think 

and solve problems.  The other half of the participants said they already knew about 
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scientists and their work and the field trips did not change that.  These findings 

correspond with other studies that have emphasized the importance for students and 

teachers to meet and interact with real scientists and their work to develop a better 

understanding of the scientific process (Bodzin & Gehringer, 2001; Melber & Cox-

Petersen, 2005). 

 Comparison of the quantitative and qualitative findings showed that students who 

had a negative score on the normality as well as the inquiry dimension of the mTOSRA 

were more inclined to think their views of scientists had changed as a result of the field 

trips.  Apparently, these students thought the field trips had an impact on their views of 

scientists, but still had a negative idea about the normality of a scientist and had a 

negative attitude towards inquiry.  Granted, the questions on the inquiry dimension of the 

mTOSRA did not perfectly align with the questions about what scientists do during the 

interview.  The mTOSRA questions were aimed to determine to what extent the students 

agreed that doing experiments is the preferred way to find information in science, 

whereas the interview questions aimed at revealing students’ perception about the 

activities of a scientist.   

 The qualitative findings helped explain the quantitative findings in the sense that 

many students agreed that their views of scientists and their work had changed as a result 

of the field trips.  Participants explained that meeting scientists, seeing them in action, 

and working alongside them helped them realize that scientists are normal people with 

normal jobs and that the scientific process includes doing experiments, solving problems, 

and discovering new things. 
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Gender Differences 

Interestingly, no significant differences were found between male and female 

students on any of the variables.  Boys and girls scored similarly on their attendance at 

the field trips as well as on knowledge and interest scores.  This finding contradicts 

existing literature about gender differences in science.  Many studies show that male 

students on average score higher on science tests than female students (National Center 

for Educational Statistics, 2011; Riegle-Crumb, Moore, & Ramos-Wada, 2011).  

Furthermore, previous research has shown a difference in the interest in science of male 

versus female students (Drechsel, Carstensen, & Prenzel, 2011; Hoffmann, 2002).   

 

Limitations 

Several limitations to this study need to be considered.  First, the correlational 

design of the study prevented the researcher from drawing any causal conclusions in the 

quantitative phase.  The fact that no baseline data of the students’ initial science 

knowledge and interest was available hindered the possibility of measuring a true impact 

of the informal science program quantitatively.  Fortunately, adding a qualitative phase 

and making this study a mixed methods design provided strong indications for a positive 

impact of the program on students’ science knowledge and interest.   

The use of the state standardized assessment formed a second limitation.  

Although this assessment covers a broad range of science concepts, which made it a 

preferred method of assessing the students’ science knowledge, its suitability to measure 

true higher level understanding of science has been questioned (Jones, Jones, & 

Hargrove, 2003).  Especially, state standardized assessments tend to de-emphasize 

scientific inquiry and students’ knowledge of how to do science (Flick & Lederman, 
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2004).  However, over the course of the six years that these students have been part of the 

GEAR UP cohort many different science topics have been covered.  In addition, the 

developers of the field trips aligned their curricula with the Texas state standards.  

Therefore, the TAKS was the best available instrument to measure participants’ science 

knowledge.   

A third limitation was the fact that the mTOSRA in the quantitative phase and the 

focus group interviews in the qualitative phase relied on self-report.  High school 

students’ ability to accurately describe experiences, science knowledge, science interest, 

and the impact of a program on those variables may have to be questioned.  Although 

adolescents are better able to provide valid information through interviews and self-report 

questionnaires than children, there is still the risk of response bias (Merrell, 2003).  The 

most likely response bias in this study is the tendency of students to give socially 

desirable responses.  In this case, especially during the interviews, students may have felt 

a desire to appear more interested in science than they actually were.  Despite the 

possibility of introducing response bias, self-report instruments have been used 

repeatedly by informal science education researchers (National Research Council, 2009).  

Furthermore, the researcher used triangulation strategies to safeguard validity. 

 A fourth factor that limits the generalizability of the current study is the fact that 

the program under study was a highly unique informal science program, including several 

different field trips in a program that stretched over six years.  However, through in-depth 

and detailed descriptions of the GEAR UP program, the researcher has tried to enable 

readers to determine the applicability of these findings to other programs.   
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Implications 

Several implications can be drawn from the results of this study.  First, the study 

served an evaluative purpose for the GEAR UP program under study.  The quantitative 

results revealed that a positive relationship exists between attendance at the field trips and 

students’ science knowledge.  This is a promising finding, because one of the main goals 

of the GEAR UP program is to prepare students to be more successful in college.  

Increasing their science knowledge is part of that readiness.  Although many other factors 

undoubtedly play a role, the informal science education experiences provided by the field 

trips are relevant.  Aspects of the field trip that played a role in students’ knowledge gain 

were the alignment of the content of the field trips with the school curriculum, the 

enjoyment students experienced, and the hands-on character of the field trips.   

In contrast, the relationship between attendance at the GEAR UP program 

elements and students’ interest in science was less straightforward from the results of this 

study.  Although the quantitative results only showed minor correlations among few of 

the variables, the qualitative findings indicated an unmistakable impact of the field trips 

on students’ interest in science.  Effective aspects of the field trips in raising students’ 

science interest were the interactive character, the in-depth coverage of scientific topics, 

the inclusion of interesting aspects of science, and the opportunity to see real scientists.   

