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Research studies over the past 30 years have found that individuals have a limited
understanding of the theory of evolution and the mechanisms involved in species change. One
possible avenue of ilnpvement has been the use of alternative instructional methods, such as
inquiry-based activities and teaching about nature of science. Using recommendations from
research, this study integrated nature of science, evolution, and sy instructiorot
discern its impact on student understanding of evolution. An instructional unit was developed
with a community college instructor and carried out in two introductory biology classes with a
total of 38 participants. One class was taught using indpaisgd methods, with an integrated
approach to nature of science and evolution, while the other was not. Data collection included
student and instructor interviews, surveys, pre and post assessments, classroom observations, and
student work products. The nunnlé students holding accurate conceptions of the nature of
science in the inquiry class was higher for all the reported categories on the posttest. Despite less
direct exposure to evolution concepts in lecture, the inquiry class had higher means on two
separate posttests for evolution. The traditional class performed better on the pretests yet the
inquiry class had higher posttest scores on both measures. Students in the inquiry class held a
positive view of the inquinbased methods and they citednthas a reason for their
understanding of evolution. Individuals indicated that the integration of nature of science and
evolution allowed them to grasp the concepts of evolution better than if evolution was taught
alone. A creationist student became mareepting of evolution and also improved her
understanding of evolution. Another student interviewed four years after the intervention

remembered only the inquityased unit and was able to still use examples from class to explain



natural selection. Thastructor had a positive view of many of the instructional interventions
and integrated them into her course after the studur years after the study she ltasitinued
to use inquirybased methods. A number of implications for evolution instruet@hfuture

research areas are explored.
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CHAPTER 1

INTRODUCTION

One of the most, if ndhemost, contentious issues in scienceszgasacross the world
continues to be the topic of evolution. The science and science education communities both
value an understanding of evolution, and have made sure to place it in numerous policy
documents$ includingScience for all American®merican Association for the Advancement of
Science[AAAS], 1989)Benchmarks for Science Litera@AAS, 1993), and th&lational
Science Education Standargiséational Research Council, 1996). The National Academy of
Sciences, the American Association for the &deement of Science and the National Science
Teachers Association (NSTA) all issued position statements that advocate instruction in
evolution. Despite the overwhelming support for evolution in the science and science education
communities, the Americgoublic has difficulty both believing in and understanding it.

Gallup polls over the pa80years have consistently shown that only about 10% of the
American population believes in a naturalistic form of human evolution, approximately 45%
believe in thestic origins (humans were placed here no more than 10,000 years ago), and about
45% believe in theistic evolution (evolution proceeds with God guidinijl@vport,2007). A
report by Miller, Scott, and Okamoto (2006) summarized public acceptance di@vaiu34
countries. Based on their results, the United States ranKeav88 only about 40% of
individuals believing evolution is true and about 50% of respondents indicating that evolution is
false. Although many Americans have opinions on theestibof evolution, individuals may not
fully understand the topic. A survey conducted by the People for the American Way Foundation
in 2000 demonstrated that many individuals were unclear about what the theory of evolution

really is. Although almost allfdhose surveyed hatkard of it (about 95%), only 50% said they



were very familiar with it. In addition, about 30% of individuals provided an incorrect definition

of evolution. Many Americans are al gemotuncl ea
sure that the theory, as they understand it, is fully accurate or pideeng, Froehle, Kiernan,

& Greenwald, 2006People for the American Way Foundation, 2000). The lagcoéptance,

belief, and understanding appear to have multiple causes.

Changing the publicdés understanding of =evo
livesi especially in science courses. This is mainly due to the difficulty in changing the belief
systems of adults (Pajares, 1992). We must consider theojcaience education as it pertains
to evolutioni is it acceptance,nalerstanding, belief, knowledger some combination?

Distinguishing between these constructs is vital to the approach that we take in the science
education communityJnfortunately formany researchers, the terms acceptance and belief are
often synonymous in evolution research studies are reported as acceptance in one study and
belief in anothe(McKeachie, Lin, &Strayer 2002;Sinatra, Southerland, McConaugi8y,
Demastes2003)

For the purpose of this stusye mustidentify and differentiate between the predominate
terminology when discussing evolution. These major terms inclkg@wledge peliefs,
understanding, and acceptance.

KNOWLEDGE. A traditional definitionofke wl edge i s Ajustified t
indicatingthe relatedness of belief and knowled§esup, 2006).

BELIEFS. The attitude whenever an individual takes something to be the case or regard
it as true. To believe something need not involve actively tefpon it (Schwitzgebel, 2010).
Philosophers identifyddief as apropositional attitudea mentaktate of having some stance,

opinion about a proposition or about the potential state of affairs in which that propositi@n is tru



(Schwitzgebel, 2010)Beliefs may be generated without empirical evidence and are less rigid in
their criteria than knowledge and acceptance (Allmon, 2011).

While belief and knowledge are related, they are not synonymous. According to Pajares
(1992) fnibeliedtiien based) whgmematt ;u knowl edge i s
313). Southerland, Sinatra, and Matthe{2001) hae indicated that some educational

psychologists view knowledge as a large category, of which beliefs are just one segment. Noting

thedifficd ty with defining belief, Hofer and Pintr
slippery term in the psychologicali t er at ur eodo ( p. 112) . Sout her |
Afestablishing a clear di st i nmeptliiocna tbeedtow eseinn cken ot

appear to fihave related effects on measures o0
(p-335). Smith and Siegel (2004) presented a continuum of nine factors that were used to

distinguish between beliefs and knowledge in vari@search studies. On this continuum,

beliefs were described as subjective, irrational, and personal; while knowledge was more likely

to be objective, rational, and public.

UNDERSTANDING. The acor state of comprehending how it is that a particular
proposition or conception operates and the linkages and connections among its constituent
elements or aspectSifith & Siegel, 2004). Understanding can be viewed deeper
component than acceptance or knowledge (Allmon, 2011).

Although understating may esult in belief beliefs do not always follow understanding
(Smith & Siegel, 2004). Students may be able to reproduce the information, but it does not mean
that a new belief structure has been created. Students might know of something, but will not

undest and it . Students can demonstrate under st



that understanding appropriately in both academic aneéhnademic settings (such as problem
solving situations)o (Smith & Siegel, 2004, p
ACCEPTANCE. Allmon (2011) presented a definition of acceptance that is appropriate
for this study, where acceptanoay be considered a subset of beliefs that relies on empirical
data for supportwhile beliefs do not.Smith (2010) points out thatientistause thaermbelief
in a vastly differentway r om t hat of the everyday person Afw
belief in conversation, clearly he is referring to something that is well grounded in evidence (p.
592). Smith (2010) continues by introducing theacenpt of acceptance HAwhen
science educators say that they fAbelieve in e
modern evolutionary theory on the basis of current evidence as the best explanation of life
formso (p.593).
One of the mst significant challenges in reporting evolution education research study
results is that acceptance and beliefaiten used interchangeably. @mpersonal note, as a
science educator | have never been asked if | accept evdiytioy students, but ldve been
asked every time | teach the topic if | believe in evolutidthile some researchers support a
movement away from the use of the terminology belief when discussing evolution, it is still used
commonly by student$Smith, 2010) The issue is fuhter confused by reporting of research
studies that treat the terminology of acceptance and belief as synonymous. The use of
acceptance implies that one is using empirical evidence to support a decisinaking a
simple leap of faith, henaesearchersupport of acceptance as opposed to bghefith, 2010;
Williams, 2009. Smith (2010) makes a very good point that distinguishing between acceptance

and beliefis vital to understandingature of science.



Using the previoudefinitions as a guiding&mework, the mostiesirablegoals for
evolution educatiomare understanding and acceptance. Knowledge, as the construct is defined,
does not appear to be sufficient as a g@dlange in beliefs would be a yatesirable goal,
however, beliefs are highhgsistant to chnge (Pajares, 1992). When we discuss beliefs in
Americain the context of evolutiorwe are commdy discussing religious beliefs. perceived
choice betwen belief sets for individualsResearchers commonly firdnegative impaaif
religious beliefs on eceptance of evolutiorb@gher &BouJaoudd,997)

Demastes, Good, and Peel#89%) found that conceptual change in evolution was not
linked with a change in belief about evolutidbemastes et al. also indicated that it was not
abaut the stated belief or disbelief in scientific concepts but rather the disturbance or conflict
studentsfelt.1 n Tr ani 6s (2004) survey of high school
with extreme religious convictions scored nearly three stdrdizviations below the mean on
their acceptance of evolutionary theory, and more than two standard deviations below the mean
on their understanding of evolution and the n
conservative religious beliefs halween found to score lower on evolution assessments than
students with more moderate or liberal religious beliefs (Moore, Brooks, & Cotner, 2011).
However, not all studies have demonstrated a negative association between religious beliefs and
acceptancer understanding of evolution. Research by Winslow, Staver, and Scharmann (2011)
discovered that religious individuals can accept evolution through a reconciliation process
between evolution and their religion. This reconciliation process was influbga@gosure to
mentors and role models who expressed religious faith but also accepted the theory of evolution.

Regardless ahe type of beliefghey can be highly resistarand are thus a more

difficult goal for change While beliefs play some role knowledge, the majority of people



view them as overlapping but not identical (Smith & Siegel, 2004, p. 3&i)the science
education community, the ultimate goal related to evolution is both belief and understanding of
it. However, the variety of difflulties related to belief and evolution probably make belief an
unlikelygoal.1 n t he case of evolutionary theory, stu
demonstrated to have a strong influence on understanding and acceptancteenirth@Bishop
& Andern, 1990 Settlage 1994;Sinatra et al. 2003)Deniz, Donnelly, and Yilmaz (2008)
found a significant positive correlation between knowledge of ewolaind acceptance of
evolution. Exposure to more science courses (which can increase both knowledge an
understanding) appears in some cases to incre
explanation of evolution (Ladin€009). Gregory and Ellis (2009) and Raklino and Espinosa
(2009) have both identified a positive correlation between acceptaeeelotion and
understanding of evolution.
While undertanding of evolution should befacus for science educatorsjmerous
research studies over the past 30 years have demonstrated that students and teachers do not fully
understand evolutionary thegmven following instructionGrawford,ZembalSaul, Munford, &
Friedrichsen,2005; Deadman &elly, 1978; Engel Clough & Wood Robinson, 1985; Hallden,
1988; Zuzovsky, 1994). At mo$i0% of students appear to understand evolutionagepees
(Brumby, 184; Bishop &Anderson, 1990; Greene, 19Memastes, Good, & Peebld995%;
Ferrari & Chi, 1998). These results are telling, and indicate that problems exist in our
instructional practice.
According to the National Science Education Standards (Natesearch
Council[NRC], 1996,2000) classroom instruction shoulddreied outo engage students in

learning &dout the nature of science and sciecmecepts through inquiry (National Research



Council, 1996, 2000)Besides the recommendations from nagioscience education groups,
researchers have provided evidence to support the use of Hbquged activities in classrooms.
Mi nner , L e v y 2010aenialvof hquirytbasedyrésaah from 1984 to 2002 found a
majority of studieslemonstrategostive effects of inquirybased instruction on content learning
andretention. Research studies involving large student populations have found Hixpasey
teaching to be effective in increasing student understanding of scientific cor@ejats (
Blumentkld, Marx,Krajick, Fishman, Soloway, & Claghambers2008; Marx, Blumenfeld,
Krajcik, Fishman, Soloway, Geier, & Tal, 20@line, Ashbacher, Roth, Jones, Mcphdartin,
Phelps, Kyle, & Foley2006;Shaw & Nagashima, 2009urpin & Cage, 2004; Von Secké&r
Lissitiz, 1999). Support for inquirybased techniques has also been bolstered by results from
numerous comparison studigsinquiry baseeand traditonal classes or courses. These
comparisorstudiessupportinquiry-based instruction as an effectiemkin teaching a variety of
science concepté €e Linn, Varma & Liu, 201Q Lyons, 2006; Mao & Chang, 1998; McCrathy,
2005; Ruhf, 2006; Thacker, Kim, Tre#&,Lea, 1994; Tretter & Jones, 200®9/ilson, Taylor,
Kowalski, & Carlson 2010). Inquiry-based aproachesnay ke more effectivéhanother
approaches in reducing the knowledge gap between different groups of stGdevias( Lee,
Hart, & Deaktor 2005;Lee, Buxton, Lewis& LeRoy, 2006;Lynch, Kuipers, Pyke, &zesze
2005; McCrathy, 2005; Shaw & Naghima2009). Evolution education studies demonstrate
support foralternative teaching strategies. StudiePleynastesSettlage, antood(1999),
Jensen and Finley (1996), Passmore and St€2@02), Beardsley (2004¢Grawford et al.

(2005) Robbins ad Roy (2007), Nehm and Reilly (200Rgitz, Cheetham, Capes, arehidne
(2010)indicate that inquirsbased and netraditional instructional techniqueseeffective in

hel ping studentsd to understand evolution.



Many researchers exploring the teachifhgwwlution have argueidr the inclusion of
nature of scierewith evolutionary concep{Scharmann &Harris, 1992 Smith, 2010. In 1998,
theNational Academy of Scienc€sAS) publishedl'eaching about evolution and the nature of
sciencewhich presentethquiry-based teaching approaches for evolution and nafigeience.
This documenstressed an integrated approach of using nature of science to help bolster
student s 6 aof evdigionsnstracting) studgnts in aspects of NOS is touted ag/dava
achieve greater understanding of evolutionary theory (NAS, 1®&ntionships appear to exist
with an understanding of scien¢kpse individuals who have a better understandingatifre of
science appear to accept evolution at a higher ratdltbaa that do not (Johnson & Peeples,
1987; Scharmann & Harris, 1998kyol, Tekkaya, Sungur, & Traynor,200lBot h t eac her 0 s
and s tviewsehstiend@mnayplay a role in the acceptance and understanding of evolution.
Aguillard (1999) identified @orrelation between teacher belief related to thendific validity
of evolution and emphasis on evolution education. Downie and Barron (2000) found that
studentgheyclassified as rejecters evolutionweremore skeptical and uncertain in regards to
sdence in generalA positive relationship understanding of nature of science and acceptance of
evolution has been demonstrateddiyeast two separate studies (Rutledgé&/&den 200Q
Rutledge & Mitchell, 2002Akyol, Tekkaya, Sungur, & Traynor, 201 5inatra, Southéand,
McConaughy, and Demastes (2003) found éhati st e mol|l ogi c al beliefs we
acceptance of human evolutio@avallo and McCall (2008) examined beliefs about evolution
and NOS and found a positive relationship betw&ertwo. Individuals who viewed science as
more tentative were more likely to have a belief in evolution; the more fixed it was the less likely
they espoused a belief in evolutiotdokayem and BouJaoude (200i) examininghow eleven

junior and senioralege biology studdsd perceived evolutionary theory, discovered a link



between acceptance of evolution and how students viewed evidertbés study, a critical
component of wather a student accepted or rejected the theory of evolution hingeel on th
argument about the nature of the evidenoembrozq Thanukos, and Weisberg (2008)
discovered a significant correlation between understanding of NOS and acceptavaetion;
students with more complex views of theories everore accepting of evoloti. Cho, Lankford,
and Westcott (2011) found that students were less likely to experience conceptual change if they
believed in fixed knowledge and ihkwledge comes from authority. Akyol, Tekkaya, Sungur,
and Traynor (201Qoffer strong support for theurrentstudy since they found a more
sophisticated view of nature of science was i
and accept an ofevolotion(t999%. t heor y o

Believing that an integrative apyach to teaching about evolutimmore appropriate to
achieve student understandi@yawford, Humphrey and Vaccaro (2007) investigated the
interplay between the nature of science, I1Inqu
evolution. In this study involving a presvice teaber, the researchers collaborativdgsigned
an instructional unithat focused onature of science, what counts aglevice, and the
justification ofdata in context of an evolution unithe preservice teachbad students
formulating explanations frao evidence, and carried onhole group discussions that
emphasizedcientists use evidence in their workctmstruct explanations of how organisms
changedovertm& he fi ndings of the study i nidtibcate t h;
and naturakelection were affectduly the instructional approach. On a pretest, only 21% of the
students expressed scientifically informed views of evolution and natural selection. Following
instruction, however, this increased to 69% of students and was sigthyficegher than other

research studies dealing with students6é under



not involve a control group, it is difficult to determine whether it was the instructional approach,
or some other factor. This reselastudy helped to place the focus on the current study on a
comparison of traditional and inquibbased pedagogy. By designing a comipagsstudy, the
researcher hoped make the case for using inquipased activities when learning about
evolution.

Althoughsomeresearch studies have examined the impact of indpaisgd activities on
understanding of evolutiofpemastes, Settlage, and Good (1995b), Jensen and Finley (1996),
Passmore and Stewart (2002), Beardsley (2004), Crawford et al. (2005), RolitbRey
(2007), Nehm and Reilly (2007), Heitz, Cheetham, Capes, and Jeanng,(#040¢search
study is unique in its approach. This is the first study that coth@aspics ohature of science
with evolutionthroughinquiry-based activities to aawe greater understanding of the topic of
evolution for students.Usingthe prior study (Crawford, Humphrey, Vaccaro, 2007)
recommendations from numerous research studies, as well as national policy recommendations,
this research study will integratesinuction in nature of science and evolution through inquiry
based instructional practice$he purpose of the proposed research study is to explore the
relationships between understanding nature of science and understanding evolution, as well as
the impat of inquiry-based pedagogy on developingdiepth understandings of evolutionary
theory.Based on current research findings | designed a course that integrated lnacpeidy
approaches with NOS to see how these approaches would impact student undgretandi
ewlution. | carried out a quaskperimental research study that employed mixed methods
approaches to identify whether or not inquiry and NOS helped students understand evolution.
Two intact introductory biology classes in a community collegeeskas the site of the research

study. Ths study was conducted in a collegeisgtdue to a number of reasons. As Pajares

10



(1992) has indicatedhe beliefs of adults amdfficult to change.By choosing an adult student
population, one in which the beds are most entrenched, | hope to demonstrate that an
alternative instructional approach may elicit some amount of change in these lf&iefsany
of these students it may be the last opportunity for a science educator to influence their

understandingacceptance, or belief in evolution.

RESEARCH QUESTIONS
The overarching research question for this study is:

What is the effect of using inquityased instruction versus a traditional approach
teaching about evolutionary theory on student wtdading of evolutionary concepts?

Within this larger question the following will also be addressed:
a. How was the inquiry carried out (what was the nature of the instruction)?

b. Wh a't is the influence on studentsod vie
c. Whatistheihl uence on studentso®é understandi

11



CHAPTER 2
LITERATURE REVIEW
Research studies selected for this review addressed student and teacher understandings of
evolution in a variety of contexts. A thorougkamination of references cited in articles on
evolution education provided the researcher with an expansive list of relevant material. The
author attempted to present as thorough a review of all articles on evolution education as
possible, yet some arlgs were not included because they did not deal with understandings of
evolution or natural selection. Dissertations on evolution education research were not included
since they are not as influential in the research community and because a large fhamicérso

existed on the topic already.

School age studentsd understanding

Research investigating student understanding of evolutionary theory significantly
increased during the 197006s, stemmboOgsmahaty
focused on evolution as a central and unifying theme in biology. One of the first studies related
to schoolage understanding of evolution was implemented after these curriculum projects were
carried out by Deadman and Kelly (1978). The fodutis research was primarily concerned
with studentsdé prior undEghtdbaoysbetdeemtge agesof €lv ol ut i
and 14 served as a pilot study with unstructured interviews. The main study involved two

interviews (one a year after thetial study) with 52 boys from four grade levels in secondary

12



educationThe students involved in the study had nc
or evolutiond but t hey -lheavde |Ij ubsito |foi ghyie schoeudr stehoe (
findings demonstratethat the boys were uncertain about why evolution occurred, with
explanationgalling into naturalistic (needs, wants, internal forces) or environmeritalist
Afassociating changes in the ani mamenwdt bpspec
Adaptation proved to be a key concept in explaining the process of evolution expressed by
almost all of the boys. In the majority of cases, it was related to a naturalistic view of evolutio
(animals adapting due to ngedinother key elerant of evolution and natural selectjon
variation was not indcated as a focuend seldom mentioned. The authors identified two major
issues related to teaching and learning about evolution: naturalistic and Lamarckian
interpretations of concepts by amber of students, and their inadequate understanding of
probability.

Unfortunately this study was weakened by a number of elements. The first deals with the
study population, all boys, which makes it difficult to generalize the findings to otheralesear
settngs. The researchers also doindicate how students views chandgkemughout the
durationof the study, and the interview questions about evolution are not described. Despite
these limitations, the research does start to provide a foundatianderstanding about how
students understand evolution.

Building on the major finding of Deadman and Kelly (1978), Engel ClarghVood
Robinson (1985) looked at student understanding of biological adaptation. -tighstudents
between the ages @2 and 16 were the focus of the study. Students were asked to describe how
traits developed given situations with caterpillars (different colored organism were found on

different colored trees) and the artic fox (the fox has a thick coat of fuivasaveell at low

13



temperatures)The results suggest that students find the term and concept of adaptation difficult.
Many students explained adaptation in fAtel eol
Teleological explanations refer to some purposgrand design, with anthropomorphic referring
to an fAani mal s needs or wantso (p. 126). [ n
students offered no explanation for the caterpillar coloration. Only about 10% of the students
gave scientificallyacceptable explanations of how traits would evolve for both the tasks.
Alternative explanations provided by the students indittitat they felt adaptation was a
Aconscious and deli berate response to a need
researchers found an improvement in understanding of adaptation from years 14 to 16, but not
between ages 12 and 14. Additionally, two thirds of students between the ages of 12 and 14, and
one half of students of age 16 years gave teleological explanafldre researchers believed that
student responses may be influenced by the context, since they saw differentiaeggpon
relation to the tasksThe researchers also acknowledged two important points that continue to
plague teaching about evolutiofhe first is that we tend to talk about the process of evolution
using teleological and anthropomorphic explanations. This serves as an element of further
confusion for students. Another teaching issue related to adaptation is that, unlike othes portion
of biology, fAnone of us have experiental Kknow
findings of this study are consistent with previous and current findings related to student
conceptions of adaptation.

This study could have been improved byluigiing information on how the reliability and
validity of the questions were @gtmined. In addition, the study lacked a sufficient description

of thedata analysis. For example, the researctiensot describe how the various categories
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were establishedind they did not explain how the raters determined the categories of the
responses or how rating agreement was achieved.

Students appear to have issues related to adaptation as a result of the everyday use of the
term. Continued demonstration ofthis sue was observed i n Hall den:¢
involved 27 students of about 17 years of age. The researcher was interested in understanding
how students think about evolution and species development. Students wrote down explanations
of how speciesleveloped before and after instruction in genetics and evolulibthe end of
the unit students were also asked to give oral descriptions of how traits and genetic
predispositions are inherited. Essays submitted by 16 students prior to and aftetionsivere
used in the data analysis. One of the major changes in students identified by the study was that
seven students initially were unable to fAgive
species in the fir stodaessthesgcondtimet(ph546).nStuglents wo f ai
maintained that species would have to adapt to survive, with those gpatiés not adapt
succumbing to extinctionin a number of cases students saw adaptation as intentional, with
nature taking an activele in the process. The researchers found it difficult to differentiate
between responses prior to and after instructiithough more students gave Darwinian
responses in their second explanattbry also had other explanations withiii indicatingto
the researcher that they had Asi mply added an
already hado (p. 538). Il n 21 of 41 essays, s
mostly corresponding to its everyday use. This confirndsrarterates the trouble that students
have with understanding the teadaptation as well as its concept. Students also appeared to

have difficulty with differentiating between an individual and a species.
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Several limitations exist for this studygetimajor one being the lack of description of the
analysis of the qualitative data. The researcher does not describe the reliability or validity of the
data. Finally a large number of students did not return their essays, thereby missing an important
partof the data.

The prior studies demonstrate that students hold misconceptions related to evolutionary
theory that typify teleological (driven by outside forces), anthropomorphic (needs and wants of
the individual), and Lamarckian conceptions (acquiredattaristics that are passed on to
generations)Lawson and Thompson (1988) were particularly interested in identifying the
factors that played a role in overthrowing these misconceptions. The researchers examined
certain cognitive functions aftudentsd see if there is a link between any of thesesandu d e nt s 6
misconceptioa The focus of this study was 13&venth grade students enrolled in a life
science course. The researchers believed that for students to overcome their misconceptions:
they must b aware of them; they must become aware of the evidence that bears on the validity
of the alternative conceptions; and they must be able to generate and or follow a discussion of
the logical relationships among alternative conceptions and the evidendentStwere
pretested to determinenamber of cognitive functions, includimgasoning ability, mental
capacity, verbal intelligence, and cognitive style, and then given instruction that followed a
lecture/textbook approach for one month in genetics aoldigon. Posttests were given that
used open ended essay questions that ndAcalled
phenomena involving principles of genetics an
were then fev dlasatde d paoamd thheo maudnber of mi sconc
guestions involving skin color, an amputated finger, and dyed hair were used to explore these

misconceptions.
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Their responses indicated that a mawority
of the inheritance of acquired characteristic
demonstrated biological misconceptions. Students categorized as being formal operational had
less misconceptions per student (0.75) than those categorizedségtrah(0.89) or concrete
students (1.67). Based on this data, the researchers believe that formal reasoning ability is
necessary to overcome misconceptions. Naive students (in relation to the principles of natural
selection and genetics) who are atsosidered concrete operational will fail to reject
Lamarckian or teleological explanations even after instruction. This is because they lack the
reasoning ability of formal operational students to consider the validity of alternative hypotheses.

The regarchers advocated allowing students to discuss prior conceptions in a classroom, and
then carefully compare them with the newly introduced scientific conceptions in order to
evaluate the logical and or empirical inconsistencies.

The researchers weakertbéir study by not reporting the inteater reliability for
scoring the misconception questions. More troublesome was the lack of pretesting that took
pl ace to determine the studentsd knowl edge an
Without doing this it is difficult to determine whether individuals who already had a better
formal reasoning ability understood evolution better. Thus, the impact of instruction would not
have been as strong in these students.

Confusion between scientificalpccurate understandings of evolution (Darwin and-Neo
Darwinian) and inaccurate understandings (Lamarckian) often plague students in biology
cour ses. Jimenez (1992) was interested in te
shift from Lamarckh n t o Da r w(p.m1).aTwo mtaceclassanpntaining 34

(experimental group) and 35 (control group) 14 yads, were compared. Each class was
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taught by a different teacher, who had similar professional backgrounds and had been working
togetrerfor ten years. The researcletamined a curriculum sequence, which had a
constructivist approach, titled fiHow | iving ¢c
instructonal materials. The researcher va#tempting to examine the confusionlack of

distinction by pupils between Darwinian and Lamarckian explanations/views. The major

difference between the control and experimental groups had to do with small group and whole
group discussions of st udenteeneschpolseieneetandthaers and
previous ideas, at the end of the sequenceo (

1. All students were given a pretest with the experimental group having small group
discussions and then discussion with the teacher.

2. Both classes worked on solving counter example activities. These activities were
intended to produce conflict. The experimental group focused their discussion on
how their answers compared to their-pgst answers to the counter examples. The
control graup discussed Lamarckian explanations.

3. The experimental group compared their ideas at the end of the sequence to their
original idead the control group did not do so.

The students were given the pretest before the sequence started, and thert aymosttes
weeks after the sequence end. The students were reiastgdar later. The researcfaund
that in the pretest, the largest group was Lamarckian in both the experimental and control. In the
posttest, the experimental gave responses that weeeDaowinian than the control group. One
year later the experimental also performed betlenenez (1992) therefoesserted that is not
enough to have curriculum materials that present alternative ideas, but students also need to
discuss their owrdieas and compare them with school sciete argueshat, unlike Lawson
and Thompson (1988), it may not be cognitive
devel opment in a particular content areao (p.
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Bizzo (1994) took a socioculturperspective to examine student understanding of
evolutionary theoryHeb el i eved that the fAreconceptuali zat
current teaching of evolution in Brazilian sc
style and stdent cognitive reasoning ability might not be the major factors contributing to
student misconceptions. Three high schools in Brazil served as the setting for this research, with
interviews of 11 students froeach ofthe schools, coupled with 192 stutlsarveys. The
guestionnaire used was based on Bishop and An
Interviews with students ahuded questionasking thenfi w hthely learned about biology at
schoolp and questions were askiabout the possibilt y of bi ol ogi c al evol ut
Il nterviews revealed that students viewed anim
and therefore would be constantly trying to e
Athe centrali onoumod afdapéamataobn was an dAindivi
543). This view of adaptation is particularly common in the research literature. Students also
viewed evolution as a form of progress, with no clear distinction between biological andlcult
evolution. Finallystudents appeared to lack the ability to see a connection between molecular
biology and evolution. When considering the survey results, students exhibited a very low
understanding of evolutionary thedry 3% of students (based oerified answers) got zero
guestions out of five correct. None of the students got four out of five (80%) or five out of five
(100%) of the answers correct. Nindour percent of students got either zero or one answer
correct. A major limitation of ths study was a lack of description of the scoring of the test
guestions as well as how the qualitative data was analyzed.

Wanting to determine i f studentsd explanat

(1994) e x a mundeesthndmdfoevdlgionarspdocesafter their involvement in the
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Biological Sciences Curriculum Study project titEedolution and Life on EarthSeven field
test teachers in five states agreed to give a
1986 study. e entire pretest came from the study, as did the second question on the posttest.
Approximately two months passed between the pre and posttests. Students came from a range of
biology classes in gradesl?. A total of over 200 students took the testt 50 randomly
selected students used for the data in this study. The two essay items on each test served as the
data for the study (p.450). Categories wasated after student responses were reasponses
were reread and then assigned new catexg and then read again and categories were
finalized. Two readers independently evaluated the responses, achieving a 90% agreement rate.

The results showed that the most common response category on the pretesidvas
followed byuse accounting foone half ofall pretest response3.eleological, anthropomorphic,
and Lamarckian conceptions routinelyacaot f or t he ma jegplanatiops of t he
regarding evolution. The posttest showed more promising results, with the most common
responseategory variation followed bgdapt and themeed The increase iwariationwas 27
responses, and the greatest decreas@@ewith losef 23 andusewith 17. The most
common change in category wasedto variation followed byuseto variation. The most
common categories that showed no change neeefollowed byvariation. Studentsn this
studyfrequently attributed evolutionti® he del i berate i ntentions of
453). A significant result was the role that variation tooktudent posttest results. It was not
clear to the researcher if the students had given up their misconceptions about evolution, but it
appeared that their understanding increased.

Although a number of qualities about the research study were weltedacluding

the validation of instruments am@w categories were assigned and confirmed), it is diffiou
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discern if the researchracked the pretest and posttest responses of students. Based on our own
research (Crawford, HumphreandVaccaro,2007) it is important to track student respeso
determine i f any o funderstendingaecreasedi(spch asimavggfom u d e n't
variationto need. The author also does not describe the inquiry activities and the extent to
which studentparticipated in them. Finally, due to the various activities students participated
in, it would have been more appropriate to include other data sources for analysis besides the
responses to essay questions.

