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FOREWORD
As apracticing teacher of college science (marinescience in particular) for
many years | have naticed the power of engaging my students directly with the
material, and hd ping them see therelevance to thar own lives, and thar persond
relationship with thematerial (whether it bean interest in a career in science, a
required course they needed etc.). | have witnessed an increased ability for them to
succeed academically throughthis kind of engagement, and an increased excitement
and conneetion with thematerial. | have stressed field-work in my teaching,
especiadly assignments whereby students develop thar own projects, and interact
within @ommunitiesCto discuss and present ther work. | have noticed in particular
tha many underepresented students find new meaning and motivationin science
thisway. Many of them do not have the mentors, modds, and suppot structures at
home or in thar communities to emphasize science (especially ecology or
environmental science) as a career choice, or to hdp provideavision of thar rolein
theworld of science.
My origind hopewith thisresearch was to doaument theimpact of Inquiry-
Driven Field-Based (IDFB) experiences onfirst and secondyear undegraduaes, and
in particular on underepresented students. | was unable to find many examples of

either student groupat theingitutionsfrom which my samples were drawn. Access



issues tendto limit enrollment in IDFB classes to: @) those aready mogly committed
to ascience career; b) middle and highe income students and; ¢) highe achievers.
There are severa likely reasonsfor this, induding access (or lack of access) to
information aboutthe programs, an undestanding of their importance, an ability to
paticipae in a program tha requires extended time away from home, conflicts with
work and other obligaions and access to sodal and inditutiond networks that hdp
students navigae the college system and locate and fundimportant oppatunities
such asthese. Administrative suppot and promotion of such programs aso plays an
important role in who participaesin them.

Thusthis study involves mogly third and fourth-year European American
students from middle to uppe-middle class backgrounds However, there are afew
underepresented students in the sample, and afew first and secondyear students.
What is mog telling and perhgos mog impartant to this study in terms of the impact
of field-based learning on college studentsis that dl students, regardless of thar
backgrounds were remarkably congstent in what they said aboutthe experience.
This study should inform science teachers and administrators abouttheimportance
of field-based programs for all students, and ther potential for recruitingand
retaining more students into thefields of ecology, environmental science, and

geosciences.



OVERVIEW

This study investigaes therole of inquiry-driven field-based (IDFB) learning
in the academic and persond development of undegraduae students of ecological
and marinesciences. It focuses onther development as scientists as they participae
in contextudized scientific investigaions and on how ther engagement in these
investigaionsenhances ther cognitive growth, persond growth, confidence,
motivation, and view of thar future eductiond and professiond objectives.

For the purposes of this study, inquiry-driven field-based learning has two
key descriptors: 1) inquiry driven: students participate in an entire investigation (or
investigaiony, and are responsble for asking scientific questions designing
methods collecting evidence to suppot ther questions and interpreting and
discussing results (Ash and Wells, in press; Bowen 2000;Nationd Research
Counal, 2000;Southerland, 2001;Mingrell 1999;Wells, 1999;San Frandsco
Exploratorium, 1998 Hammer, 1996; and 2) field-based: alearning experience tha
occursin a contextudized @ea Osetting, such asin the ocean, aforest, or a stream
(Dayton, 2003;Southerland, 2001;Bowen and Roth, 2000;Fernandez-Manzand et
a, 1999;Mingrell, 1999;Hammer, 1996) For theremainde of thisdoaument, |
will use theacronymIDFB to refer to inquiryBdriven fieldEbased experiences.

My study deals with students engaging in ecological (particularly
maring/coastal) or related biological/environmenta studies. Throughoutthis
doaument when | refer to students of science, thefield of science, or science

curriculum, | am using theword Gcience(to describe biology primarily, and even
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more specifically ecology, environmental science, andrelated fields In paticular,
this study focuses on how participaionin IDFB experiences leadsto the acquisition
of skillsand factud, theoretical, and applied knowledge (cogntive development),
and leadsto studentsOincreased confidence in their ability to @olscience, their
motivation as students of science, ther undestanding of ther role in science (ther
future educationd and career pahways), and ther persond growth (affective
development) (Rogoff, 1998. Thegrowth they experience as aresult of engagingin
IDFBs and @oingGcience leadsto their development as scientists. This study
provides evidence to doaument studentsOcognitive and affective growth, and how
that growth hdpsthem develop as scientists; alowing them to Gelscientists and
think like scientists.

| will begin by providing backgroundoninquiry and field-based learningin
both a general context and specific to learning science. | will focusonthe
importance of inquiry as alearning strategy and on how incorporating inquiry into
pedagogy hdpsconnect students to oneanother, to the material, and to ther own
motivation. | will then provide some backgroundon methodobgy and elaborate on
thetheoretical undepinningsof thequditative methodsused in this study. The
second section will outlinethemethodsused, both in data collection and data
andyss, and will introduce the study paticipants. In thethird throughfifth sections
| will present theresults, provide an interpretation of them, and place them in the

larger context of science education.
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SECTION 1: Introduction

Scienceisaprocess, notthe mere acquisition of facts or memorization of
theories. Students of science mug learn to apply theories, design studies, ask relevant
guestionsof the naural environment, interpret data, and think critically, amongother
skill sets. Theapplication of these skills requires knowedge butit aso requires
practice, and engagement in theprocess. Throughengagement and practice students
master important knowledgeand skills, and they find the motivation and meaning so
important to hdping them discover ther relationship with the process of science and
thar future career and educationd gods. If we areto produe scientists capable of
succeeding, it is certainly in ourinterest (and in the students' interests) to create
educationd oppotunities tha hdp them appreciate fully all tha isinvolved in doing
science and being a scientist (Dayton, 2003;Dayton and Sala, 2001 ; Southerland,

2001)

A. Inquiry and field-based learningEbackground and evidence for success
Teachers have longundestoodthat getting students GnvolvedGin ther work
hdpsthem learn and enjoy it. French psychologist Jean Piaget created a modd
outlining the stages of developing childrensknowledgesystems based onther age
(Piaget, 1970, and theimportance of engagement of children in inquiry-based
learning involving @oingGas well as Ghinking(Ash & Wells in press, Piaget,1970&

1952) Vygotsky (1979 pioneered the conaept of the zoneof proximal development
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(ZPD) and the sodocultural naure of learning. He emphasized tha knowledgeis
acquired and applied throughcollaborative engagement in activity by learners of
different maturity levels, allowing each to explorethar ZPD (Vygotsky 1978.

Inquiry-based learning can occur in avariety of contexts, and it is not solely
restricted to engaging learnersin aphyscal activity. Some researchers arguethat
inquiry-based learning islargdy selfBguided, with very little structure or direct
paticipaion onthepat of theteacher (Wells, 199; Griffin and Symington, 1997;
Gallas, 1994) Othersarguetha inquiry can beacomponent of alarger, highly
structured learning experience, especially in thesciences (Fernandez-Manzand et d,
1999;Mingrell, 1999;Ryde et a, 1999;Jones, 197; Rosbey et a, 1992)
Regadless of the context, however, promoting learning throughinqury involves
engaging learnersin a process of exploration, investigaion, and convasation,
leading them to ask questions discover meaning, and interact with the material or
naura world (Ash and Wells, in press;, Ash 2003; Nationd Research Counal, 2000;
Weélls, 1999; San Frandsco Exploratorium, 1998;Smith, 1994)

Importantly, the process is driven by thelearner® own interests and desire to
discover. Theinditute for inquiry at the San Frandsco Exploratorium states onits
webste that Onquiry, asit relates to science education, should mirror as closely as
possible the enterprise of doing scienceQ( San Frandsco Exploratorium, 1998.
IDFB experiences as described in this study are based on tha premise. Orhe
enterprise of doing scienceQis further defined in this study asinvolving learnersin

theentire scientific process: asking questions designing studies, collecting and
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interpreting data, and synthesizing results. In ecological and environmenta studies
thisis effectively donethroughfield-based classes or oppotunities where students
can engayein the process of science in a contextudized setting.

Inquiry-based learning has been successfully applied since it was formally
developeal by educators such as Rousseau, Froebd (in the development of
Kindegaden), Montessori (in the development of the Montessori system), and John
Dewey (at the @aboratory schoolCet the University of Chicago) (Smith, 1994. These
educators and educationd researchers bdieved in engaging students with learning
material by havingthem interact with it, experience it. Thar programs and research
were based on the conaept tha educationd materias that do not meet individud
needsand abilities will fall to engage students andrisk being ineffective.
Information tha is nat meaningful to the student, and that is compartmentalized in
ways tha do not make sense to individuds, will nat berelevant to thos individuds.
When informationis notrelevant to individuds and cannotbetied to studentsQlives,
they will cease to bemotivated to learn it and risk doing pooily (Smith, 1994
Dewey, 1938)

A number of studies have foundcorrelationsbetween studentsQettitudes
towards science and their achievement in science (Mattern and Schau, 2009. Both
studentsOperceptionsof their past performance in science and thar achievement
motivation (how motivated they are to dowell) can be predictors of future
achievement in science (Rennie, 1991;0liver and Simpson, 1988) Benjamin Bloom

(1976)revised his taxonomy of cognitive development througheducation to indude
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affective measures of successin students (Bloomet. al, 1964) an endeavor tha
highlighted theimportance of affect in student learning. Bloominduded motivation
as oneof three variables key to learners attaining high levels of knowledge
acquisition (Bloom1976) Thetaxononiesindicate tha creating alearning
environment tha isrelevant to students, that engages them, and tha leadsto postive
attitudes and motivation can behighly effective in promoting learning. This study
provides evidence tha IDFB oppatunities hdp accomplish thisfor college
undegraduae ecology/environmental science students.