 Overall, the field trips provided students with valuable experiences.  One of the 

focus group participants said it beautifully:  

It’s a fun time to learn about science and be with your friends.  It teaches you 

more, but in different ways.  I mean, it teaches you probably the same thing, but 

in different ways.  And if you’re a visual or kinetic learner then it’s a good place 

to go and get more information and learn more (Celina). 
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Developers of this and other long term informal science education programs should keep 

these successful strategies in mind when organizing similar programs.   

 A second set of implications can be made for the broader field of informal science 

education.  This study’s findings reiterate the contribution that informal science programs 

can make to students’ science knowledge and interest.  The fact that students conceive of 

field trips as fun experiences provides ways to draw them in and let them experience that 

science can be interesting and relevant to them.  The pressure often felt in the formal 

learning environment to prepare students for standardized testing can decrease the 

opportunities for students to have hands-on and in-depth experiences in the science 

classroom (Jones et al., 2003).  Informal science settings can fill this gap and join forces 

with schools to provide these enriching opportunities for students.   

 Third, this study is a salient example of the usefulness of mixed methods research 

in informal science education research.  The combination of quantitative and qualitative 

findings made this study more powerful.  On the one hand, the qualitative findings 

offered explanation for the correlations or lack of correlations in the quantitative phase.  

In particular, the qualitative findings gave reasons for the existing correlations and 

showed that the impact of the field trips on students’ knowledge and interest was more 

complex than could be measured with a correlational design.  On the other hand, the 

quantitative findings were used to triangulate the qualitative data in the second phase.  

Students’ narratives during the focus group interviews were verified with their numbers 

from the quantitative phase.  In summary, the mixed methods design of this study 

provided more information than either design by itself could have given.   
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 Last, this study has implications for the field of formal science education as well.  

If students enjoy and learn from this informal science program because it includes hands-

on experiences and real science, then teachers should try, whenever possible, to apply 

these findings to their classrooms as well.  This recommendation is in line with the call 

for teaching science through inquiry that is being heard from several sources, most 

notably the National Science Education Standards (National Research Council, 1996).   

 

Future Research 

In light of the limitations of the current study, several recommendations for future 

research are appropriate.  First of all, when this GEAR UP program will be repeated with 

a new cohort, or when similar programs will be implemented elsewhere, a more 

experimental research design including pretests and post-tests and a control group is 

appropriate.  Within an experimental design a causal relationship can be measured 

between the variables under study.  A longitudinal design like that can track students and 

see what kind of effect the field trips have had on their individual science knowledge and 

interest.  Including several data points along the course of the long term program will 

provide a way to triangulate students’ memory during focus group interviews. 

In addition, within such an experimental design, several control variables should 

be added.  In the current study, different types of students in terms of their previous 

interest and knowledge seemed to experience different levels of impact from the field 

trips.  It will be interesting to investigate what the impact is for low-performing versus 

high-performing students and for students with a high versus low initial interest in 

science.  A future study should include more students so that these comparisons can be 

made with sufficient statistical power. 
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 Another recommendation for future research is to include different instruments to 

measure knowledge.  Other ways to determine participants’ conceptual understanding of 

science on a deeper level are concept-mapping, discourse analysis, and performance 

assessments (National Research Council, 2009).  These types of assessments are more 

appropriate to measure learning for each field trip separately than for the entire six year 

long experience, but will provide a more in-depth understanding of what students learn 

from an informal science program. 

 Lastly, with the goal of college readiness in mind, another future research project 

would be to follow the participants of this long-term informal science program through 

the years after their graduation in a longitudinal study.  Their choices for college majors 

and careers and their success in college and beyond will be a true measure of the success 

of the GEAR UP program or similar programs.  Of course, keeping track and staying in 

touch with the sample forms a major barrier for such a study. 

 

Conclusion 

Today’s society needs a scientifically literate population and an increase in the 

number of people who choose science-related careers.  The results of this study show that 

informal science programs can contribute to that goal.  Especially in a time when 

standards and testing are pushing the enjoyment of science through hands-on experiences 

out of the classroom, we need to acknowledge the contribution that informal science 

education programs can make.  Schools should partner with museums, zoos, universities, 

and businesses to provide students with authentic and meaningful experiences that help 

them learn about and enjoy science.  As the program in this study shows, these authentic 

and meaningful experiences should be content-specific and focused.  Students need to be 



132 

 

engaged brains-on as well as hands-on.  When such partnerships emphasize programs 

that align with established standards and follow best practices for learning science both 

knowledge of and interest in science can grow. 
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APPENDIX A 

Modified Test of Science Related Attitudes (mTOSRA) 

 

 

5 = Strongly Agree (SA) 

4 = Agree (A) 

3 = Uncertain (U) 

2 = Disagree (D) 

1 = Strongly Disagree (SD) 

Statement SA         A         U         D         SD 

 

1.  Scientists usually like to go to their 

laboratories when they have a day off. 