DemastesGood, and Peebl€$995) considerd the process of conceptual change in
evolution. A university laboratory school served as the site for the research study, with a teacher
who used evolution fas a unifying theme of he
Avery capalgl & hoef tahpewlrywi of evolution in struct
were selected from 22 students in the class to represent the range of student views and
knowledge. A set of 17 interviews was conducted, with very structured interviews telated
explanations for exam responses and open ended questions related to religious beliefs and
personal implications of acceptance of evolutionary theory. Interview questions were related to
science and religiomow species become extinct, and if the reador extinction applied to
people. Based on their responses, the students were classBietbgsst as Scientific Theorist
Biologist as Multidisciplinary RealisBiologist as Authority Seekeor Biologist as Pragmatist
The influences for conceyml change that the researchers identified included prior conceptions,
scientific orientation, scientific epistemology (view of nature of scientific knowledge), view of
the biological world, religious orientation, and acceptance of evolutionary theopart@ular
importance to research that is related to acceptance and understanding of evolution was the

finding that conceptual hange occurred i n trhge dhdmrsgeea cien olf e la
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659). Students can therefore reject the truthfulre@ssvolution, but still experience a change
Aitoward a scientific conceptual framework for
students may accept the theory without having a scientific conception of it. According to the
researchers,themastn f | uenti al factor i nhibiting scienti
belief or disbelief, but the | earnerso feelin
(p.659). Demastes et al. (18p8oncludedthath e ar ner 6 s apprimgaaunal t o Aun
phenomenon can play an important role in aiding or hindering the construction of a scientific
conceptual frameworko (p. 660). Finally, for
science may be the strongest controlling factor, wibil@thers it might their personal emotions
or view of the biological world (p.661).
While this study provided an in depth analysis of multiple data sets, it was weakened by
the very selective population and limited sample sifmr students at the urevsity laboratory
school. As such, it is very difficult to generalize these findings to other research settings.
Demastes, Settlage, and Go@P9%H)r epl i cat ed Bi shop and Ande
with college and high school students. For the firstyst&tudy A, the college students were
enroll ed in a nonmajorso6 introductory biology
sections were involved in the study. These students were taught by two separate instructors, who
each taught one experimtal section. A teaching module from Bishop and Anderson was
employed in the experimental sections for the duration of one week. The module included a
range of materials, including laboratory activities and student problem sets about variation and
adaptie traits. Students took a pretest at the start of the module and at the end of the course.
Study Ab6és findings indicated that few stud

evolution, with no more than 25% of the students using a scientific comcepiany of the
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questions. The researchers found no differences between the pretest and posttest scores for each
group and there was no significant difference between the scores in the two classes. No
relationship was found between student learningth@@mount of prior coursework.
Additionally, the study did not have a | arge
a 22% increase in the experimental groupso6 re
were notfoundtobelikd t o a studentsdé ability to use sc
For Study B, high school students from schools in Colorado, Wisconsin, and Tennessee
were involved in the research study. Teachers from these schools each taught at least two
sections of a high schoblology course. A control group and an experimental group were used
in each situation, with teachers in the experimental group using an wiseg teaching
approach for at least five to six weeks. The materials were develofBidlbgical Sciences
Curriculum Study(BSCS) and included hands activities. The materials focused on
i mpl ementing process and thinking skills that
hypot hesesod and Apredicting, obserdgeg, (pnd
543).
Students were given a shortened version of the Bishop and Anderson (1990) instrument
for the pretest and posttest. The posttest was modified to include different organisms and
situations. Students were categorized as egber, fair, orgood The majority of students
initially exhibited a poor understanding of the majority of the scientific concepts being tested,
with none of the students designated ingbed category. On the posttest, both groups
increased in the number of studeatshefair andgoodlevels of understanding. The
experimental group had statistically significant higher levels of understanding for two of the

three issues on the instrument.

23



Although this study supports the use of ingthgsed approaches when taaghabout
evolution, there are some drawbacks. For instance, the duration of the instruction at the college
was extremely short and it is not clear when exactly the pretest was administered. The
researchers do not clearly identify how many studentscpaated in Study B, or how many
elected to withdraw from it. While different schools were used in Study B, the courses that the
high school teachers taught were not all consistent. Instead of using the whole Bishop and
Anderson instrument, a partial ingtnent was utilized, thus decreasing the ability to compare
results of the study.

Wor k by Beardsley (2004) addr essevdutioni ddl e
The subjects, 86 students, were enrolled in multiple sections of general eigletlsgeate class
taught by the same instructor. Students had previously received instruction in genetics prior to
their unit on evolution. Bi shop and Ander son
guestions were used as the pre and posuimsint. Based on the success of previous studies
(JenserandFinley, 1995; Demastes et al., 1893he researcher used an approach to teaching
evolution fiusing both historical arguments as
based activitie 6 (p. 606). Students worked on the hi st
examining a problem involving whale developméentn t hat students were as-¢
mechanistic explanation for the obsmguryrati on t
based activities, students counted seeds to show exponential growth, measured leaves on plants
to examine variation, made future predictions of offspring based on environmentalormditi
and participated in a helgunch activity that simulated mtator/prey interactions involving
camouflage. The results of the pretest demonstrated that most students (78.7%) had a poor

understanding of evolution and 21.3% had a fair level of knowledge in each of three categories.
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The posttest results showed thaidents understanding of evolution increased, with a mean of
58% in the two columns for all three categories. Footiggn of traits and natural selection
category, most students moved from poor to faine greatest improvement in thele of

variation category was the move from poor to good (many of the initial poor responses showed
no role of variation). It is important to note however, that many students (52.7%) did not
improve in their understanding (this number was a mean over three categories).

Although this study does a good job of detailing the instructional strategies used, it could
have been improved in several aspects. The researcher does not describe the multiple choice
guestions used, only making reference to other studies that hal@yechgimilar questions. It
is not evident if another scorer was involved and the-natier reliability was not provided. It is
also not clear when the pre and posttests were administered since a testing effect could have been
at play.

Moore, FroehleKiernan, and Greenwald (2006¥amined how students in Minnesota
view evolution. Surveys were administered to 246 high school students at a public school and a
private school affiliated with the Catholic Church. University of Minnesota students in an
introductory biology class between the fall of 2002 and the spring of 2004 also participated in the
study. The survey questions were based on ot
and creationism. The high school students exhibited a nurhib@sconceptions about
evolution. Most of the high school students
conflicts and contradictions, that there are many good scientific theories to explain the diversity
of life, and that a scientificthor y i s a hunch or guesso (p. 38).

thoughts' believing there were many valid scientific theories for therditaeof life. Some
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college students (20%) also claimed that creationism was taught in their high school biology

classroom. This is consistent with other surveys related to teaching of evolution in high schools.
Based on the aforementioned studies, it is evident that middle school and high school

students lack adequate understandings of evolutionary proc@ssekevel of understanding at

the college level also raises conceabsut the currenhstructional methodemployed to teach

evolution

Coll ege studentsdé6 understanding of e

Secondary students are not the only individuals to be plagued bynoégtions ohave
difficulty understandinghe process afvolution. Dudycha (1934) conducted one of the first
studies involving college students and their beliefs concerning evolution. A total of 1054 college
students were surveyedreshmen at six Miwestern colleges and seniors at six Midwestern
colleges in 1930. Freshmen were surveyed at the start of their college career and seniors were
surveyed close to the end of their college courses. Students were asked to react to 25 statements
concerning ew@lution and were asked to rate them on a belief scale that ranged from implicitly
belief to absolutely do not believe. There were five different belief options to choose from but
students were asked to respond using only one belief choice for each stateme

The researcher found that a large percentage of freshmen were noncommittal, with at
least 10% of responses for each question marked as noncommittal. Thirty five percent of
students believed in evolution, while 36 percent did not believe in ewaluidarge percentage
of students (71%) believed that evolution was

anda majority 65%) believed that evolution accounts for the development of organisms from
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simple to complex forms. Only 21% of studelnte | | eved that there |1 snot
of evolution, while 47% did not believe. Students also had an inaccurate view of humans

evolving from monkeyswith about equal percentagaslieving(46%)and not believing44%)

this statement. Mordigdents(42%) also believethat evolution should be taught in every

college while 26% did not believe in this. Thirty six percent of students also believed that

evolution is Adiametrically opposed tthis al | re
statement.
More seniors believed in the concepts of evolyttbati t i s a descri ption

process of development (86%) and evolution accounts for the development of life (84%). Three
fourths of seniors believed in evolution, which was migigher than the freshmen. Fifty
percentoEt udent s believed there wasnwhile322ndd doubt
not believe in this statement. Unlike the freshmen, seniors were less likely to believe (80%) that
evolution was diametricallgpposed to all religious teachings. They also did not believe (76%)
that man came from monkeys, which was much higher in freshmen. Based on these results, the
aut hor indicated that seniors were moroa. | i kel
The researcher aldound that the responses of the seniors indicated that they were more open
minded as well as more informed and inclined to believe in evolution.

This study dealt with a large population of students and looked at different cakeges
well as educational levels. HowevBruidychadid not report how the instrument was developed,
how the instrument was pildte st e d . I n addition, hreliadlityd not
and validity. The study was restricted to the Midwesiictv means the population may not be

generalized to other areas. It would have been helpful to indicate where the students came from
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to show if it was more representative of the countnterviews with students may also have
helped elucidate how wetthe survey matched their viewpoints on evolution.

Grose and Simpson (1982) surveyed introductory college biology students to investigate
their attitudes toward evolution. The reséars used an instrument titl@tie Attitude Toward
Evolutionthat was origaally published in 1931 by Thurstone and tested by Likert, Roslow, and
Murphy (1934) and Lorge (1939). A total of 120 students in six laboratory sections at a large
Southeastern state university served as the study population. The study was cond9déd in
and students were asked to complete both a background survey as well as the attitude scale.

Students completed 15 questions on demographic aspects as well as 20 items on
evolution. Approximately one fourth (24%) of students expressed a beliasagaolution. An
almost equal percent (22%) were neutral or doubtful toward evolution. The majority of students
(54%) believed or strongly believed in evolution. The researchers found that individuals who
though their church influenced their thinkingchlower mean scores than those who felt that
their church did not influence it. Religious preference was not correlated to belief in evolution,
which suggests it was faith in religion that influenced attitudes toward evolutimn.
noteworthy that imlogy majors did not score significantly higher than nonbiology majors and
there was not a significant difference in beliefs. There was a significant difference between male
and female students, with females scoring higher than their male counterpa&tesddrchers
found a strong influence of the high school biology teacher on female students in regards to their
belief in evolution, but not with other students. They also found that female biology majors
scored significantly higher ohhe Attitudes Towd Evolutionscale than male biology majors as
well as the nonmajors. One rationale for this may have been the perceived influence of the high

school bi ol ogy teacher o0 n suchastheumhedotehigh sci@olb el i e
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science couess, educational level of parents, occupation of parents, and influence of parents) did
not correlate with beliefs in evolution.

The researchers acknowledge one problem with tlty sthe age of the instrument,
which was44 years old at the time of tkeudy. Although the information may be relevant for
comparison purposes, there have been a number of changes in the focus of science education
from the time the instrument was developed to when it was administered in this study. The
researchers also retl solely on quantitative data, and did not conduct interviews to help explore
the views of students (and to make sure the survey is identifying what it should).

Brumby (1984) is often cited in the literature related to student conceptions of
evolutiorary theory at the college/university level. He was interested in exploring the
Afconceptual frameworks and reasoning patterns
arebasedonrealor | d i nst anc es &heétypdy paficiants werlBO fitstigeiars c a s e
Australian medical students, of which about 40% had completed high school biology.
Qualitative problems based on evolutionary principles were developed and given to students in
three different formats. A set of written problems with opmponses were given in the second
week of the class, individual structured interviews involving 32 students occurred in the
following four weeks, ath one question on the eindyear examination involved applying the
concept of natural selection. Thealatanal ysi s depended on dAidentif
phrasesi s ed 0 ( p. 4 9 5) developedichtegoriesebasedeon stukdentrresponses, which
were then used to tabulate their concepts. The two written problenesinvolving insecticide
and he other bacteriashowed that students had some difficulty in identifying the involvement
of natural selection in organism change. Although two thirds of students recognized that the

insecticide problem involved natural selection, only 21 of (1806)were able to do so with the
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bacteria problem. A strong relationship was found with the 21 students and previous biology

courses 19 of them (90%had previously studied biology in high school. In the interviews

only one third of students indicated tiiagir responses were based on evolution or natural

selection. Over the study period, only 10% of students interviewed were consistently able to

recognize and correctly apply the concept of natural selection and were categorized as having

sound understanag. Ten students were able to explain one or two problems and were

categorized as havirmgpor understanding. All students categorized as hastumdor partial

understanding had previously studied biology. The majority of those categorizedrasdnot

previously studied biology. On the final exam questanty one third of the students correctly

Afexpl ained the effect of natural selection on
To the investigatgrthe study results indicate that studenti | eave school bel |

evolutionary change occurs as a result of nee

instruction in biology did not appear to have an effect on student understanding, as the majority

of students (15/18) who had takehialogy course had poor or partial understanding of

natural selection. Students have intuitive ideas that result in the belief that organisms respond to

environmental pressures by developing new traits, and then pass those traits on to their offspring.

Brumby poins out that the way in which science is presented, in lecture form, may convey a

view of science as absolute knowledge. The way in which students learn about evolution

currently in high schoolsthe passive learning of lecturemma y b dficiént imtlsemselves to

create sufficient conflict in studentsd minds
Although this research study provides a number of important findings, it was limited in

some regards. For instance the populationuafysis fairly selective and the results may not be

generalized to other settings easily. The researcher does not adequately describe the qualitative
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analysis and noinformation is providedegarding hovthe questions were developed.
Additionally, the rdiability and validity of the questionsasnot reported for the study.

One of the most cited, and replicatstijdies related to student understanding of
evolutionary processes comes from Bishop and Anderson (1990). A collegeangno r 0 s
biology coursesr ved as the site for analyzing student
and following instruction in evolution. One hundred and ten college students completed
diagnostic tests at the beginning and end of the course that asked studentsso@steming
natural selection and whether they fAbelieved
students believed that the environment causes traits to change over time. In line with our
understanding of the difficulties in teaching studexritsut the process of natural selection, the
researchers found that Athe amount of previou
student conceptionsd and student wunderstandin
bi ol ogy c o4Rk4).slLess thankR5% tfeptudents were initially able to explain
evolutionary change using scientific conceptions, this increased to over 50% in the posttest.
Although an increase occurred, the numbers indicated that change is difficult for studants ev
when using firevised teaching methods and mate
that students have difficulty with terminologyespecially the termadapt/adaptatiorand
fitness Although a term is useid an evolutionary settingtudeis may instead regard the term
in its colloquial usagéfor example adaptation considering change at the individual rather than
populationlevel).

Inregards to beliefs about evolution, the r
thetheoryofe v ol ut i on t(m 426).eSutpnisinglyhBishop &hd Anderson (1990)

found that fAa slightly higher percentage of n

31



although it was not statistically significant (p.425). Although religiousfsere viewed as a
serious impediment to understanding the theory of evolution, this is not entirely the case.
Despite understanding the process of natur al
convictions about the truthfulness of theahy 6 ( p. 4 2 6 ) .(1999Daentanrmeds et a
that acceptance and belief do not have to go together. Other studies have looked at the
relationship between beliefs and understanding different aspects of evolution.
Although this study provides a mber of important findingst does have limitations.
The study population was composed of juniors and seniors and thus had participants with higher
education level than other student populations. The autbarstddequately discuss the
instructional pocess for conceptual chanigene of the main components of ttedy. The
intervention lasted very short duration (one week), although that is not uncommon in college
settings. Finally, a control group is not included to compare the results to,is/petticularly
important when discussing instructional strategies and their impacts.
Disconnect between understanding and acceptance is a recurrent theme in the literature
related to evolutionary theory. In regards to the impact of pedagogical teebnije
researchers believe that current methods of instruction were ineffective for inducing change and
understanding in the student population studied. In an important statement related to classroom
instruction, Bishop an détudamscanrchamgaetheroaive | ude t ha
conceptions on the subject if instructors are
425). The problem for most instructors, however, is the comfort in which they feel in doing this.
Greene (1990) studiedh&ther student misunderstanding of evolution and natural
selection occurred due to explanations based on incorrect assumptions about organisms and the

environment. Three hundred and twenty two students in an introducteseorester biology
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course for edcation majors were given evolution problems as part of the normal testing
procedure in the class. Data was generated from over 11 classes over eight yeda8§4p77
An evolution problem was given unannounced at the beginning of the thindeledte natural
selection had been introducetd first lecture covered special creation and Lamarck, and the

second introduced Dar WiThedesults sdosved thatfonlyr8% had a a |

e

true understanding of seéloealti omdewistlandé ¥gloay

the student responses were within a typological framework, where need would direct change in

organisms. The researcher suggestddat evol uti on probl ems are

to become aware oftheirmsca cepti ons and to begin to rethi

number of other research studies have indicated that students need to be made aware of their
misconceptions so that they might rethink and addhess. The author also indicatdtat
studerts must beshownthat Lamarckian explanation® notwork, rather than beinwpld by
their instructor.

This research study had a number of weaknesses, despite some strengths (such as
population size and study length). The development of the evolgsignanent problems was
not discussed, although the validity and reliability was (in regards terattarreliability). The
evolution questions were given after the lectures on natural selection, it would have been more
appropriate to employ a paad aposttest measure to assess understanding of the concepts used.
The study population was 90% white females who were education majors, therefore the findings
may not be easily generalized to other study populations.

Non-traditional teaching strategies lealveen explored by researchers as a means to
change studentsdé conceptions of evolution.

that employed historical arguments in the conté»a hology class in the spring of 1990. The
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data was generaterbi 42 of the 85 students. A control group was not used in the study. A
treatment was applied that happened during enew lab period. This treatment included:

Introducing students to the general nature of evolution,
Teaching of Lamarckian princigs,
Evidence that opposed Lamarckds princi

Teaching of Darwindés theory of evol uti

o w0 N E

Solving evolutionary problems from both Lamarckian and Darwinian

perspectives.

An assessment instrument was given one week before anteekeaafter the treatment.
Students displayed limited understanding of Darwinian principsswering fewer than 25%
of all pretest questions in a manner consistent with this model. After the treatment this jumped
to 45% of answers. Students initiaftyeraged about 23% (8.02 out of 34) on the pretest and
46% (15.76 out of 34) on the posttest. Whi | e
performance was stild/| il e s ssaltokomducten ptracemal 0 ( p .
analysis that showedl %6 of students with the worst understanding did not charugleer
groups (best understanding and complete/incorrect) were also largely not affected by
intervention. |l ndi vidual s moving into the 0B
33% of the worst responses moved to the best response. The researchers were encouraged that
only 11% of the responses were worse than the initial responses. Two major points identified by
the researchers were that fewer than 50% of students were still ansveerealy and that
some key evolutionary concepts fAremained diff
The lack of a control group for comparison purposes is a serious limitation of this study.
The treatment applied was of an incredibly short duration and vepylelar unlikely to cause

conceptual change. The short time from the pretest and the posttest and the closeness to the
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intervention is cause for concern. The same test was used for the pretest and the posttest so there
is the possibility of a testing eftt from familiarity and exposure to the question. Finally, less
than 50% of the students completed the posttest; therefore the data is restricted to a certain
student population who is more likely to be motivated.

Jensen and Fi nl edydvasarfektonSidh of theieearkeastudyhn 1995. u
In this casethe researchers were looking specifical the effects of curriculasthanges on
student understanding of evolutionary theories. The same introductory biology class (not the
same studen)svas the focus of the study in 1992. The student population in the class was
considered to be underepared, and included a variety of ethnic and socioeconomic
backgrounds. A traditional curriculum was compared to what the researchers desaibed as
A istorically rich curriculund (p. 882). The traditional curriculum used a standard textbook
approach, while the historically rich curriculum was intended to address student preconceptions
by discussing the history of evolutionary thought. Four classesimeslved in the study, with
six days of instruction devoted to evolution and natural selection. Two classes used the
traditional approach, and two used the historically rich curriculum. One class of the traditional
approactcurriculum classealso usegbaired problem solving, as did one of the historically rich
curriculum classes. In the pretest, three out of four sections had a 50% Darwinian and 50%
alternative conception rate, with one seciidhe historicdl rich problem solving section
having37% Darwinian to 62% alternative conception. The majority of alternative responses on
the pretest were teleological and Lamarckian, with teleological the majority. After the treatment,
Darwinian responses increased to a range of 73% and 86%; the ugsenaitiakk conception
responses decreased from 5% to 20%. Students in the historically rich curriculum reduced their

use of alternative conceptions more than the students who studied the traditional curriculum.
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The largest difference appeared betweentigdesits in the historically rich curriculum that used
problem solving and the traditional curriculum that used traditional instructional methods. As a
result of the treatment, students increased their understanding of Darwinian principles and
reduced theiuse of alternative conceptionglthough they dropped less in the Lamarckian

views. Similar to other researchers, this study points out the importance of explicitly identifying
and addressing student preconceptions about evolutionary theory.

The reserchers did improve their earlier study by creating a controlled experimental
design, but did retain a number of issues from the earlier study. A testing effect could be an
issue due taisingthe same pretest and posttesid duration of the interventidoeing only one
week. The authors also do not describe how students were recruited or the amount of attrition in
the study (which was a problem in their first study).

Students routinely provide teleological explanations for evolutionary processe®renere
it is important to consider the relationship between religious beliefs and evolution. Dagher and
BouJaoude (1997) considered the relationship between scientific views and religious beliefs as
they related to biological evolution. In their study,d&2 of 76 undergraduate biology majors
enrolled in a senior seminar responded to a questionnaire administered during the class. Three
essay questions asked students:

1. to list the major principles of the theory@volution

2. if they believed that the theoof evolution presented a conflict between science and

religion

3. if they believed the theory of evolution clashed with their own beliefs about the

physical and biological world
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Fifteen students werselected for serstructured interviews, based on diversligious
backgrounds and on students who Aheld represe
of conflictso (p. 433). These students wer e
response to the questionnaire, the most common prniciphtified was natural selectidrwith
some misconceptions, such as apes evolvingmato, and some beliefs involved (suchGasl
laying down the basic principles of natural selegtidtany students, in later questions, cited
At hat evoluheomyianonhgt aa | awo (p. 437). Non
evolution but 47% of the Muslim students reje
may be related to their acceptance of evolution and views of science. They fowstddbats
tended to generalize and misapply aspects of scientific epistemology to different scientific
theories. The researchers bel@tleat teachers should provide opportunities for students to
Adi scuss their values &md wl eldigeefos (ipn r4el9at.i onl
out, like other researchers have,that c hange i n s traguresmadtively engaginge pt a n
Afactors that wunderlie their resistance to th

This study could have been impeal/by identifyingthe factors that lead to such a low
survey completion rateln addition, the researchers do not report their iraesr reliability for
placing students into categories. It is also not clear how the interviews were combined with the
other data to establish the findings.

The nature of naive explanations of 40 college students with no prior college courses in
biology or evolution was the focus of a research study by Ferrari and Chi (1998). The students
wereasked to solve five predictieexplanation problems. These problems were designed to
assess Darwinian explanatory pattéressa ch st udent was given 7 minu

explain the outcome of a hhpedercenttofisidentanswersu at i
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were classied as norDarwinian with the mostammon being Lamarckian (52%fonsistent
with other studies, a much smaller percentage (37%) were classified as Darwinian. Although
37% were classified as Darwinian, the overall framework of the response was stitneat.
Studentsfor the most pariappeared to classify evolution asewentrather than as an
equilibrationprocesswhich is not an accurate understanding (p.1246). The authoredtiess
importance of not teaching cold facts, but rather congeyaientific conceptions so that students
can move away from this view of a bounded event that is Lamarckian in nature.

Identifying the nature of naive explanations is important, especially considering the fact
that prior knowledge and attitudesdafluence these explanation®ownie and Barron (2000)
examined the evolutionary theory attitudes of Scottish biology and medical stu@ibals
administered a survey to biology students during the years of 1987 to 1995 and then in 1998 and
1999. Between 508nd 900 students took the course each time it was offered and most of the
students had previous courseworlbialogy. The majority of students had intentions of a
degree in biological sciences. About four to six lectures concerning @roluire givereach
year. Firstyear medical students were surveyed in 1999, and did not cover evolution in the
course. Between 3% and 11% of biology students over the years, and 10% of the medical
students, rejected the notion that a long period of biological esnlbs occurred. The most
common reasons for rejection were literal interpretations of the Bible and contradictions of
evidence for evolution. A majority of students accepted natural selection at the species level
88% of biology students and 83% of nead students. The main objection of individuals over
evolution was the production of new species. A number of students across the years indicated
that acceptance of evolution was based on a lack of good alternatives. Based on the results of the

survey,individuals who were classified asjectersmay be somewhat more skeptical and
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uncertain in regards to science in general. These results support the idea of strengthening student
understanding of the nature of science for both individuals who aacdptject evolutionary
theory.
This study, while having a number of good qualijtiesluding its long duration and the
size of the participant pool, is limited in some respects. Although there was a large sample size,
the exact size of the sample was reported and the authats notindicate when the survey
was given. If the survey was given befarersus aftethe studythe resultsan be interpreted
differently. The authors didot discuss the development of the instrument or the process by
which it was validated.
The impact of creationist and evolutionary beliefs on learning biology were investigated
by McKeachie, Lin, and Strayer (2002). Their study took place at a Midwest community college
in an introductory biology class of 75 studentsxtysstudents completed a pretest questionnaire
on evolution and 28 completed posttest questionnaires. The evolution questionnaire involved
four items to assess a studentods beliefs and
students compted theMotivated Strategies for Learning QuestionngiMSLQ) at the start of
the semester to assess studentso6 motivation a
At the beginning of the coursa small group of students (10) did not accept evolution, 22
did not know enugh, 17 accepted evolution but believed in the teaching of the Bible, and 11
stated evolution was a fact. At the end of the coutadents were more likely to shift toward a
belief in evolution, although students who did not accept evolution werelikalyeto drop the
course or failed to complete the posttest. When examining grades, students who believed in
evolution did better than those who believed in creation, although both passed the course. The

grades increasddr the students in the categs in the followingorder cr eati oni st s,
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know, religious evolutionists, and finally evolutionists (who demonstrated the highest increase).
Students in the creationist group differed in a number of aspects from that of evolutionists.
Creationists fered on all scales on the MSLQ from the other students. They had a higher
motivation for grades, lower interest, were more anxious; lower intrinsic motivation, lower self
efficacy, and lower task value. They also had low scores on learning stratietyrdimg

scales. The researchers argued that the creationist students encountered dgatigace

and resolved this by dropping the course or not completing the questionnaire.

The small population study as well as the lack of discussion congetre evolution
guestionnaire is troublesome for the research findings. The large attrition rate for the posttests
(dropping from 60 to 28 students) further complicates the results of the study. The researchers
effectively did not capture more than 5@¥the initial study population. The findings of the
study could have been strengthened if interviews with students were conducted to confirm their
views.

Attitudes towards evolutionary theory are influenced by a host of factors. Some of these
factorsmay be perceived to be in conflict with evolutionary theory (such as religious belief).

The social consequences of acceptance of evolutionary theory were also examined by Brem and
Griffith (2004) in their study dealing with collegelucated adults. Thegearchers explored the
relationships amongst fAparticipantsoé beliefs,
impact of evolutionary theory, their prior exposure to and knowledge of evolutionary theory, and

their opinions regarding the teachng evol uti ono (p. 181) . One h
women from ages 18 to 38 were asked to complete evaluations of evolutionary knowledge,
guestionnaires addressing aspects of evolutionary theory, and open ended questions related to the

origin of life on earth and the teaching of evolution and creation in schools. The participants
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were then placed in belief groups rangirgm strong creationistso strong evolutionistbased
on their responses. A number of important findings from this researth t@laur
understanding of how individuals come to accept and understand evolutionary theory. The
participants reserved fispheres of influence f
varying degrees of conviction placed on each sphere (p. 828jlents may have multiple belief
constructs depending on the context in which they are acting. Demastes et al. (1995)
demonstrated that individuals have multiple ways of considering isSiestesearchers
assered that belief systemspistemological éliefs, and knowledge are all intertwined
constructs that may or may not depend completely on one another. Another finding that emerged
from their researchoncernedhose participants that identified a relationship between
evolutionary theory and aspecistheir personal/public lives. All participants in the study who
identified a relationship between evolutionary theory and their lives held negative views of
accepting evolutionary principles including 0
spirituality, and a decreased sense of purpose andetelfminabn remove period (p. 181).
The historical implicationsf acceptance of evolutionary theory (in particular the eugenics
movement), may provide a block for students.

Continued examination difie influence of beliefs on studedtsmderstanding of
evolution and natural selection is vital. Sinatra, Southerland, McConaaighyl De mast es 0s
(2003) study of 93 undergraduate students enrolled inanagor biology class attempted to
determine theihk between intentions and beliefs, and understanding and acceptance, of
biological evolution. Students completed measures that dealt with content knowledge,
acceptance of theories, and epistemological beliefs and cognitive dispositions. The researchers

~

found no evidence of fia relationship between u
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they did find that epistemol ogi cal beliefs we
(p.521, Sinatra et al., 2003). Epistemological beliefs did npeapto have an impact on
acceptance of animal evolution or photosynthesis and respiration. In addition, knowledge of
evolution showed no relation to studentsod acc
research (Bishop & Anderson, 1990) suppdrésfact that prior biological knowledge does not
have an i mpact on studentsoOo acceptance of =evo
having any understanding of the principles involved (Demastes et al., 1995a). This particular
study illustratedtht st udents may fAhave an understanding
accepting its validity o-thatrstdderitshmaynotuiderstande ver s e
evolutionary theory but would accept is validity (p.521). Students who were morenpesd
were more likely to accept human evolution, as was the case with students who had more
sophisticated epistemological views. This opgindedness might be useful for teachers to
consider when they are teaching about evolutiostead of being dogmatabout evolution
they might create a climate of open discussion. At the very least, teachers need to consider the
prior knowledge, preconceptions, and misconceptions that students are entering the classroom
with. This is in accordance with the importaméeinderstanding the nature of science, in that
students can more easily negotiate their beliefs about religion and science if they have a better
grasp of both fields.

This study could have been improved by including qualitative data to bolster the
guantitative measures. This is especially important when considering the difGeukasure
scales that they were dealing with. Interviews would have been helpful in more accurately

estdlishing the connection of openindedness and acceptance of evohary theory.
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Misconceptions continue to be held by collégeel students. Westcott and Cunningham
(2005) explored student misconceptions dealing with the nature of science and evolutionary
processes in an undergraduate introductory anthropology cothiseauthors were looking to
identify commonalities and discrepancies between their own students and the existing literature.
Participants in the study were 547 undergraduates, of which there were 243 males and 304
females. Questionnaire weregiven onthe first day of classOne half of the students held a
misconception that traits gradually change over time. Sixty one percent of students reflected
support for the use/disuse idea in answering ateqpreon webbed feet in duckStudents had
issues wih origin and survival of traits, as well as biological terms sudhressandtheory,

Forty percent of students did not differentiate between the common use and scientific use of the
termtheory(although when it was rephrased 78% answered corre@ly)sistent with other

studies, students had issues with the validity of evolutiz®6 thought there was a lot of
evidence against evolution and 27% agreed tha
addition, 37% of students belieVa a teleolgical explanation of species development, which

may relate to their thoughts about need driving change. Encouragingly, 83% of the students did
indicate that variation was important to evolution, although titegotappear to understand its

role.

This study did not include a posttest to determine what impact the class had on student
misconceptions. Interviews with students could have helped further clarify the misconceptions
that students hadl'he authors didot describe how they developed the questaire, whether it
was pilottested, or the validity and reliability of the instrument used.

Ingram and Nelson (2006) attempted to determine the relationship between achievement

and acceptance of evolution in an uplesel college evolution course.ver the course of three
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semesters, the researchers asked students to participate in pre and post surveys related to
evolution, and examined three main areas: dste nt s 6 a c c e p ttha mfluenceoff ev ol u
instruction of evolutiopand the relationshibetween achievement and acceptance of evolution.

The findings indicaté that students had a high degree of acceptance of evolution before the

course, that instruction in evolution slightly affected acceptance of evolution, and achievement

had little todo with acceptance of evolution. These results are consistent with other research that
has indicated that understanding a concept does not itatseasceptance of it (Bishop and

Anderson, 1990; Sinatra et al., 2003). Another important theme that ehfiengethe results

was the researcherso beliefs that some studen
impacting religious beliefs. This is a difficult and hard to treat issue that must be addressed if
students are to come to an accurate undetstg of evolution.