Studies tha doaument theimpacts of afterBschool and schoolBsuppot
programs on student achievement and motivation also provideindghtsinto the
importance of the affective component of thelearning experience. It iswiddy
recognized tha afterbschool programs can lead to better grades and highe
persistence in school for participants (Halpern 202; Kahneet a. 2001) butitisthe
nature Of those programs tha turnsoutto be so important. When these programs
provide a setting where youth can engage with ther peers and teachersin
condructive and meaningful activities, in both a social and academic context, they
gan confidence and become more motivated academically (Gibson and Bgjinez,
2002;Hapen, 2002;Kahneet a. 2001; Stanton-Salazar et al 200Q Poser and
Vanddl, 1994) Programstha emphasize academics as well as sodal interaction and
motivation are often themog effective (Kahneet d., 2001) Wha becomes clear in

these and othe studiesis theimportance of how students feel and think (affective
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measures) aboutther learning experience, nat jus what they are learning (cognitive

measures).

B. Inquiry-based science education

Thereisagrowing bodyof evidence suggesting tha science students
behavior and relationships with subject matter changeor areinfluenced through
handson experiencesindudel as a pat of an inquiry-based approach to teaching
and learning. Severa studies have doaumented that high school and college
undegraduae students gan a degper undestanding of science and howto apply it
throughfield-based experiences and/or designing and carrying out research projects
(Bauer, 2002;Fernandez-Manzand et al, 1999 Barron 1998;Ryder et al. 1999;
Jones 1997) Other research points to the use of inquiry-based techniques, induding
studentBdirected inquiry projects, to enhance thelearning of difficult science
conaepts (Southerland, 2001 ;Bowen and Roth, 2000; Mindrell, 1999;Hammer,
1996;Rosebery, 1992) These studies, however, focus on cognitive measures of
success, with little attention pad to affect; theimportance of inareased confidence,
motivation, and persond growth in students through these experiences.

Theevidence presented thusfar suppotstheargument tha inqury is
important to student learning and tha engagement throughinqury can lead to better
undestanding, motivation, and enjoyment (affect), which can lead to highe
achievement. It also emphasizes theimportance of the eductiond setting and sodial

dynamics. Inthese studies, inquiry-based learning indudes a broad ddinition
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encompassing varying levels of student participaion with material and in activities.
Many teachers structure an dnquiry-basedQ earning experience in a highly organized
fashion, much like standard laboratory exercisesin college biology classes. In this
format, students follow a @earning mapQanswering questionsand filling out
worksheets (common aso in student field tripsto museums and zoog. Thisisnot
inquiry-directed learning as | have defined it. My definitionindudes the student@
role in designing the learning framework; asking the questions and thinking about
why they are important (Bowen and Roth, 2000;Southerland, 2001;Bowen et d.,
1999;Mingrell 1999;Hammer, 1996)

Creating this @eal-worldGor QuthenticOenvironment in a science learning
experience, where students engagein discussion and are developing and testing
hypoteses, jointly andyzing results, and drawing condusonsfor themselves,
fogerslearning and also creates the atamogpheae of a science community
(Southerland, 2001) Thisisimportantif we are to expect learners to apply
information and practice in ther own futureEboth in school and in the work world.

Methodsin teaching field-based science often follow a non-ecological format
(Dayton, 2003;Bowen and Roth, 2000) They emphasize alinear approach to
science rather than incorporating natural history, observation, and creativity (Dayton
and Sala, 200]). Students interested in biology, and particularly ecology or
environmental science, will spend thear careers doing science, yet wha they learnin
mog standad curriculais mogly about science (theory). In college mos students do

not get a chance to experience first-hand wha being a scientist islike (designing a
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study, conduding obervations looking at results, discussing with peers, and
otherwise behaving as a scientist in the company of other scientists) untl ther junior
or more likely senior year (if a al). Engagingin theentire scientific processin a
contextudized setting such as an IDFB expeience allows students not only to look at
theoretical information in context, but also to relate persondly with the process (both
intellectudly and physcally), the people, and the vorldCof science. Theability to
relate oneself to thelarger context of activity and interactionsis a powerful
motivator; it enables students to better conceptudize ther own future and the
relevance of thar course of study (Grady, 2001;Wells, 2000;Wells, 1999;Gallas,
1992;Moll et al., 1992,

Once students reach middle school, there tend to be very few oppotunities to
engagein these kindsof learning environmentsin school. By thetime students get
to college, many are thinking aboutwha field to enter and choo classes
accordingly. Althoughthenumber choosng abiology (or natural sciences) track is
high, thenumber who drop outfromtha track is also high (Nationd Center for
Eductiond Statistics http://nces.ed.gov/isurveys, Nationd Science Founddion,
2003;Sandeason et a.,1999. Asnoted earlier, experiential oppotunitiesin the
sciences, such as IDFB classes, are usudly notavailable to students until thar last
two yearsin college if at al. If these expeiences were available earlier, would it
hdp engage more students in the sciences and hdp them stay in a science track?

How valuable are these kindsof experiences? Wha impact dothey have on
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students? Wha do students think abouttheimportance of experiential learningin

thesciences? These are the questionstha motivated theresearch presented here.

C. Introductionto methodology

Investigating studentsQlives, their attitudes, wha motivates them, and how
successful they are from thar own perspective, in addition to usng oljective tests
based on a standad, is afundanental pat of undestanding academic achievement
and student engagement in academic subjects. Throughquditative inqury
researchers can investigae and undestand the meaning or nature of an experience,
rather than theintengty (effect size) of an event, or therelatedness of events, asin a

more quantitative approach (Silverman, 2001, Strauss and Corbin, 1998)

1. Quditative daacollection

There are many ways a researcher can collect quditative data with which to
develop atheoretical framework. Each methodrequires adightly different approach
to designing theingrument (whether it bea questionnare, interview questions or
observation notes), and thedesign can lead to vastly different results. Using
interviews to collect data allows theresearcher to learn aboutthe context in which
therespon® is placed, and wha sodal and persond experientia factors comeinto
play in shaping therespondent's views (Ryder et al.,1999;Goldman-Segdl, 1998;

Siedman,1998;Kvale 1996. This can be paticularly important if theresearcher is
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attempting to draw broad condusonsaboutan experience. A peson'sbackground
aswell asthar current experienceis shgped by the sodo-cultural context of thar
own lives and by how they process experiences (Wells,1999; Seidman, 1998)
Diverse methodsof daa collection can provide complimentary and more complete
information abouttheindvidud experiences of the 'subjects. For thisreason, | used
acombinaion questionnare and survey approach backed up with interview daaona
smaller number of subjects for whoma more in-depth andysis was possible
(Silverman 2001;Jones 1997)

Interview techniques themselves vary consgdeably. Interviewers can focus
on collecting widdy different in thetypes of data depending on the question they are
interested in answering. Kvale (1999 describes two broadly different (but often
used togehe) types of questiondapproachesto interviewing. Oneisto 'mine for
information, or probethe subject for specific information tha theinterviewer is
attempting to uncver (eg. to get an answer). Theothe approach isfor the
interviewer to bea'traveler', letting the subjects lead him/her throughthar
experiences, providing indghtsinto ther experiences and a context for ther
responses. | used acombinaion of these approaches in my research.

Theresearch questionsare critical to deermining wha kind of daa are
collected, and the structure of theinterview itself (indgpendent of the actud
guestiong can influence the qudity and type of responss (Fernandez-Manzand et
a. 1999;Ryder 1999;Seidman, 1998;Korpan, 1997, Kvale, 1996) A semi-

structured interview, where subjects are interviewed before, sometimes during, and
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after a paticular experience, can provideinformation on the naure of theimpact tha
experience had on subjects. Manzand et a(1999) Ryder(1999) and Seidman (1998)
all used at least abefore and after interview approach (Seidman favoring athird
interview during the experience) to investigate theimpact of a certain experience

(field work, research projects, or ateaching experience) on subjects.

2. A grounde theory approach to dataandysis

Glasser and Strauss (1967)pionesred the groundel theory approach to
guditative data andysis which provides an important framework for many sodal
studies. Groundel theory involves an indudive approach to research, usng case
studies or other methods(Strauss and Corbin, 1998; Charmaz, 1995;Glasser and
Strauss 1967) Persond experiences are used as the basisfor forming alarger
theoretical framework which theresearche continuesto fill in usng avariety of
approaches. Persond experiences provideawindow into thecomplex web of issues
surrounding student success. They document real stories told from an individud®
perspectivebstories aboutwha motivates them, and howthey learn best. | used in-
depth interviews to providethislevel of ingghtin this study, and three of those
(ersond storiesCare doaumented here to illugrate and validate the major themes
evidentinthedaa Quditative methods andin particular a groundel theory
approach, lendsitself well to this particular type of research.

A groundel theory approach leadsto the discovery of information used to

build hypotheses and theories, rather than testing an a priori framework

21



(Charmaz,1995) Theapproach requires awillingress to @iscoverOpersond
experiences throughwhat others say, and to build theory and explanaions
indudively, letting the data @peak O(Strauss and Corbin, 1998 Charmaz, 1995;
Kvae,1996;Miles and Hubaman,1994;Glasser and Strauss, 1967) This set of
indudive strategies, starting with individud cases and developing progressively
more abdract conceptud categories, alows theresearcher to synthesize, explain and
undestand the data, andto see paternswithin it (Charmaz, 1995)

A groundel theory approach also indudes a set of systematic procedures for
shgping and handling quditative data. Theresearcher beginsby looking for general
themes, or GupecategoriesOin thedata. Data are looked at numeroustimes and are
eventudly organized into aframework with multiple categories, and relationships
between categories. Hypotheses are generated from the data, and thedaa are used to
validae thecategories. Thecategories areinterrelated into alarger theoretical
scheme. An important aspect of the methodis tha the andyses and category
development are on-going. It is an evolving process, and changes occur as the
investigaor learnsmore from the data and reviews it multiple times (Strauss and
Corbin, 1998;Charmaz,1995; Miles and Hubeman,1994; Glasser and Strauss,1967)

Strauss and Corbin (1998 outlinethefollowing components to quditative
research, which is essentially how this study was conduded:1) data collection
throughinterviews and doauments (induding questionnares); 2) procedures to
interpret and organize those daa and 3) conceptudizing and organizingthedaa

(codingit). These components also allow for some quantification of daa (Silverman
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2001) thoudh the quantified results, or how many said what, are seconday to what is
said. It isimportant however for theresearcher to specify whether what is said is
presented to reflect genera paternsand themes, minority themes, or uniquecases.
For this purpose, the numerical presentation of daa can beuseful, and was used in

the presentation of daain this study.