5            4          3          2           1 

2.  I would prefer to find out why something 

happens by doing an experiment than be being 

told.  

5            4          3          2           1 

3.  I would like to belong to a science club.  

 

5            4          3          2           1 

4.  I would dislike being a scientist after I leave 

school. 

5            4          3          2           1 

5.  Scientists are about as fit and healthy as other 

people. 

5            4          3          2           1 

6. Doing experiments is not as good as finding out 

information from teachers.  

5            4          3          2           1 

7. I get bored when watching science programs on 

TV at home. 

5            4          3          2           1 

8. When I leave school, I would like to work with 

people who make discoveries in science. 

5            4          3          2           1 

9. Scientists do not have enough time to spend 

with their families.  

5            4          3          2           1 

10. I would prefer to do experiments rather than to 

read about them. 

5            4          3          2           1 

11. I would like to be given a science book or a 

piece of science equipment as a present.  

5            4          3          2           1 

12. I would dislike a job in a science laboratory 

after I leave school. 

5            4          3          2           1 
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13. Scientists like sports as much as other people 

do. 

5            4          3          2           1 

14. I would rather agree with other people than do 

an experiment to find out for myself. 

5            4          3          2           1 

15. I dislike reading books about science during 

my holidays. 

5            4          3          2           1 

16. Working in a science laboratory would be an 

interesting way to earn a living. 

5            4          3          2           1 

17. Scientists are less friendly than other people. 

 

5            4          3          2           1 

18. I would prefer to do my own experiments than 

to find out information from a teacher. 

5            4          3          2           1 

19. I would like to do science experiments at 

home. 

5            4          3          2           1 

20. A career in science would be dull and boring. 

 

5            4          3          2           1 

21. Scientists can have a normal family life. 

 

5            4          3          2           1 

22. I would rather find out things by asking an 

expert than by doing an experiment. 

5            4          3          2           1 

23. Talking to my friends about science after 

school would be boring. 

5            4          3          2           1 

24. I would like to teach science when I leave 

school. 

5            4          3          2           1 

25. Scientists do not care about their working 

conditions. 

5            4          3          2           1 

26. I would rather solve a problem by doing an 

experiment than be told the answer. 

5            4          3          2           1 

27. I would enjoy having a job in a science 

laboratory during my school holidays. 

5            4          3          2           1 

28. A job as a scientist would be boring. 

 

5            4          3          2           1 

29. Scientists are just as interested in art and 

music as other people are. 

5            4          3          2           1 

30. It is better to ask a teacher the answer than to 

find it out by doing experiments. 

5            4          3          2           1 

31. Listening to talk about science on the radio 

would be boring. 

5            4          3          2           1 

32. A job as a scientist would be interesting.  

 

5            4          3          2           1 
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33. Few scientists are happily married. 

 

5            4          3          2           1 

34. I would prefer to do an experiment on a topic 

than to read about it in science magazines. 

5            4          3          2           1 

35. I would enjoy visiting a science museum on 

the weekend.  

5            4          3          2           1 

36. I would dislike becoming a scientist because it 

needs too much education. 

5            4          3          2           1 

37. If you met a scientist, he/she would probably 

look like anyone else you might meet. 

5            4          3          2           1 

38. It is better to be told scientific facts than to 

find them out from experiments.  

5            4          3          2           1 

39. I dislike reading newspaper articles about 

science. 

5            4          3          2           1 

40. I would like to be a scientist when I leave 

school.  

5            4          3          2           1 
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APPENDIX B 

Semi-Structured Interview Questions 

 

1. Tell me about your experience with the biology, physics, and mathematics field trips. 

In which ones have you participated?  For how many years?  How many times? 

 

2. Who decided if you should participate?  You?  Your parents?  Your teacher? 

 

3. What kind of connection do you see between the GEAR UP field trips with what you 

do in science classes?  What is the same?  What is different?   

 

4. How do you think your participation in the GEAR UP field trips has impacted what 

you know about science?  What have you learned from being in the GEAR UP programs? 

 

5. Do you think your TAKS scores or class grades would be the same or different if you 

would have never participated in the GEAR UP field trips?  Please explain. 

 

6. What do you like or dislike about doing science?  Why? 

 

7. In what ways is science part of your life?  Do you go to science museums?  Do you 

read scientific magazines?  Watch science-related TV shows?  Do experiments at home?  

Talk about science with your friends and family? 

 

8. Do you think science will be part of your career?  In what ways?  What are you going 

to do after your high school graduation? 

 

9. How did your interest in science change because of your participation in the GEAR UP 

field trips?  Interest in free time. Interest in career/major 

 

10. What is a scientist?  What do scientists do?  Where did you learn about that?  Do you 

think the GEAR UP field trips changed your idea about scientists and what they do? 

 

11. In what other ways has participating in the GEAR UP field trips impacted you?  If 

someone would ask you what those GEAR UP field trips are what would you say to 

them? 
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APPENDIX C 

Categories for Qualitative Analysis 

Figure A.1. Categories used for qualitative analysis. Categories, subcategories and 

example narrative for each category. 
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