Moore (2007) examined the perceptions of biology teachers and students regarding the
emphasis of evolution in their classes. One hundred and seven randomly selected Minnesota
science teachers who attended science conferences is&@@8 as the teacher population. The
study population consisted of 685 figgtar college students enrolled in a large introductory
biology course for noimajors at the University of Minnesota. All of the students had taken high
school science coursas Minnesota and they were surveyed on the first day of the course.

Approximately 10% of the teachers voluntarily identified themselves as creationists.

Sixty six percent of the teachers reported their classes included evolution but not creationism,
20%included evolution and creationism, 12% included neither topic, and 2% reported including
creationism but not evolution. In both cases (teachers and students), the numbers closely
mirrored each other concerning what the biology courses included in segakalution. The

emphasis values were not as aligned. For instance, 52% of the teachers in the study said they
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emphasized evolution in their classes, yet only 36% of students reported that their biology class
emphasized evolution. In another discrepa 21% of students reported that their biology

course emphasized creationism, yet only 2% of teachers indicated as such. Students were also
asked to comment on whether their courses should include more, less, or the same amount of
creationism/evolutionIn both instances (creationism and evolution) approximately equal
percentages of students were split between including/emphasizing more or the same amount of
each topic in their course. Small percentages (13% for evolution and 17% for creationism)
indicated they wanted less of the topic included or emphasized.

The conclusions of this study are limitethe researcher did not describe how the study
instrument was created or pHtasted. The study could have been improved by inclusion of a
focus grop of students and teachers, and/or interviews with teachers and students to further
explore their perceptions of their courses.

Nehm and Reilly (2007) placed their focus
misconceptions about natural selection. They ség@rated themselves from other studies by
examining two classes thaachemployed different instictional strategiesOne class used
active learning and the other was taught in a traditional manner. The study took place in an
urban college in the Norglastern United States and involved two classes of sessndster
biology majors. A total of 182 students participated in the study, with 82 students in the active
learning group (82% completed the survey) and 100 students in the traditional class (99%
completed the survey).

The two classes had the same textbook, lab experience, reading assignments, and
instructional time, but different instructors. The active learning class participated in discussions

on the nature of science, paired problem solvingglsgroup discussions, and group resgmsn
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guestions.A new instrument was developed (based on prior research) to assess understanding of
natural selection. The instrument was scored using a scoring rubric for key concepts and a
scoring rubric for miscoreptions. Finally, a natural selection performance quotient (NSPQ) was
calculated for each student.

Although a majority of active learning students (83.8% ) had been taught the idea of
natural selection in high school, only 3.2% of students in the detiveing group used four or
more key concepts (on a scale of seven) in their precourse definitions. In their definitions of
natural selectiorB7.4% of students used two or less key concepts. In the post course
assessment, 58% of the traditional leagrstudents used four or more concepts; this is compared
to 69.5% in the active learning students. The mean NSPQ score for active learning students had
a significant increase from pretest to posttest (62 to 79) but ther@sigrsficant difference
betwea the posttest scores in the two groups (79 versus 74). A larger percentage of students in
the active learning group (85%) had a NSPQ over 65, compared to 74% in the traditional group.
Fewer students in the traditional group had no misconceptions irptigticourse responses
(14%) than the active learning group (30%).

A major limitation or weakness of this study is the unequal student populations in both
groups, as well as the fact that only 82% of the students from the active learning section
compleed the survey, versus 99% in the traditional class. The researchers do not discuss why
one class had a higher response rate than the other. A number of questions on the instruments
were not completed by the students, which would impact result repoftirgclasses were
taught by two separate instructors, which could have certainly impacted the outcomes.

Additionally, the description of the active learning was limit€thally, the two classes were
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taught in a different fashiointhe traditional groufppad a discrete unit on evolution while the
treatment group was taught in an integrated fashion.

Robbins and Roy (2007) employed an ingtbased approach with college students to
alleviate nomscience preconceptions about evolution. One hundred foetgtadents in a
nonmaj orso biology | ab served as the popul at]
preconceptions by giving students a tqueestion prequiz in lab on the theory of evolution and
their belief in it. A guided discussion was theneleped based on the responses provided by
the students. These guided discussions involved questions that required students to work in peer
groups to explore the ideas. Students also examined fossils, traveled to a zoo, and were routinely
asked about thevidence and data to support evolution (the inquiry component). Students were
assessed through a variety of worksheets, quizzes, and their final exam.

Fifty nine percent of the students initially indicated evolution was the best explanation we
had basedn the evidence, which increased to 92% on the posttest. Very few students initially
understood evolution, even if they accepted it. This study could have been improved if a
comparison group had been used. A pretest and posttest of evolutionary kieowdedid have
strengthened the results as well. Another weakness of the study deals with the fact that the
researchers did not discuss if they had previously tested their questions before administering
them to students.

Hokayem and BouJaoude (2008) exardihew eleven junior and senior college biology
students perceived evolutionary theory in regard to their beliefs about science, religion and
science, and nature and causality. The instr
compared to cagories identified among students. The study population included 11 students

enrolled in a course on evolution at a university in Beirut, Lebanon. Students were identified as
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either Christian or Muslim. The instructor taught by lecturing for 25 minpgessing for
guestions, and then lecturing again for 25 minutes. The course covered a number of elements of
evolution from the historical development to human evolution. The professor did not discuss
the controversy between religion and evolution exdeping a historical part, and only
di scussed science as it pertained to Darwinos
Data was collected using two questionnaires and-sanomtured interviews. Two
guestionnaires were used, tleasure of Acceptance of the Theory abdlEtron (MATE) and
theTest of Preferred Explanatioi§OPE. The MATE measures the acceptance of the theory
of evolution while the TOPE determines studen
interviews took place after they finished the coursd, the interviews included questions
regarding changes, if any, in views about the theory of evolution and their views about religion
and science.
Students ranged from two extremes, with some aggeeith evolution anathers
rejecting the theory of etion. All of the students recognized the validf scientific
explanations.A critical element of whether a student accepted or rejected the theory of evolution
hinged on the argument about theunatof the evidence. Studemtbo werefiuncertain bout
the theoryor those who rejectatiheld a strong position against the scientific nature of evidence
supporting the theoryo (p. 410). Students pl
creationistsand did not see that théievidence could notactuallybe classified as evidence.
The researchers found that the nature of the evidence supporting the theory of evolution was
important to whether students dismissed the theory or not; individuals often were speculative of
the evidence. Studés in the course did not change their views on the theory of evolution but

they used the new knowledge to fit within their current views.
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Nehm and Schonfeld (2008) compared the C{&nceptual Inventory of Natural
Selection, ORI (OpernResponse Instruemf, and an oral interview to see which was better at
assessing conceptual understanaihgatural selection amongsiinority undergaduate biology
majors. The study involved two samples of biology majors in the second semester of an
introductory biolog course at a large urban university in the Northeastern United States. The
population included a diverse student groug2.5% were Hispanic, 30.12% were Afriean
American, 25.5% were Asian, 11.75% were {itiapanic white, and 0.09% were Native
American. The two sample were designated with letters, sample G, which took the CINS and
ORI, and sample N which took the ORI. In addition, 18 participants from sample G participated
in a voluntary interview that involved four questions taken from the other nnsins.

TheOpen Response Instrumevas developed using two questions from Bishop and
Andersonodés (1990) study as wel |l as three ques
instrument was designed to measlsgeleetionaman i ndi vid
different complexity levels. The questions were organized from concrete knowledge to abstract
problem solving questions. The oral interviews were comprised of four quastwodrom
Bi shop and Ander s on 0 sandsofe frommythe ORI.n e from t he CI N

The ORI was coded in two ways based on whether or not they exhibited key concepts in
natural selection and whether they included alternative conceptions. Student responses were
separately coded using two different rubrics for key cotsaep alternative conception3he
seven key concepts for natural selection came from Mayr (1982); students could thus receive up
to seven points for their responses. The responses were initially, togledlindly recoded

using the same rubric. Thaudent scores for the alternative conceptions resulted from a rubric
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developed to identify these alternative conceptions. The rubric was based on the commonly
cited Alternative Conceptions in the Research Literature

Using the ORI, the diversity of kegoncepts was measured as 4.33 for sample N and 3.78
for sampleG. Seventy percent of sample N students employed four or more key concepts while
58% of sample G students employed more than four key concepts. Students in both groups had a
particularly highuse of misconceptions: 1.9 for sample G and 2.4 for sample N. Very small
percentages of students used no alternative conceptions (14% in sample G and 30% in sample
N). The researchers reported high difficulty values in the five open response questibns.
sample G students took the CINS due to instructor time restraints. Sample G had an average
score of 62.9% and students commonly chose alternative conceptions when they were offered.
I nterviews from sampl e G had akerndtivercaneeptiondi st r i b
scores on the ORI and CI NSO (p. 1149). For t
natural selection from the ORI and CINS were identified. The ten most identified
misconceptions in those instruments were also the tenidesgified misconceptions in the
interview.

In generalthe researchers found that the oral interview was the best and most thorough
analysis of stdent knowledge.The researchers found that the ORI and CINS produced
comparable measures of key conagipersity and key concept frequency. Howeveey
differed on alternative concept diversion and frequency, with the ORI providing a more diverse
description of the alternatives used. They indicated that the CINS and ORI provided an effective
alternatiwe to the use of the oral interviews. They believed that both instruments should be used

until a better measuis developed.
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Ladine (2009) surveyed 311 students in a private liberal arts university affiliated with the
Baptist GeneraConvention of TexasThe researcher administered the survey to selected
general education classes during the spring semester of 2008. The survey included 15 questions
to determine how students would prefer to learn about evolution in a biology classroom.

Students respondéd a Likert scale for five questions on their understanding of science and
evolution.

The students were split between their preferences about how they would like evolution
presented hal f had a preference for diandshawthg ng t he
how evolution affected themod or fAincluding cr
the two are not scienceo (p. 388). A | arge p
Afaccept creationism and hiemtrdlelsi gaendt tdeeascihg n haear
(p. 388). A large percentage of students (64.4%) agreed that God should be included when
defining science, but most students did appear to also understand that science provides only a
naturalistic explanation. Thesearcher found a relationship between agreement with a
naturalistic explanation and two demographic components: the number of sciences courses a
student had taken and their classification (freshimsenior). Students taking three years of
science were pre likely to agree with a naturalistic explanatiand freshmen were more likely
to disagree with the naturalistic explanation of evolution. The information regarding the
definition of evolution was disheartening, as only 37.6% of students provideckatco
explanation, and 37.3% indicated no knowledge of the definition. There was a correlation
between the preferred evolution teaching approach and the definition of evolution and the

definition of science.
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While this study investigateah underrepresg¢ed part of the evolution education
research, it does have some weaknesses. For instardiscussion is made concernipiipt
testing, content validity, and reliability of the assessments used. The researcher also did not
reportwhether anystudents pted out of the taking the surveygr was theotal number of
students in the class reported.

Moore and Cotner (2009) examined the impact of the inclusion of creationism in high
school biology courses. The researchers attempted to answer a nuousestmins which
included: are students who believe in creationism more likely than nonbelievers to have had a
high school biology course that included creationism?; are acceptors more likely to have had a
high school biology course that included evoludipare students whose biology courses did not
include either creationism or evolution more likely to accept evolution or creationism?; and does
an introductory college biology that emphasi z

The research stly took place at the University of Minnesota in an introductory
nonmaj oro6s biology course. A total of 728 wun
to the first week of classes. Students were asked questions pertaining to the teaching of
evolution and creationism in their high school biology classes as well as eight statements from
the MATE (Measure of Acceptance of the Theory of Evoltidixty nine students were also
voluntarily surveyed at the end of the semester and per item compairib@xmeans was
carried out using atest for significant differences

Based on the total responses (N=728), 64% of the courses included only evolution, 21%
included both evolution and creationism, 13% included neither, and 2% included only
creationism.The researchers reported a pattern in student responses on the MATE. Students

with a high school course that only included evolution were significantly more likely (72%
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versus 58%) to accept the validity of evolutionary theory, scibased claims abothe age of

the earth, the mutability of species, and humans being a product of evolution. Students whose
course included creationism were more likely to believe in a young earth, the immutability of
species, question the validiby evolutionary theoryand were more likely to use a Biblical
response to evolutionary theory. Students whose biology course included neither of the topics
fell between the two groupstheir responses were more included with accurate conceptions of
evolution than the creati@m group, but less than the evolution group. The pre and posttest
MATE surveys of the 69 students did not reveal a significant difference between the pre course
and post course responses.

One the major limitations of the study, acknowledged by tharelsers, is the
dependency of the data on the selbort information from students concerning their high school
science classes. Another limitation, not addressed by the researchers, was the use of the partial
MATE as opposed to the whole MATE, therebyiling the strength of the instrument.

Cunningham and Westcott (2009) tried to identify the misconceptions held by
undergraduate students and @iplthe rationale behind those misconceptiohise researchers
carried out their study at the UniversityMissourtColumbia in an introductory biological
anthropology course. A total of 547 undergraduate students (243 males and 304 females)
participated in the study. The researcher developed an anonymous questionnaire to assess
student s6 mi spmionsabey thd naturesof stiende and evolution and
administered the questionnaire on the first day of the class. The instrument involved a section on
demographic dat a c on c,encludingmpgor sotogy dlasses andtheb ac k gr o
topics coveed. The second section explored whether students agreed, disagreed, or had no

opinion on 24 statements.
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Fifty one percent of the students had been taught evolution in high school while 23%
were never exposed to evolution. Twenty two percent of studgreed wih the statement that
there was a ladf evidence against evolution. Seventy eight percent of students indicated they
had a clear understanding of the meaningcténtific study Fifty five percent of students
agreed that the theory of evoluticorrectly explains the development of life. Thirty seven
percent of students accepted the idea of theistic evolution. The authors indicated an overall
positive disposition to evolutionary ideas.

In regards to misconceptions, the researchers found tiajority ofstudents (66%)
thought organisms developed new traits dependent on need. About half of the students indicated
they understood the phrase Asurvival of the
misconception that survival of the fisiemeans only the strong survive. When, according to the
researchers, natural selection was phrased correctly, 89% of the students agreed with the
statement. In general, the researchers found that when statements included common
misconceptions studentgere likely to agree with them. The researchers found that many
students think environmental factors determine what traits appear in the population. Overall,
students demonstrated limited understanding of evolutionary processes. Interestingly, students
who accepted the validity of the theory of evolution did not understand the various mechanisms
at work. The researchers also found that confidence in science was not related to competency in
science.

Like other studies in this research area, the auttidrsot discuss how they developed
their instrument, the pilot testing involved in the instrument, or the validity and reliability of the
instrument. The researchers point out another issue, that of the phrasing of some of their

guestions, which could kia been avoided if pilot testing had been done.
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Gregory and Ellis (2009) focused their research on an infrequently studied population in
evolution education, science graduate students. Science graduate students from the University of
Guelph in Ontario @nada served as participants in the research study. A total of 186 graduate
students (both Masterodos and Ph.D.) participat
The online questionnaire was designed by the researchers to identify the edeeatioh |
students, their level of acceptance of evolution, their understanding of the mechanisms of
evolutionary change, and their understanding of the history of life. It consisted of 32 questions
divided into four parts; a number of indices were caledldiased on the question that students
answered correctly.

A large majority of students (70%) indicated evolution was an established scientific fact
and less than 4% of students felt that evolution was unsupported by evidence. The level of
acceptancewase | at e d -dssed lévél ef untlerstahding, Darwin index score, and theory
index scoreo (p. 794). I nterestingly there w
since an individual had taken an evolution course. There was a positekaton between
acceptance of evolution and understanding of evolution (represented by the Darwin index score).
When asked to rate their views of understanding of evolution, most students (60%) gave
themselves and their peers a ratingedd Studentsvho had taken a course in evolution were
much more likely to rate their understandindhagh than students who had not taken a course in
evolution. Very few of the i ndi goodandiHes ( 8 %)
majority (65%) felt itwaspoor or very poor Students also appeared to have issues with some of
the aspects of science. The mean calculated Darwin index score was about 74 on a scale of 100.
This indicated the students accepted Darwinian explanations rather than othatiadterwith a

low adherence to neDarwinian explanations.
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Almost three fourths of the students agreed or strongly agreed that a theory in science
means something different than in everyday usage. A number of students (40%) did not disagree
with the satement that theories are promoted to facts when they are supported by evidence.
However, 70% agreed or strongly agree that theories do not become facts but instead explain
facts. At least one fourth of the students appeared to have an issue withctiye cbatheory
in sciencgmisunderstood, neutral, or unsure). This was less of a problem amongst students who
were had a background in basic sciences. The researcher found a positive correlation between
the understanding of scientific theories, acaapé of evolution, and the Darwin index.

This study served to investigate a valuable niche in the evolution education research, that
of graduate students. However, a weakness of this study again hinged on the instrument used.
The survey was created ledson other available instruments and new questions were also
created. Instrument pilot testing, construct validity, or reliability were not reported for the
survey. Additionally, the scoring process (including any traéer reliability) was not repat
for the two open response questions.

With the theme of religion and its impact on evolution, Ladine (2009) examined the
attitudes of students at a private Christian university towards the teaching of evolution. The
researcher asked students to conepdel5question anonymous survey to determine the most
comfortable learning environment when learning about evolution. The survey was administered
to selected education courses that were being taught by the researcher in 2008 and a total of three
hundredand eleven students took part in the survey. The survey also included five questions that
examined a studentoés understanding of science

The results showed a number of interesting elements. For instance, slightly more than

37% of the sidents indicated no knowledge pertaining to the definition of evolution. The
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researcher indicated that this fAappears to co
acceptance of evolution are negdsanorsyaed vy corr el
students with a greater science background (three or more classes) were more likely to provide
the correct definition of evolution. Biology majors were also more likely to answer correctly
than nonmajors. When asked about their learninigece, approximately equal numbers of
students had a preference for including the science supporting evolution and showing how
evolution affected them, or including creationism and intelligent design but showing how the two
are not science. About onarthof students indicated that the professor should accept
creationism and intelligent design as scientific theories and should teach them in that manner.
Students appeared to be open to the teaching of evolution as long as it was taught in the proper
cortext. A limit of this study, which appears to be consistent with others of this nature, was the
lack of a discussion of the research instrument.

o6Brien, Wi lson, and Hawley (2009) discuss
and its impact on studet s . The AEvolution for Everyoneo c
University in the fall semester of 2009. The course was taught in a modular format that included
topics on economics, mating and dating, personality and strategies, and cultural ggycholo
When they could, the course included fAexperim
covered. The course was also designed around scientific methodologies, following a scientific
paper format. The instructors spent time in the first wéekass delineating betweerfactand
the teory of evolutiorms well as going over methodological approaches. The researchers tried
to ascertain the impact of the course by administeririgvatutionary Attitudes and Literacy

Surveyat the beginning anithe end of the semester.
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The assessment used six scales to assess belief systems, attitudes toward evolutionary
theory, and knowledge about scientific topics. The survey also included background information
on politics, religion, major, class level,caaxperience with courses teaching evolution during
high school. According to the findings, the average individual was receptive to evolution and
did not support creationism or intelligent de
school &perience with evolution was positively associated with factual understanding and
evolution relevance. Students studying physical sciences reported lower scores on the Relevance
scale than other individuals. Christians, Jews, and individuals scoringrinidjle liberalism
scale reported fewer social objections to evolution, although liberalism in Christians was found
to associate with more social objections. Factual understanding and Relevance increased after
the course and the initial factors influerggviews on evolution were not present at the end.

Higher levels of political activity were associated with higher scores in knowledge and attitudes.
Generally, students of all backgrounds benefited from the course, but liberalism in Christians
was assoaited with less growth in knowledge. Biology majors had a greater change in their
factual understanding than others, which may have been due to taking other biology courses.
Beliefs typically negatively associated with evolutionary theory were low tovsitérin the

course and did not change over the semester. This study could have been improved by including
interviews with students to determine if the survey actually matched their views on evolution and
religion.

A comparison between a secular colemd a religious college was carried out with the
goal of determining the relationship between academic level and acceptance of evolution by Paz
y-Mino and Espinosa (2009). Four hundred and seventy six students at Roger Williams

University served as thesearch population for the secular institution, while three hundred and
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fifty five students at Catholic Providence College was the population at the religious institution.
Students completed a sguestion survey that was administered approximatelyvieaks into

the semester at each school . The six questio
science classes, their understanding of intelligent design, their reaction to evolution, their

position on teaching human evolution, the inclusion ofigian in science exams, and their

willingness to discuss evolution.

Their findings included more biology majors at both colleges (64%) versus non majors at
the secular (42%) and religious (62%) supported teaching evolution exclusively in class. When
aked about intelligent design, secular biology majors (24%) were less likely to see it as an
alternative to evolution than other groups. A large percentage (76%) at both colleges accepted
an evolutionary explanation about the origin of life. The majafitstudents at both colleges
(86% for biology majors; 79% for nemajors) preferred to have science classes that discussed
human evolution. A much larger percentage of biology majors (66%) accepted evolution openly
and/or privately than nonmajors (46%d)he acceptance of evolution amongst biology majors
increased at both institutions as students moved from freshman to senior year. The authors
thought a possible explanation might be the increased exposure of evolutionary content in
biology classes.

This study was limited by the lack of discussion surrounding the study instrument. The
researchers did not describe how it was developed or whether it wategitat. They also did
not describe how individuals were selected for administration of the sun@ynformation was
provided about the site selection process, the courses in which it was administered, or the

modality in which the students were given the survey.
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Different curricular approaches in the instruction of evolution were the focus af, Heit
Cheet ham, Capes, and Jeanneds (2010) research
modul es to help improve the studentsd underst
the modules were designed to cover evolutionary condeptard Selection and Speciesd
Speciation In the Natural Selection module, students go on a virtual trip with Darwin around the
worl d, play a game called AFitness Fevero and
Students in the Species and Speciationutebbok at the meaning of the tespeciesexamine
the impact of geology of speciation, and explore two case studies.

The researchers examined the effectiveness of the online modules, as compared to
lectures, in the first semester of their ts@mesteintroductory biology course. All students
(N=283) were given a bioinventory test one week before, and one week after, three lectures on
speciation. After the posttest, students were divided randomly into three grigpirst group
completed the omle module, the second group received the material from the online module in
PDF form, and the third group was given a multipart homework question as well as one case
study in PDF form. After completing the assignments, the two modules were opened and
students could voluntarily complete them. The researchers replicated the study in the second
year with 186 students. Unlike the first year, however, students were not required to complete
the modules and grades were not assigned. The researchers ussubsietfata to determine
the students who completed the assignments.

In the first year of the study, all of the student groups had significant improvement from
pretest to post test. In all cases the scores were low on both tests, and the studgraidesiih
the class of 80% or higher accounted most of the improvement. Students in the interactive

module group with class grades less than 80% did better on the evolution questions and the third
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exam of the semester. A large percentage of these sy(@8&#t) voluntarily completed the

second module while only 11% of groups two and three completed the second online module.
The researchers found that the interactive nature of the online modules was better for students
than simply reading the informatiam PDF form. These students increased their exam scores by
approximately 10.5 points. In year two, the individuals who participated in the modules with
grades lower than 80% had an increase of about 4 points on the exam. The other groups
experienced deeases on their third exam. When comparing the data from year one and year
two, the researchers found that the voluntary nature of the assignments (as well of the lack of
grades) did not promote thorough and complete participation in the modules. ddrehess
acknowledge that the lack of value attributed to the modules may not have been helpful for the
students.

There are a number of issues with this research study. One of the major issues revolves
around how the researchers looked at the learnimg g& students on the third exam. Students
answered different (but similar) questions on the pretest and posttest, but these questions were
not reported in the study. The researchers compared a known assessment exam to questions that
had not been exanmed for content validity or reliability. Additionally, the researchers depended
on selfreported data concerning the use of the interactive modules. It is therefore difficult to
fully ascertain the impact of the online modules since we do not know howsnatents
actually used them or the tirfimme in which they used them.

Jakobi (2010) also examined the lack of understanding of evolution with college
freshmen in an introductory biology course. He asked the students to answer three questions: to
defineevolution; whether they agreed with the concept; and why they agreed or disagreed with

their definition. Over the course of five years the researcher collected 306 surveys from
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students. The student responses were divided into six cateéigorgsnismsadapt themselves

to their surroundingsorganisms go from simple to complex or advanchdnges occurred over

a long time apes to humansther, and less correct answers. About 42% of the students
provided a teleological response (organisms adapt #leessto their surroundings), 13%
identified organisms going from simple to complex forms, 15% said changes occurred over time,
7% said apes went to humans, 17.6% provided responses that were difficult to categorize or
lumped a number of items togetherdamly 5% of the students provided relatively correct
responses. Students who disagreed with their statements concerning evolution often stated
religious reasons, even though the professor had not asked for explanations. The researcher
identified termindogy, in particular the different meanings in different areas, as one possible
issue with understanding evolution.

Although Jakobi collected data over a number of years with a large population of
students, there were issues with the study. He cleamyspout the limitation of the research
studyi that he is not using a scientifically validated instrument. He does not adequately report if
any individuals were missing from the sample, or the grading framework-réwéereliability
was not establistaeor utilized in this case.

Misconceptions concerning evolution have not been limited to American students, as
Pazza, Penteado, and Kavalco (2010) discuss. The researchers interviewed 231 freshmen who
were attending classes in biological sciences, es@ences, and human sciences. Aten
guestion questionnaire about major issues in the field of evolution was used for the interviews.
The total average for the students was 48.8%, with highest average belonging to the biological
sciences group (58.7%).nAANOVA analysis showed a significant difference between

biological sciences and the other areas. On thquestion assessment, students had a number
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of difficulties with questions on natural selection and the source of variation. Students did not
appar to know about Athe role of random effect:
processeso (p.112).

This study was limited in that the assessment tool was not thoroughly discussed in terms
of its validity and reliability. Jakobi did natdicate if the instrument had been pitested prior
to the research study. A pretest/posttest model would have been appropriate to see if there were
changes as students progressed in their courses.

Pazy-Mino and Espinosa (2010), building on theirliearesearch, compared the views
about evolution, creationism, intelligent design, and religiosity of New England Faculty and
college students. Thirty five academic institutions in the New England area served as a sample,
with each state (Connecticut, Ma, Massachusetts, New Hampshire, Rhode Island, and
Vermont) providing two public secular colleges, two private secular colleges, and two religious
colleges. The researchers contacted 992 faculty members by email in two distinct groups
biology or biobgy-related faculty, and nehiology faculty. Two hundred and forty four faculty
members and six hundred and forty four students responded to an eleven question anonymous
and voluntary survey.

The survey included seven questions regarding participans\about evolution,
creationism, and intelligent design, two questions on how evolutionary processes work, and two
guestions about their personal convictions about human evolution and their religiosity. The
researchers found a number of differences betlee student and faculty responses. The vast
majority of faculty (96%) supported the exclusive teaching of evolution while 72% of students
supported the exclusive teaching of evolution. A very small percentage of faculty (4%)

supported equal time for thotopics, while 28% of students favored equal time. Almost all
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faculty members (92%) versus 52% of students held the view that intelligent design was not
scientific or relied on false claims or a religious doctrine such as creationism. Most of the
faculty and students (96%) preferred science classes that included evolutionary processes and
human evolution. Very few faculty members (3%) compared to 23% of students thought that
evolution and creationism were in harmony. Eighty two percent of facult$&¥dof students
thought that evolution is definitely true. Although most (92%) of the faculty and students
thought that evolution relies on common ancestry, 25% of the faculty and 33% of students did
not know that humans are apes. A surprisingly largebau of students (72%) and faculty
(30%) ascribed to a Lamarckian belief of the inheritance of acquired traits.

Epistemological beliefs, the nature of science, and conceptual change were recently the
focus of a study by Cho, Lankford, and Westcott (201)e researchers conducted their study
on a biological anthropology course between 2006 and 2007 at a Midwestern University. The
study involved a total of 133 students; 57 and 76 students in each semester. Students took three
assessments: thgpistemabgical Beliefs Inventor{Schraw, et al., 1995),ature of Science
(NOS) assessment created by pooling questions from two other surveys,lamikeastanding
Evolutionary Theorgurvey that the researchers developed using previous surveys on conceptual
change. Thé&pisemological Beliefs Inventoand theNOSsurvey were given at the start of the
semester, thelnderstanding Evolutionary Theosyrvey was given at beginning and the end of
the semester.

In regards to epistemological beliefs and NOS, thearehiers found that simple
knowledge beliefs were negatively correlated with the tentative aspects of the nature of science.
Additionally, they discovered a negative correlation between omniscient authority and both

tentative aspects of NOS and the sogitacal nature of scientific knowledge. The researchers
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also found that students were less likely to experience conceptual change if they believed in
fixed ability and that knowledge comes from authority. The researchers did not find a
relationship betwen NOS and conceptual change in evolution. The authors made the blanket
conclusion that immature epistemological beliefs are negatively correlated with tentativeness of
scientific knowledge. Students who also see knowledge as certain and coming fromiesith

are not likely to identify the influence of social and cultural contexts in science.

Unfortunately, this research study is plagued by a number of issues. These issues
particularly apply to the assessments used in the research study. Theessonassgs dealing
with NOS and evolutionary theory were constructed from existing surveys, and as such, any
prior validity or reliability for those measurements is not applicable. In addition, the researchers
did not report any of these values for the neednstructed measures. The instruments also
were not reported to have been pretested or examined previously in any fashion. The researchers
also did not report what questions were used from each of the surveys. They also failed to
describe the teachgrmethodologies and processes employed.

Moor e, Brooks, and Cotner (2011) explored
evolution was related to their religious beliefs and their high school biology courses. The
researchers surveyed 179 students in intraslydiiology courses before the start of classes at
the University of Minnesota. Students were asked about the evolution content of their high
school biology courses, and answered ten questions on evalelaed items and their religious
beliefs. Studets were asked to report their religious beliefs@sservativeliberal, middle of
the road ornonexistent The questions on evolution were from Kr@wledge of Evolution

Exam(KEE), which had previously been tested over several years.
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The results dmonstrated a number of interesting findings. For instance, 13% of students
said they were not taught either creationism or evolution in their high school classes, while 22%
said their high school biology courses included both topics. The majoritydeingsu(62%)
indicated that only evolution was taught, although a small minority (2.6%) reported being taught
only creationism. The researchers also found limited evolution knowledge amongst the college
students, with the mean score on the KEE being 53%henhighest subset 57%. Religious
views were highly variable amongst this population, 35% were liberal or progressive, 28% were
moderate, 28% were atheistic/agnostic/not religious, and about 10% were conservative. Students
only taught evolution in thehigh school biology courses scored on average 1.5 points higher on
the KEE than students who were taught neither
to be strongly correlated to their religious views and evolution content of their high school
biology courses. Conservative or modefiagtief students scored one point less on the KEE
than liberals/progressives or atheists/agnostics/nonreligious students.

This study was limited in a number of ways, one of which was identified by the
researchersThe researchers acknowledged the possi bl
the content of their high school biology courses. This may have been strengthened (although
making it more cumbersome and possibly impossible due to time restrains)lbyriglup with
their high schools concerning the content of the biology courses. A limitation ignored by the
researchers was that no explanation was given for the decision to split the religious beliefs into
the four categories, as opposed to having tinaestts report their religious affiliation and
religiosity.

Winslow, Staver, and Scharmann (2011) attempted to determine how Christian university

biology-related majors perceived the conflict between evolution and their religious beliefs. The
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research sidy took place at a Christian liberal arts university and involved current and recent
graduates of the college who were biolagglated majors. Each of the individuals had
completed an evolution course tigigins. Fifteen students participated in stady by
completing semstructured interviews, agvolution Attitudes Survernd by writing scholarly
papers. Two interviews were conducteone that examined faith, and the other examined the
perceived conflicts between evolution and personal rekgiimliefs. Interviews took place
about one week apart. The second interview also includdeivtiiation Attitudes Survey
Additionally, a scholarly paper was compl eted
41 codes were developed from firet two interviews.