D. Thisstudy

This study investigates theimportance of student involvement in theprocess
of science as an integral part of learning science and connecting persondly withit.
Thestudy establishes tha doing science both prepares students academically, and
creates a persond connection to the process of science tha enhances thar confidence
and motivation. It makes thetasks and subject more real and relevant for them, gets
them excited and motivated, and gets them interacting with their peers. Engagingin
the process of science hdpsthem see how they relate with the material and tasks,
and it hdpsthem draw important connestionsbetween theory and application,
putting other classes and information in a broader, more relevant context.

Cognitive learning isusudly the primary driver in curriculum pedagogy and
content. Theresults presented here indicate that science education withoutregard for
theimportance of the persond connectionsand motivators (affective learning)
developeal throughstrategies such as IDFB experiencesis not fully effective. Based
onthisinterpretation of thedaa, | propo® a modd in which both cogntive and

affective measures of the success of an IDFB experience carry weightin preparing
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students to be scientists (Figure 1). Themodd suggests tha if students do not
experience affective measures of growth in an academic context, thar development
as scientists could suffer. Students lacking this affective growth in science may drop
outof thefield, seek other ways to enhance a persond connection to science, or not
pursue a science track; al of which could have negative consequences for science
degree programs. |DFB experiences providethis affective development for students,
and can aso bevery effective in promoting cogntive growth in students of
ecologica and environmental sciences.

Within thetheoretical context presented thusfar, and in recognition of the
importance of inquiry-based learning, this study was designed to investigae the
specific role of IDFB experiences in the development of science studentsbin
particular students of ecological and environmental sciences. There were three main
objectives. 1) to determinewha students thoughtwas mog important or valuable
aboutthdr IDFB experience; 2) to deerminethemajor cognitive growth indicators
for students (what specific skills and knowledgethey thoughtthey had acquired)
and; 3) to determinethe major affective growth indicators for students (howthey felt

persondly aboutthe experience, and theimpect it had onthem).
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Figure 1. Theoretical model

Inquiry Driven Field Based (IDFB) science classes/experiences can enhance
the academic (cognitive) and persond (affective) development of students of science.
Throughther active engagement in the process of science, students gain important
skills and knowedgeas well asincreased confidence, motivation, and ability to plan
for ther future. Thisgrowthisanimportant pat of thar development as scientists;
the I DFB experience provides them away to build a relationship with theworld of
science, and to better undestand wha science is, wha scientists do, and ther future
role as scientists. Thereisarelationship between the cognitive and affective growth;
students learn better when they are connected, motivated, and confident, and the
process of engaging in @eal Gscience leadsto motivation, confidence, and a pasond
connection. IDFB experiences have a particularly important role in affective
measures of development: students develop an important persond connection to
science.
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SECTION 2: Methods

| developed a methodobgcal approach based on groundel theory. | used a
combination of persond experience, questionnares with open-endad questions
semi-structured interviews, and surveys to gather information and develop and
validae themes (Seidman,1998; Strauss and Corbin, 1998;Kvale, 1996;Chamaz,
1995, Milesand Hubaman 1994) Questionnares with open-ended questionswere
used to developthemgjor ideas for thestudy. An initia pilot study was ingrumental
in providing the framework for additiond daa collection. Themes were fleshed out
throughin-depth, semi-structured interviews (Seidman, 1998)tha provided
individud student profiles and a closer look at the experiences of these students to
add suppot for the developing theoretical framework. Findly, amore quantitative
survey was conduded to gather information, induding backgroundinformation, on
another set of students who had had IDFB experiences. Thesurvey induded both
closed- and open-endeal questions Togdher thedaafrom these different student
samples and different collection techniques led to the development of atheoretical

framework (Figure 1).

A. Data Collection
Seventy students at four ingitutionsof highe learning in CaliforniaEthree
universities and onecommunity college paticipaed in thestudy (see Table 1).

Students were sdlected based on thar current or recent enrolimentin an IDFB
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experience. Students participaed in this study onavoluntary basis. | conducded al

of theinterviews, and| distributed the questionnares at sites 1, 2, and 3. Thesurvey

was administered by classingructors or electronically.

Students participaed in the study in oneof three ways (see Table 2):

1)

2)

Questionnare participants: Thirty-ninestudentsfromsites 1, 2and 3

filled outa questionnare with closed-ended and open-ended questions
both prior to and following their IDFB experience. Questionswere
designed to encourage students to comment abouttheimportance of the
classto them in a broad sense, both academically and persondly. |
explained my study and thequestionnare to the students and then handed
out and collected thar questionnares.

Interview (and questionnare) paticipants: Twelve students from sites 1

and 2 also agreed to participaein an interview in addition to filling out
the pre- and pod- experience questionndres. Interview questionswere
extensonsof those asked in the questionnare, and were designed to
provide a broader context and more in-depth information for a smaller
sample of students. | selected students for theinterviews from those who
had filled out (re-classOquestionnares. They were selected for the
interview based on ther gende and selfBprodaimed academic
achievement. | wanted to select both men and women, and an equd

number of average, aboveaverage and excellent students.
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3) Survey Participants: A sepaate sample of thirty-one studentsfilled outa

survey with both closed and open ended questions  Surveys were
distributed to students both electronically, and by way of thar ingructors.
Each survey was accompanied by aletter in which | introdueced my study
and the purmpo< of thesurvey. The survey contained a number of closed-
endad questionsdesigned to collect backgrounddaa induding studentsO
undegraduae classes, thar income bracket and their parentsClevel of
education. It aso induded open-endal questionssimilar to thos in the

guestionnaresused at sites 1, 2, and 3.

When student respongs were coded and data were andyzed usng the
modified groundel theory approach, themes emerged consstently regardless of the
ingrument used to collect thedaa. Similarly, althoughstudents were from four
differentingitutions their IDFB experiences were dike in three key ways: 1) they
al involved students designing and carrying out their own research project; 2) the
research was conduded Gn thefieldQin an ecological setting and; 3) theresearch
induded a significant temporal component where students conduded repest visits to
thar study Site either over the course of a semester, or more frequently over severd
weeks. Thesimilarity in ther answvers to questionsand the congstent mention of
common key components of their IDFB experiences madeit possible to congder all
70 students in the same andysis, and to ensure a common core of informationfrom

which the condusonsof this study were drawn.
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Table 1. IDFB sitedescriptionsand student numbersby site

Description

# students
filling out
guestionnaire

# students
interviewed

#gudents
filling out
surveys

Total
students
in study

Sitel

Two week intensive field
class. Studentslived in
thefield while doing
proj ects.

17

0

17

Site 2

10 week long class.
Students spent 5 weeksin
thefield conducting
ecological projects

17

17

Survey

Studentsin this category
participated in a variety
of IDFB experiences
including sever al-week
long intensive field
classes and semester-long
classes where they
conducted field work and
made repeated visitsto a
field site.

31

31

Site 3

16 week long classwith
lectureand field
component. Students
conducted field work and
made repeated visitsto a
field site
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Table 2. Study participant information by instrument

Gender Year in college | Self rated Income bracket**
academic (total respondents
achievement* in parentheses)

Students M F 19/2" | 39/4" [ Avg. | >Avg. | Middle | Low Total #

+ tohigh | income | participants
income

Questionnaire | 13 [ 26 | 8 31 [10 |29 [17@9 |2@9 |39

participants | (33%) | (66%) | (20%) | (80%) | (26%) | (74%) | (89%) | (11%)

Interview and | 4 8 2 10 5 7 10(12) |2(12) |12

questionnaire | (33%) | (66%) | (17%) | (83%) | (42%) | (58%) | (83%) | (17%)

participants

Survey 12 19 3 28 8 23 2731 |4@31) |31

Participants | (39%) | (61%) | (10%) | (90%) | (26%) | (74%) | (87%) | (17%)

Totals 25 45 11 59 18 52 44(50) | 6(50) | 70
(36%) | (64%) | (16%) | (84%) | (26%) | (74%) | (88%) (12%)

* | n ecological/environmental sciences
**50 of 70 students provided information about family income

Themajority of the studentsin this study were 3 and 4" year sudents who

rated themselves as having abovebPaverage academic achievement. There were more

women than men, and for those who answvered questionsaboutethnicity and income

(35 students), themagjority were European Americanswhose familieswerein the

middle to uppe income bracket. 78% were European American, 11%were

Chicano/a or Latind/a, 7% were Asian, and 4% were @therQwhich induded pacific

idande and African American. The percentages of average and of aboveaverage

academic achievers were more baanced in thegroup of students interviewed than in

other student samples because interviewees were selected to indudearangeof

academic achievement. There were comparatively few underepresented students,

lower academic achievers, and lower-income students in the study. Student
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demographics varied little by student sample or ingrument used for daa collection.
Wha madethe study results so powerful was the congstency of student responss

regardless of ther differences.

B. Data analysis and coding scheme

| used multiple ingruments for gahering data as a part of the groundel-
theory approach to discovering dominant themesin thedaa. | initially andyzed
responses to the questionnares, survey daa, field notes, and interviews for major
themes, which were then validaed by having another andyst go throughthe same
process. Datawere further andyzed to develop subcategories. | organized all
categoriesinto afind coding scheme (Table 3) The coding and andysis process was
an emergent and evolving oneg and was notitself complete untl theend (Strauss and
Corbin 1998) Thecodel datawere also counted to determine category QveightQOor
OmportanceQ(see Table 4).