Interview results showed that students fell into three main categormsg earth
creationismprogressive creationispandtheistic evolution The majority of participants (13 of
15) students were grouped into theistic evéution category at the time of the study. Only one
of the fifteen students did not accept evolution. Most of the participants had been raised to
believe in young earth creationism. Upon entering college most of the participants had
antievolutionviews,bu t hey came t o accept evolution as C
of the anxiety related to accepting evolution stemmed from the influence of their parents. Eight
of the participants had indicated that their parents had expressed a strong bedegionism
and that they were expected to share those beliefs. Many of the students were pressured by their
parents to reject evolution, and the antievolution rhetoric from their childhood continued while at
the university. At least five of the particita described heated arguments with their parents,
and many of the participants reported emotional stress.

When considering the participants6é views o

that the participants valued science as a way of knowihthky also trusted and were
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committed to their religious beliefs. These participants wanted a positive relationship between
these two items and expressed a desire for coexistence in a compatible fashion. Most of them
viewed science as separate, butnatting, domains, some viewed them as integrated, and none
of them viewed them as separated and isolated. Most of the participants accepted evolution as a
valid theory and accepted human evolution. They did so through a reconciliation process
betweenew | uti on and religion. The majority of pa
| earning about evolution in the context of th
participants accepted evolution through a long process that tooklsgamsa They identified
apprehension coming from the awareness of changes in their beliefs as well as how they would
defend their acceptance of evolution to their parents.

Four major factors helped individuals accept evolution, including: evideneedbirtion;
a nonliteral interpretation of the Bible; the belief that acceptance would not jeopardize their
salvation; and the Christian professor who served as a role model. This was a very small
population, with a particular focus on a certain univgr@nd student type. As a result it is very

difficult to generalize the findings from the study to the larger population.

Teacher understanding of evolution

As the source of knowledge in the classroom, the understanding that teachers exhibit
relatedtoevol uti onary theory can present both a hi
of this scientific theory. Teacher understanding will be examined here in relation to the study
typesi the initial studies are not survey dependent.

Scharmann and Hasr(1992) investigated how well secondary science teachers

understood the nature of science and accept the theory of evolution in the context of a 3 week
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NSFfunded institute. Nineteen teachers, 6 exclusively biology, 2 earth science, and 11 who

taught bol, served as research participants. During the first two weeks of the session, teachers

were fArequired to actively engage, both for ma
content information presented on both biological and geological tiemdsp . 378 ) . Teac he
al so asked to discuss the instructional activ

(p.378). The activities included field trips, lectures, question and answer sessions, small group
discussions, and inquiry activities.afa on the teachers was collected on the first and last day of
the institute. Th&lature of Science Scalkas used to address the ques
secondary science teachers understand the nat
(p.377).

The results indicated a significant increase in applied understanding of the nature of
science, but not philosophical understanding of the nature of science. Additionally there
appeared to be a significant increase in understanding and accepteanckitodn. A followup
workshop 8 months later included 9 of the original nineteen teachers, and found a slight decline
in most of the measures that were used in the original data collection. However, none of the
declines was statistically significanthe researchers found that the institute may also decrease
anxiety related teaching about evolution. Therefore, institutes that provide teachers with training
in instructional methods for the nature of science, inquiry, and evolution may prove effctive
modifying teacher understanding of evolutiothus impacting their students.

Zuzovsky (1994) examined a course that was
about the development of evolutionary thinking by analyzing their own explanationgtalse
phenomena involving evolutionary processes and comparing them to historical, scientific

explanations and to childrendés expl aeaati onso
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student teachers, many of whchool andsstidied theptepci al i z
of evolutiond (p.559). The student teachers
taught a topic on human evolution to sixth gr
The class was taught twice, with aboutiividuals each time. An introductory activity used
guestions from earlier studies, to which the student teachers answered in written form. Students
compared their responses to biology textbooks, and then identified and discussed discrepancies.
Interes i ngly fAmany of them who realized that the)
evolution either expressed embarrassment or w
identifying the student teacher s &sionsreldtedrtost and i
evolutionary theory. The third component of the course involved students assessing their initial
reports using a category system developed by the instructor. Student teachers identified the type
of argument they were aligned most clossith, followed by reflection on their responses,
discussing similarities between their preconceptions and milestones in the development of the
evolutionary concept. Students then read and prepared presentations based on studies related to
c hi | dr entdpsonsmThe student teachers conductedmggarch projects on
misconceptions regarding evolution, and then the study was replicated witfeéirsttudent
teachers.

The findings revealed that firgear and thireyear students were predomingntl
unchanged in giving Lamarckian explanations, with tyedr students showing only a small
decrease in Lamarckian conceptions. Students assessed their own ideas and those holding
ALamarckian ideas, in spitelpereivedilemselveeasucat i o
captives of some intuitive, strongly appealing folk ideas that reflect their belief system and that

are, as such, extremely resistant to changeo
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substanti al c h an g e shie repoged that €he was [@ositevexapdutahe at i on s ,
experience of the course. She also felt that using a constructivist learning approach that had
students considering their own beliefs, preconceptions, and views on science was an important

tool. A number of stdents expressed interest in the subject from the beginning of the course,

and found it valuable to identify their own ideas related to evolution and the scientific enterprise.
One issue with this course would have been to use the initial questionslasvaup survey to

see if views had changed as students entered th@nfeliteaching arena.

Even if teachers have extensive science backgrounds, they may still have limited views of
evolutionary processes. Cr «tivé teachers ia & sciance. 6 s ( 2
i nquiry environment found that participants i
understandings of evolutionary conceptso and
scientific i nqgui r yaspitdgxtensive 3clefce contehttbackgroondscandr r e d
experience in scientific research settings. Additionally, the researchers were alarmed at the
prospect that these advanced coll ege students
evolutionandesst han vi able notions of the nature of
2005). Pre and posttest results (based on Bishop & Anderson, 1990) show that the understanding
of students became more scientifibut only for one third of biology teaers and two thirds of
non-biology teachers. One limitation of this data is the small sample size. These future teachers
were involved with authentic learning contexts that involved elements of the nature of science
and inquiry. Teachers used a softevprogram to consider data, generate hypotheses, develop
alternative explanations, and evaluate scientific arguments. This research study stressed an
important theme in the evolution education literaiustudents need to be presented with

opportunitieghat will allow them to identify and evaluate their prior conceptions.
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Oliveria, Cook, and Buck (2011) conducted a research study dealing with how evolution
was framed in the context of projdzased curriculum. The research study focus was a ninth
grade section of an integrated Biology Literature class at a large high school. Forty six students
participated in the study as well as a fystr biology teacher; the class was on block
scheduling. The evolution unit had been designed by the teachireagohl was to have
students research the evidence for and against evolution. Students started the class by
participating in three whole class discussions that provided them with information about
evolution and the evolution debate. Students then wlavkeheir projects in small groups of
three, these projects focused on examining different lines of evidence related to evolution,
teaching about evolution in schools, and the age of the earth. Students also read lihieepibok
the Wind

The reseaftters found that the teacher focused on creating a positive social environment
rather than on conceptual change. The teacher promoted a less authoritative social structure
during the discussion. The teacher was less authoritative and less imposing alimgrvdth
more controversial parts of the discussion. When the teacher discussed microevolution, he
shifted to a more authoritative stance, while with macroevolution he shifted to a less
authoritative stance. During these discussions he used moreveel@aguage and appeared to
remain neutral or distanced himself from ideas. When talking about the requirements for
teaching evolution the teacher framed evolution as partially obligatory and partially voluntary in
nature. The teacher also created aenaitly humorous mood during discussions about
evolution. The teacher had strong orientation to nature of science ideas while a weaker
orientation to historical figures. The teacher was focused on politeness rather than standard

concepts and for the mgsart maintained a neauthoritative social structure. This study was
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limited in the fact that it focused on a small number of students in a classroom that had a new

teacher. As such, the findings might not be generalizable to other settings.

Surveybased research of teacher understanding of evolution

Teacher understanding of evolutionary theory has predominantly come from surveys
administered to current teachers and preservice teachers. While the surveys over the years have
supported some consistehemes, they still rely on seléport data and are limited in their use
of open or short answer responses to flesh out the information gleaned from the surveys.
Qualitative research methods coupled with quantitative surveys would have strengthened these
results. These studies are presented here because they share the survey as the main method of
data collection.

Van Koevering and Stiehl (1989) examined evolution and creation among Wisconsin
biology teachers. The researchers used a stratified safripkcbers and sought to get 10% of
teachers in each sample area. A total of 146 questionnaires were returned after contact by mail
or at a national convention. The questionnai
teaching evolution, thewriews on how evolution was covered in textbooks, how important the
evolution debate was to them, and how they taught about the origin of life.

About one fifth of the teachers had been asked by individuals in their community to
change how they taught@ution. The majority of teachers did not support thexgphasizing
of evolution in biology textbooks. Most teachers indicated that the coverage of evolution in a
textbook would not impact how they taught evolution. A large percentage of the tedsbers a
opposed a |l aw giving equal treatment to evolu

responding to this questionnaire actually committed themselves to promoting either evolution or
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creation as the only explanation that is supported bytseeevidence; only four percent favor
creation. o This study was | imited by the pop
lack of discussion of piletesting of the survey. The validity and the reliability of the instrument

were not repo&d.

South Dakota teachers served as the focus
teaching of evolution and creationism. The researcher surveyed high school school teachers to
determine whether they believed in evolution, whether they wersysegsto teach either
creationism or evolution, whether they viewed religion and creationism as equal, whether
religion was acceptable in public schools, and what amount of their course they devoted to
teaching evolution/creationism. A-28m questionnae was mailed to teachers at each of the
200 high schools in South Dakota. Biology teachers were asked to fill out and return the item.

A total of 99 teachers completed the surveys from 93 high schools.

The majority of courses (72.7%) included evaluatiwhile some courses (16.3%)
included creationism. When evolution was taught, teachers spent an average of 5.3 class periods
on the topic; when creationism was taught teachers spent 3.0 class periods on the topic. The
majority of teachers (80.6%) wesatisfied with the coverage of evolution in their textbooks,
while only 49.6% indicated satisfaction with creationism. A little more than 11% of the teachers
indicated they had been pressured not to teach evolution and about 9% of the teachers had been
pressured to teach creationism. About 40% of the teachers felt that introducing creationism
brought religion into the classroom. When asked about their acceptance of the modern theory of
evolution, 73% indicated a belief in evolution, while 86% felt momrgists accepted it. When
considering the validity of theories, 75% of teachers thought that the theory of evolution was

scientifically valid, while 34.3% of teachers thought creationism was scientifically valid. A large
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percentage of teachers (39%)tight creationism should be taught in public schools. Finally, a
large number of teachers did not appear to understand evolution, since 27% identified it as
Apurposeful strivingo (p.278). I n a similar
not adequately discussed. The development of the instrument (including pilot testing, content
validity, and reliability) was not reported.

The role of pseudoscientific beliefs was explored with high school biology and life
science teachers by Eve dbdnn (1990). The researchers used names frofNdhienal
Science Teachers Associatidatta to identify a random sample of 387 teachers. These teachers
were sent a questionnaire that included demographic information and their opinions on a range of
psewoscientific beliefs. The items also tried to determine the likelihood that they presented the
material in class and if they were pressured by any individuals concerning teaching topics. The
final results included a sample of 149 teachers.

The researche found that teachers have many pseudoscientific beliefs. One major
finding was that many (30%) portrayed a view that isagled as Biblical literalism ithat their
expressed views adhered to Biblical literature. Eleven of the items were colleptaedy in
this group due to the number of responses. Twenty seven percent of the teachers saw the Bible
as the authoritative and reliable source on scientific issues, like the age of the earth and origin of
life. A large group (19%) believed that humamsl dinosaurs existed at the same time. Forty
five percent of the teachers supported creationism, and 30% of the teachers would teach only
creationism if they had to choose between that and evolution. A large percentage (39%) of
teachers indicated thewneere problems with the theory of evolution which cast doubt on its
validity. Other norBiblical pseudoscientific beliefs included the view that individuals could

communicate with the dead, people can predict the future with psychic powers, and that
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astrobogy predicts an i ndividual 6s de s t-althoyugh A du
there were high numbers of teachers with pseudoscientific beliefs, there were also many teachers
who indicated strong disbelief in the items.

The researchers didndiscuss how the instrument was developed, whether it was pilot
tested, or the extent to which it was assessed for content validity and reliability. The population
size was also relatively small (149) when considering the type of instrument usecde{g.surv

Osif (1997) surveyed Pennsylvania high school teachers to examine the relationship
between evolution and religious beliefs. An 84 question survey was used that included 24
guestions from th€hristian Orthodoxy ScajJeand 14 statements were writtend m bel i ef s #
by the National Association for Evangelical o
21 schools that agreed to participate. Eighty seven responses were gained from surveys sent to
132 teachers. The sample study population dediuEnglish and science teachers. When asked
if the theory of evolution is central to the study of biology, 66.7% of English teachers and 68.4%
of science teachers agreed. On a discouraging note, 14% of English teachers disagreed with the
statement, asid 22% of science teachers. In all, about one third of teachers indicated that
evolution was not central to the study of biology. No significant difference was found when
teachers were asked if creation science should be taught in the public schpabirfsily,
teacher views do not appear to change depending on the study of biology. The author suggested
a need to include the study of the philosophy and methodology of science in teacher education.

A number of issues related to this study includedrmédion regarding the sampling
methodology used, the actual survey instrument was not included, and the survey instrument did

not appear to be pildested or measured for validity and reliability.
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Aguillard (1999) also examined teacher attitudes relateyolution and creationism. In
this survey, Louisiana biology teachers reported a slightly higher indication (84%), that the
theory of evolution has a valid scientific foundation. Selected interviews with 18 teachers
showed that 61% of responders betié\that evolution had a valid scientific foundation. Forty
three percent of teachers indicating that evolution was scientifically valid allocated more than
five class periods to evolutionary theory. A correlation was found between teacher belief related
to the scientific validity of evolution, emphasis on evolution instruction, and belief regarding
evolution as appropriate. In relation to training, 62% of survey respondents agreed that academic
training was adequate for teaching evolution, while 27%catdd that academic training was
inadequate. However, only 22% of interview subjects reported adequate training, with 78%
inadequate. Somewhat discouraging was that 52% of respondents agreed that all Louisiana
students were capable of understanding therthof evolution. Thirty five percent of teachers
also reported some time devoted to creationism (between less than 30 minutes and more than 60
minutes). An important additional finding was the relationship between emphasis placed on
evolution and collge semester hours in biology and college courses dealing specifically with
evolutionary theory. Teachers who have more experience with evolutionary theory are more
comfortable teaching it and feel that it is more important to biology (unifying theme).

Understanding nature of science may have an influence of understanding evolution.
Rutledge and Warden (2000) examined the relationships between teacher understanding of the
nature of science and acceptance of evolutionary theory through survey instrigoeivesor
from 552 Indiana public high school biology teachers. Some disheartening results were
identified- teachers only had a moderate understanding of evolutionary theory, with teachers

answering correctly on only 71% of items. Teachers also had aatedsvel of understanding
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of the nature of science, with only 70% of teachers answering all eight items correctly.
Significant relationships were found between teacher acceptance of evolutionary theory and both
teacher understanding of evolutionary ttyeand teacher understanding of the nature of science.
Teacher acceptance of evolutionary theory was directly related to teacher understanding of the
nature of science (r=.76). At least one fifth of the teachers were undecided about or did not
accept tb scientific validity of evolutionary theory, that life in general, particularly humans, is
the result of evolutionary processes, that evolution is supported by available evidence.

Rutledge and Mitchell (2002) extended the work of the eastiety by Rutledge and
Warden (2000) by including concept maps with surveys of Indiana public high school biology
teachers. Itis not clear, nor is it indicated in the study, whether this data was collected at the
same time as the earlier studgince tle same number of teachers were reported to have
participated in the survey. About half (235) of the teachers completed concept maps. Based on
their concept map construction, the teachers were differentiated and categonaed as
acceptanceundecidedor acceptance The noracceptance group, supporting other research
related to evolution education, depicted evol
24). The undecided group had similar descriptions, while the acceptance group conutezhly n
evoluti omugpypoa tfewelslci enti fic explanationo (p.
theme throughout the literature. Survey data revealed that 80% of teachers who had a course in
the nature of science accepted evolutionary theory, vé@$saccepting evolution that did not
have a course in nature of science. Acceptance of evolution occurred in 80% of teachers who
had taken a course in evolution and 61% those who had not taken a course in evolution. Despite
the apparent importance okffe courses to acceptance of evolution, only 31% of the

respondents indicated that they had taken a specific course in evolution with only 33% taking a
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course in the nature/philosophy of science. While taking a course in evolution is not necessary

to tead the theory and processes involved, it appears to definitely influence understanding and
acceptance by teachers. Of great concern to science educators was the finding that 43% of the
teachers fiavoid or only briestgoménf{po@5vol W
aversion can be traced to a number of factors, a major one being religious beliefs.

Religious beliefs continue to be a stumbling block for instructors when they are teaching
about evolution. I n Tr aoclogydeachérs le@odndthatur vey of
Ateachers with extreme rel i gi ocdewsationbelawithet i ons
mean on their acceptance of evolutionary theory, and more than two standard deviations below
the mean on their understandingobdvut i on and the nature of scie
noted that 16% of Oregon biology teachers fido
do not understand evolution, and have strong
researchr believed that while these teachers might reject evolution based on their religious
convictions, they fAimay state that they reject
their rejection of the evolutionary theory appears to be relate@itdalck of understanding the
theory itself and their | ack of understanding
own research endeavor of teaching evolution using explicit instruction in the nature of science
and inquirybased methods.

Weld and McNew (2004) surveyed 224 life science teachers in Oklahoma to identify
aspects of their backgrounds that might influence teaching evolution and their feelings on
evolution, creationism, and standards. Seventy four percent of the respondents petpaetd
to teach evolution, yet only 57% viewed evolution as a unifying theme in biology (p.52). Sadly,

about 25% of the teachers placed fAmoderate or
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classrooms, and 48% fagr echsaentificeviderwenfgy|l v agr ee
creationismo (p.52). This emphasis on creat.
remains an issue that needs to be addressed. As has already been discussed, teachers who better
understand the nature of sciencelass likely to emphasize creationism.

Moore and Kraemer (2005) asked Minnesota biology teachers to answer a variety of
guestions about evolution education in public schools. Nioegésteachers participated in the
survey in 2003. Results of the seywvere compared to findings gleaned from a similar survey
in 1994. Confirming again the difficulty that some teachers have related to the nature of science,
onef ourth of teachers believed that fAcreationi :
beleve[ d] that evolution is not a scientifical!l
evolutionary theory was also exhibited, as teachers who reported pressure to avoid teaching
evolution increased from 19% to 48% from 1995 to 2003. Most opthssure was identified
as coming from parents of students. Giving teachers the necessary set of skills and content
background is extremely important to achieve student understanding of the theory of evolution
but training does not always guarantes toal.

Deniz, Donnelly, and Yilmaz (2008) investigated the factors that impacted the acceptance
of evolutionary theory among Turkish biology teachers. The researchers collected data from 132
Turkish preservice biology teachers from a university in westaerkey who were enrolled in a
bi ol ogy education program. Studentsd under st
evolutionary theory, epistemological beliefs, and thinking dispositions were all measured.
Understanding of evolutionary theory wasasured using an instrument that was modified from
Rutledge and Warden (2000). Acceptance of evolution was measured using the MATE, and

epistemological beliefs were assessed usingiteB8questionnaire developed by Wood and
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Kardash (2002). Finally, thking dispositions were determined by usingAlcévelyOpen
Minded Thinking AOT) scale (Stanovich and West, 1997).

The researchers found a significant positive correlation between knowledge of evolution
and acceptance of evolution. FurthermoregaiBtant positive correlation was found between
parentsd education | evel and an individual 6s
the variance in the acceptance of the theory of evolution was accounted for. They were able to
find that understnding of evolution was related to acceptance of the theory. Students who were
more operminded were more likely to accept evolution, which was consistent with Sinatra et al.
(2001). Also consistent with Sinatra et al. (2001), a relationship betweéenepisgical belief
and acceptance of evolution was not found.

A large percentage of students did appear to support evolution as a scientifically valid
theory. On the MATE, the mean was a 50.95, which fell between a score of 20 (flat rejection)
and 80 (ghest degree of support). Although understanding of evolution increased with the
number of years in the biology program, acceptance was not related with the number of years in
the program. In terms of understanding, students answered less than alfjoéstions
correctly with a mean of 9.29.

Ha, Haury, and Nehm (2012) recently explored the connection between knowledge and
acceptance of evolution. In particular, the researchers examined what theyeeditedof
certainty, as well as the relatiships between religion, education level, knowledge, feeling of
certainty and level of acceptance of evolutionary theory. The research study involved 124
preservice biology teachers at two universities in South Korea.

Level of education was determinedthy year in college in which they were in and

students were asked to s&léntify their religion. Evolution knowledge and acceptance were
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measured, as well as feeling of certainty. Evolution knowledge was measured using the

Conceptual Inventory of Natak Selectioras well as th©pen Response Instruméhat was

modi fied from Bishop and Andersonds (1990) te
Students also took the MATE (Measure of Acceptance of Evolutionary Theory) to establish their
acceptancef evolutionary theory. Finally, the researchers administered FOC (Feeling of

Certainty) items that they drew of from prior medical research.

Scores from the CINS were comparable to other populations that have participated in this
assessment as well e ORI scores. The MATE scores for the-peevice biology teachers
were slightly lower when compared to American biology teachers, although standard deviations
of the participants were less than those populations of study. There was a significeenagiffe
in knowledge about evolution across education levels, but no difference in knowledge among
religions. The researchers found that thyedr teachers had higher MATE scores regardless of
religion, while Protestant teachers had the lowest scores eamepared to other religions.

The researchers used multiple regression analysis to determine the explanatory power of
the variables included. With FOC there was a significant increase in the amount of explained
variance in acceptance of evolutionaryahe FOC was also related to level of acceptance while
knowledge level was not related to the level of acceptance.

One of the serious limitations of this research study was a general lack of discussion of
FOC item assessment. The researchers did sotide who developed the assessment, how it
was developed, the content validity and reliability, or the degree oftpgtihg prior to the
research study. The researchers briefly indi

thoseusedintei pri or medi cal worko (p. 104). Thi s i
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study. Additionally, they used part of tlgen Response Instrumgas opposed to the whole
assessment.

Many of the studies concerning student and teacher understarfidinglution are
discouraging due to the lack of understanding of evolution, as well as science in general.
However, a connection between oneds ability t
evaluated and generated and understanding of evolutionrapgpexist. Instruction that

bol sters one6s understanding of science may r

Nature of Science

What is the nature of scienc0S?

Scientific endeavors are an esnpthuganr al part
understanding of science is often stressed as an educational goal by scientific organizations and
policy documents (American Association for the Advancement of Science [AAAS], 1989;

National Research Council [NRC], 1996). A general understgnafiscience, or scientific

literacy, is part of the National Science Education Standards (NSES) here in the United States
(NRC, 1996) . Before the devel opment of the N
scientific literacy inScience For All Anericang( 1 98 9 ) . Scientific |itera
understanding of scientific concepts and processes required for personal decision making,
participation in civic and cultural affairs,

One of the mjor components of the science education standards, as well as scientific
literacy, is an understanding of the history and nature of science (Driver, 1996). Why should the

nature of science be understood by the public? Driver (1996) indicated five atgdarehe
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importance of learning about the nature of sciendditarian, democratic, cultural, moral, and
science learning (Lederman, 2006). Learning about, as well as understanding, the nature of
science will allow individuals to: make sense of sceeand manage it as they encounter it; make
sense of socioscientific issues and participate in decision making process; help individuals
appreciate science as a major element of contemporary culture; develop an awareness of
practices of the scientific camunity and the moral commitments; and successfully learn science
content. The arguments in favor of an understanding of the nature of science beg the-question
what is the nature of science?

According to Lederman (1992), the nature of science is usedieioto the epistemology
of science, science asvay of knowingor the values and beliefs inherent in the development of
scientific knowledge. The nature of science, or NOS as it is often abbreviated in the literature,

has been the subject of intemesearch in science education. This research embodies four major

areas as described by Lederman (1992). These
of science; the analysis of methods wused to i
scemce; teachersd understandings of the nature
conceptions, classroom practice, and students

The importance of the teacher to student learning cannot be overemphasizachelfste
lack an adequate understanding of the subject they teach, then our students will be negatively
affected. Research involving teachers understandings of science has consistently indicated that
most teachers have naive, uninformed, or simplistic vahise process of science (e.g. ABH
Khalick, et al., 1998; AbdI-Khalick, 2001; AbdEIl-Khalick & BouJaoude, 1997; Akerson,
Abd-el-khalick, & Lederman, 2000; Craven, 2002; Irez, 2006; Kang, 2007; Lederman, 1992;

Lederman, 1999; Mellado, 1997; MurciaShibeci, 1999; Tsai, 2002; Wateksams, 2006).
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A common characterization of science espoused by research participants is the discovery of
truths or science as a body of facts. This is a naive understanding, but one which may be
explained from a persohepistemology standpoint. College students are often found at the

initial levels of these developmental models that view knowledge in absolute terms. Authority
figures (such as teachers, professors, and scientists) are the caretakers and conveyors of th
knowledge. Progressing to more advanced epistemological standpoints may not have occurred
in teachers (especially those not yet engaged in the teacher field), thus simplistic views of

knowledge may exist.

Personal epistemologgnd NOS

Epistemology s most often defined as the study of
(Steup, 2006) Each individual evaluates knowledge in a different manner and each has a
personal epistemologywWhen we are considering the epistemologies of individuals, we may
conceptualize personal epistemology in a number of ways. The largest body of research
indicates a Apatterned sequence of devel opmen
knowi ngo ( H®5b)eThese rAdddlsbf pergonal epistemology may be ttaced
Perryds (1970) wo rUsingmaChedklistofdEbulcationad Vatueeunitially t s .
interviewed 313 first year students, with follays interviews conducted with 31 students. From
these interviews, Perry identified a pattern of how sttede@ewed their world. Longitudinal
studies in the following two years were condu
intellectual and ethical development involves nine positions that can be grouped into four main

categories: dualism; multiplity; relativism; and commitment with relativism (Hofer and
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Pintrich, 1997) . One critigqgue of Perryods wor
development and student learning.

An understanding of the developmental stages/schemes is daticaiderstanding how
individuals view science and scientific knowledge generation. It may also be helpful in
explaining the consistent thembésrsbaundesséanao
NOS. The initial (and later) stages of e@stological development of Perry (197Bglenky,

Clinchy, Goldbergerand Tarulg1986), Bater-Magolda (1992), King and Kitchener (1994),

and West (2004) share common patterns in how individuals viewl&dge: At the beginning

stagesmost irdividuals ae absolutist things are rightorwrong t r ut hs are to be
Perryds dual i sm, Bel enk yMaegto | adla.86ss arbescod iuvteed kknno
Kitchene-20s asta jve-absolute, are telatigety sithilar in the vieofs

knowledge. Based on these stages, it is little wonder that students and teachers often

characterize science as a body of facts or truths, rather than as a tentativeicobswer

stages often view knowledge @ispensed by authoriti@swhich further compounds the issues in
understanding NOS.

The relationship between personal epistemology and NOS may be addressed from the
standpoint of the way in which knowledge is viewed. There are a number of elements that the
various personal epistemology ned&l generally have in common. In regards to the nature of
knowl edge, individuals progress from a view o0
then to a contextual, constructivist stanceo
knowledge appears to move from lower levels where absolute truth exists to higher levels where
knowledge is tentative and evolving (Hofer and Pintrich, 1997). Furthermore, views of

knowledge as facts, concrete, and discrete occur at the lower level gnesprim views of
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knowledge as relative, contingent, and contextual. When considering the source of knowledge,
lower levels consider knowledge as residing in an external authority that may transmit the
information, while the higher levels begin to constnmeanings. Finally, justification of
knowledge and knowing also changes from lower levels to higher levels. Individuals move from
dualistic beliefs, to acceptance of multiple views, to finally reasoned justified beliefs.

If we examine the various teiseof NOS we can see the direct relationship to these
shared elements in personal epistemology. Lederman (1992) described seven key aspects of
science which included:

1. The distinction between observation and inference.

2. The distinction between scientifiaws and theories.

3. All scientific knowledge is, at least partiallyased on and/or derived from
observations of the natural world.

4. Although scientific knowledge is empirically based, it neverthefessves human
imagination and creativity.

5. Scientificknowledge is at least partially subjective.

6. ltis socially and culturally embedded.

7. Scientific knowledge is subject to change.

In particular, the NOS tenet numbers three to seven seem to have the strongest interaction
with personal epistemology. The ta@nty of knowledge changing at higher stages to a view of
tentativeness is directly related to scientific knowledge being subject to change. A change of
view of knowledge from concrete to relative, contingent, and contextual is reflected in a number
of dements of NOS that involve creativity, subjectivity, and social/cultural elements. The tenets
of NOS also portray knowledge as constructed rather than from an authority figure. Reasoned
justified beliefs are not as thoroughly explored in the tenetghbwgmpirical basis of knowledge
and focus on observations support this aspect of personal epistemology. Justification of
knowledge continues to be more and more of a focus in frameworks related to science education.
The focus on evidence for justifyirsgientific claims is an integral part of new policy documents

in educational settings. Changing personal epistemology could have a direct impact on the
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epistemology of science and vice veirsas we explore how scientific knowledge is generated in
scete classes it could change an individual 6s
Oneds views about knowledge as they enter cl a
about science.

As previously indicated,raunderstanding/view of NOS méayg influenced by the
personal epistemology of individuals. One of the epistemological concerns in understanding the
nature of personal epistemology is whether it relates to a partiis&pline and context. Early
personal epistemology researchlzas u med t hat an individual 6s vi e
knowing are general and stretch across various domains (Hofer, 2008) of the research
studies of the last decade have focused on discippeeific issues related to personal
epistemology.Hofer (2M0) explored the dimensionality and disciplinary differencesenrsonal
epistemology of firsiear college students enrolled in a psychology course. Her findings
indicated that there igvidenceo fan @nderlying dimensionality to epistemological beltest
cuts across disciplinary domains, but those students do hold difégristgmological beliefs
about oOddwah pdd nesibence and psychologyo (p.40C¢C
and psychology, students saw knowledge as more certaimahdnging in science than in
psychology, were more likely to regard personal knowledge and firsthand experience as a basis
for justification of knowing in psychology rather than in science, viewed authority more in
science than psychologgelieved thatruth is more attainable by experts in science than
psychology (p.394). I n addition, the student
the natural sciences were more likely than those majoring in social sciences to view truth as
attainable. Tis, however, should notlleonsi der ed t o nimjerfield ofrstady-ul t o f

but rather may be a sedtlect aspect of individuals who enter these majors.
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Individuals in the United States do not demonstrate an understanding of how scientific
knowledge is generated. According to Sueence andengineeringlndicators(National Science
BoardNSB],2012), fnN42% of Americans exhibit an wunde
up from 36%0. When asked direwdakloplyl¥bofut how s
Americans understood what it means to study samg#tientifically in 2010 (NSB2012).
Regardless of which of these two values you consider, the bulk of Americans do not appear to
know how science is conducted. In addition, Americmaot understand scientific
experiments and controlleriables. As reported in tlf8&cience and Engineeringdicators
only 12% of Americans correctly answered all questions on a topic on experiarehtdmost
20% did not respond correctly to anytbém (N3B, 2012). This particular view may be the
result of the use of experiments and evidence in science classraéihmugh numerous policy
documents continue to advocate an increased focus on evidence and justification in science
classroomgsthe urfortunate state is that students are not engaged in these activities.

The use of evidence to support findings is critical to the generation of scientific
knowledge. Unfortunate)ystudents do not get an accurate picture of science in the majority of
their science classes. This stems from the reliance on verification \erdy students are not
challenged to develop ideas based on evidence. Instead, students are often reporéagdyan alr
known value or conclusigmence thenonikerverification labs The new k12 frameworks
strengthen the focus on students g@nga in scientific practiceshereby learning how scientific
knowledge is constructed. Resier (2012) argues students need to engage in and reflect on
scientific practices to learn how the sciBatcommunity develops knowledge. Students need to
investigate their own questions and work with these practices to come to an understanding of

how scientific knowledge is generated. By participating in investigations of questions they
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create, studentsan make sense of how scientists work as opposed to simply confirming
something in a textbook or lab manual. If these situations are not created in science classrooms
then students will not be able to challenge their current epistemic frameworksnoogdtee
development of science and scientific knowledge.

In Taking Science to Scho@uschl (2007) investigates a variety of elements related to
student understanding of science and how scientific knowledge is created &8 thedfs. This
document isppropriate to use sincaégain one of our goals in science education is to help
create a scientifically literate populace. The pursuit of scientific literacy obviously begins in
elementary school and continues through high school and college. DW@3h) ((@icated a
number of ways that students learn science by:

Actively engaging in the practices of scienneluding conducting
investigations; sharing ideas with peers; specialized ways of talking and
writing; mechanical, mathematical, amdmputerbased modeling; and
development of representations of phenomena.

These classroom practices have a direct impact on how students learn science and could affect an

individual 6s personal epistemology.

Research on student assromnpacticese mol ogi es
Smith and Wenk (2006) investigated the relationships between three aspectsyeffirst
coll ege studentsdé epistemol ogies of science.
liberal arts college, and half from a large university,entbe participants in the study. The
freshmen were interviewed during the beginnin
hypot hesis was that the freshmen would have a

and evidence, butwouldnbtave made a deeper differentiati on
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hypot heses wherein theories are seen as expl a
753).

Studentsdé epistemol ogies of scienceAwere i
modi fied NOS interview examined aspects of a
hypotheses. Another assessment provided provocative statements to students concerning the
certainty of knowledge to det guhmThaefeala st udent
assessment presented students with a controversy and asked them to reason about it.

The researchers found that very few college freshmen understood that theories serve as a
larger framework that help in the formation of testable hygse#s. Only 23% of the students
thought that theories could influence hypotheses that scientists were testing. The majority of
students thought that theories and laws were equivalent, that hypotheses lead to theories (but not
in the reverse direction)y they misunderstood the question. The researchers determined that
students do not view theories as the frameworks that drive all components of scientific inquiry.

When asked about the certainty of knowledge, 34% of students thought that science has
the right answers to all questions, 23% of students thought science has the right answers to some
guestions with other questions unanswerable, and 43% thought scientific knowledge is uncertain.
The researchers also found that all three measures of episggrabLinderstanding were
intercorrelated. An individual 6s ability to
their view of uncertainty in science and their reasoning ability about specific controversies.

This research study was limitedthe aspect of the small population size as well as the
lack of detail about the studeritsuch as their demographic information and majors (they allude

to some being science majors and-nwegors).
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Havdala and Ashkenazi (2007) examined the effeepaftemological theories on
students6é | aboratory practices. The authors
science differently will employ different approaches when they examine theories and empirical
evidence from labs. A total of 25 underduate chemistry students served as the population of
study. Students were selected after an analysis of their lab reports and their work in lab.

Students were interviewed during the second semester of their freshman year. During the
interviews, student&ere asked to describe their views of science, the relationship between
educational experiments and real science, and their approach toward work in lab and writing of
labs. Three students, who had very different views of the connection between theory and
evidence, were identified for a deeper analysis. Lab reports were also examined to see how
theory was coordinated with experimental results. Analysis of the lab reports took place
separately from the interviews.

The researchers identified a number iffiedences between how the students viewed
science. These categories included: the basic component of knowledge in science; the purpose
of scientific work; accuracy in science; the role of mathematics in science; and the way science is
reflectedinthetsudent sé6 | ab (p. 1141). Students wer e
from their interview responses. Daphne, a st
empiricist view of science. Ted, who was focused on the mathematical aspects of saet@ace, h
rationalistoriented view of science. Robert, who focused on the subjective component of
science, had a constructivstiented view. Daphne, with her focus on experiments as real
science, approached the lab by considering the theory and expelipnentaure as a list of

facts with equal footing. Ted focused on laws and formulas that he had been taught in other
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courses. Robert regarded knowledge as uncertain and considered the context of the experiments
in relationship with the theoretical commans.

The researchers found a relationship betwe
their laboratory experiences. The constructivist student was able to coordinate between the
theory and experimentation components of the lab, but the othatudents could not do so.
Their overconfidence in one area led them to an oversimplification of scientific knowledge. They
ended up distrusting the uncertain components, instead of trying to coordinate the two areas.

The way that the students approacttegllab and how they worked on the lab were both
influenced by the studentsd epistemol ogical t
The main limitation of this study was the population of students used for research. The
researchers clhppeasteuddemt puwhefidort into thei

population may not be representative of other students. Additionally, only three students
actually served as part of the full analysis, as opposed to the 25 who initially started.
Trautwen and Ludtke (2007) attempted to discern the role of academic environment on
predicting global and topispecific beliefs. The researchers identified tegpecific beliefs as
those epistemological beliefs that might vary across theories. They focutesl aertainty of
knowledge and that students who believed in certain knowledge would believe that scientific
theories are certain or true. The attempt was made to discern if different views of knowledge
existed in different fields of study.
They utilized standar&pistemological Belief Questionnaitems that they tailored to
the topic level. The researchers modified epistemological belief items to relate to specific

scientific theories. They also usedta &adddrces
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the certainty issue (p. 914). Two studies took place, one with secondary students and one with
college students (which was a replication of the first study).

A total of 662 secondary students in a German school participated in theufinst $he
guestionnaire was administered in their regular school classes and was part of a larger study
about studentsd future st ugpistemplogealBelefs The st ud
Questionnaireand a topiespecificEpistemological Beliefs Quisnnaireon the certainty of
knowledge. Two hundred and eleven college students participated in the second study. The only
variation in the study instrument involved providing students with ten theories on the topic
specific certainty items.

For thefirst study, the researchers found that there was a moderate overlap in certainty
beliefs concerning the different theories. However, this was a lower association than that usually
found in other research studies. They found higher certainty beligtsdenss at an economics
gymnasium than at a traditional gymnasium. There was a negative relationship between
certainty beliefs and school achievement. They also discovered a significant association between
the different belief types (global and togipeific). Finally, students who reported being more
familiar with a theory had a stronger belief in the certainty of that theory.

For the second study, there also was a moderate correlation between tispeaiic
certainty bel i ewasa strongpredidtonal global deaintynlzejiets,with those
individuals in fields like engineering, mathematics, and natural sciences reporting higher
certainty beliefs. Major was a lower predictor for teppecific certainty beliefs. There was a
significant negative relationship between academic achievement and topic specific beliefs.

Similar to study one, the researchers found a positive relationship between global and topic
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specific certainty beliefs. As with study one, students who were muoikaiawith a theory had
a stronger belief in the theory.

This study could have been strengthened in a number of ways. The study does not
clearly indicate when the research instruments were administered for both groups. Interviews
with small groups oftsidents could have taken place to further confirm the views held by the
student groups (only questionnaires were administered).

The interplay between scientific reasoning ability and epistemological commitments of
students was investigated by Zeineddid &bd El-Khalick (2010). They found that both prior
knowledge and epistemological commitments were positively related to the quality of scientific
reasoning. When they controlled for prior knowledge, the researchers discovered a positive
relationship baveen epistemological commitment (appreciation for the role of evidence in
relation to theories) and the quality of reasoning. By focusing on the evaluation of evidence and
its relationship to scientific theories in science classrooms, we may be abjgroveé an
individual 6s reasoning ability.

While paticipating in an investigationich classroomthird-grade students described
science as an fnactive endeavor involving test
about how science knowledgedeneratedstudents actually drew upon investigations for those
explanations. However, students focused on tests for partmufposeshus demonstrating a
narrow understanding of testing icience. Kittleson also connectegsearch on epistemologica
belief s and (ZWO73dederiptios of student proficiency in scienégain, certain
interactions in science classrooms may allow students to develop new views on the nature of
scientific knowledge and knowledge in general. Science educationtbbtes students in

science practices may allow them to develop their reasoning abilities.
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A recent study by Liu, Lin and Tsai (2011) identified a relationship between beliefs about
scientific knowledge and the socioscientific decismaking processAlthough other
researchers have critiqued the tentative aspects of NOS, the researchers demonstrated a link
bet ween a studentsod beliefs about the tentat:i
making process. College students were asked to explayetroversial issue of environmental
management and then completed two instrumienat25item Scientific Epistemological Views
survey and a decisiemaking instrument. The researchers found that individuals who had
tentative beliefs were more likelg tonsider the multiple aspects of the issue and to question

authorities on the knowledge.

T e a c trem@stesyd@logy and understandings of NOS

The personal epistemology of teachers may have a direct impact on how they teach and
the topics that they teaclit NOS is a part of science education policy documents and teachers
do not recognize or understand how scientific knowledge is developed, there no doubt will be
issues in student learning.

Tsai (2002) investigat ed tidissmaboutéachingi onshi ps
science, learning science, and the nature of science. A total of 37 secondary school physics and
chemistry teachers in Tawain were participants in the study. The researcher interviewed the
teachers about their beliefs of teaching sces their beliefs of learning science, and their views
about the nature of science. The interviews were analyzed and a framework was created to
represent the teachersodéd beliefs about the var

main categorig traditional; process; and constructivist.

96



The findings showed that more than half the teachers fell into the traditional category,
with very few teachings in the constructivist category. Fifteen of the teachers held consistent
traditional beliefs aoss the three categories, four held consistent process beliefs, and two held
constructivist beliefs. While some teachers varied across the categories, only two individuals
had divergent beliefs. Twenty one of the teachers had congruent beliefs aetbsegh
categories and fourteen teachers had congruent beliefs across two of the categories. The
researcher referred to these consistent belief systems as nested epistemologies that included their
beliefs about teaching and learning as well as aboutcgcien

The majority of teachers had a traditional view of science whereby they are a presenter of
factual knowl edge that i1is to be transferred t
school science experiences that have reinforced these vies®onfe. Learning, for these
teachers, was the reproduction of knowledge.

This study could have been strengthened by increasing the size of the study population.
The researcher dealt with a highly selective population, which included physics andighemis
teachers. These teachers may not be representative of all science teachers, as their disciplines are
different.

Akerson, Morrision, and McDuffie (2006) investigated the retention of NOS among
preservice elementary teachers. A cohort of 17 gradea&d preservice elementary students
served as the data source for the study. The students were all taking an elementary science
methods course which served as the context of the study. The methods course included various
NOS activities and reflective prices to encourage the preservice teachers to reflect on aspects

of NOS.
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Data collection included version B of thigews on the Nature of Science SurpgMOS-

B), which was given at the start and end of the course, as well as 5 months later. In,addition
students were interviewed at the beginning and at the end of the course, as well as 5 months later.
The researchers used the results to categorize the students into different Perry positions and
examined what impact these positions had on their vieWOS.

As a result of the instructional intervention, all of the students initially improved their
understanding of NOS. Five months after instruction, the researchers found that individuals at
higher Perry positions (which they identified as 5 or 6) tdrideetain most of their
understandings, while those at lower levels did not. Those below level 5 reverted to original
ideas more often than those at positions 5 or 6. Some level 3 and 4 students did retain improved
views of NOS, which might be explaishdy their ability to make room for uncertainty. The
views of NOS appeared to be contradictory to those individuals at the lower levels. Only the
students at the higher levels retained the view that science changes with new evidence. The
initial undersandings of the students at the lower levels could have been a result of searching for
the answer that an authority wanted, thus their views did not actually change because they had
not committed to these new views.

While informative because of itsintegt i on of Perryds positions
this study is limited by its highly selective study populatigmaduate students in an elementary
science education methods course. As a result, the ability to generalize these findings to other
settingds severely limited.

Tsai (200 exami ned the relationship between te
and science instruction. Four Tawainese science teachers were participants in the study and were

selected based on their performance @tiarte Epistemological Viemstrument. Teachers
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who had very different responses on the instrumené chosen as subjects. All of the teachers
chosen for inclusion in the study taught physical science and their classes were surveyed about
their epistemologal views perceptions of their science classrooms. Teachers were interviewed
by the researchers about their views on science, teaching, and learning. Classroom observations
and student assessments were also used as data sources.

The interviewresults oncer ni ng teachersodo views of scie
having a positivist orientation, and one teacher with a constructivist orientation. Teachers with a
more positivist orientation focused on the acquisition of correct knowledge and belts fyna
science | earning. These individuals viewed t
|l ectures, tutori al problem practices, and exa
constructivistor i ent ed t eacher f oc usobsdientfiocoreepiStom t he ur
science |l earning, and use inquiry activities
knowl edge or alternative conceptionso (p.233)
views about teaching and learninghese views were also reflected in their teaching practice
and the activities they employed in the classroom. Student epistemological views were slightly
aligned with their teachersd views, as the te
express more constructivist oriented views. Students in this class tended to view their classroom
experiences as nAnoffering more opportunities f
autonomous | earning, and student centered act

This study was limited in that it involved only four teachers who were specifically chosen
from a largely sample based on their surveyed views. This may not be indicative of the results

had the other teachers been included.
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Akerson and Buzzelli (20®J explored the relationships between early childhood
teachersdé cultural values, ethical and cognit
science. A total of 17 preservice teachers who were part of a cohort program leading to a BA
degree participad in the study. Data collection involved completion of the VNED8e
Learning Context Questionnaisnd theSchwartz Values InventanBy analyzing the
guestionnaires, the researchers were able to determine relationships between the various
elements.

The researchers found eight teachers at the dualism position, seven at the multiplicity
position, and two at the relativism position. All of the students at the dualism and multiplicity
levels thought that theories would eventually turn into laws daa & scientific knowledge
that is certain. The two teachers at the relativism position did not suggest laws were facts but
laws were based on evidence and were subject to change. All but one of the individuals at the
dualism level did not have an adedg: view of the need for data collection to support scientific
cl ai ms. The preservice teachersdé views of th
positions. Those at the dualism level did not believe that scientists change their miredat thos
the multiplicity position indicated there were many views, and those at the relativism position
indicated that information is unsure and changes. There was a consistent pattern between the
types of response regarding NOS and the Perry positiorhthggdchers existed in. Regardless
of the position that individuals found themselves in, they all held misconceptions about NOS.

This study could have been strengthened by an indication of when the research
instruments were administered, and the irolusf pre and post testing. Interviews with all of
the teachers, considering the small sample size, should have been included. The sample size is

also problematic since it is small and included a specific group of students.
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Akerson, Buzzelli, and Domtly (2008) studied early childhood teachers to determine the
influence of intellectual levels, cultural values, and explicit reflective thinking on their views of
nature of science. Participants in this study came from an early childhood science methods
course of which there were 14 individuals. The study took place during the spring of their junior
year within the methods course and cultural foundations of education course, which they were all
taking at the same time.

Data collection for the study ingdled: VNOSB to determine NOS understandings, the
Learning Context Questionnaite measure intellectual levels, and 8&hwartz Values
Inventoryto measure cultural values. The class sessions for both classes were taped to confirm
that the instructionatrategies addressed the NOS and cultural values. Work from the
preservice teachers was also collected to assess the effectiveness of their teaching strategies.

The researchers found that eight students advanced in their Perry positions, three
remainedn their original positions, and three moved back to a former position. There was a
consistent pattern between a preservice teach
positions. I ndi vidual s at t hwofstianéifici sm posi ti
knowl edge as developing ultimate truth, that
766). Multiplicity position teachers had a view of scientific knowledge where various
perspectives are equally good. Those at the conteneladivism position thought our scientific
knowledge was the best that we had now, but it was changeable with new evidence. The retreat
of some teachers into prior positions might be explained by the existence of cognitive
dissonance. The researcherdvered a relationship between some cultural values and the

sociocultural/subjective NOS. The preservice teachers also had different cultural views of
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scientists, which might make it difficult for them to convey appropriate aspects of NOS to their
students.

While this study used multiple sources of data to draw conclusions, it was weakened by
the small population size. Additionally, the researchers were also teachers of the methods
courses, which could have seriously biased their positions andréettgipn of the data. Finally,
the researchers could have used interviews with students to confirm the questionnaire results.

For students and teachers to enjoy a greater understanding of NOS, individuals must be
helped through these early developmerttjas of personal epistemology. Movement from an
absolute knowledge stage to a multiplicative, subjective, or transitional stage can be considered
counterproductive when teaching about NOS and science. This is because these stages often
involve acceptareof a range of viewpoints without consideration of support for those views
other words, adoption of the viewpoint tiiag | | opinions are equally
69). Determining what counts as knowledge in science typically includes rniegpotnaultiple
claims that vary in their support, evidence, and justification. Individuals at these stages
(multiplicative, subjective, or transitional) are unable, or may find it difficult, to engage in this
aspect of NOS. This presents educators withraber of challengesespecially if students are
movinginto these stages before or during instruction in NOS. -BbKhalick (2001) found that
manystue nt s adopt ed @asition wharaby ¢very scientisgioeatisled to his/her
ownviewofhe phenomenon in questiondo when they
science (p.230). This was due to the fact that they failed to come to grips with the notion that

thereareno definite answers in science, yet scientisésaable to negotiatediween various

wer

claimsi therebyat t ri buti ng more fAcapital o to some ove.l
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At the heart of the issue is how these naive, uninformed, and simplistic views of science
come to be constructed and established. Personal epistemology provides onecavenue f
explanation and exploration. Another significant cause of these views may be attributed to the
presentation of science in school classrooms. Elemetataciiers are on the front linetbfs
Awar 0 of wunderstandi ng, yedt Stateredugation depattments b e t
have rarely required extensive content knowledge in the sciehmg York State currently
only requires six credits in science for elementary teachers. Content knowledge is not vital to
teaching students about scienogt it certainly affects comfort level. Elementary teachers, as
well as other teachers with little science content background, are more prone to rely on the
textbook. This reliance on the textbook creates a situation where both the teacher and the
studerts start to view the book as a source of knowledgmmething hat provi des At r
A f aocAs pointed out by Abimbola ariBlaba (1996)it he t ext book i s wusuall
educators throughout the world as a good source of information for teachingd e nt s o ( p .
This is despite the awareness that science textbooks are notoriously plagued with incorrect
information. Opening a current science textbook at any grade level will probably yield the
incorrect portrayal oThisia costriargtg theeNO® sooceptionofi f i ¢ m
multiple methods of solving problems (creativitygcientific experiments in schools are
dominated by verification labsteachers know the outcomi@sadvanceand the labs have a high
degree of success. Thaser i fi cati on | abs may @&l stoyilbee Ireldfsr
whereby particular steps are followedgenerate a known result. Studéaisd teachers
understandings of science are thus a product of exposure to inaccurate views of the scientific

enterprise. The result is an understanding of science that hinges on facts, truths, and
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experimentation.Researchers dealing with NOS conceptions have postulated a number of
reasons for naive understandings exhibited by individuals.
Tsai (2002) offered possible explanation for the distorted epistemology of science that
many students and teachers appear to develop. The consistency of these naive conceptions of
science points to something withinOsetoident so
these may be the prior experience with school science experiment which gives the false
impression that there is certainty in sciente.address the concern over students with
inaccurate views of science, the NRC (2000) advocates a movensergnoe classoms to
more seldirected learners that rely less on the instructor and materials for knowl@dge.
science classrooms are dominated by traditional, didactic instructespite the call for a shift
in the learning and teaching process that is morevacand inquirybased This movement may
help students to better understand the generation of knowledge ak afresientific inquiry,
thus leading to more current conceptions of NOS.
Bell and Linn (2002) indicatethat textbooks may have arolesnt udent s 0
mi sconceptions concerning NOS. Textbooks pre
anothero and may confuse students since they
straightforward discovery and 24h&®udentshrer ence o0
therefore not exposed to the controversies that swirl around new scientific knowledge creation.
Hofer (2004) also indicatethatinstructional practices and presentation of the material in
classrooms may i nf | pistemaogiess $pacdabiynthepréserdatianefnt i f i c
the textbook as the primary source of informatoan | mpact studentsd unde
Another factor that may influenceanindlvu al 6 s conception of NOS

academic background. Martiaz (2006) surveye a range of scienaelated professionals to
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determine their views of NOS. Interestingly a pattern emerged related to the educational

background of i ndividual s. Teachers who had

s c i e n kgeoondshveere more in line with teaching aspects of NOS to their ssud&géin,
these differences in views appear to be the result of the way that knowledge is presented in

educational settings.

Approaches to teaching and learningependent on egiemology?

The research related to the connection bet

classroom practice has generated d,theresemchant
was conflicted in rel at i orstanding of thédnnature of $cienceson c e
their class pedagogy. Some reseatcidiessupported a link, while others demonstrated no link.
Other factors, such as curriculum constraints and administrative policies, have been identified as
having a stronger fluence on classroom practi¢&nderson, 2002; Barrow, 2006 Abd-El-

Khalick (2000) providd a summation of some of the major factors that can affect the conversion
of an understanding of NOS into practiqeressure to cover content, classroom manageameht
organizational principles, concerns for student abilities and motivation, institutional constraints,
teaching experience, discomfort with understandings of NOS and the lack of resources and
experiences for assessing understandings of NOS (p. 670).

Mellado (1997) discovered thapreservice student teaclieclassroom practice was not
related to their conceptions of the nature of science. Much of the problems in enactment may
result from a lack of planning. The teacher who was the most positiishception was the
most constructivist, whereas thieacher with a relativist conception of science applied a

traditional transmissive pedagogical maudgl.347).
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Abd-El-Khalick et al. (1998)in studying preservice teachers who had been engaged in
methods courses intended to change their views of NOS, determined that the teachers did not
incorporate those new views into their instructional strategy. Their lesson plans rarely showed
evidence of planning to teach NOS, and anfew teacherkstedNOS as a topic they would
emphasize in their instruction.

Lederman(1999 found that although many teachers expressed a clear understanding of
aspects of NOS, only two(tof 5) teachers demonstrated classroom practices that were
consistent with theiviews about NOS. These two teachers also happened to be the most
experienced. This lends support for the notion pin@service and beginning teachers are still
developing their instructional practices even during overwhelming situatidrestwo werenot
trying to teach in a manner consistent with their views. N€g&cts werearely considered
when planning for instruction and making instructionalisiens. Lederman (2006) statit
teachers' concepins of NOS are not automatic, and netessaly translated into classroom
practice nor do teachers regard NOS as an instructional outcome of equal status with that of
Atraditional 06 subject matter outcomes. Curri
as possible hurdles for implementingderstandings of NOS into instructional practitleese
teachers did not have constraints concerning
demonstration of an understanding of NOS, did not demonstrate adequate understandings.

WatersAdams(2006)foundt hat teachersdé practice was not
of science, but Awhether their actions accord
and appropriat e @lakbatgeergunpderstdnging N@SH practicealid ot
exist. Other considerationsuchasea ac her s6 bel i e flearnigdndthee t eac hi n

curriculum appear thave a more direct influence on practice than understanding NOS.
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Even when teachers demonstrate views of NOS that are in linewrdnt reforms, their
classroom practice may not reflect this. Interestingly, TrumBatiranoandBonney(2006) in
a study of two teacherfundthat a teacher espousing refebased views of thOSdid not
implement inquiry into their classroom, éha teacher espousing a traditional view of science
was proactive in implementing inquiry in her course.

Akerson, Buzzelli, and Donnelly (2010) aim
concerns about teaching NOS and their intellectual levels ndadcewhether and how they
taught NOS. Four teachers, from a cohort of 14, were selected to be part of the study based on
their views of NOS and their intellectual development. All four of the teachers held adequate or
informed views of NOS at the endtbieir courses, which was before the internship they
participated in. The intellectual levels of the teachers were: contextual relativism; multiplicity;
dualism (that had retreated from multiplicity); and dualism.

Data sources for classroom instructinoluded videotaped classroom observations,
lesson plans, and field notes. The teachers also completed the-B€fSre the internship,
the Stages of Concerinstrument pre and post internship, tlearning Context Questionnaire
pre and post, and inteews before and after the internship.

In regards to intellectual levels, the contextual relativism teacher moved to the dialectical
position. The multiplicity teacher remained at this position, while the dualism teachers both
moved to multiplicity posibns. Their positions were not related to their teaching of NOS, which
the researchers thought would have been present. Other research studies had shown a
relationship between the position of a teacher and their NOS views. In this case, however, an
indvi dual 6s views did not translate into the te

teachers had a great deal of latitude in teaching science, none of them were observed including
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NOS in their teaching or lesson plans. The single greatest faatampacted whether or not
NOS was taught was the level of cooperation of the teacher. The one preservice teacher with a
cooperating teacher who advocated NOS was observed teaching lessons that included NOS.

The greatest limitation of this study was small population size (four teachers) and the
nonrandom selection of the teachers based on
helped to strengthen this weakness, but it does limit the ability to generalize the findings to other
study populaons.

The recurrent theme among these research studies was the lack of translation of a
teacherdéds understanding of NOS into their cl a
NOS in one context may not translate into another context. As a reaaligts may need to be
provided with specific recommendations on NOS instruction if they are to be expected to

implement it in their classroom.

Issues with viewsof NOS

Some issues do exist when considering elements of N@& tenets of thBlOSinclude
the tentativeness of scientific knowledge. This particular aspect of NOS can generate significant
issues for students and individuals. While the point of this aspect of science is for students to
understand that it is a body of knowledge that changasesult of investigation, this does not
provide students with a completely accurate view of scientific purduaigsarticular, not all
scientific knowledge is equally tentative and it can be counterproductive to view it as such. This
importantissuecoms i nto play with individuals who are
Science educain researchers commonly identifiedlividuals as having a sophisticated

epistemology based on certain criteria and assessments of knowledge.
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Elby and Hammer (2001) uestigated some of these epistemological issues with NOS.
Studies of students6 and teacherso6 understand
that indivduals employ when considering scientific knowledge. The researchers indicted
someot he | abeling that occurs when i dentifying
inaccurate and counterproductive. One of the overarching aspects of NOS, held by many in the
science education community, is the tentativeness of scientific knowl&dlgyand Hammer
point out, rightly so, that not all scientific knowledge is equally uncertain and evolving. A case
in point would be the understanding that the world is not flat, compared to another theory that is
much less certain. Attributing this knowledgfethe world to tentativeness woubthviously not
beproductive. In the science education research literature, students are labeled with a
sophisticated epistemology if they do indicate a tentative NOS conceptionartelllyammer
(2001) statedhat a sohisticated epistemology would nodnsist of generalizations which
Aapply to al/l knowl edge in all di sciplines an
dependencies and judgmentso (p. 565). yFor th
to view knowledge as certain or tentatiit@s more sophisticated to take into account the
discipline, the particular knowledge under discussimithe intended use of the knowledge.

This view is also held by Smith and Wenk, (2006) whHaawledgeh at fAwhat count s
or e v iisdliferent @ dnath, science, histoynd | i t erary analysiso (p

Elby and Hammer (2001) argiithat epistemological research does n@&cately
address two componentghe correctness and productivityaf epistemological belighs well
as certain generalizations that fail to account for context. &idyHammer (2001) also
identifiedthree major issues when researchers label students with a sophisticated epistemology

in science.
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The first issue ha® do with the certainty and tentativeness of knowledge and whether or
not the view of a tentative construct in science is productive. The researchers corredtly state
that knowledge is not equally uncertain and evolving, new ideas tend to have natregeass
than more durable scientific knowledgech as the earth being round or anatomical issues.
Therefore, teaching an aspect of NOS that deals with tentativeness can create issues for students.
If students were to view all knowledge as tentatieytiwould be less able to appreciate the
weight of evidence for certain theories, such as the evidence supporting evolution. Elby (1999)
found that physics exam scores were correlated with students views on the complexity and
coherence of physics knowlegjdput not with their beliefs about certainty or tentativeness.

The second issue identified by Elby and Hammer (2001) is the view that scientific truth is
socially constructed and subjectivgg@ s i t i on t hey | abel as #dArel ati
sciemt i fic truth i s waiti ngAdaip théreseadchess panvoatithatd , ¢ a
the position of relativism may not be productive or correct. Individuals who approach science
from a realism standpoint may be more able to construct kdgelen their own as opposed to
depending on another source.

The final issue exploredhether knowledge is constructed by the individual or if
students accept knowledge from an authority. While epistemological researchers have labeled
students naive ihey believe that information is received from authorities, this is again a
counterproductive notion. Individuals commonly accept information from scientific authorities
which does not make them more sophisticated in their epistemolimycomitantly, acepting
ideas about certain aspects of science from authorities does not make an individual less
sophisticated. If a group of biologists provides certain information about anatomical structures,

it is not more sophisticated to question that informatiomerathan accept it.
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Elby and Hammer (2001) do not abandon the notions that science is teméedditreism
is a component of sciencar knowledge is generated by individuals withauthorities. Rather
they are indicating that we cannot simply labslae udent 6 s epi st emol ogi cal
sophisticated when there are obvious issues vaitih e identify these epistemologies using
various instruments. Simply using generalizations that science is tentative, without considering
the standing of variaitheories in science, gives students an inaccurate view of science.

Other researchers have more recently taken issue with some of the tenets of NOS,
including the tentativeness of science. For instance, Allchin (2011) advocated a reframing of the
way NOS is characterized to include multiple dimensions of science. He places particular focus
on the inclusion of the following foundationa
understanding of how science works with the goal of interpreting the rejjaigikcientific
claims in personal and public decision making
policy documents that have called for science literacy for all Americans.

Science literacy also includes judging the status of knowledgreshks well as the
supporting evidence. As Allchin (2011) argued, the claim that science is tentative can be used to
dismiss the scientific consensus of various theories (such as global warming or evolution). He
al so foll ows EI by umnants abéat theimporiasce ¢f 2oatéxtlin judging g
scientific knowledge. Learning about the NOS tenet of tentativeness without the necessary
science process skills, in this case assessing the reliability of evidence surrounding scientific
claims, will notachieve the results one is hoping for. This is also a central theme in both the new
K-12 science frameworks as well Baking Science to Schooln addition, this is a central
element of this research studyroviding students with the mechanisms toleate evidence,

make scientific claims, and justify those claims to an audience.
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Evaluating the merits of theories

Views of science also influence how individuals judge the merits of theories. In some
cases, a scientific theory is viewed as a ratbleust explanation with much support. In the case
of evolutionary theory, however, It I s common
status in science. Irez (2006) determined that when comparing atomic theory and evolutionary
theory reseanh, participants thought much more highly of atomic theory. Atomic theory,
participants felt, was likely to be proven in the future as result of new technology, while it is
Ai mpossible to prove the theory oAdditenaltyl8ut i on
of 15 participants believed that science and the development of scientific knowledge relied
Afsolely on direct evidence obtained from expe
described areas of science that they felt wenpesuiglue to this lack of direct evidenaaften
using the example of evolution. Adil-Khalick (2001) found that teachers were not as
successful in employing their understanding of NOS to unfamiliar subject matter, like the
extinction of dinosaurs, as mpared to more familiar subject matter like atomic structure.
Students had difficulty in believing that scientists went beyond the data when examining
dinosaurs and their extinction, and went insofar as to dismiss the extinction of dinosaurs since
scientsts will never fully know what happened. Based on this research, it appears to be
important for students to understand NOS to also fully grasp the importance of evolutionary
theory.