Individud responges and naratives (throughtheinterviews) provided key
descriptors to flesh outand suppot the mgor theoretical categories and framework
of thestudy. | used what individud students said to describethe general themesfor
al of thestudents. Thar statements aso provided important context andinsghts
fromindvidud perspectives. This approach to analysis and presentation was highly
ingructive, and allowed the student responses, rather than my own preconceived

idess, to drive andysis and theory generation. In addition, student responss by code
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were counied and divided into the major categories for a numerical representation of
therespongs (Table 4).

Student respongs fit broadly into two main domains tho<e indicating
cognitive development, and those referring to persond growth and other affective
indicators. Statements in the cognitive category referred to a student@ enhanced
ability to understand or do some aspect of science (in particular field
work/ecology/marine ecology). Thisinduded skillslearned (induding teamwork as
well as specific sampling and scientific method skills), the application of theory, and
knowledgeof scientific conaepts. The affective category induded statements that
referred to how students felr aboutthe experience, and how the experience hd ped
them develop pesondly, induding statements about persond growth, confidence,

motivation, future career/educationd aspirations and attitudein general (Table 3).
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Table 3. Final coding and analysis scheme

Cognitive domain

Affective domain

A. Process/application of science: (PRO/APP)

A. Persond Growth (PG)

1. Skillslearned (SKL)
Asking a scientific question (SQ)
Problem solving (PROBSOL )
Sampling (SAMP)
Teamwork (TEAM)
Write areport (REP)

1. Relationships (REL)
With othe's (REL O)
With professors (REL P)
With sdf (LMY)

2. Applyingtheory ina'red’ situaion (AT)

2. Confidence in self (C)

B. Content Knowledge (KNO)

3. Motivation (MOT)
Ingiration (INSP)
Rewarding (REW)
Enhanced creativity (CRE)

1. Content knowedge
Undeastanding/scientific
relationsipgcontent/knowledge
(KNOWL)

4. Self role (ROLE)

Redlize thereis more to bedone
(discoveries to be made)
(MORE)

Future career/education choice
(CAR)

2. Addsto other knowledgel have (ADD)

B. Attitude(ATT)
Hard work (HW)
Fun (FUN)
Frudrating (FR)
Satisfying (SATIS)

C. Importance of learning
environment (LE)

SECTION 3: Findings

This section presents dominant themes in thedaa. Thethemes illudrate how

powerful IDFB experiences can bein teaching the process of science, motivating

students, hdping students see and plan for afuture in science, and shaping students

into scientists (or teachers of science). Thequotes used here, while uniqueto

paticular students, represent domnant themes. Quotes are presented in italicsb
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student@ words have not been changed unless aspects of the origind quote might
reveal astudent@ identity. In that case, those portionswere generalized, and appear
in nomal fonttype and in parentheses within the quote.

This section starts with a presentation of the major categories of responss,
and quantitative results to suppot them. Theanadyses are presented quantitatively in
two ways:. 1) by individud student respong, showing how many students made
commentsin each category; and 2) by an andysis of total coded respongss (pooled)
by category, emphasizing how often certain themes were discussedEhow dominant
they were. Theremainde of the section will bedevoted to illugrating specific
domnant themes: inareased knowedgeand undestanding, skill acquisition,
increased confidence and motivation, and the ability to plan for future
careerdeduation. Three student profiles will be presented for an inBdepth look at
their views aboutther field experience. These profiles represent many of the study®
domnant themes. They illudrate how students from different backgroundsand
different academic achievement levels are affected by ther exposure to sciencein an
IDFB experience.

A. Major categories of responses

Thefour supeacategories reflect domnant themes in the student respons.
Two cognitive supercategories, @Process/application of scienceQ) and Qinderstanding
content (theory)Oand the affective domein of @ersond growthChad the highest
number of respongs, both fromindividud students and combined (pooled) total

responses (Table 4).
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Table 4. Numbers and percentages of individual student and pooled responses
in 4 super-categories

SUPERCATEGORY | Individual student | Pooled responses
responses (70total) | (432total)
Count | Percentage| Count | Percentage
COGNITIVE | Process/application | 59 84% 149 34%
Domain of science
COGNITIVE | Understanding 41 59% 45 10%
Domain content (theory)
AFFECTIVE | Personal growth 65 93% 201 47%
Domain
AFFECTIVE | Attitude 36 51% 37 9%
Domain

Responses codel in the cognitive domeain were further broken down into four

main categoriesfor find andysis: 1) undestanding process, 2) skill acquisition, 3)

applying theory in a @eal Gsetting, and 4) undestanding content (Figure 3). Skill

acquisition was themog commonly occurring type of comment within this category.

Students listed skills such as report writing, designing a study, scubadiving, usng

transects, data andysis and working in teams as being amongthemos important

skillsthey learned duringtheir IDFB experiences.
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Figure 2. Pooled cognitiveresponses. n=194

100 Breakdown by category in the 'cognitive' domain

Understanding process
Skills

Applying theory
Understanding content

EOEMm

# responses

Responses in the affective domain were further broken down into five
categories. 1) specific reference to persond growth, 2) confidence, 3) career and
prepaation for thefuture, 4) motivation, and 5) attitude Of these, students most
frequently said tha they felt thar IDFB experiencesincareased thar confidence and

hdped them with thar career decisonsand preparation for the future.(Figure 4).

Figure 3. Pooled affective responses. n=238

807 Categories in the affective domain

Personal growth
Confidence

Career/future preparation
Motivation

Attitude

HEOSM

# responses
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B. Dominant themes

The Cogniive Domain

1. Theimportance of participating in the process of science: makingit real

It seemslogica tha adegper undestanding of scientific process and
application would be an important outcome for students who participae in IDFB
experiences, and thiswas clearly thecase. Inastandad science curriculum, even
onetha incorporates laboratory time, students rarely have the oppatunity to
discover theentire process of science from designing a study to interpreting the
results.

“Being involved in the whole process of research, from

conception to planning to execution, taught me more about the

way science works”

Q learned so much more just because you can be told to do

something but until you go out and do it for yourself, you have

no idea....definitely challenges you as a scientist and a

researcher”.

When students talked abouthow they learned scientific process and
applicationin their IDFB classes, they were quite specific abouttheimportance of
beinginvolved in all aspects of tha process, and doing it for themselves. One
student reflected,

Q think it is much better to have your own thing. Then

you are motivated to answer your own questions....and to

really care about the research and what you are doing and be

careful about the data and stuff. In the (non1DFB) class, it

was just sort of like taking the data...and so I wasn’t really so
concerned... like having us try to do something that would be
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valuable to them, but maybe because I wasn’t so passionate

about it, I didn’t concentrate as much. This (project in thar

IDFB class) I really wanted to know and so I wanted to do a

good job™.

Other students talked abouthow some nonIDFB biology/ecology classes fail
to teach them the naure of science as an integrated process. Many of these classes
emphasize specific parts of the process, and it is sometimes not clear to the students
why the specific aspect tha is bengemphasized isimportant, other than thefact tha
theteacher has decided 0.

“Standard labs are hands-on experience of whatever your

professor or TA wants you to experience. That could never

compare with actually designing, taking data for, analyzing and

writing up your own project. Standard labs leave no room for

creativity or individual expression of scientific ideas. They

merely help students understand how to write up experimental

results in such a way that their TA is impressed. Field
experiences...let you see the artistic side of science by allowing

you to make up experimental designs etc.O

By engaging in theentire process of science, such asin an IDFB class,
students are ad'so ganing specific knowedgeaboutmethods “This class has done
more for me in terms of understanding and applying research methods than all my
years in the formal education system” which, congdering tha 89% of the students

werein their 3“ + year of college, isasubgantial number of years.

2. Skill acguisition

Fifty-four percent of all comments in the Process/Application supecategory

pertained to acquiring or enhanang skills. Theability for studentsto acquire skills,
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and for teachers to assess them, dependson an educationd setting where students
can practice those skills. In many fields of science, paticularly fieldssuch as
ecology, where skill demongration requires theright environment aswell asa
sufficient amountof time, creating an educationd setting appropriate for skill
acquigitionis chdlenging. IDFB experiences are idedl for this, providing aunique
oppotunity for studentsto gan expertise in skills many of them will use as
founddionsto build onin thefuture.

Students listed a variety of specific skillslearned or improved. Specific skills
mentionad were: conduding surveys, designing and applying a sampling protocol
(varioustypes were mentionad depending on the study), designing an entire study,
usng quadrats, usng specific equipment (type depended on study conduded),
conduding a census usng specific computer programs (induding statistical
programs), writing reports, preparing a presentation, scubadiving, working in teams,
and daaandysis. Students aso elaborated onthemore genera skillsthey were able
to practice, such as problem solving, critical thinking, and teamwork “.. .field work
has its hurdles up and down it really helps your problem solving abilities and your
abilities to work with others...”. Itisinteresting that students foundthese skills
noteworthy. They are critical skillsfor general competence and success in many
aspects of professiond life. Thoughperhgpsrecognized asimportant, they are also
skillstha are difficult to develop in a standard curriculum, and often

undeemphasized.
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“There are road blocks that you encounter in the field-like having

a project idea that looks good on paper, but when you take it into

the field it just doesn’t work the way you had thought.”

“Field experiences have less boundaries which allows a person to

explore and seek more questions. This leads to thinking”
Teamwork

The specific skill of teamwork deserves some additiond attention. Thiswas
atheme tha was elaborated onin many ways, and crossed both the cognitive and
affective domains Althoughit isaskill, teamwork isalso avery persond process,
and can lead to persond growth and awareness.

Scienceisaprocess tha relies on and emphasizes therole of peers. We often
take for granted the skill of teamworkBEnot easy for al. There are cultura bariers,
insecurities aboutknowledgelevels, persondity differences, and myriad other
bariersto overcome for many to be successful at teamwork. Students of science
need to be comfortable with the concept as well asthe process of teamwork, and
need to undestand why it isimportant, and howto doiit.

Working in teams did two main thingsfor students. It provided an
oppotunity for them to learn how to doit, and why it was impaortant, notjus thar it
was important. One student realized tha teamwork hdped her work through
problems and think about project idess;

We had meetings a lot and we are also talking, would always
talk things through and it seemed like we are all in the same page... |

would have an idea and then someone would expand on that... so it was
really nice. ... the whole proposing of a project and collecting the data
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and stuff. We had a lot of different ideas because there are so many of

us...If you eliminate that part, then it is just, I don’t know, not good.”

For many students theoppottunity to work with othersin depth ona complex
problem hdped them see why teamwork is so valuable, and wha roleit playsin
project development. They talked aboutenhanced undestanding Because of the
different ideas, an understanding of the subject could be enhanced”. They
mentioned tha more people allowed for more and new ideas, and different
approaches to anaysis Gve could have more questions and more answers”, and “
teams allow many ideas to come together and form a good analysisQ

In addition to these practical bendfits, students aso learned how to work in
teams, and how tha process requires them to grow and adapt persondlyba key
realization for them to be effective members of a successful team.

Working in groups also always provides something new to learn regarding
working with other people. Each new group experience has its own unique positives
and negatives and it’s important to learn how to adapt to each situation. ...Each

person will be able to provide a unique perspective and additional
thoughts/information on a particular project.”

3. Enhanced knowledge of concepts

Thethird important theme in the cognitive domain was studentsGenhanced
ability to tie concepts together, and learn new ones “It (My IDFB experience) has
made me realize that all sciences fit together like pieces of a puzzle—they may be

thought as separate areas of learning, but in the real world they are all related”.

41



This theme was often articulated by students describing how much easier and more
relevant knowledgeacquisition was when it happens @n contextO

“ Lecture classes teach the facts and details of science. However it
is rare that you remember all the details weeks later. While field
classes engage you in the concepts you learn...anything I engage in
remains at the top of my mind”.

“I learn facts and concepts much better when (1®nin an

IDFB)...they are somehow more important and easier to remember
when you actually use them”.

The Affective Domain

The 93% of students who talked aboutthear personal growth as aresult of
paticipaingin an IDFB experience were aluding to an outcome tha is perhgpsless
obviousat first glance, and onetha isnat likely stated on many IDFB class syllabi
as an outcome or ohective. Yet theresultsin Table 4 show tha it was the mog
important category for the highest numbe of students, as well asin terms of total
responses andyzed. Studentsfocused on three maor themes within the persond
growth supe-category: confidence, motivation, and view of ther future educationd

and professiond objectives (their future @oleQin science) (Table 5).
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Table5 Number of studentsindicating importance of IDFB experiencein 3 sub-
categories within persond growth: confidence, mativation, and future role (indudes

career and educationd pahway)

#of the 70 students | % of the 70 students
in the study in the study
indicating that their | indicating that their
IDFB had this IDFB had this
posgtive effect posgtive effect

Confidence 39 56%

M otivation 36 51%

Futurerole 45 64%

1. Confidence

By being responsble for thar own projects, and tasked with conduding
@eal Gscience, students gained confidence in themselves as developing scientists.
Students learned aboutthemselves and ther abilities to do science Q learned how to
press the envelope of my capabilitiesQ They ganed confidencein their ability to do
certain skills QVow I know I can collect data using tools I might not have thought I
could use”. They feel more comfortable in doing science, bang part of theentire
process, making mistakes, and getting the answersright

“Definitely have more confidence in my ability...before the class

1 did not know or understand the entire process (because I had

never done it before) but now I somewhat have an understanding

on how to go about it.”

Q'his class gave me more confidence. Usually the experiment is

set and I perform and critique it. Here I....learn the confounds
first hand by committing errors.”
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('his class opened up pathways into new scientific processes.

Going through the experience it wasn’t obvious any of the

changes (in how I view science). Evaluating the overall

experience I've noticed how much more I know. Now that is a

change.... This experience helped me realize that most of my

scientific tools are right in my head. After doing my individual

project, I was stunned how far I got in the scientific process..”

2. Motivation

Thediscovery aspect of science, and bang a central pat of tha discovery
process, is exciting for ssudents. Throughthe process they learn aboutthemselves,
and ther abilities to accomplish new and often difficult feats “What the class
expected of me was more than I thought I could do, but I prevailed”, andfroma
different student: “It re-inspired me to love science again”. This motivationwas a
tangible outcome for studentsin IDFB experiences. | distinguished motivation from
@onfidence® motivationinduded statements that were not specific to confidence
building, butit induded wordslike Gnspiredd @notivatedQdnterestingQand
@xcited®wordsthat described a desper connestion to science, which enhances
motivation.

Students were motivated by a combinaion of factors that resulted fromther
engagement with the scientific/academic process and the soda interactionsneeded
to accomplish their work. These factorsinduded inareased confidence, an enhanced
self imagein the context of the scientific process they were engagingin, a better

undestanding of thefield andits career patential, and a clearer vision of themselves

as paticipantsin, notjug observers of, theworld of science.
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Some students were specific aboutwha motivated them; Q was motivated by
my interests and by the enthusiasm of the professors and TA’s.Oor this student for
whombeing interested meant applying themselves : Qhis class has really been
interesting for me...I apply myself better to a class that is interesting to me”. Others
were |ess specific, referring to being rewarded or inpired; At re-inspired me to love
science again.” Anothe said “I think I have higher hopes for myself and my
understanding.”

Teamwork

Theskill of teamwork was discussed previoudy in the GkillsCsection of the
cognitive domain. However, it isworth bringing teamwork back into thediscussion
here. Students spokeof pasond growth, confidence and motivation as occurring as
aresult of thar paticipaionin teams. Many students said they had nothad many
oppotunities to work in teams. It was a new and sometimes uncomfortable effort for

some, but onewhich they realized was important.

rhe whole process of dealing with the everyday problems (of

field work), working them out with a partner and discussing what

happened is great, and I'm eased a little bit now”
For some, theteam approach also broughtenjoyment: Partners often make
observations and suggestions that would not occur to you otherwise. This makes
projects more interesting and sharing discoveries makes projects more enjoyableQ

The combinaion of enjoyment, increased confidence, and the excitement of

discovery was a powerful motivator Gome people sell real estate until they are 60
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and then say ‘I don’t want to do this anymore’. If I had this (field work), I can do

this until I die”.

3. Futurerole and career/educational pathway

When students became more confident in thar ability to do science after
having practiced it, they also undestoodan important part of what scientists do,
which gave them away to connect themselves to tha role. Sixty four percent of all
students made direct statements aboutthar enhanced undestanding of thar future
rolein science, whether it bewhat thar future educationd directionscould be, ther
career choice, or both.

“It has made marine ecology seem more accessible as a future

career. 1 feel like I'm more a part of this field now that I have done

some of my own research in it.O

“I’ve realized science is extremely important. I will definitely
follow-up on some sort of careerQ

My ideas of grad school have changed because now I see the
involvement more than ever. I feel that it is more reasonable than |
thought, and within my reach.”

“Now I know that I want to continue doing biology field work.
Science is a way for me to understand the world around me, (it had)

A HUGE impact. I feel much more ready to work in the science

field now, whereas before I had some doubts.”

These declarationsdoaument the affective impact of an IDFB learning

experience; they show evidence of studentsOgrowth and development as scientistsin

ways tha are more difficult to measure than the acquisition of theoretical and factud
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knowledge or even thedemondration of skills. If ecological science programs
aspire to prepare undegraduaes for graduae school and to be professiondsin the
field, it makes sense to engagethem in IDFB classes tha hdp them aspire to that.
IDFB experiences allowed students to immerse themselvesin all aspects of scientific
process. Asthey learn new things practice new skills, and do science, they also
grow persondly, becoming more confident and motivated. And as students grow
persondly, they become more motivated to learn and @oQhdr projects, acquire new
skills, and elscientists. This connestion between cognitive and affective growth

becomes more evident in thenext section which profiles three students.

C. Threestudent profiles

| decided to profile these three students because, despite thar individud
differences, thar comments aboutthar IDFB experiencesillugrate the common
themes outlined above These students ganed abeter understanding of science, an
oppotunity to think like a scientist (DY being 0N, motivation, confidence, and an
ability to think aboutand prepare for their futures in science (academic and career).
These are key outcomes for students, and could lead to better preparation and
increased retention for studentsin thefield of science; gods tha many biology
programs at ingitutionsof highe education would hopeto achieve in thar gradudes.
Y et these students, and othersin this study, are telling usthat it was the IDFB
oppotunityBPa chance to really do scienceN notthe standad science curriculum--that

achieved these outcomes. For these profiles, | chose three students who had vastly
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different experiences and backgroundsto show how afield class can beimportant to
al studentsBeven those we suppoe might not @eedChis type of experience to

succeed.

x
X
3

Karen had never taken afield class nor patticipaed in field work, despite the
fact tha shewas a second year environmental science maor, with an interest in field
work. Sherated herself as an averageto poa student (oneof the 26% to rate thar
own science achievement as average, and the only oneto mention @oor studentQ.
Sheexpressed concern aboutthedifficulties of a science curriculum given her
academic achievement level. Shesaid shewanted to take thefield classto seeif it
was really wha shewanted to do, given the mogly negative experiences she
expressed regarding her science curriculumin aformal academic environment.

Q’ve learned from class that science can be really boring.

I’ve learned from groups I’ve been in and from the news that science

is important to change policy and help protect the environment. Since

I'want to help the environment, I'll need science....Regular classes

make me not want to learn scienceE Labs are boring, field

experiences are fun. Maybe It’s because labs are planned, and we

don’t get to see the relevance of them.”