In fact, instructing students in aspects of NOS is touted as a veahiwve greater

understanding of evolutionary theory (NAS, 1998). However, student understanding and
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acceptance of evolutionary theory continues to be a challenge for the science education
communi ty. One of the r easathesconstauttiantoes t o i nd
scientific knowledge. Evolution is often challenged due to the lack of experimental data to

support it- a theme that has existed since Charles Darwin first publiShetie Origin of

SpeciegRudolph &Stewart, 1998). Although ligious reasons are often alluded to as the
motivating factor for challenges to Dar winos
evolution had been primed in the minds of man
the theory of natal selection. Many of the challenges to Darwin originated from his lack of

following the established scientific processes of the time (experimentation), rather than on the

often thought of religious grounds. Darwin presented an overwhelming amourgerational

data-y et it was not in the vein of the current s
t heory of natural selection today parallel th
result of misunderstanding of the contextudunaof science. As Rudolph and Stewart (1998)
indicated, current views of science are dominated by a physics orient&gavily dependent

on hypothesis testing and experimentation. This presents problems for scientific disciplines
(paleontology, geolgy, evolution) that are historical in nature and are limited in the application

of experimentation. Rather, these disciplines depend heavily on observations of occurring
phenomenon rather than experimentation.

Evolutionary theory may also be more w&laden than other theories due to the religious
implications for individuals. This again, however, should not be construed as an exception to the
Airul eo of science, but rather one of its inhe
objectivity for science is highly inaccuratescience is a human construction, comprised of the

thoughts and biases of a range of individuals. Although it is sdatlen, many do not
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acknowledge or express this value unless it conflicts with one of their stauethlydhiefs. In
previous research dealing wi t(&g. AbdEl-Khaelickdual so6 v
2001; Irez, 2006), students were less apt to acknowledge the values involved in atomic theory
than evolutionary theory. Atomic structure andnaic theory have values that also may not be
fully discernible to students. This is consistently evident when students are asked about models
in sciencd they are viewed as actual representations as opposed to theoretical models that may
be used to makgredictions and which have been constructed by individuals. A more
sophisticated understanding of NOS can provide students with the necessary understandings to
evaluate a range of scientific theories, and to understand the process of theoretical davelopme
in science.

Disappointingly, instruction in NOS may also result in students using these concepts to
downplay widely accepted scientific theorieaspecially evolutionary theory. Rather than fully
grasping the importance of evidence, observatiod jastification in constructing knowledge,
students focus of the Atentativenesso of scie
scientific knowledge does not mean that it does not have strong support or wide acceptance.
Science educationreseaelf t en refers to the use of the phr
demonstrates to researchers that a full grasp of NOS conceptions does not exist for students.
Akerson and Buzzelli (2007a) recently showed that individuals who rejected evolutionary theory
actually used aspects of NOS more frequently than evolution acceptors. It appears that instead of
accurately incorporating NOS into their knowledge structure, they have created a false aspect of
NOS to support their currently held beliefs. Onemaycoesr t hi s an aspect of
accommodation and assimilation. Instead of shifting to a new knowledge structure, students may

find it more comfortable to integrate new knowledge into existing schema. Evolutionary theory
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acceptance may have certain sostajmas attached to it (such as atheism) that impinge on an
individual 6s consideration of it. These 1 ssu
practices to engage students in new and more effective ways. That is why this study focuses on

inquiry-based pedagogy.

Inquiry-based pedagogy: What is inquiry?

Merriam Websterds Coll egiate Dictionary (1
facts or principles: RESEARCHO (p. 604). | n
inquiry, scientific inquiry, and inquirybasednstruction. One of the inherent difficulties in
supporting inquirybased instruction and learning about scientific inquiry is the range of
components that they involvédAAS (1989) inScience for all Americarstates:

Scientific inquiry is more complex than popular conceptions would have it. It is, for

instance, a more subtle and demanding process than the naive idea of "making a great

many careful observations and then organizing them." It is far more flexible thagidhe

sequence of steps commonly depicted in textbooks as "the scientific method." It is much
more than just "doing experiments," and it is not confined to laboratories. More

imagination and inventiveness are involved in scientific inquiry than many peapize,

yet sooner or later strict logic and empirical evidence must have their day.

The process of science and scientific inquiry ar lkomplex endeavors involvirpservation,
inference, experimentation, imagination, and creativity. The compleitguiry confounds
the ability to provide a single, clear definition of it. TWational Science Education Standards
[NSES](1996) note the multiple aspects of inquiry:

Inquiry is a multifaceted activity that involves making observations; posing gnssti

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

planning investigations; reviewing what is already known in light of experimental

evidence; using tools to gather, analyze, and interpret data; proposing answers,
explanatons, and predictions; and communicating the results. Inquiry requires
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identification of assumptions, use of critical and logical thinking, and consule i

alternative explanation®. 23)

Anderson (2002) indicatithere are three main views of inguin theNSES- scientific
inquiry, inquiry learning, and inquiry teaching. Scientific inquiry refers to how scientists study
the natural world. Inquiry learning is an active learning process, which reflects elements of
scientific inquiry. Inquiry teehing is not well defined in tieSESand includes both active
teaching processes and active learning processes. himpgeg instruction would involve
components of inquiry learning and teaching.

Abd-El- Khalick, Boujaoude, Duschl, Ledermgand Hofseind €004) description of an
international symposium on science inquiryregdéla v ari ety of meanings a
termingu r yo ( p. 41 inéntimed dirmiaultin fom pebamdtsit@d States, Israel,
Venezuela, Australia, and Taiwah.mages of i nquiry ranged from i
activitieswith-a-twist, all the way to illstructured approaches for generating evidence based
answerstoild e f i ned q u e sAlmost asiniportan to theligsye of defining inquiry
was themention of how inquiry is conducted in classroomie researchers asserted fiav h a t
is enacted in the classrooms is mostly incommensurate with visions of inquiry put forth in reform
documentso (p. 398) duetomaprablenoiwh defining isquiry.s sue may

The educational field is full of buzzwords that have different meanings depending on the
researcher and audience involved. Incunaged instructionas beemeferred to (in some cases
possibly incorrectly so) as hands, problen-based, projeebased, constructivist, and active
learning. The major issue with the use of these phrases to describe-lvagedyinstruction or
science inquiry is that they have a variety of meanings. While infasgd instruction may be

A h a-orbso can a traditional verification lab. The common interchange of these phrases in
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the research literature only serves to fuel the confusion held by teachers about what inquiry and
inquiry-based instruction actually are.

The type of inquiry that malyeutilized in the science classroom also variesjuiry and
the National Science Education Standaf2800) state,i s o met i mes i nqui ries al
either "full" or "partial." These labels refer to tfiygroportion of a sequence of learning
experience thatisinquinb asedo (p. 28) . Parti al i nquiry wi
essential components of inquibysed instruction. These essential components are:

1. Learners are engaged by scientifically oriented questions

2. Learners giveriority to evidencewhich allows them to develop and evaluate

explanations that addressestifically oriented questions;

3. Learners formulate explanations from evidence to address scientifically oriented

guestions;

4. Learners evaluate thexmanations in light of alternative explanations, particularly

those refécting scientific understanding; and

5. Learners communicate and justify their proposed explanations.

(NRC, 2000, p.25)

I n t he 195 OedusatonJostph Bchwalkevwes science as a reflection of a
flexible process oinquiry, and not the pursuit of truth about the world. Schwab describes
inquiry as either stable or fluid. Stable inquiry involved using current understandifiigsto
areas that are missing inegsnent of knowledgeFluid inquiry involved the creation of new
concepts that revolutionize science. In regards-i®kKducationSchwabbelievedthat students
should be placed in laboratory settings as quickly as possible. This would help give students

more accurate view of the processes that occurred in science and would allow ket to

117



investigating questions amwllecting data. Schwab described three levels of laboratory
instruction. At the most basic level, the educational materials pos@éansand provide
methods for students to discover relationships for themselves. At the second level, the materials
again pose questions, but the methods are left to the students to devise. At the highest level, the
materials present phenomena withoutipgsgjuestions. The students are responsible for
developing questions, designing experiments, collecting dathevaluating that data.
Martin-Hauser(2002) definedour types of inquiry- open or full inquiry, guided inquiry,
coupled inquiry, and struated inquiry. These types of inquiry depend on the involvement of
the teacher and the students in the process. In open or full inheigrocess is firmly centered
on the studentthey develop the initial questions and proceed with the investigaBaided
inquiry may have the teacher giving students a question, and then the students help the teacher
proceed with developing the investigation. Coupled inquiry involves a blend of guided and open
inquiry - the teacher provides the initial question$ofwed by students developing their own
investigation. Structured inquiry is the most restrictive and is the most tezitered. Policy
documents at the-H2 level advocate moving from classrooms that are more teeehtered to
classrooms that areare studententered (NRC, 2000).
Inquiry, scientific inquiry, and inquirpased instruction involve a focus on students that
is vastly different than our curreaducational system of teachmntered classrooms. If science
education policies supportsaift to new pedagogy, then research should exist to support this

change.

Inquiry in the present study
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An essential aspect of this research study is the assumption that-ingsey
instructional practices will be more effective than traditionalnegkes in helping students
understand evolutionary principles. The predominant rationale from this comes from the view
that participation in inquinpased activities will allow students to construct their own meaning in
association with dataChallengingexisting epistemic frameworks requires that we not just show
students information through lectuyésit rather we engage them in analyzing data and
developing arguments relating to the data. This cannot be effectively accomplished through the
cookbook stie laboratories that currently exist in and college science courses.

What do we mean bipquiry? A critical difference between the two classes will be the
evaluation and exaination of data in the inquirgased class. Within this study we are drayvin
on essential features of inquiry, which can be found ifNthet i onal Reslagurych Coun
and the National Science Education Standatfésr instance, the NRC statématlearners should
be engaged by scientifitgloriented questions as a reflectiof classroom inquiry. Students in
the inquiry class will conduct research on bird data sets to answer two questions related to a
decline in a bird population. The inquiry class will be involved in examining evidence as well as
creating frameworks tovaluate evidence. Students will also have to develop explanations based
on the data that they are examining. Students in the inquiry class will create presentations to
communicate their findings and will use evidence to justify their claims. In addhieywill
have to develop possible alternatives to their explanations. These aspects of inquiry will be
addressed in th&alapagos Finch Software Program

The inquiry class will also design and carry out an experiment to investigate goldfish
behavior. All aspects of the experiment, including the hypothesis being tested as well as the

experimental procedure, will be created by students in groups. Students will determine what
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constitutes data or evidence and collect that information. After data callsttidents will use
this information to develop claims regarding goldfish behaviors, which they will support using
the evidence that they have collected.

Students in the traditional class will not engage in these activities, but will instead be
focused o answering questions posed to them in the laboratory manual and handouts. Some of
the data will include observations of fosgileowever no conclusions will actually be drawn
from this information. Basic characteristics will be recorded for the fasdie laboratory
manual but students will not evaluate this information. Students will generate data when
evaluating tool use to simulate bird beaks, but individuals will not draw conclusions from this

data.

Research studies related to inqulvgsed rathods
To mirror the current research design, a review of studies that compared traditional and
inquiry-based methods was conducted. Research articles were found by searching through major
journals (nternational Journal of Science Educatjdournal of Rsearch in Science Teachjng
andScience Educatigrand dissertation abstragtsr articles dealing with inquiry methods
Articles were primarily selected if they compared inquiry and traditional instructional
techniques, as well as if they describeskasments of inquitgased instruction and

implementation of inquinpased instruction by teachers.

Rationale for including inquiry studies fromX settings
Although this research study is set in a community college witage-age students, the

majaity of the research comes fromX settings. There are a number of reasons whysth
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appropriate. Firstlyignoring the primary source of researchiR) on inquirybased teaching
would leave this research open to significant criticism. Since gmanguiry has been part of
national science education policy documents for more than two detaelesish for research
has come at the-K2 levels. Each piece of research adds to the collective knowledge
surrounding inquiry and inquirgased learningegardless of the age of the students.

In addition to this rationale is the understanding that teaching and learning do not vary
significantly from the secondary to postsecondary level. Teachers and professors are responsible
for conveying knowledge tstudents and students are involved in a range of activities to assist in
their learning. An understanding of how students learn and how best to teach material is helpful
at both levels. Findings related to teaching and learning at-tt#zl&vels has iiormed
practices at the postsecondary level and has continued to elicit changes in the teaching of content
material.

Finally, support for the use of these studies comes from national policy documents and
their focus on science inquiry. One of the magnificant of these iScience for All Americans
(1989) from the American Association for the Advancement of Science. This document is
primarily concerned with the necessary scientific understanding that all citizens should have to
engage in a society im$ed with technology and science. Within its guidelines are the
recommended understandings tAatericans should have related to science and scientific
inquiry. Science for All Americarsso addresses teaching methods used and ttates

instruction shald match the aspects of scientific iInqQUIAAAS, 1989).

Using the K12 Science Education Standards
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One may question the use ofl® science education standards for a research study with a
community college setting. The use of these standards ispajgpeocas they are part of a
collective body of science standards that are aimed at achieving outcomes that impact the
American populace, not justk2 students. The National Science Education Standardslsitite
all students should achieve scientlfiteracy(NRC, 1996).The primary goal of the standards is
to achieve a population that is scientfig literate. While the standards and discussions
surrounding them are often fixed or1® education, it is clear that the standards do not have a
sole fows on these levels. Rather, these are standards that should be achieved by all members of
society. Itis a natural progression to include college settings within these goals. In fact, one
may argue that it might be more important to apply these s@sttacollege settings, since this
is often the last opportunity instructors have to impart critical elements of science to their
students. Thélational Science Education Standard®rdi cat e fal | member s of
education community have responstlyifior communicating and moving toward the vision of
school science put forthintheeSh d ar ds o ( NRC, 1996, p. 233). S
these &ndards in céége settings can be found in the NRC documént e acher s need t
taughtsciencemi col | ege i n the same way they themselyv
Therefore, individuals who will be implementing science standards should be taught using those
standards as well. In their boGlollege pathways to the science educationdads Siebert
and MclIntosh (2001¢xpressed a need égamine how all college science courses are taught,
since these courses impact the future citizens of America.

More recently a new set of-K2 science education standards has been developedAtitled
Framework for K12 SienceEducation: Practices, Crosscutting Concepts, and Cdeas

(NRC, 2012). This new framework was developed to take advantage of a new impetus on
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common core standards that were being adopted in the fields of mathematics and
Endish/language arts. In addition, the new framework was developed in recognition of new
research on teaching and learning, as well as changes that have occurred in science. The

frameworkodés expressed goal §grddearehaatheywikt udent s

Have some appreciation of the beauty and wonder of science; possess
sufficient knowledge of science and engineering to engage in public discussions
on related issues; are careful consumers of scientific and technological
information relagd to their everyday lives; are able to continue to learn about
science outside school; and have the skillsiier careers of their choig&RC,
2012, p.1).
Unfortunately we have not accomplished these goals with the previous standards. The
authors fekthat these prior outcomes have not been achifaremlnumber of reasons, including
a disorganization of thi€-12 science educatiosystem and a lack of systematic organizational
structure across the years, pladiog much emhasis on facts while not og into adequate
depth on topics, anot providing studentwith experiences that show how science is actually
done. The first point, a lack of systematic organization across education levels, applies to not
only K-12 education but atsthe progressioto college. n Ki r st and Venezi aods
document on college readiness and student syd¢bessuthorsnottia pr of ound
organizational, political, and cultural chasm persists in most states between the systéfrts of K
and higher P Diuvigoastexishbetwveel the twoZntities as a result of historical
assumptions that each body should be controlled by policies that are exclusive to each area.

Aligning high school and college curricula is one of four major recommendations madg in thi

document.In 2004, the same researchers aldmcated acorrelation between K2 standards
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and collegeentrance/placement examBecommendations to expand policy decisions to include
a K-16 framewnork have also been madsi¢bert and Mcintosh, 2001; kst and Venezi&004).

A lack of continuation of science standards from high school to college will only reduce
the chances of creating a scientifically literate societanystudents colleges (particularly
community collegesinay not have taken sciee courses since the tenth grade. Students in New
York State are required to take three science courses at the high school level, but one of those
courses may have been completed in eighth grade if it was approved by the local entity or state
department.At the lateststudents would have not completdence since eleventh grade. A
K-12 framework does not adequately address these later grade levels and the common lack of
participation in science courses. Students who are entering college probabhohav
sufficiently achieved the elements of all the standakdsst and Verenzia (2006ptind that
standard based instruction inR educational systems stop at or before tenth gledere
many students have reached college placement stanGarttsuing the standards in college
science courses increases the chances of actually meeting the guidelines stated within them.

In addition to the argument of a learning progression frefrkenvironments to college
settings, the standards also make sen#®inimplementation at the college level. The ideas,
concepts, and teaching recommendations in the standards are a product of research in science
education settings over a number of decades. These research studies can only serve to augment

the scienceducation programs and courses that exist at the college level.

Inquiry in the new KL2 science education frameworks
A Framework for K12 Science Education: Practices, Crosscutting Concepts, and Core

Ideas(NRC, 2012)moves away from the termquiry ard instead shifts tecience practices
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Accordingtotheauthoys nqui ry fihas been interpreted over
throughout the science education communityo a
social , and p htedgsiircsaientifipingairy (NRE, 20420 p. 30) 8he use of the
termpracticesreflects the integration of skills and an understanding of knowledge.
Additionally, the authors felt that fAa focus
impressiorthat there is one distinctive approadmmon to all scienéea s i stigntifie 0

method® (p. 48). The authors also put forth a |
which are very similar to the essential features of classroom inquiry (MN#G; 2000). These

practices include:

Asking questions (for science) and defining problems (for enginegring)
Developing and using models

Planning and carrying out investigations

Analyzing and interpreting dgta

Using mathematics and computational kKiig;

Constructing explanations (for science) and designing solutions (for
engineering)

Engaging in argument from evidenead

Obtaining, evaluating, and communicating information (p.49).

o0k wnNpE

© N

The new framework is nabandoningnquiry, but is instead slidly reframingthe discussion
surrounding the scientific information that all students should know and understand. The eight
practices are very similar to the essential features of classroom inquiry:

1. Learners are engaged by scientifically oriented qomes{Practice 1);

2. Learners give priority tevidence which allowsthem to develop and evaluate
explanations that addressestiifically oriented questions (Practices 3, 4);

3. Learners formulate explanations from evidence to addresstiicially-oriented
guestions (Practice 6);

4. Learners evaluate their explanations in light of alternative explanations, particularly
those refécting scientific understandir{§ractice 7); and

5. Learners communicate and jigtheir proposed explanations (Practice 8).
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Inclusian of new practices (models and mathematics) reflects more recent changes in science and
its dependence on these processes. The new framework also attempts to clarify a difference in
various fields of science,in particular that of engineering and otresrcgs. Stressing again the
lack of a single scientific method, the frameworks separate some of the processes and procedures
that occur in different scientific fields.

The major proliferation of inquirpased pedagogy in the sciences catrdeed backd
t he e ar,eythelp®h fOranslusion of inquiry as a part of the educational system has
beenpr esent s i nc elJohnDewey therfdmpus éddcatidralgeformer and a former
science teacher, strongly advocated that teachers should @nqploy in assisting students in
learning about science. Instead of merely learning information such as facts, Dewey felt that
they should learn that science was a way of thinking and that it should be taught as a process.
De we y 0 sfroomI®iQdbwera hundred years old at this point, still resonate with the
problems of today, that of issues with pedagogy and instructional practice.

Almost every teacher has had drummed into him the inadequacy of mere

book instruction, but the conscience of most iegat peace if only pupils are put

through some laboratory exercises. Is not this the path of experiment and induction

by which science develops?

(Dewey, 1910, p. 126)

He also clearly pointed othiata major goal shouldotbe the learning of fast but of the
techniques for weighing evidence:

| do not mean that our schools should be expected to send forth their students

equipped as judges of truth and falsity in specialized scientific matters. But that the

great majority of those who leave schebbuld have some idea of the kind of evidence
required to substantiate given types of belief does not seem unreasonable.

(Dewey, 1910, p. 126)
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One can see t he di-fi2escenceptandaeds dn@thefocuson t oday 0

evaluation of data, rater t han t he | earning of facts. Ac C (
hi story of i nqui r yearnilgevasegniered oh theastméentoandknotfthe r |
teacherTodaydés i nquiry standards find athesfacusi | ar t

of instruction.

Unfortunately, the majority of science instruction remained fixed in plahkat is until
the launch of Sputnik in 1957. The space race created a renewed focus on science education and
science instruction; it also spurred trevdlopment of a host of new curricula in the sciences.

The National Science Foundati@NSF),established in 1950, became more heavily involved
with the development of K2 curricula. Many of these programs focused on students acting as
scientists andewelopingscience process skills (Barrow, 200@&).addition to new curricula,
teacher training programs were established to assist educators with bolstering their content
knowledge in the sciences.

As the United States progressed from the 89@0d 1978 implementation of science
education reform did not occur as individuals had hoped. A number of reasons for thfs lack o
implementation have been identifiexlich as a shift in focus of the federal government to
societal issues, failure to account foof@ssional development, an attempt to make teacher proof
materials, and failure to consider science programs that already existed in schools (NIH, 2005).

The support for using inquirgased pedagogy more recently gained ground from studies
doneinthe19 6s, i n parti cul aonductbdd\reymamdky kyle s of r es e

Alport in 1983 whoconducted a metanalysis of the effectiveness of new science curricula
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developed after 1958ndcomparedhemto previous science curricula. New curricula ever
defined as those courses or curricular projects which:

Were developed after 1955 (with either private or public funds)
Emphasize the nature, structure, and processes of science
Integrate laboratory activities as aregutal part of the class routirend
Emphasize higher cognitive skills dappreciation of sciencép. $9)

oo op

Traditional curricula were defined as those courses or programs which:

a. Were developed or patterned after a program developed prior to 1955;

b. Emphasize knowledge of scientifiadts, laws, theories, and applications; and

c. Use laboratory activities as verification exercises or as secondary applications of
concepts previously covered in clagp. s69)

A total of 302 studies were examined for the analysis with 105 of thosesstaduded in the
analysis. The total sample size was 45,626 students. The studies were analyzed by establishing
coding variables whictwvere compared across 18 aredibe metaanalysis found that students
performed better i n idisgilesmpmcessiskilla antdrelatadskiie nt , ana
(reading, mathematics, social studies, and communication), as well as developing a more positive
attitude toward scienceodo (p.s68). The averag
the performancef 63% of the students in traditional science courses on aggregate criterion
variable. Across all curricula students exposed to new science program showed the greatest
gains in the areas of proceskill developmentandattitude to science in achievenen

There are number of limitations of this studgme of which were addressed by the

researchers. One of the main criticisms is the fact that the researchers did not adequately describe
their coding process, although the researchers do indicate thabtlespis identified in another
paper. This makes it particularly difficult to determgpecificallyhow the researchers grouped

the data.lt also is difficult to directly compare the new and old curricilaother area of
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concern is the lack of detaiked in determining which studies were included and those that were
not. Shymansky et aldentified 302 studieg/et only included 105 of thosstating that they

were the only ones that contadsufficient data for the metanalysis. The researchels not
describe the process of eliminating research studies and what data was necessary forimclusio
the analysis. Furthermore, thegly included studies from the United States and not from
international studiesHowever the investigators stateéldat international studies were not used
because the curricula could have been modified. A significant issue that the researchers
discussedvas the fact that traditional classes might have been taught in very creative manners
that would mirror new curricuha, and new curriculum may have been taught in a manner more
in keeping with traditional processes. Despite these isweeaumber of studies and students
included in the metanalysis lends support to the use of inquiry techniques in science curricula.

Examination of inquirybased techniques experienced resurgence in th@ 98ids with
an emphasis on inquiry from tiNational Science Education Standarétsaddition to
comparison studies of inquityased and traditional techniques, a number of researfdoeised
on case studies of classroom environments where irhasgd techniques were implemented.
Both the comparison studies and case studies provide support for the implementation of these
techniques.

Thacker, Kim, Trefzand Leg1994) compared thgerformance of students in an
introductory inquirybased physics class with three other introductory courses on two different
examination problems. A#f the students in the inquilyased physics class were elementary
education majors. The reselaers sedPhysics by Inquiry Modulest Ohio State University.

As part of the assessment in this course, students completed two problems on the midterm and

final exam. The four courses included physics by inquiry, honors physics, catadad
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physics(enginering))and a nonscience maj or 6s thehoyses cs cou
reviewed the questions to kesure they were appropriate to be adstéred to their students.
The lonors and engineering course spent seven hours in class per week, mhibuts in the
laboratory. The inquiry class spent a total of six haurdass, all of which wam the
laboratory. The engineering based physics course (calculus) spent a total of seven hours in class
per week, three in lecture, two in laboratoryando i n reci tati on. The no
physics course spent five hours total in class, with three hours in lecture and two in the
laboratory. The inquiry class had 24 students, with three participating in physics before this.
Twenty eight tudents wee in the honors physics class, 239 in the engineeringeaurd 40
students were in the nonscience coulsethe nonmajors coursé5%of the studentiad taken
a high school physics course.

The students in each course were assessed on quesibed teldirect current (DC)
circuit diagrams. Before the exam, the honors course and nonscience course each spent one
week on DC diagrams, while the inquiry class spent 2.5 weeks, and the engineering course spent
two weeks. For the problem, 29% of inqustudents were completely correct, while 4% of the
honors class, 2% of engineers, and 0% of the nonscience class were correct. Seventy five
percent of the inquiry class answered part A correctly, with 14% in the honors course, 3% in the
engineering coues and 0% in the nescience course. Thirty three percent of the inquiry class
answered part B correctly, 7% of the honors class, 2% of the engineers, and 0% of the non
science students. The inquiry class did significantly better than the other clasisepomblem,
while the other classes were not significantly different. Despite more students having taken

physics in the noiscience course, the inquiry class performed significantly better. The inquiry
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class also outperformed students in the honassand in the engineering class, despite the fact
that students in those classes were more prepared for physics.

With any study of this nature there are going to be significant issues. The classes were all
taught by different instructors, covered thaterial in different timeframes, and had different
classroom environments (laboratory, lecture, recitation). Sample sizes for the classes varied
significantlyi from 239 in the engineering course to 24 in the inquiry based course. The
development of thquestion used was not discussed, nor was a description of anteptlog or
validity/reliability discussions. An inclusion of the overall performance of the students in the
course, or pre and post testing on various physics items, would have streddtieenonclusion
drawn by the authors that the inqubigsed class seemed more effective in helping students
understand physics problems.

The effects of inquinbased teaching have also been compared to traditional pedagogy
with earth science studentsthé secondary school level (ManodChang, 1998).Two hundred
and thirty two students in six classes served as the participants in the study. Classes were
randomly assigned to be traditional or inqtigsed. The two techniques had equal numbers of
stucents. Instruction occurred over the course of two weeks with the same teacher. The inquiry
instructional units were based on the parent motion of the sun in the sky, while the traditional
method focused on the earth and sun system as well as demomstrativanearth/sin model.

Both classes used the same textbook, received the same amount of time on instruction,
maintained the same group sizes, and had the same teacher. Prior to, and following instruction,
students were given a test that included 28stjans derived from thgaiwan Indicators of
Educational Progress in Science Process Séilid theTaiwan Entrance Examinatidior senior

high school science subject. Student results on the posttests found those in théasspdry
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classes did sigficantly better in learningarth science concepts on comprehensive and

integrated test items, but not on factual test items. The results suggest thatbagqaty
instruction i mproves fAhigher | evel wunderstand
These results appear to support the difficult task that science ieduedormers haveé given

that factbased assessments may not support indpased instruction.

A significant limitation of this study is that the researchers did not thoroughlyiexpé
instructional process that occurred in both classes. For instance, the researchers spent less than a
paragraph describing the traditional instructional pracéind one long paragraph on the inquiry
class. The researchers did not indicate the eurobclass sessions each group, mad did they
provide any information about the number of laboratory experiences the students engaged in. A
breakdown of the amount of time spent on activities and lectures also would have been helpful.
Additionally, amore detailed description of the instruction would have allogvedter
discerrment of whether thmstructional practicesltimately targetedertain question types. Itis
difficult to determine if the instructional practices were actually equivaleetdbars the provided
descriptions.To fully support their findingghe researchers should have provided more detalil
about the structural practices. The researchers also do not describe why they selected certain test
items for assessmeritoweveltthey did escribe their assessment of content validity.

Von Secker and LissitZ999)investigated the impact of instructional practices on
studentachievement in scienc@hile the researchers did not focus on inquiry practibey did
look at how science achiement varied between schools, how various demographic factors
influenced science achievement, how instruction impacts achievement of students within the
same schophnd how instruction interacted with demographics to influence science

achievement.Theydrew their data from the 1999igh School Effectiveness Stuallgich
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included a total sample of 7642 students enrolled in 247 urban and suburban schools in the 30
largestmetropolitan school districts. A sample of 2018 tegréde students in 163 schools was
derived based on the presence of science achievement data, student demographic data, science
teacher questionnaire data, anteast four students per school.

In regards to their findingshe researchers stdtéhatit he strongestr empi ri
instructional recommendations set forth in the Standard was observed for instruction that
emphasize | aboratory inquiryo (p.21121). The
with greater overall student achievement as well as less sepanaticmevement for students of
varying demographics. Unfortunately, critical thinking appeared to increase gaps in achievement
between genders and minoritieBhe resarchers also found that teacloentered instruction
appeared to help low achieving @émts more than high achieving students. This may be due to
the fact that the low achieving students may not yet be able to work independently. The authors
alsohighlighted the fact thatupport for new science programs is largely anecdotal rather than
basd on rigorous research studies.

Although this study supports inquiry teachingmerous issues exist in the reporting of
these findings. The researchers incllittaur criteria for their selemn of student data, but they
did not provide a very detaileckplanation of the selection process. They also do not break down
the schools by urban or suburban locations; the final sample could be weighted more towards
suburban or urban schools for instance. Even though they have a large samipie aizrage
number of students within the 163 schosédected for the study was 1Zherefore sample sizes
may not be representative of the actual school environment. The number of teachers was not
included either in a total number or per school. The teacher datals@aseHlreported which

has inherent issues of reliability. Therefdree instructional practices employed by teachers may
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not actually reflect what happens in their classrooms. In additienmesearchers reported that
little difference appeared to iskamong the teachers based on their responsegstiannaires.
The researchers datknowledge that more accurate methods of measuring the instructional

practices should be employed to determine if the reports reflect what actually occurs in the

teache 6s cl assr oom. They acknowledge their find

data from national surveyswhich could give a better view of the relationship between science
achievement and instructional strategies.

Large scale studies supportimgjuiry have been balanced by case studies examining
instructional practices and the issues surdmog implementation of inquirpased approaches.
Crawford (1999) explored the ability of a preservice teacher to create an ibhgeey

classroomSheexani ned t he teacher 6s beliefs about SCi

€

engaged her students imquiry, the factors thathelpedr hi nder ed the preseryv

ability to deliver inquirybased instruction, as well as the implications for other tesciiee

preservice teacher was in a Master of Aeeching program at a university in the Northwest.

The teacher had over 10 years of experience in commercial and university labs, she wrote
proposals, carried out experiments, and presented the resitsciool irwhich the teacher

was placedvas a small public high school of approximately one hundred and twenty students.
This research study focused on the teacher os
designed and carried out two inqulygsed units during her time therBata collection involved
classroom observations, written observations of lessons once a week, handwritten and

videotaped records of lessons, audiotapes of conversations, lessonvplaas reflections,

videcs of intervewsand studentsdé6 final written reports
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The teaher engaged her studentsnguiry through a number of methods. The preservice
teacher designed a variety of inqubgsed lessond)e first of which was a projedriven unt
wherdyy students designed and carried out hydroponic experiments. The teacher also created an
inquiry-based labesting nitrogen levels imanure and barn material. The teacher shifted from a
common problem to individual student projects as she contimuédinating in presentations in
a public forum. The preservice teacher acted as a facilitator and guide throughout the projects
and offered suppotb the studentsShe also helped students gain ownership over their learning
as they developed their owesearch projects.