AlthoughK aren was motivated to pursue science to GielpOand QrotectOthe
environment, shewas concerned tha shemight nat succeed academically. Her
science curriculum had failed to engage her, and shewas logng interest. She hopeal

that this IDFB experience would hdp (Field experiences take me out into the field so

I learn and understand by seeing things first hand” .
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Luckily for Karen, shewas able to paticipaein afield expeience earlier in
her academic career than many. Her cognitive growth duringthe IDFB class
condderable. After her field class, her respons to Mow do scientists discover
thinggbhad changed to indudea greater knowledge of both process and therole of
peers OE be patient, analyze data, and find correlationsE discuss results with
others, and discover new questions”, wordstha describeimportant parts of the
process tha scientists engagein. Her undestanding of howto ask a scientific
question had vastly increased, from OVhy do (aspecific animal) have long-term
memories?O (avery broad and difficult to measure question) to oes (a specific
typeof plant) influence the diversity of its surrounding habitat (plants)?0Pa
measurable question. By participaing in the process of science throughher IDFB
class, Karen also ganed important skills, and an unde'standing of how to apply the
scientific process.

“I learned that there can be a lot of error in counting

populations, and that some methods might not be very accurate.

(I learn&d) point contact, quadrat counting, population

census....now I feel like I can write a scientific report.”

This cognitive growth in skills and in undestanding the process of science
was also accompanied by increased confidence and the enjoyment of learning
(affective growth) CE (N)ow I know I can do it (field work)....and that if I had a
question I could probably come up with a method to test it. I learned things without
having to memorize stuff. It’s easier to understand something when it’s done hands-

onQ Thisfrom astudent who also said, Qn lecture I sleep, so I don’t learn muchQ
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As sheganed confidence in her abilities, and became motivated by her
connettion and enjoyment of the process, Karen was able to put he career godsinto
context; “I have a much better idea of what this (field work) all takes now”. In alater
convasation, Karen told me tha having been invdved in scientific projects through
the|DFB class gave her amuch beter undestanding of wha field science entailed.
When asked what she wanted to do as a career before the IDFB experience, shesaid
G work outdoors and be a field biologistEO, even thoughshe had no real
contextud knowedgeof what tha meant. Afterwardsshesaid tha her career
aspirationshad not changed (she till wanted to beinvolved in congervation), but she
had renewed motivation to pursuethem and a better undestanding of which classes
sheneeded and why graduae school was likely to be important.

For Karen, the IDFB experience offered an oppatunity to better undestand
her field of choice, see tha shewas capable of dang thingsshe had only heard
about and get amore redistic view of field science by actudly doingit. This
connected her to theworld of science in away her previousclasses had not She
developeal as a scientist throughincreased knowledge skills, and undestanding of
the scientific process, as well as throughrenewed confidence and motivation. She
ganed a beter undestanding of wha science is and what scientists do. Althoughl
did notdiscuss this with her, sheisthetype of student (based on her descriptionsof
her classes and how much shedidiked them), who may very well have dropped out
of ascientific track. Karen isnow prepared to make better informed decisionsabout

her academic and professiond future.
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Maria

IDFB experiences can also have a significant impact on highe-achieving
students who are juniors and seniors, and who have had significant oppotunities
dready in thar lives. Mariais an ethnically underepresented senior biology mgor,
interested in becoming a university professor and researcher. Shewas notsure jug
wha shewanted to study, despite thefact tha shewas soonto apply for graduae
school. Members of her family who were close to her were biologists, providing
accessible role modds. Sherated herself as @xcellentOacademically. Shehad
paticipaed in numerousfield experiences, thoughnonein which shehad designed
her own study and been responsble for daa andysis and outcome. Shewas highly
motivated Q put in a great effortE I was obsessed with my project, and I tried my
very best”.

In spite of her prior experience with field-work, beng responsble for her
own project hdped Marialearn new skills and gain a better undestanding of
scientific process. Shediscovered “ how important observation was in science” .
Sheadso ganed ingghts aboutdaa collection. For example, shediscovered first
hand tha when collecting daa, it isimportant to consder ...” The conditions under
which you collected them, so as to make sure no other variables than the ones you're
analyzing are affecting your data.....you can also try and analyze it pre-maturely, to

see if the experiment is going where you think it should...”.
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Althoughshewas academically strong, Maria said tha the IDFB class gave
her Qonfidence to engage in scientific projects. It gave more of a sense of how it is
to actually engage in this field, and the kind of mind-frame you need”. It dso hdped
her realize tha ecology is notjust knowedgeacquisition. o me it was enormously
helpful to get a glimpse of what I was actually getting into, and I must say it was
really different in a very good way. I actually enjoyed the process of science, not
just knowing the answer”. Shewasingired. For her, science was suddenly Q
whole new thing”.

Maria had always wanted to beascientist, buther IDFB class hdped her
interndize what it meant to beascientist. Q\ll my life (or most of it) I've wanted to
be a scientist, and I've been studying it exclusively now for four yearsgO.
Designing her own study in the IDFB class provided her with a clarity that that she
had not experienced before. ThelDFB class Gias shown me basically what it is that
I aspire to do”. Sheadddl....” And since I enjoyed the experience.....I think that I
can look forward even more to doing my PhD and all, and not just wanting to get it
over with, and finding something cool”.

Like Karen, Marialearned more aboutwha science is and wha scientists do
throughher IDFB experience. Shedeveloped as ascientist primarily by having the
oppotunity to beresponsble for a scientific project--designingit, collecting and
andyzing thedaa, andinterpretingtheresults. “I(had) never seen this part and I

realized that this what I was getting into”. Shewas better able to plan for her future
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and put past experiences into context with herself as the @rindpd InvestigatorQor
as sheputsit, the @ook®

“...The field experience is, however, the process of science.
The process of making science... Like baking a cake, one must have
the ingredients, and then go forth and do something with them.
Hence, one will find if cooking is actually an experience he or she
wants to continue to do.”

Aaron

Aaronwas ajunior in college, and herated himself aboveaverage
academically. Prior to hisIDFB class, hehad not participaed in projects or
expeiences where hewas involved with the entire process of science, and yet hewas
pursuing an ecology track in collegeBonetha would involve fieldwork and project
planning. Hereflected ontheimportance of his IDFB class with respect to his
collegecareer; “If every quarter is like this (referring to thefield class), I am sure I
would have gotten so much more out of my classes in college”.

For Aaron, the IDFB class provided abaseline he could use to apply new and
past information learned in science classes, alowing him to appreciate the
application of science. “I have learned so much about algae and fish here, that when
I take the next set of classes, I will be able to use those concepts and apply them to
things that I have learned before this class and during this class, so that will be
pretty neat to just back up everything with the systems that I have seen here and
apply it to whatever else I have learned”. |t gave him abroader cognitive picture of

thefield and of the process of science: his class has definitely prepared us with a
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lot more, a much more broad scope of what marine ecologists have done...”. He
also ganed valuable skillsand knowledge “I am much more comfortable with PC’s
and SysStat and Excel and PowerPoint and making presentations and stuff like
that”.

In additionto ganing new knowedgeand skills, Aaron felt tha doing
science Qike other scientists doOestablished his own capecity to doscience. “...(I)t
is just nice having that confidence level, where you know you have learned
something; ...now I know how to sample fish counts and test for this.” He aso
ganed confidence in his ability to condud research: “I feel very confident in myself
being able to come up with another idea, run through the experiment ... at least |
know how to begin”.

ThelDFB experience motivated Aaronto consder gradude schooland a
career in science. He had aclearer idea of the pah he wanted take: “I would like to
get a Masters first...then a PhD down the line...”. 1t had dso opened hiseyesto a
new system to study: “I never really thought about the coral reef system, I have
always been a kelp forest kind of guy”. He was excited abouthis future educationd
pah. QVow I am considering applying to graduate school at the University (one
known for its marine program), and I would never have thought of that in my entire
life.... As far as grad school is concerned, I feel very confident”.

Aaronwas able to make avery pasond connection with science, and to see
himself asascientist: “I think it has been one of the most valuable, it is probably the

most valuable, scientific experiences that I have ever had; it has made it real,
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because we came up with a question like other scientists do and we came up, we set
up our own project and we evaluated it ourselves and we wrote it up and so, you
can’t get more real than that. It is not all on a professional level, but nonetheless
still science.” Few experiences can beter prepare students as scientists than onethat
makes students fedl like a scientist, doing real science.

These three student profiles demondrate theimportant connections
tha IDFB experiences create for studentsBconnestionsto science as an academic
subject, a process, and aworld or community of scientists. Thetheme of learning by
doing, as elaborated by Karen, “Field experiences take me out into the field so I learn
and understand by seeing things first hand”, is centra to theimpartance of an IDFB
experience. ItisthroughstudentsGinvolvement in doing science tha the cognitive

and affective measures of development occur.

Inquiry-Driven Field-Based experiencesin the
ecological sciences:

Student involvement in the process of sciencein a
contextuaized setting

' '

Cognitive measur es of development: Affective measures of development:
» Skills * Persond growth
* Application of theory * Confidence
* Enhanced knowledgeof scientific * Motivation
coneepts *  Future career/educationd
aspirations
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All three students talked or wrote abouthowthe IDFB experience affected
thar cognttive growth. They were able to practice and become more proficient at
skills. Karen mastered point contact, quadrat courting, and popuktion census
techniques, Maria came to undestand theimportance of observationin science, and
Aaron learned aboutalgae, fish and the breadth of marine biology asafield. They
were also better able to undestand and apply the scientific process. Karen felt tha if
shehad aquestion shecould “come up with a method to test it”, while both Maria
and Aaron articulated theimportance of beng scientists doing scienceEthe entire
process. Through this cognitive growth, they aso grew pesondly, ganed
confidence, and became more motivated. Asther confidence grew, they were able
to engage more fully in the process. Thiswas a positive feedback loop.