Crawfordidentified a number of factors that helped and hindered the preservice teacher.
Six factors emerged that helped the teacher which included prior research experience,
volunteering in project oriented classrooms, clear vision ifgaals, strong relationship with
mentor teacher, collaboration with experts outside the classroom, and reflection on practice. The
teacher identified two areas where she had problems: struggling for clarity and her ability to
involve all students in theroject. She also encountered challengesrian the class which
includeds upporting students who went in different
inadequate communication with parents. The researcher indicated that the teacher was an
anoral y among the other Mastero6s degree student
inquiry-based units. The researcher also identified areas that assist teachers in implementing
inqury-based design which included ppottynitiesfoi ng t eac
authentic investigations, providing models of teaching inquiry, providing support for teachers
when planning longerm units, and providing opportunities for preservice teactoereflect on

their practice.The researcher was surpriseddarn that a preservice teacher could carry out
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inquiry-based units on a successful level due to the complexity involediever, this
preservice teacher appeared fairly unique amongst her contemporaries.

Case study research has inherent limitatiorwsnly which focus on the ability
generalize to other area$he teacher had a large amount of research experience and was
extremely reflective in her practicehich is very unique amongst preservice teachers. The high
school was in a small rural aredich demographically does not match the remainder of the
United States Although mentioned as a data source, student reflections on the units were not
included and could have provided more support for the implementation of kisegl units.

The pereptions of the students concerning the units and the preservice teacher could have been
helpful in determining the effectiveness of the ingdiased approaches. Additionally the

student sample was very small at 20 students, which provided the preseagtoertwith a more
manageable population. This case study did provide an example of an effective implementation
of inquiry-based approaches, both with the positive and negative implications.

Keys and Kennedy (1999) took a different approach in their enatan of inquirybased
instruction, relying instead on a case study of a veteran elementary teacher involved in inquiry.
The researchers considered how the teacher interpreted teaching science as inquiry as well as the
challenges sheated and how she awame them.The teacher had 11 years of experience and
had been at the school for six years. She had been involved in a science and math education
reform project fo two years prior to the studylhe classroom included 26 children of varying
demographicsThe school was located a low-to- middle economic area that dted a large
southeastern cityThe researchsiobserved two units on light and weatheachof whichlasted
for eight weeks. The researchers werdgigigant observes, and helpedith planning activities

and facilitated group work with students during several lessons. Data collection included field
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notes from the class, field notes from informal intervieavsl transcripts of three formal

interviews. The researclsbserved the teachfar 50% of the lessons during the two units.
Theresearchnei denti fied four main themeFerelated

teacher planned instruction to explore questions that arose in context and questions arose

naturally from the science acti t i es. Anot her aspect of the tea

independence in procedural and social skills related to science. Students were responsible for

managing handen activities. The third theme was construction of explanations and concepts

from data. The instructor used the studentsod ot

of teaching science. The fourth theme was providing opportunities to apply scientific knowledge,

where students used scientific knowledge to interpret thegresisons.in addition to the themes

identified the teacher also pointed out challenges in inquiry teaching. The three major challenges

included lack of timeturning questions badk students, and teaching mandated concepts which

were difficult to teachitrough inquiry. The teacher also identified another problem with

inquiry-based teaching, the difficulty in not telling students how to do somedhithgot

providing them answers. The teacher also pointed out the processlpmbébs many teachers

nervausbecausehey have to rely on students to discover information on their own. She also felt

that the district assessment tools did not effectively probe stédemtsrstanding of science

concepts. The study provides some insights into the applisatiamquiry-based teaching and

factorsthat might be unique about this instructidnquiry-based instruction involves a greater

focus on students and therefore can presertdles to teachers. Furthermatee focus on

standardized tests can be problem&dr inquiry-based teach@ asthese assessments may not

fully explore students' understandings.
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This research study provides information about an actual teacher implementing-inquiry
based instructigryet there are some problems. For instanoadata vas collected from the
students concerning their perception of the activities or their understanding of related science
concepts. Theeacher may have been uniquelyented towards reforshased instruction, as she
was already participating in reform progrsiand inserviceAs a veteran teacheshe also had
experience developing aagties and managing student$he teacher was observed for 50% of
the lessons, therefore some aspects of her instruction may have been missed. The data collection
procedurespecifically coding, was notplained in sufficient deta#l none of the codes or
categories was described by the researcher.

Not all studies have involved comparisons between traditional and ifogpsesd
approaches. Some of them have provided informals of what occurs during the
instructional proces® a greater amount of detaiCrawford (2000) examined the beliefs and
practices of a high school science teacher to determine how this teacher created an environment
which engaged students in inquivased activities. The researcher collected fdataver a year
on a biology teacher in a rural public high school of 300 students. The veteran teacher of 12
years was a formerele keeper and had a Masters of Arteeaching degree. The researcher
de<ribed herself as a participant observer in the teélketlege ecology and botany classes.
The report was mainly focused on 20 students in the ecology class. The data included interviews
with the teacher, notes of informal conversations, videotapée alassroom and field trips,
interviews of eight randomly selected studestudent products, and an esfeyear anonymous
student questionnaire. A number of key characteristics emerged about the teacher and his
instructional practice, which the reseachescribed as situating instruction in authentic

problems, grappling with data, collaboration of students and teacher, connected students with the
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community, modeled behaviors of a scientist, and fostered ownership by students. The
researcher identifiegen different roles that the teacher also took on as a result of the inquiry
based classroom, which included motivator, diagnostician, guide, innovator, experimenter,
researcher, modeler, mentor, collaborator, and leafiherrole of students in the ctisom

varied as wellwith some roles typically reserved for teachsgigoccupied by students. The
majority of the students had positive views of the classroom experiences; however the most
common criticism of the effectiveness oftingtion centeredrothe pace anthe number of
projects.

Due to the limited size of the class, the uniqueness of the teacher, the high school setting,
and the student populatiohis difficult to generalize the findings to other areas of the country
and to other high sdol environments. The teacher was aevah teacher whalsohad
experience performing actusdientific work. This sets him apart from other teachers in the
sciences who may be engaged in inquiry projects. The student population also was highly
selective-includingjuniors and seniors in advanced courses. The study could have been
strengthened by including assessments of student leartatgoréo content area, both fests
and posttests. The teackisigned questionnaire asked questions about theiedieess of the
teacher and what students liked best and least about the course. The interviews with students
provided a glimpse of content related data, but unfortunately ingasgd teaching practices are
often evaluated based on student performancgandardized exams.

Tretter and Jones (2003) explored ingtbased instruction as it related to standardized
physical science test scores. One of the authors was a physical science teacher at a high school
in an urban school district in a midsizéyan North Carolina. Seven different physical science

classes were taught in the first two years of the study through a traditional approach. One
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hundred and sixty one students of varying backgrounds were involved in the first two years, with
94 studets in the third and fourth year. The teacher modified his instruction to an ifzpsed
approach after two years due to dissatisfaction with student achievemesttideit interest in
the course.The researchers compared traditional classes (firsy@ars of the study) to inquiy
based classes (last two years of the study) over the course of four years, with the second author
acting as the teacher. The results demonstr a
standardized exams (inctathe mean score was lower), but the researchers did report other
positive outcomessuch as more student involvement and higher class grades.

As with any research stugynprovements could be made. The inquiry class had twice
the number of labs araimost three times the amount of time in the lab, both based on minutes
and days in labThe researchers do not indicate if the time on task was equivalent, which is a
significant issueMoreover,the researchers do not describe the exact nature ofstineciion;
therefore it is difficult to determine whether or not the class was truly ingasgd in regards to
instruction. It is critical when comparing classes that the teaching process be described in detail.
Additionally, the student numbers varisdbstantially fronthefirst two years of the study the
last two years of study.

Marx, Blumenfeld, Krajcik, Fishman, Soloway, Geier, and Tal (2004) assessed the
impact of an inquirybased science initiative in the caxttef an urban systemic refornihe
data for the study were from three years in the Detroit public schools with sixth, seventh and
eighth grade students. There was one project in sixth grade, two in the seventh grade, and one in
the eighth grade. Schools within the Detroit public systeme wwited to participate based on
the abilityof teachers to participate in professional development, sufficient computer

infrastructure, supportive administration, and equity. Ten schools participated the first year and
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14 schools participated in thecead and third year. One to three teachers participated in each
school that was selected. The teachers selected were comparable to other teachers in the Detroit
public school population. The only significant difference was that the teachers had less
experence than the general populatibat they were still highly qualified at about 11 years of
experience.

The curriculum projects were titled: How can | build big thing¥®at is the quality of
air in my community?What is the water like in my Riverard Why do | need to wea helmet
when | ride my bike?The $xth grade project looked at developing an understanding of simple
machines and the relationshiptween forces. The two seveugttade projects focused on issues
of air quality and pollution as Wes watershed issues, erosion, and various chemical concepts.
The eighth grade project focused on the physics of collisions, and an understanding of force,
velocity, andacceleration. The cuoulum projects lasted between eight andweeks and the
reearchers administered pretest and posttest for all students in the participating classes. The
assessments weadlend of multiplechoice and free response iterasd involved content
knowledge as well as science process skills. These questions wereizatkigo three
cognitive leveld low, medium, and high. A team of researchers developed the assessments with
groups of three to five individuals scoring student responses. The attrition rate was reported as
20% across curricula and years.

All of the andyses except one, a process section, showed statistically significant gains.
Effect sizes for the gains were strongest in content scores as opposed to process scores, and were
larger in the second and third years. When the researchers examined theeclayeils of the

guestions they found an increase in effect sizes for medium and high items across all three years
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while the below items had large increases for the first two years and then were studied in the
third year.

While this research study offsdtsupport for inquirybased approaches, it is not without
hurdles. As is the common critique with educational studtasre wasot a reported cdrol
group or comparison groug-he reported gains from sixth grade to eighth grade could be simply
attributed to learning gains as individuals grow older and have more exposure to sciences. The
researcherslso revealed that other scienedated initiatives were ongoing in the schools.
Therefore some of the results could be attributed to those programs.

Traumann, MaKinster, and Avery (2004) reported their findings in relation to the
difficulty in enacting inquirybased instruction. This research study stemmed frof@dieell
Science Inquiry Partnership Progranvhich placed graduate students in schoolgashing
fellows. The graduate students worked with teachers to create and implementlagey
lessons. The graduate students spent approximately five hours per week preparing and ten hours
per week teaching collaboratively with a host teacher. fdpainy projects developed ranged in
duration from a few days toszthool year, and attempted to meet the needs of each of the
classrooms. Graduate students developed-epdad research projects, remodeled labs, created
nature of sciemicery | mememtssoand dAingq

The researchers investigated the barriers to implementing inquiry as well as the benefits
of having the graduate teaching fellows in the classrooms. Data sources included interviews, the
Inquiry Teaching Belief Instrumemecorded focugroup sessions, and classroom observations.
During the 20042002 and 2002003 school years, a total of 21 teachers who had participated in
the partnershipwere interviewed. Fourteen teachers were interviewed during theZ22B

school year.
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The teaches identified four major areas that impacted their ability to engage in inquiry
based instruction: state curricula; time constraints; student expectations and abilities; and
teachers fear of the unknown. Teachers felt pressure to prepare students $takeg exams,
which reduced the opportunity to engage in ingibiaged labs. Teachers mentioned that it took
a greater amount of time to conduct an ingloaged lab as opposed to a traditionratiged lab.
They also felt that it would take too much@ for students to figure out answers on their own,
and they felt that the time to develop inqdirgsed laboratories was not available to them. The
interviewees also mentioned that some students could not handle the independence of inquiry
based labs whe strong students might become frustrated with inquiry since it is not dependent
on the typical methods of performing on exams. Finally, the interviewees mentioned a concern
over engaging in research projects, since some of them did not have the erpaneifelt
unskilled to do so. The fellows allowed teachers who previously avoided engaging in these types
of activities to be more flexible and try new things.

The teachers interviewed in year two and three expressed a willingness to engage in
inquiry-based teaching, and many indicated they had learned new teaching strategies. Those
teachers who were helped the most were individuals who did not have prior experience in
scientific research. Individuals with experience benefited from exposure to easvadd
resources. The fellows also appeared to help teachers lead student discussions, which are
important to inquirybased environments. Individuals were willing to continue in the program
because of the impact on studentsachers saw an increasemitivation and students appeared
to enjoy learning more.

Twenty students from three different classes were also interviewed to determine the

impact of the projects on their views of science. Students were drawn from low, medium, and
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high achievement gups as designated by their teachers. Despite differences in achievement
level, all of the students reported that they found the projects fun and several said the projects
were better than their typical experiences in science.

This research study demarated a positive model for increasing and implementing
inquiry-based instruction, but it is not without challenges. The study population is not described
T we do not know what the student demographics or school demographics are in this situation.
Sinceit is in New York State, the study population is exposed to unique curricular requirements
that may not be indicative of other parts of the country. The instruments used in the study
(interviews andnquiry Teaching Belief Instruménivere not describedhisufficient detail, nor
was there a discussion of the interview process or the questions asked.

Turpin and Cage (2004) examined the effects of an integrated atiaggd science
curriculum and student achievement, spp@cess lslls, and science attides. Three schools in
northern Louisiana served as the experimental sites and four schools served as control sites. Both
sites usd seven teachers and their students as research participants. Turpin established a control
and experimental group of senth grade students to examine the effect of the integrated,
activity-based science curriculum. The experimental group was involved in the integrated
curriculum, whereas the control group was taught in a traditional textbook and lecture fashion.
Both curicula were similar in that they both contained science content for seventh grade as well
as life science topics. The programs differed in that the integrated curriculum drew on areas
such as physical sciences, engineering,tandhed orhow thesaliscipineswere interrelated.
Mathematics was also used to solve problems in the integrated curriculum and activities were
used to help students learn content. Teachers in this curriculum engaged in at least two

investigations per week. Five hundred and tlortg students completed both the pretest and
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posttest in the experimental groamd 398 students completed both the pretest and posttest in
the control group. A number of instruments were used to assess students. Science achievement
was measured with theeience subtests of thawa Test of Basic SkilldTBS). TheScience
Process Skills Testlowed researchers to examine the process skill &dvbeir students. The
Serve Science Attitude Surwegs given to students to examine their science attitudes.

The experimental group had a significantly higher ITBS science postt@® than the
control group.The ScienceProcess Skillposttest was also significantly higher in the
experimental groupThe posttest science attitude means were not signifjodifferent.
Individual process skills were also examined to see if there were any differences. The
experimental group had significantly higher means for identifying variables, designing
investigations, and interpreting data. There was no significdeteliice between the two groups
in formulating hypotheses or graphing data. The student data supports the use oftededty
approaches in assisting students in gaining bettancejgrocess skills as well as in learning
science content.

The study may &ve been strengthened through a number of different methods.
Background information was not provided on the teachélsthe exceptiotthat the
experimental group had been involved in training for the integrated curriculum. A description of
the actual istructional process was not provigidaerefore it is difficult to draw explicit
comparisons between the two groups. It is not claaegtudents came from different sis
or the same schoand no socioeconomic data is provided for either the arpatal or control
group. Thereforestudents in the control group may have had experiences that resulted in lower
scores. The study should have employed the same teacher for a control class and an

experimental class to draw more definitive conclusions.
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Cuevas, Lee, Hart, and Deaktor (2005) considered science inquiry with elementary
students of diverse backgrounds. The researchers wanted to determine the impact ofmastructio
interventions on studesitability to conduct science inquiry and use varimegliry skills. They
also wared to examine the impact witervention on narrowing gaps between students of
different demographic subgroups. The study occurred in a large urban school district in the
southeastern United States with a varied demograpipialation. Seven teachers were selected
based on their effectiveness of teaching sciesmoe their teaching experience varied fré184
years. A total of 28 students were selected by teachers to repreffentioli achievement levels
and gender groupslhe instructional units involved measurement and matter in grade dhcke
the water cycle and weather in grade four. Teachers participated in four workshops during the
course of the year to improve their exiise in science and literacy¥he researche collected
data at the start and the end of the school year using an elicitation protocol that had students
design an investigation to solve a problem related to surface area and evaporation. This data was
then coded and scored using a rubric and pametple t tests were conducted on 25 students
who completed the prand posttest.

The results showed that studeexperienced a statistically significant change in their
inquiry abilities, their ability to develop procedures, their ability to describetheywwould
record the results, arideir ability to develop a conclusion. While not statistically significant, a
small increase in studentsd ability to apply
not observed in their ability to creagroblem statement or their ability to describe how they
would use materials to conduct investigations. Some students continued to struggle in
identifying the problem in the elicitation protocdlow achieving students saw dramatic gains

from the preelicitation session to the pesticitation session, with an increase of 5.21 points
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compared to 2.73 points for the high achieving students. Both AfAcagrican and Hispanic
students increased significantly in their ability to conduct inquiry male analéestudents were
on par in their ability to conduct inquiry. As a result of the intervention there was a significant
increase in studentsdo ability to develop ques
of demographic factors.

As noted byhe researchers one of the significant issues of the study was a lack of a
control group.In addition the sample of 25 students is relatively sma&lldescription of how
the students were actlyaselected was not described; @ result these studentsymeot be truly
representative of the total sample. Because of the small samplergzsannot draw
conclusions based on demographic differences. The researchers do not provide a review of the
instructional process which would have provided a greaterstagheling of the type of inquiry
processes students dealt withimilar to the McCarthy2005)study, the importance of this
study isthatits focuswasa population of students that hadt bea thoroughly studied
previously

Lynch, Kuipers, Pyke, an8zesze(2005) discussed the results of a planning grant and its
impacts on science skills with students. The researchers examined the curGbelomstry
That Appliesa unit that had received acceptable ratings foMA S 6 Pr o jTeect 2061
research popation incluaed eighth grade students from sahools in the Montgomery County
Public School district.

The Chemistry That Appliesurriculum included 24 lessons divided into four sections,
although teachers for the study only taught the first 18 les$be€hemistry That Applies
curriculum was compared to a variety of options that teachers could choose from including

traditional textbook materigas well as reforAdbased curricula on chemistry. Some teachers
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drew on multiple curricula to develop theiwvio units but all teachers were required to follow
the statés curriculum framework.

The researchers examined whetherGhemistry That Appliesurriculum resulted in
higher scores on achievement engagement and motivation measures compared to those in the
comparison group. Students were given assessments as pretests, posttests, and delayed posttests
administeredafter the chemistry unit was completed.

TheConservation of Mtter Assessmermwas used to assess science knowledge and was
developed as a resualf the AAAS Project 2061. The pretdstind no significant difference
between the groupand students showed little understanding of the topics. The posttests and
delayed posttests offedla different picturé with a significant differencebservedetveen the
two groups.Students in th€hemistry That Appliesurriculum increased their mean scores by
20 points while the other growghowed aain of 11 points. Students the Chemistry That
Appliesgroup also had more students increasing from thedbsemres compared to the other
curriculum group, with 22% still at a low level versus 38% below level in the groumgairy
group. The most successful students remained equal for both groups altho@jrethestry
Appliesstudents appeared to progréssheir understanding of the conservation of matter.

Data from subgroups showed that individuals and of low socioeconomig, gtfican-
American studenigdispanic studentand English language learners all scored higher in the
Chemistry That Applsegroup versus the nontreatment grolyiore students in the treatment
group moved taniddle level ofunderstanding while their peers, on average, remained the
no understanding range.

Although not identified as an explicit inquiry study, McCarth§(@2) compared hands

on science teaching versus textbook instruction for students with disabilities. The study is
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significant in thait deals with a population that is not often considered when investigating the
impact of inquirybased instructiorin this study, 1&tudents, all of whom were labeled as
seriously emotionally disabled, served as the research participants. Some students had additional
disability classifications. The students were from a range of schools and were placed in their
current sdtng i aself-contained special education unit. Demographicély students came
from varialbe backgrounds, including higher soeamnomic status, although most wémem
low-incomefamilies Two special education classroom teachers and multgés\sere
involved in the study.The researcher assessed ddierknowledge using three pretessd
posttests, one multiplehoicetest one short answéest and one handsntest. The two special
education teachers taught approximately 16 lessons darroger the course of eight weeks.
Students in the hands curriculum performed significantly better on the short answer and
handson posttests, with no significant difference between groups on tliplexghoice test.
Testing conducted0 weeks lateindicated that students in the harafsclassroom still
performed better than the students in the textbook curriculum.

A number of factors are of concern in this stuéyrstly, the population size is extremely
small only 18 students, with those studemarther separated into two groutatistical
analysis in this case can be consideregpnapriate due to the small population size. The
researcher does not clarify how students were separated and a comparison between the two
groups is not providedThereforeit is difficult to draw conclusions about the effectiveness of
the hand=on curriculum since we do not know the ability level of the students in each class.
Furthermore, the lessons were not fully detailed in the different classes. Desterttieisms,

the research does offer insight into a population that is not well studied.
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Lee, Buxton, Lewis, and LeRoy (2006) explored the abilities of students of diverse
backgrounds to engage in science inquiry. The researchers attempted to deteethee an
intervention enhanced student siésstudemswontinygeda bi | i
to have. A description of the basic research study may be found ieahierreview of Cuevas
et al. (2005). As a result of the interventiorost students were able to describe how variables
are controlled in an experiment and most students used data to support their theories. High
achieving students gave correct responses more, bfietow achieving students showed larger
gains as did femke students. Students who spoke Spanish had higher gains than English
speaking studentand individualsn English for Speakers of Other Langua¢feSOL)programs
had higher gains than those nosuchprograms.Low and middle socioeconomstudents hea
comparable gainsStudents from nomainstream and less privileged backgrounds had larger
gains than those students who were in better
responses to the evidence in support of a theory catefjbe/researchers found that the
intervention had a greater impact on the inquiry abilities of older students as well as those
students from diverse backgrounds.

As previously indicated in the Cueves review, this study was not without issues. In
addition to the peviously discussed items, the small sample size does not allow one to draw
accurate conclusions based on demographic differences. A population of 25 students is highly
problematic especially csidering the large sample it waisawn from. The teacherslseted
students based on their perceptions of high and low achjewels framework for this decision
was not clear.Thus, students may not actually be truly representative of these groups.

The impact of inquirsbased labs on community college studéutslerstanding of

anatomy and physiology served as the focus for Lyons (2006). Two classes werenesed
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participated in three Acookbooko traditional
in a guidedinquiry approach. Scores from gués, physiology questions, and lecture exams
were examined to identify differences between the two groups. No statistical differences were
found between the two groups, although both expressed interest in participating inlnaceidy
activities. Itiss nt er esting to note that the researcher
harmed by participationinguidegdn qui ry acti vitieso (p. 48). A
acknowledgd is the limited examination of the inquiry effect (only three Jabs

Pine, Ashbacher, Roth, Jones, Mcphee, Martin, Phelps, Kyle, and Foley (2006)
conducted a comparative study of students involveimdson curricular versus textbook
curricula in an evaluation of inquiry abilities. Approximately 1000 fgtiade studets from 41
classrooms and nine school distls were part of the data séthe school districts were from
California, Arizona, and Nevada. The textbook materials came from MeBilgwiarcourt,
and SilverBurdett, while the handgn units were from FO& STC, and Inghts. Students were
given a 65question sbrt answer cognitive abilitiegst to determine basic aptitude in the areas
of literacy mathematics and figure analysi$ie researchers also used at2h test with
guestions drawn from thEhird International Math and Science StudgsIs(TIMSS)in 1995.
The researchers found no significant difference between the-baralsd textbook students for
bothtests. The researchers then developed a number of performance assessments to measure
inquiry skills. These assessments included a spring to estimate the weight of an object, paper
towels to see which brand of paper towels would soak up the most water, icéocekesine
therate of melting water in a beaker of tap water versus saltwategna@xamination othe
behavior of flatworrs in various conditions. Sevéunndred and twenty students completed all

the assessments.
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The researchers found no significant differences between the-baragl textbook
classes for three of the four task$,cdiwhich dealt with physical science. The only significant
difference was found in the flatworm task where hamustudents performed 11% better than
textbook students. On the TIMSS questions there was no significant difference between the two
groups, #hough the researchers expected the textbook class to do better. The performance of
students overall was low, with students on average scoring 45% and even lower cieligher
skills at 32%. The researchemarguedthat the resultenay be a consequenoé how the hands
on approaches were being implemented, in that they lacked true Hogqsieg instructional
practices.The researchefiadicatedthe handson students did better ingtlatworm task for two
reasons that they may have spent more timelif@sciences anthatthe task may have
resembled the process in their classrooms. The researchers also found that students performed
about the same level on the tasks across socioeconomic status. This may have been due to the
fact that elementary teaaisenvere not teaching the curricula well enough to help students
developbasicskills.

The researchers identified a few of the problemsliamthtions of their study. A
significant limitation is a lack of data on the classroom learning process thateaccurr
Researchers intended to follow up on teachers and st dentt was not addressekthe
researchers only observed volunteer teachers once in their ctast@gerviewed them by
phone once to confirm that they taught science in a certain manmerefdre the differences in
handson versus textbook curriculum depends on-ssgibrt data which is sometimes unreliable.
As the researchers also ndtee sample was nonrandom and participation in the study was

voluntary. The sample therefore has @me bias due to the selection process.
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Ruhf (2006) compared pervice teachers enrolled in different instructionally geared
earth science courses. Thisdy tested whether or not pegvice teacher education students
enrolled in an inquirbased eartBcience course gained a betjeasp of the content than
presenice teachers in a traditionallyased earth science course. Students were tested for content
proficiency at the beginning and the endhe semester. The traditionalbased students
demorstrated a statistically significant improvement in knowledge and comprehension on the
podtest, while the inquinpased studentlid not. This suggests that the traditional course was
better in preparing the preservice teachers in content knowlédgignificantlimitation in the
study was that multiple instructors and courses were used and compared: Geography 1900
Geosciences 290Geography 1050nd Geography 1020. A major issue with the study was
that the observation and interview data indicatediquiry-based class did not match national
standards of inquiry.

Implementation of inquinpased instruction hinges on a variety of factors. Crawford
(2007) explored prospective teachers and their implementation of ifepsed instruction. The
studyinvolved five prospective teachers during the 2000 to 2003 cohort of a secondary science
professional development schodlield placements included typical high school classrooms that
were not funded by external grants. The researcher attempted toideteow prospective
teachers went about teaching science as inquiry in classrooms and how mentor teachers
supported or constrained prospective teachers. The prospective teachers participatddng year
field experiences that also involved weekly semitaes conference room at the high school.

The five teachers were preparing to teach biology, physics, earth seiadageuroscience.
Prospective teachers were hasdlected by their mentors and the prospective teachers differed in

their undergraduate sgice backgrounds. The data collected by theareher included idepth
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semistructured interviews ahé end of the school year, sestiuctured interviews/ith mentor
teachers, inquirpased unit plans, and the researcher journal documenting meetorgsain
conversations and classroom observations.

The researcher initially reported that all five prospective teachers began the year with
enthusiasm and appeared ready to develop indpaisgd lessons. Howeyérnis enthusiasm
wanedand in some cases disearedProspective teachers identified a number of factors that
dissuaded themncludingmore responsibilities, resistance of students to new methods of
instructionandt he ment or 6 s de gr eRrospettivedgacherawere alsot o i nqu
concerred and fearful about teaching their original lessons. The researcher idithedtde
prospective teacherso reluctance cano6t simply
of the mentors expressed openness to trying new teaching techniquete es the
prospective teachers rangedm giving traditional lectur@riven lessons to open/full inquiry
projects. Although the mentofbeliefs and instructional approaches influenced some of the
prospective teachens did not explain the resigtae of some individuals to tng inquiry-based
approaches. Several of the new teachers did not know how to attempt science as inquiry in their
classroom. This seemed to be a critical aspect of inquiry implementation as the dvewe's
were not alwayshe mitigating factor. For examplene mentor was very open to allowing a
prospective teacher to try new techniques but the prospective teacher was not comfortable trying
them. As time went on this prospective teacher became more focused on a trasititena
instruction. Another prospective teacher fully implemented inquiry in their classcespite
herment or 6 s st ance onlpinteamediae on asgaleifromyclosee to apen.

As previously noted with other case study approadbeikfficult to generalize findings

from these studies to other research settings. In partithiwas a unique research setting that
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includeda universityschool relationship that is not found in othezam. As the researcher
indicatedJabelingandidentiyi ng an individual 6s beliefs abol
construct. However due to the length of the internship/placememtell as the interaction of

the researcher in the stydiis study providesnportant information related to implementati

of inquiry-based instructional practices.

Shaw and Nagashima (2009) investigated student learning in elementary schools during
the 2004 to 2005 school year. The researchers wanted to discern if students performed better on
assessments in inquibased @assesA total of 834 fifthgrade students from 14 elementary
schools were assessed on three different performance tools to identify siad#ibgdevel.

The data was generated fromM8F funded education reform known as STERulfch

included effots to improve student learning through teacher professional devehbamd
performance assessments. One elemestdrgol was selected because of its diverdifth-

grades served as a focus because they would have hmad sgposure to similar inquiry
assessmentslhe year selected was chosen because all three performance assessments were
administered.

The elementargchool taught three scienagits which included ecosystenfspd
chemistry and microwelds. The units were from tH&cience and Tedology for Children
Curriculumdeveloped by th&mithsonian Institute National Science Research Center
curriculum is focused on improving students of variable backgrounds and demographics.

Student learning was measured using three performance assessgraecorresponded
with the science units developed for the study. The assessments for food chemdistry
microworlds replaced endf-the unit lessons and served as culminagictivities, while the

ecosystem assessment started in the middle of thanthpppceeded to the end of the unit. The
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assessments were designed two to thl@esroom teachers and a university scientist. Each
assessment was designed through a teaeprocess with the initial desigpilot and field

testing and implementatianA manual was developed for each assessment to wibis

teaching the unit. In thecosystem assessment students reseasphecbsystem and created a
poster for the food chemistry assessment they conducted physical and chemical tests on snack
foods,andfor microworldstheyexamin& water samples with a microscope to determine which
one was the safesi drink.

Teachers scored their own students and sub
office. Students who migslmore than 50% of a itrwere not includedh the assessment
Student scores were valued frame to fouron the rubrics. A total of,255 scores were
submitted from the school distrjetith 834 students serving as a samplee mean for each of
the assessments WAs8 for theecosystems2.81 for the food chemistrgnd 2.8 for
microworlds. Femalesral gifted students scorecbnsistently above those of the total sample,
with the reverse true for males and students classified in the special education catégmay.
Americars underperformed their counparts on food chemistry and microworldgjile
Hispanics underperformed on food chemisto significant difference was noted for
performance on the esgstem assessment basedetmicity. Low socioeconomic students
underrformedversushigh socioeconomic studenishile speciabducation students under
performed on each assessment compared to their courgerpart

This study was limited various aspectdieTrubrics and scores wdryased on
collaborationbetween pairs omsall groupsof students, antkachers scored the rubrics their
student Due to possible differences in scoring (no information is presented abowutieter

reliability)s c or e s ¢ a n 6 bmpared@grinsa dach lotiier. bllee datiy comes frn
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one school year at one grade lemetidoes notompare other curricukhatwereapplied.
Without a comparison groupis difficult to understand if students actually merhed better in
these classes on these assessmettian in other classrooms.