Karen spokeaboutthelack of engagement in her science classes and about
how much more interesting it had been for he to “learn and understand by seeing
things first hand”. Shefelt more confident and motivated by her experience. Maria
described how ingiring it had been to beinvolved in thewhole process of science,
and the confidence she had acquired as aresult. Aaron specifically stated “I feel
very confident in myself,” which in turn hdped him bdieve in his abilities and plan
for graduae school in science.

Thar enhanced cognitive undestanding, alongwith greater confidence,
motivation, and excitement aboutscience, hd ped the three students think aboutther
futures. Mariasaid, Qr has shown me basically what it is that I aspire to do... I think

that I can look forward even more to doing my Ph.D.” Aaronwas able to think
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througha Mastersto a Ph.D. and expand hisideas to new systems (coral reefs).
While Karen did not specify her future plansas a direct result of participaionin the
IDFB, shewas clearly better prepared to do so: “I have a much better idea of what
this (field work) all takes now”.

Given thar new contextudized undestanding of the scientific
process, thar new skills and conaepts, and thar affective growth in confidence,
motivation, and future career/educationd pahways, these students have matured as
developing scientists. They have ganed a grounde&l undestanding of wha science
isand wha scientists do. Aaron said, O(IDFB) has made it real, because we came
up with a question like other scientists do.” Maria noted that “(i)t gave more of a
sense of how it is to actually engage in this field, and the kind of mind-frame you
need.” Perhaps showing the greatest learning of the three students profiled, Karen
said, “I learned that there can be a lot of error...and I realize that anyone can do
field work.” Armed with new knowedgeand an enhanced sense of how they relate

to thefield of science, these students were able to connect with the world of science.

<<///.£: \\\ \\\\
Cognitive measur es of development: Affective measures of development:
» Skills * Persond growth
* Application of theory * Confidence
* Enhanced knowledgeof * Motivation
scientific conaepts *  Future career/educationd
aspirations
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Development of students asscientists:

undestanding of what scienceis and what
scientists do
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SECTION 4: Discussion

There werefive key outcomes to this study (see Figure 1):

1) There were more respongs and comments from students related to
affective development as aresult of paticipaionin an IDFB expeience
than to cognttive development. Clearly, thar persond growth was as
important to them, or more so, than thar cognitive growth.

2) Asaresult of thar IDFB experience, students grew pesondly, ganed
confidence in themselves and thar ability to condict science, became
motivated, and gained an increased sen<e of thar future potential and
direction, whether that befuture education (eg. graduae school) in
science Or a science cares.

3) Participaingin an IDFB experience allowed students to practice science,
and learn the skills, knowledge and process needed to condud a
scientific study successfully. This cognitive development was uniqudy
powerful in tha it arose throughther active participaion and leadership
in the process, rather than throughpassive learning.

4) Both the affective and cognitive growth occurred as a result of
paticipaion in the process of science in acontextudized setting: students
were responsble for designing thar studies and interpreting results.
Based on theresults of this study, | make the case tha thisled to a

relationship between affective and cognitive growth whereby they
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influenced each other. For example students gained confidence asa
result of successfully applying a method and as they became more
ingpired and/or motivated by thar study, they were driven to learn more,
and engage more.

5) By doing science, students learned to be scientists, and to undestand
science and science conaepts in context. This development of students as
scientists resulted from the particular typeof cogntive growth (applied
theory and practice), and persond growth they experienced in thar IDFB

oppotunity.

In this section | place these resultsin thelarger context of a science learning
experience. | begin by making the connection between cognitive and affective
learning, and how important IDFB experiences are in providing both to students. |
focuson affective growth, since this was so important to students in this study, and it
is often overlooked when andyses of the effectiveness of a learning experience are
conduded. | make a case for themutudly influentia relationship between cognitive
and affective growth (Figure 1). | discuss these findingsin the context of the
educationd system, and theimpartance of induding an emphasis on affective
development in programs of study. | then discuss the specific importance of
discovery to the process of science, and therole IDFB experiences have in creating
tha experiencebonetha can motivate and excite students. Findly, | discussthe

results of this study in terms of ther potential applicationin two areas: 1) recruiting
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and retaining students in the science pipdineand, 2) preparing students for future

careers/education in science.

A. Involving studentsin the scientific process: creating a relationship between
cognitive growth and a personal connection to science.

This study looked specifically at academically oriented field experiencesin
which students have akey rolein theentire scientific process, and are responsble for
many aspects of planning, conduding, and interpreting results from aresearch effort,
rather than beingled passively throughthe process. Students of science are rarely
expod directly to theprocess of scientific investigaion untl latein thar
undegradude career or in graduae school (Bowen et. a, 1999. It could beargued
tha laboratory exercisesinvolve students with hands-on science, and introduce them
to the process and techniques of science. However, the condraints of labs(induding
time limits,the breadth of information covered, and a highly structured approach)
often limit studentsto jud pat of the process of science (Bowen and Roth, 200Q
Dayton and Sala, 2001 ;Jarrell 1999) In order to prepare students well for further
academic engagement in science, such as graduae school or careersin science, it is
essential tha students aso betaughtow scientist think, and how scienceisdone
Themog effective way to dotha isto engagethem in a @eal-lifeCscience
experience, where they are responsble for the design and outcome of a scientific

project (Southerland, 2001, Ryder et al.1999.
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We teach students to write by having them write, and to read by having them
read. Yet werarely offer students of science the opportunity to do real science, to
actudly practice it, come up with thar own questions methods and andyses. While
studies show theimportance of self directed inquiry, @eal-lifeCcontext, and active
learning in science for student success (Ash and Wells, in Press; Ash 2003;
Mindrell, 1999) these methodsare nat commonin college science classes, in
paticular for freshman and sophonores. Many students of science enter ther
science degree track throughlarge and impersond theory-based classes, which
provide them few oppotunities to practice the science they are learning about Field
experiences, with oppotunities for students to plan studies and engagein andysis, is
an effective pedagogical methodfor practicing science.

Theresults of this study show tha throughpaticipationin IDFB experiences,
students demongrate both affective and cognitive measures of growth. Cogntive
measures, such as skill development, can lead to affective measures such as
increased confidence: Guow that I've gone through the process and done my study, I
know I canEQ Likewise, affective indcators such as increased motivation,
confidence, and a persond connection to the process can lead students to seek
additiond cognitive skills and theoretical knowledge, and to engage more fully in the
scientific process: Qthis IDFB experience] has made [science] more real for
me...when I take the next set of classes, I will be able to use concepts and apply
them”. Thislink between cognitive and affective measures of growth was a key

outcome of this study; IDFB classes alow students to experience thar overlapping
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influences. Student growth in both the cognitive and affective domainswas an
important part of their development as scientists. Thedomnance of respongsin the
affective domain and the primary themes of personal connection, confidence,
motivation, and future preparation and direction in science are indicative of how
important these affective measures are to science studentsOgrowth and development.
Because of thedominance of these themes, | will focuson affect anditsrolein the

learning environment.

B. Theimportance of affect to student learning

Mog reports on the problems of the eductiond system in the United States
have historically focused on theeducationd aspects of cognitive achievements
(Sonnier 1986. Thisisreflected today in many of the policies and programsin
place in the public school system, and the high stakes accounibility mandaed by
current policies, which emphasize achievement in terms of cognitive knowedgeand
skills. Thisfocusonfacts and memory asindicators of achievement failsto
recognze what iswell known by employers (and employees once they enter the 'red
world' of work): tha the ability to apply knowledge, integrate conaepts, solve
problems, and stay motivated are essential to success, and in many ingances are
more important than 'jug knowing' (Craneet al, 2000; Bishopand Carter 1991,
Paqudte, 1995;Johnn, and Packer,1987). In addition, many employers emphasize
theimportance of motivation, enjoyment, and ipward mobilityQ(Crane,

unpublshed data) to success in theworkplace, andthelack of emphasis on such
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‘affective’ skillsin theeducaationd system. Although there are researchers who
recognize and study theimportance of the affective domaeinbthe attitudes, feelings
and motivation of students,Exthere seemsto belittle movement to take these aspects
of education serioudy onalarge reform-scale level. At the collegeand university
level, where many students are in the 'find stretch’ of learning prior to seeking jobs
or graduéde studies, onewould think tha a recogntion of theimportance of
motivation and application of knowedgeand skills to thar success would have been
trandated to programs of study tha emphasize, or at least indude handson or
expeientia learning. Yet mog do nat, and thoe tha do often offer these types of
classes or internships at theend of a student's collegetenure. Additiondly, except
for targeted programs, there is often poa advertisement of these oppatunities, and
conequently low diversity of students participaing in them. This seems especialy
truein thebiologica (in paticular field-based) sciences.

Mog of usare motivated when we are successful at an endeavor, enjoy it,
andfor feel tha it is (or will be) rewardingin someway: Some people sell real
estate until they are 60 and then say I don’t want to do this anymore. If I had this
(field work), I can do this until I die”. This study provided evidence through
studentsOwords of howimportant the IDFB experience was in hd ping them connest
to thefield of science and feel and think like ascientist. They gained confidence in
themselves throughpracticing science and being responsble for ther research, and
they learned aboutthemselves throughtha engagement, often as aresult of the

sodal dimengon of theprocess. For studentsin this study, this persond connection
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and motivation led them to think aboutther future as scientists, and realize thar
potential as students of science, and as scientists. It is posible, then, tha if students
who were motivated to start ascience track in college don’t have an oppotunity to
renew tha motivationduringwha is usudly an academically rigorousand often
disconneeted curriculum, some of them may notfinish. Others may notbeable to
form avision of ther future role in sciencebExritical to ther planning for careers

and/or gradude school.

C. Therole of investigation and discovery in motivating students

Scienceis an evolving set of theories and hypaheses. Itisalanguaye a set
of descriptors, and a sometimes overwhdming volume of facts and &nownsd But
more accurately, scienceisaprocess. All of those theories and facts, and the
languaeto describethem, are theresult of investigation. Process and investigation
are active words and when we look at science that way, it suddenly becomes an
expeiencetha is done, aswell aslearned about(a much more passive way to
describeit). Thehistory of scienceisfull of stories of investigators who soughtto
tell astory, or discover new species, or find cures. Stories such as solving the
mystery of thedoubke hdix, thevoyage of the Beagle, the Chdlengea expedition,
and thediscovery of penicillin. These are exciting stories, each oneinvolving
scientists and students who were motivated to hd p solve a puzzle, and discover new

things
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My ideas have changed....because before the class I didn’t realize how
many things are undiscovered”. For many students, theway we teach traditiondly
(with facts, known outcome labs etc.) leadsthem to bdieve mog of scienceis
Qiready known,Omaking it more difficult for them to see a discovery role for
themselves. (Field experiences] help open your mind and realize that there is so
much out there left undiscovered and so much more you can do with science”. This
istruly an epiphany for many students who strugde to think aboutwha they can
contribute to thefield, andif there isreally anything left that could benovd or
uniqgue Thepower of aprogram (such as an IDFB class) tha shows students tha
thereis, in fact, roomfor them to contribute, and that gives them the corfidence tha
they can contribute, is evident in studentsOresponses in this study. ThelDFB
expeience leadsthem to think aboutthar futures and how they can planforit. They
have a clearer idea of what they want to do and what they can do.

Many contemporary ecologica science classes offer few oppatunities for
students to truly engage and discover science for themselves (Dayton and Sala, 2001,
Bowen and Roth, 2000;Fernandez-Manzand et al, 1999) Y oungpeople who have
theenergy, enthusasm, curiodty, and investigative nature so important to science
are drawn to thefield, in many cases only to be overwhdmed by a disconnected set
of information. For many students, an early experience such as science camp, afield
program, a camping trip or other experiences, isimportant to connecting them to
science, and motivating them to pursueit (Jones, 1997;Crane unpublshed daa).

Each time a student @ropsoutOof science, thefield loses an important patential
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contributor. Theresult istha those who are able to make it through,and maintain
motivation and interest, are often those who are able to afford special oppotunities
outside of school, find them in school, and somehow persevere throughthe
curriculum. It does notseem to beamystery why thefield of science lacks diversity
in the people who successfully enter it. There are often multiple stepsand pathways
to navigate in ascience curriculum, and it can require significant skill to find and
pursue a course of study that indudes uniqueoppatunities such as IDFB classes. It
isclear tha by thetime a student graduaes with a science degree, and especially by
thetime they go onto graduae school, many have been sifted out (Nationd Science
Founddion, 1998, and tho tha remain have had the means (and this does not

mean jud finandal, butavariety of suppot mechanisms) to do so.

D. Thescience pipeline: arolefor IDFB opportunities?

Learning oppotunitiesin science tha invdve students directly in the process
of science are an effective way to ensure learning, and, as this study demongrates, to
create a connection for them to thefield of science, in paticular throughpersond
growth as aresult of participating fully in the process of science in a contextud
setting. Althoughthis study islimited to therole experientia learning playsin the
cognitive and persond development of college undergraduaes and thar
development as scientists, theresults point to a potential role for IDFB experiences

in connecting more students to scienceEpossibly serving as a mechanism to recruit
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and retain studentsin the sciences, induding underepresented students, and hdp
them plan for thar future.

Retaining studentsin the science @ipdinelis a challenge Thesciencesin
gened suffer from high drop-outrates compared with many other fields despite the
fact tha largenumbers of students enter a science track as undergraduaes (Nationd
Center for Educationd Statistics http://nces.ed.govisurveys, Nationd Science
Founddion, 2003& 2000;Sandason et a.,1999. Ethnic minorities and people
fromlower socdoecononic backgroundsare paticularly poorly represented in
science degree programs (Nationd Science Foundition 2002& 200Q Nationd
Center for Educationd Statistics, 1998;Brown 19%; Thomes, 1984) Thee are
numerousreasonsfor this, induding sodo-econormic chdlenges, lack of accessto
programs, poa suppot, and ineffective recruitment (Dale, 2000;Ellis 2000;
Nationd Center for Educationd Statistics, 1998;Sandeson et al. 1998 Jones 1997;
Allenet a., 1992. Approximately 23% of science and engineering degrees are
obtained by underepresented students, and 26% of them switch majors away from
science and engineering before graduaion (compared to 14% of white and
Asan/Pacific Idandea students) (Nationd Science Foundaion, 2000.

Thiswould indicate that many studentsQinitial interest in science fails and
they become disconnected from the subject. For some of these students, IDFB
experiences could hdp them remain in the science @ipdineQ(Bembry, 1998 Rosser,
1993;Collea, 1990. Expeientia learning programs such as IDFB classes are

uniqudy suited to creating the kind of real-world community tha engages students
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hdpsthem find meaning and motivation in their education, and prepares them for
careers and future involvement in thefield (Halpern, 2002;Gibson and Bejinez,
2002;Nagota et a, 2001;Crane 200Q Stanton-Salazar et a 2000;Jarrell, 1999;

Rogoff, 1998;Kahng 19%; Posher and Vanddl, 1994).

E. Therole of IDFB experiencesin preparing studentsfor thefuture: “Ir has
made (it) seem more accessible as a future career...”

College students who are prepared to think aboutand plan for ther careers
and educationd pahways are able to arm themselves with information, experience
and oppotunities that will inarease thar ability to make gooddecisionsbased on
persond interest as well as goodinformation (Brown 1995;Rosser 1993) Being
exposed to science process and career possibilities, such asthroughlDFB
experiences, might even persuade some students to pursue such a career (Jarrell,
1999;Brown, 1995) “I wasn’t really thinking about a career in this field before this
class, now I really am”. Another student thoughtabouta career move because she
or heenjoyed theexperience: “I didn’t think that I would actually do research much
after college, but because I've had a great time with it all, I can see myself doing it
more than I had previously pictured myself”. Students such as these should beat the
forefrontof our effortsin science education at theundegradude level: those who are
bright and otherwise motivated (and in many cases lucky enough)to goto college
and pursue biology, but who are disenfranchised with thefield, and possibly at risk

of dropping out of biology. They need away to connect and see arole for
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themselves, which could lead to highe motivation and retention (Rosser, 1993
Rodriguez, 1993, Thomas 1984).

Our curricula often place an undueemphasis on content, relegaing the
discovey of wha students will actudly do with all tha knowledgeafter collegebthe
practical applicationdto extracurricular activities. Field experiences allowed the
participantsin this study to connest wha they were doing in an academic program to
wha they mightdoin thefutureBeither in graduae school or beyond One student
had participaed in several field experiences tha had taughthim not only aboutwha
hewanted, butalso wha heregjected in terms of patential careers; QIDFB
experiences have] given me the opportunity to experience many occupations. Some [
have liked, others that I thought I would have liked I have not, and that’s so
valuable. The ability to ‘try’ something before committing to it is unprecedented,

and the ability to do this at the undergraduate level is almost unheard of”.

SECTION 5: Concluson and Future Directions

This study has demondrated tha IDFB experiences provide an undestanding of
wha science is and wha scientists do for students of ecological and environmental
sciences. Thisundestanding provides a solid fourdation for students on which they
can build thar development as scientistsEparticularly in an area of science tha
emphasizes andreliesonfield research. For studentsin this study, that

undestanding came througha combination of cognitive growth, such as applied
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knowledgeand skills, and of affective growth, such as a persond connection,
increased confidence and motivation, and an enhanced sense of future career and
educationd directions Thedominance of the affective themes articulated by the
studentsin this study suggests that educators and administrators should pay attention
to both cognitive and affective indicators when evauaing science curriculum.
Studentsin this study provided impaortant indghtsinto therole these experiences
play for them, and therefore therole they could play more widdy in undegraduae
science programs.

Using ingruments to assess student views of ther learning, rathe than
relying onindruments to measure cognitive growth exclusvely, is an effective way
to inform investigators aboutthe overall value of an educationd experience
(Silverman, 2001; Strauss and Corbin, 1998) They allow usto explore student
learning from the student@ subjective perspective. They also provideindghts on
wha students find mog important aboutthelearning process. This approach allowed
me to elicit information from students tha shed light on therole and value of IDFB
experiences to them. Students bendit from development of a better undestanding of
thar relationship with science, and more confidence aboutcogntive growth,
induding skill acquisition.

Themodd developed as aresult of this study will serve as an important
framework for future research, induding the development of additiond indruments
to investigae specific measures of student growth as aresult of IDFB and othe

experientia learning venues. More datawill inform and develop themodel,

70



providing needed evidence for therole of experiential learning in preparing students
of science for further education and careers.

Althoughresults from this study agree with thelarger body of evidence
suggesting theimportance of handson and experiential learning, the genera findings
suggest implicationsfor students at different learning levels. For younge students,
expeientia learning might bekey in attracting them to afield of study such as
science, aswell as hdp them grasp important concepts. For studentsin highe
education, who have @ecidedCio pursueafield of study, this kind of learning hdps
them think like scientists, relate to being a scientist, and undestand the larger, more
complex process of scientific investigaion as a scientist. 1t may also serveasa
mechanism for recruiting and retaining students who are unsure of ther field/career
direction and/or do not see a clear role for themselves in this particular field of
science.

This study provides an initial framework and working modd tha can serve as
abase for further research into theimpacts of IDFB experiencesin science
educaion. In particular, the potential of IDFB experiences to enhance recruitment
and retention of underepresented students in the ecological and geo-sciences, at both
theK-12 and undegradude levels, is an area tha warrants further investigation. We
also need to know more abouthow IDFB experiences prepare scientists for gradude
school and careers. Moreresearch is needed to tell usaboutthe pedagogical and
practical value of IDFB experiences at all levels, and abouthow IDFB experiences

advance teaching and learning in the sciences.
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