In a unique approach to the inquiry deb&adeh and Zion (2009) compared open
inquiry to guided inquiry. The researchers examined the effect of different inquiry learning
approaches on studentso inquiry pemfngurymances.
settings would allow students to demglbetter inquiry performancesifty Israeli high school
students ireleventh and twelftigrades served as the research participanith data derived
from interviews, written summaries of projects, logk&aand written reflections. These items
documented every stage of the inquiry process. Israeli public high school students majoring in
biology must pass a final exam that includes a practical section comprising lab work in an
inquiry project. Half of the students were engad in open inquiry and hahl guided inquiry.
Students came from middi#ass neighborhoods and displayed no significant differences in
inquiry skills on a pretest at the beginningetéventhgrade. No significant difference was faln
between groups in a similar inquiry assignment at the end oiviitth grade. Students were
taught by a total of four teachers, two for the open inquiry approach and two for the guided
inquiry approach. The teachers had more thaiyears of experieze, multiple degrees,
participated in professional development, and were highly regarded amongst their colleagues.
Teachers were interviewed to determine what type of inquiry they engageu idiscussions
were held with the teachers every three mordhmdke sure that theypntinued to emplothe
methods they indicateat the beginning the research stud®dfter the data was collected from
the students, the researchers created a personal report for eachveiciedétailed their level

of inquiry perbrmances. Two senior biology teachers acted as judges in determining the inquiry
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performances of students and arrived at a 93% agreement level. Open inquiry students displayed
a greater rastery of inquiryin two areas changes occurring during inquiand procedural
understandingThere was also a significant difference between the groups of students at the

level of procedural understanding, with students in the open inquiry group exhibiting a deeper
understanding. There were no significant differenet&/éen the affective points of view and

learning as a process category when comparing the two methods.

This research study was limited by the small size as well as the internationaltbetting
presented unique category for this research. The resees@iso notd that the student
reflections at the end of the study were poor and could have been improved by engaging in a
larger amount of reflective practice. The research study was limited to a certain number of
classesand students in the populatidid not represent a crasgction of an Israeli high school
student population instead it was focused on a specialized set of students, biology majors. lItis
not clear how the students were assigned to the open inquiry or guided inquiry gioaibg.
the teachers involved in the research program were uniquely qualified and do not represent
typical teachers found in most high school settings.

Lee Linn, Varma and Liu(2010) explored the following research questions in their
study involving technologgnd inquiry What is the impact of typical versus inquiry instruction
on student knowledge integration acresgence courses and teaching contexs@How do
teaching contexts impact student progress in knowledge integrdate?for the study came
from 27 teachersom tenmiddle and high schools in three different staldég eachers had
taughtfor an average of 12.9 years, rangirgm 1 to 35 yearsStudent data indicated that three

schools were higiperforming five schools were average, ameb schools were low compared

158



to other schools in the statBlevenof the 27 teachers were involved in creating inquiry units
during a summer workshop.

Six tests were developed for each assigned subject; tests for the nontreatment group
included 80 multiplechoice questions and 4xplanatiomuestions.The nquiry group teshad
63 multiplechoice iems and 55 explanation items. Fifyestions appeared in both years of the
assessment.

Teaching environments were evaluated using teacher surveys, inteaselather
project records. Surveys of teachers took place at the end of the schanig@aked about
teaching experience and belietsvelve ofthe teachers were interviewed after the curriculum
was inplemented and each interview lastggproximatelywentyminutes The inquiry units in
the study were developed around a single science topic and lasted for five Jdreoslsience
topics were chosen by the teachersich werealigned with the standards that they nektie
address in their classe$edinology features included probe watctassroom exgriments,
interactive visualsand other assessmenilhe units were developed on mitosis, simple
inheritanceyelocity, the rock cycle, and global climatieange for middle school, and
acceleration, eledcity, chemicalreactions, evolution, and meiosis for high school.

Overall the inquiry units demonsted better student results thitwe typical methods.
The knowledge integration for the inquiry group was significantly higher than the nontreatment
group. Students were more likely to develop an understgrafithe science topics that were
integratedSome the inquiry unitsvere more effective than others; for examplemistry and
physics units had higher impact than physical scientée scienceand biology units. Units that
involved visualizations of difficult science topics had larger gains; thahhysics unit and

chemistry unit had interactive simulations.
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In regarddo teaching context, the impact of the inquiry units was greater in saas a
than others. Three of the 27 teachers had negative gains between the twpagduperview
data showethat these teachers did riolly implement the units or assessments. One of the
teachers only spent two days of instruction on unit ratherfiiia daysResearchers found a
significant relationship between teachers with more inquiry experiencellassweore teaching
experience.Individuals who had more inquiry experience had better student outcomes than
teachers with less experiente gereral the units were not equally successtotiteacher
experience had a significant impact oa #ffectiveness of instructioma@ssisting student
understanding.

The limitations of the study include the fact that they did not deskobethe
assessmentsere pilottested while reliability and validity measures weeestablished for these
tests. The assessment tests were not equal in length and it was not reported how many questions
were exact/similar. Direct observations of the teaching environmenbtidke place, making
it difficult to discern the actual impact of the research materials.

Minner et al.(2010) offered a review of inquiyased researchdim 1984 to 2002. The
researcheinitially shortened 1027 documents to 443 research reportsdi8suwere included in

the analysis based on a number ofdeswhich included whether

1 They had sufficient information to clearly determine the presence or absence of
inquiry-based science instruction, as operationally defined for this project

1 They had student understanding or retention of science facts, concepts, or principles
and theories iphysical science, life science, or earth/space scienceegeadent
variable for the study;

1 They had explicit instruction in physical, lifer earth/space sance;

1 Multiple treatments were compared, one of them could be distinguished from others
as exhibitingmore inquirybased instruction based on our coding proto@as a
treatment of interest);
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1 They were ot conducted in museum contexts; and
1 They were na case studies of individual students.

Studies were considered inquinased if they included instructional treatments about life,
earth orphysical sciencesngaged stlents with scientific phenomenastructedvia some part
of the investigation cycleg@estion, design,ada, conclusion, communicatiomnd used
pedagogical practices that emphasized to some extent student responsibility for learning or active
thinking. The researchers also stated that inquiry instruction has three major components:

1. thepresence of science content;

2. studentngagement with science conteantg

3. student responsibility for learning, student active thinking, or student motivation

within at least one component of instructloquestion, design, datagrclusion, or

communicatio (p.5).

The 443 research reports were reduced to 138 stpidiearily in the United States
(76%). Research instruction took place migiin K-12 classrooms with @egular classroom
teacher but little was known about the training and preparation tédbbers.Nineteen percent
of the studies did not include informaticggarding the timeframe of treatmenthe number of
minutes of inquiry instruction varied widely between the treatments. The study populations
ranged in size from 15200 for quaskexperimental studies tb1-30 for nonexperimental studies.
Research designs of the majority of studies weigstexperimentaglexperimental, and
qualitative. Little more than half of the studies had one treatment group while aBd&shad
two treatmengroups. In regartb instruments and data sources used, information was not well

reported. A little more than half of the studies did not indicate if the resdanth were new or
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existing. Of theones that did report this informatia20% used new ingimentsthatwere not
pilot-tested 13% use instruments that were piltéstedand only 11% uskestablished
instruments.The vast majority of these studi&2% did not include whether the researcher
determind the reliability of the researchnd oy 26% demonstratechg kind of measurement
validity.

Fifty one percent of thstudies showed positive effects of inquirgsed instruction on
content learning and retentiorhirty three percent dhe studies showed mixed impaatsl
14% showed no impaciThe general consensus oé tstudywasthat inquirybased instruction
showed positive impacts on student learning compared tingoiry treatments. Studies of low
methodological rigor more commonly presented positive results than more rigorous, studie
although the degree was not statistically significant.

Forty twostudies had multiple treatment groupsich allowed comparison in the
amount of inquiry instruction and its impact on student learning and retention. The majority of
studies were in thenoderate to high rigor category. In studies with higher and lower amounts of
inquiry, 55% of the studies found students did better in higher treatments. Theseisthaies]
19 studies in whicktudents had a statistically significant increase in cdneépnderstanding.
Comparative studies showed a positive association and 51% of the studies showed that more
inquiry-based instruction had a more positive impact.

The author notéthat although the evidence is not completely positive, students who
were egaged in instruction that involvegenerating questiondesigning experiments
collecting dataanddrawing conclusiondemonstratetmproved content learningdandson

experiences were also found to increase learning of student concepts
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A major limitaton of this study is that it was restrictedtb@ timeframenf 1984- 2002.
Althoughinitially this may not seem significara great deal of research has occurred in the past
10 years on inquirpased instructioand there is been a renewed focus on owglogica rigor
in developing studiesThe publication ofnquiry in the National Sciencedbcation $andards
occurred in 2000, and this resuliadhe renewed focus anquiry-based instructional
techniquesnd a wave of research studies

Wilson, Taylor, Kowalski, and Carlson (2018pmpared the effects of inquibhased
methods ircommonplace science teaching is related to students knowledgeningand
argumentation. The researchers attempted to measure three ouicctadmgscientific
knowledge, scientific reasoning through application of miles, and construction critique of
scientific excavations. Children between the ages of 14 and 16 were invited to participate in a
research study would involve 14 hours of instruction and testinglozeourse of a two week
timeframe in the summer. Eventuglh8 students were successfully recruited and then randomly
assigned to either inquityased materials or instruction using commonplace matehks
significant differences were found in compositiof the two groupsand sudents received
compensation at the end of the stu@®pth the units were taught by the same tegakleo had
27 years of experience in public schools, @Pmm curriculum and instruction, and experience
teaching with traditinal and inquirybased materials.

The inqury curriculum unit was title&leep, Sleep Disorders, and Biological Rhythms
from the National Institute of Health curriculum supplement sefi&® commonplace unit was
modified from the NIH sleep unit to foces didactic approaches and tiimeenes that woul
reflect commonplace teaching@oth approaches were examined by curriculum developers to

ensurehe learning goalare alignedData collection included a pretest posttastian
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interview. The pretest ahposttest includethultiple choice itemdyue false items, and five

constructed response items. The true false and multiple choice items focused on facts and

vocabulary within the sleep unit, whasthe free response items dealt with reasoning about the

data. Students also participaia a 30 miuteopenended interview that was designed to include

the major topics within the unitsThe classes were observed by external researmsierok

notes and completed the reformed teaching observation prédo@zch unit. The teacher also

took notes after each less@mdeach class wagdeotapedStudents also completedwagey of

17 questions from th€onstructivist Learning Environment Survey
Theresearchereeportedfound that theop scores were gificantly higher in the inquiry

class tharior the commonplace unifThe mean constructivitearning Environmenti8vey

scores were also significantly higher in the inquiry class. Videdtapgervations showed that

the commonplace group spent moregtion lectue, butthe inquiry group spent morerte in

small group discussions. Thequiry group spent more time on writing scientific questions and

procedures while the commonplace group did Adte @mmonplace groupxperienced a

greater depth of thiepics. Students did not participate in harals investigations in either

group but instead kept aeglp diary in the inquiry classnquiry students had significantly

higher posttest scores than students in the commonplace group. The commonplace unit

demonstrated a significdptlower posttest score for nonwhifg®tno significant difference was

found in the posestof scores of studgs in the inquirybased groupStudents in the inquiry

groups had significantly higher scores étaims, evidenceand reasoningln generalstudents

who participated in inquirpased instruction earned significantly higher scores than students in

the commonplace instruction.
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While this research study provides evidence to suppquiry-based instruction it was
limited by a number of factsr The researchecsuld notdraw conclusions about demographics
due to the small samples involveds the researchers ndighe study was limited by a small
sample size as well as the short length of interventfofollow-up studywas not administered
to determinef long-term retention etually occurred. This would haeeldressed the issue of the
short intervention timeAdditionally, the short time betwedhe pretest and posttest could have
resulted in a testing influeac Students in the inquiry class may have remembered some of the
guestions as opposed to the commonplace clEss.study waglso subject to a great deal of
bias, since the researchers des@ymquirybased instructional materials and the instructas wa
an advoate for inquirybased teachingThe teacher wasore comfortable in the inquityasel
setting which could have influenced the outcomes. The researchers did address this briefly by
noting that the variables for the experiment were controlled.

Breslyn and Mcginnis (2011) compared the enactment of inquiry in science teacher
classrooms, specifically how the discipline influenced their views and implementation of
inquiry-based learning and how teaching in more than one discipline influenced these
corceptions. Using a mixeshethods design, the researchers analyzed portfolio texts and
participant interviews to discern individuals
carried out in three phases: phase | involved analyzing portfolios wiearoh instrument;
phase Il involved analyzing the text in the portfolios for themes; and phase Il involved
interviewing a selected group of teachers. Forty eight teachers who received national board
certification in 2007 and 2008 were involved in thedgt with phase Il focusing on 12 of the 48

teachers. The sample for this study involved 48 nationally board certified science teachers with a
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pilot study of three teachers carried out before the study was implemented. The 48 teachers were
selected ramaimly from a population of 282 teachers during the certification year of 2007.

During phase I, the portfolios were read and scored using the instrument from the pilot
study. The portfolios were then read again to compare scores to the first reading and
discrepancies were investigated. The portfolios were then read again to refine the scores. A
final reading, the fourth time, was conducted by the first and second author to compare scores.
Ten portfolios were randomly selected and scored.

During phasél the author read the portfolios four times and coded them by identifying
emerging themes about teachersdé goals and ena
two included: Students conducting scientific investigations (SCSI); Science cormene#ge,
modeling, problem solving; and Other.

After phases | and Il, phase Il involved recruiting a second group of teachers to serve as
case studies. Interviews took place by phone and involved a discussion of an inquiry lesson of
t he t e a csihge mterdiews fhuadfour of six biology teachers in the analysis tended to
focus on SCSI, while two were placed in science content knowledge. A reason for this focus on
SCSI was that the teachers perceived inquiry as being more difficult in bictolgiplogy and
physics teacher believed that inquiry was easier in physics classes. Of the four teachers who
taught biology and another discipline, three of them shared the view that inquiry was more
difficult in biology).

In the portfolio text analys, 10 biology teachers were in the SCSI category, one was in
the content category, and one was in the other category. This analysis revealed that the teachers
in biology were more likely to involve students in designing experiments by selecting the

guestons they would explore, as opposed to chemistry and physics teachers. There was a
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significant difference in teachersd support
guestion, and use of a hypothesis in the investigation. Teachersogylbappeared to focus on
the process of the investigation.

As a result of interviews, chemistry teachers appeared more likely to be found in the
content category, with two in content, one in content and SCSI and one in other. The portfolio
analysis fand eight teachers in the content category, four in the SCSI category, and one in the
other category. Chemistry teachers were less likely than biology teachers to involve students in
the investigative process of science, and also less likely than pteaiters to use mathematics
and modeling.

Two of the three earth science teachers were in the SCSI category, with one in the
content category. The portfolio text analysis demonstrated that six teachers were in the SCSI
category, two in the other categpand one in the content and problem solving categories. The
portfolio text analysis showed two differences with other areas, with biology teachers more
likely to use questions to investigate, and physics teachers more likely to use mathematics and
modéding.

Physics teachers were more likely to emphasize modeling as a theme in their inquiry
instruction. All four physics teachers interviewed identified the theme of modeling. The
portfolio text analysis found six teachers in the modeling categonyjrfdbe content category,
two in the SCSI category, and one in the problem solving category. There was a statistically
significant difference in their use of mathematics and models in their portfolios.

The main finding of this study was that the duicie to which teachers belong influences
their views and enactment of inquiry. Two causes for this may include the context of the

classroom teaching and the structure of each discipline. Their analysis revealed the structure of
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the disciplineasthenmai i nfl uence on teachersd enactment
teachers had a high variability of classes taught, they were consistent in their approach to

inquiry. This appeared as a trend with the other teachers, in that curriculum was not a driving
force in the differences in enactment.

This research study had a variety of limitations. The researchers did not describe how the
instrument was developed for the pilot test or how that shaped their enactment of inquiry. The
study depended almost aety on selfreported data and viewsn that no formal observations
of the teachersdé practice were conducted. Th
inquiry in the teachersod portfoli os Witkoutsus t h
sending observers into the classroom, it is virtually impossible to draw significant conclusions
about the actual classroom practice. However, this study did look at differences in views
amongst teachers regarding inquiry; and therefore doessbawe application since discernible
patterns did emerge.

Fogleman, Mcneill, Krajcik (2011) explored how curricular adaptatimasher self
efficacy, and teacher experience influence student learning. Databtagmedrom the 2003
2004 school year invaling a unit calledstuft The Stuffunit examine properties of substances,
chemical reactions, the conservation of mass, and macroscopic phenomena in a total of 16
lessons which contained seakdifferent activities.The units includé support for inqiry
practiceghat would allow studentsd engage in inquiry activitiesTeachers involved in the
project participated in professional development activities which included-aesglesummer
institute and monthly workshops during the enactmenteotitiit Five school districts antd

teachers served as their data set for the research sfidotaped lessons of teachers were
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examined and students were measuregrerandoosttests. Teacher survey responses were
compared to videotaped lessdfaur teaders were involved in the videotap)ng

The teacher survey involved 16 pages which
were asked to indicate their comfort | evel wi
The preand posttests involael5 multiplechoice questions arfdur operended questions
which corresponded to the ubis g Oneriater scored the posttests and irgger agreement
was reached for 96%A total of 1234 stidents completed both the @ned posttestsOn
averagestudents gained 7.49 points from pretest and postistparisons between teachers
found that thex was a significant teacher effectr@gards to the learnirgpinof students. This
suggested that each of the classrooms had occurrences that werecinfiitstudent learning.

The differences could be attributed to factors such as the sphaoehts andaccess to resources.
The data suggested that teachers who had previougligttthe units hadreater student gains
Students who completed investigms hemselves had greater learngagns compared to
students in classrooms who observed their teacher completing the investigations as
demonstrations. The number of days spent on thethaiteacher comfort level did not
significantly nfluence studat learning.

Forbes (2011) examined teachersd adaptatio
based momentary scien@pecifically he researcher was interested in determiifipgeservice
elementary tachers were able to adapt curriculomaterids and what types of adaptions they
actually madeThe esearch study took place at a large Migtg@en University United States
during te third semestaf undergraduate elementary teacher preparation program. During this
semester preservice teacheesreasked to develop to elementary science lessons and are

referred to as reflective teaching assignments. The researcher also served as the instructor for one
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section of the course. Between the two sections there were a total of 46 preservice teachers and
seven gudents from the section taudhyt the author were involved in case studies around their
teaching. Data from the preservice teachers included reflective teaching assignments, interviews,
observational data, and small group discussions.

Adaptations wex coded around whether they add#eleted substitutedinverted or
relocated items within the lesson plan. An inquiry scoring rubric was used to assessotie les
plans and was based on thatidnalScienceEducationStandards. Interater reliability was
established by sampling 20% of the ¢&®&26 achievement was originakighieved ad 100%
after discussion.

Based on the inquiry rubrics the preservice teachers were able to inoréeseuse of
the five essential elements or features of inquilgis data appeared to be statistically
significant. Only four instances of lower inquiry scores were found for the five essential features
(of 93 total lessons analyzed)

In regards to implementing adaptatiptieeresearcher found that preservice students
were able to consistently implement the five essential features of inquiry into their lesson plans.
The preservice inquiry viewscused on drawing out students existing ideas and explanations
and provided ample opportunity for students to engage in diégtcon and evaluation of the
data. Preservice teachers often adapted lesson plans to inclstergugnatasked how a natural
phenomenon occted Manyof the preservice teachers thought that they were making their
lessongnore inquiry by modifying tem to focus on studentsut preservice teachers had
difficulty distinguishing between the aspects of teacher directed or student directed inquiry

elements.
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This study has a number of shortcomings that limit its implementation. Althbdigh
show that peservicgeachers can implement inquibgased etivities into their classrooms
through lesson development, due to the small datade¢st not demonstrate if they all were
implementing inquirybased instruction. The translation from lesson planningatthteg the unit
can be wrought with difficulty and modification. It is also not very clear as to how the scoring of
the inquiry based assessments translated into confirming that preservice teachers were actually
implementing inquiry. This is a signintissue with the current study asly six, of 46;
preservice teachers were examined to see if they effectively implemented the adaptations.
more thorough discussion of the methods class that students were engaggtiétprthe reader
understand what tygs of things that the preservice students were actually engaged with that
group could cause these changes.

Maskiewicz and Winters (20)12xamined how inquiry emerged in differesipects in
differentelementaryaachers classro@nThis research study enged out of a participation in
National Science Foundatigroject to develop student teacher learning pregraes and
scientific inquiry. Thirteen thirthrough sixth grade teachers in a large school district in
Southern California participated in a fessional development project as volunteers. The main
goal of this project was t oenismpcremtificenquirye ac her 0s
Teachergarticipated in one to two week summer workshbpseekly teacher meetings
throughout the yeaand some teachers participated in a full day workshop prior to engaging in
the project curriculum. Teacheatsoengaged in science talks to develop scientific inquiry and
discusedclassroom vide®

The researchers developed a2Zibhair unit for each gade level whichnvolved opening

guestions with follomup questions to engage students in thinking scientifically. The teacher for
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the study was a fifth grade teachdro hadl7 years of experience and was willing to engage
students in investigating thewn questions. The twgear study found differences in the form

of inquiry each yeamwith year one students involved in using empirical evidence to support their
ideas and in year twanoretime spent evaluatingleasin regards to their own experiencé&se
researchers were focused on trying to determine how the various components in the classroom
added to the classroom inquiry practices.

Thestudy took place at a public elementary school in sou@elifiornia with 20% of
students of Hispanic descentdaane fifthof the students on free or reduced luncrhe fird
year of the study there were 8identsnvolved,and in the secal year there were 38 students.
During the first yeartheteacher taught the modules during the spring semeasadoutl3 hours
over the course of four weeks. During #exond yeaof the studythe teacher started the
module in the second haif the fall semester and spent about 13 hours over the course of five
weeks. In both years the teacher started the module witathe question. Data for the study
included video recordings from the modules, field notes, video and field notes from debriefing
sessions, three interviews with the teacher, and student artifacts.

Due to changes in classroom practice between the, ybargesearchers wanted to
determine i f the t eacTheesdashrscadeddhe tlassroomtimea d ¢ h a
usingthree coding categories: sttured experimentation involvirgpnducting experimenend
discussing those experiments; discussioeveiyday experienceanddiscussion that was
ambiguous.

Analysis of the data revealed tf&§% of the time in the first year was spent discussing
structured experimentsvith only 14.5% of théime related to everydagxperiments In the

second yeaof the study60% of time wasoccupied witheveryday experience discussions and
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only 34% of the time in structured experiments or ambiguous related to experimentation. In year
two, structured experiments were more sca#dlthan in year onethis class speralarger

amount of their time on teachked discussions about a testable id&ao structured

experiments were inspired by studeiitst everything was coordinated by the teacher. In year

two, there were long segments of the module whgstudents werevolved in eeryday

experience discussion3he teacher recognized that students in year two did not respond to
experimentation prompts in the same way tlearyone students did

In interviews the teachenoted that students in year two did not irigighink about or
value testingbut overtime that attitude shifted toward more involvememtith the students
asking to test things. Students in year one weyee open to testing and experimentatermd
the students had just participated in scigageprojects. Y¥artwo students had not participated
in science fair projects prior to the moduearone students were more likely to design an
experimentvhile year tvo students uskstories or anecdotes from their experietacdiscuss an
idea or exfanation In year wo, the teacher became more likéb explain what was happening,
which triggered students to engage in investigations.

Thedifferences in the two classrooms appear to stem from differences in intellectual and
epistemological resources$ the studentsalong with the changes in the teaéh@&esporseto
students.The main point of this articlevasthat the students had a significant impact on how
science is actually implemented in the classroom. Although students in year one ingkstigate
experiments they did not use their findings to developwverall explanation for evaporation and
the water cyclgand as sucthe instructor demonstrated a lack of satisfaction with the class. In
year two theoretical explanations were developed bas#teorown experiences and students

appeared more likely pplytheir knowledge to different settings.
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One of the first critiques of the article is that the teacher volunteered to be part of the
program, thus it was difficult to tell if a similar pattemould emerge in other classrooms. The
researchers did not employ pre and posttesting, which would have been helpful in identifying
differences in the classrooms in regards to their content knowledge surrounding the inquiry unit.

It would have been bernefal to the study and the conclusions drawn from it to include more

data on the students, since one of the points of the authors was that the students caused a shift in
the instructor and her instruction. A more thorough description of the backgrotiredsdfidents

and their prior experiences is also imporfianne critique is that some students had already

participated in the inquiry program.

Findings on inquirybased instruction

In reviewing the literature on inquiry based instruction, a nurabdiscernible patterns
emerge. Large analyses of resbastudies over the past $§6ars have consistently
demonstrated inquiry based instruction as a more effective tool in helping students learn about
scientific processes and science content (Minhat. £2010;SchroederScott, Tolson, Huang&
Lee,2007;Shymanskyet al, 1983). Although not on the scope of matalysis, other research
students dealing with large student populations have found inbjasgd approaches effective
(Geieret al.,2008; Marx, Blumenfeld, Krgik, Fishman, Soloway, Geier, &al, 2004;Pineet
al., 2006;ShawandNagashima, 200 urpin & Cage, 2004; Von Seckér Lissitiz, 1999). A
number of these studies have taken place in the context of a large urban reform and have
indicated the successful application of inquiry techniques on a large scale. The superiority of
inquiry-based techniques has also been supported by results from numerous comparison studies.

As opposed to largexcale implementation of reforlmased teachp practices, these studies have
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involved smdkr comparisons between inquinased and traditional classes or courses. These
studies consistentigemonstrate support for inquibased instruction as a more effective tool
than traditional techniques inaehing a variety of science conceied et al.201Q Lyons,

2006; Mao andChang, 1998; McCrathy, 2005; Ruhf, 2006; Thacker, Kim,Z['&f_ea, 1994;
Tretter &Jones, 2003yVilson et al, 2010). Researchers have also shown ingo@sed
approaches to ®iperior to other approaches in reducing the gap betweerediftgoups of
studentsCuevas, Lee, Hart, &eaktor 2005; Lee et al2006; Lynchet al, 2005; McCrathy,
2005; Shavand Nagashim&009).

Implementation of inquinbased instructional teaiques involves certain commitments
from teachers and instructors. These commitments sometimes are significant hurdles to
implementation. Crawford (1999, 2007) has documented the successful efforts of preservice
teachers as they engage in ingthasedoractices. The successes also are intermingled with
failure, as some preservice teachers still find it difficult to attempt indpaisgd instruction.
Anderson (2002) has documented a number of the barriers that exist in regards to inquiry;
Trautmann (204) also discusses some of the blocks to engagement. These barriers include time,
comfort level with the instructional practice, fear of the unknown, existing curricular demands,
and lack of familiarity with the techniques on the part of students andtpar@espite these
hurdles, individual cases of successful inquiry implementation exist (Crawford, 2000; Keys and
Kennedy; 1999; Maskiewicz and Winters, 2D1Research studies have also examined teacher
adaptations made to curricula and its positiveanegpt o n st u dregiemandcNed,ar ni n g
andKrajcik, 2011, Forbes2011).

In addition to comparing inquiry versus non inquiry classrooms, some researchers are

starting to explore the degree of inquiry in classrooms and its impact on studentsarg@hdeh
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Zion (2009 found that students involved in open inquiry were more likebtligplay a greater
mastery of inquiry in generahd sudents in the open inquiry group exhdalta deeper
understanding of science concepts as well as scientific procedumssurther strengthens the
argument to employ more inquibased techniques in classroom settings.

From an epistemic standpoint, it is also important to note the possibility of differences in
how inquiry-based approaches are handled by teacherffefedlit science backgrounds.
Amongst exemplary (National Board Certified) science teachers, Breslyaaihnis (2011)
found distinct differences between the teachers based on content area. Biology teachers were
more involved in science as a processjevphysics teachers were more focused on modeling
and mathematics. It will be very important as we progress in our research studies to
acknowledge and consider the differences in science teachers based on their content
backgrounds, as well as theotherdt or s t hat are at pl ay. Consi
background may be just as important as looking at research experience or teacher experience
when evaluating inquirpased teaching.

The wide range of studies presented here, both in scopecaitext, has consistently
supported the pursuit of inquiyased instruction in classrooms. This involves not only teaching
through inquiry, but about inquiry, since it can yield a deeper understanding of content

knowledge through investigative process
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CHAPTER 3

METHODS

Theoretical framework

This research study will use a constructivist view of learning as a theoretical framework
to guide both the design and data analysis. Cognitive constructivist viewsnifide@Piaget,
1953, 1955, 1973) and social constructivist views of learfidmiyer, Asokoa, Leach, Mortimer,
& Scott,1994; Vygotsky, 197Btake into account the interactions and experiences of students as
well as the social context of the learning eomiment, as students develop understandings of
science concepts and the nature of science.

Two major paths of constructivism exist: cognitive constructivism and social

constructivism. I n the cognitive veirwaysmf cons
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knowing as they strive to be effective by restoring coherence to the world of their personal
experienceo (Fosnot, 2005, p.39). The soci al
interactions that occur amongst individuals and haay 8hape learning and the construction of

shared meaning. Cognitive constructivism and social constructivism are often viewed as in direct
conflict. For instance, Vgotsky (1979), state
infactandtime.T& i ndi vi dual di mension of consciousne:
However one cannot separate the context from the individual or the individual from the context

when examining how an individual learns. Qonstructivism: Theory, perspectivasd

practice( 2005), Cobb states bek@gamzatiorgnd & mocedsbobt h a pr
enculturation that occurs while participating in cultural practices, frequently while interacting

with otherso (p.51). Thuocessde hatamdciviod vefs
own cognitive negotiation as well as generating meanings with other individuals.

For this study the primary focus will be on cognitive constructivism mitiognitionof
the context in which students are learning. sTdecision was made since the research will
explore an individual 6s understanding of evol
particular environment.

In the classroom, constructivism involves learning that will require negotiating meaning
Atohwgh cooperative social activity, discourse,
2005, p. ix). The authors of the bodk Search of Understandinghe Case for Constructivist
Classrooms t aehch of is makes sense of our world by synthegizew experiences into
what we have previously come ,pd). understando (

Piagetian principles of assimilation and accommodation are vital to consider when

investigating evolutionary theory. Research study results appear to irttataséudent and
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teacher understanding of evolution are a product of assimilation, rather than accommodation. In
assimilation, new knowledge is incorporated into the existing cognitive framework of an
individual. This would explain the continued reliaran teleological, anthropomorphic and
Lamarckian explanations since they result in less cognitive distress than accommodation.
Accommodation forces individuals to create a new framework as a result of knowledge
acquisition. Meadows Doster,andJacksor(2000) found that individuals often incorporated an
understanding of evolutionary theory into an existing mental framework. In the case of
evolutionary theory, studentsodé belief constru
influence on understandiragd acceptance of the theory (Bishop and Anderson, S2%tlage
1994;Sinatra et al. 2003). Studies reviewed here also have stressed the importance of
identifying and addressing student preconceptions/prior knowledge related to evolutionary

theory both by the studerdnd the teacher (Zuzosky, 1994

Study Design

The main purpose of this study was to examine the impact of different instructional
strategies on studentsd under-sxpeaimedtal regearchf sci e
design, a described in Creswell (2003), was used with one intact class serving as a control
group, and the other serving as an experimental group. Although a true experimental design
could reduce numerous validity threats, random assignment of students wassitaepo
Inquiry-basednstruction was implemented in the experimental group during the beginning of
the course when the nature of science was discussed and approximately one month later during
the instructords unit on Iwnthésanmenamerastiehe cont

instructor had previously donexcept for the inclusion afature ofscience at the beginning of
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her course. The two groups will be referred to as the Inquiry Class for the experimental group
and the Traditional Class for tkkentrol group. Instructional and laboratory time was kept
approximately equal for both classes. To assess student understanding of topics and the impact
of the instructional techniques the researcher usediéves of the Nature of Science
Questionnaire/ersion G theConceptual Inventory of Natural Selectice)ected questions from

Bi shop and Andersonds 1990 study, student i
instructor generated exams). The instructor was also intervienaessess her uadstanding of

nature of sience and inquiry. Both classes were audio and video taped during the study to help

confirm the nature of instruction.

Site Selection

The study was conducted at a community college in New York State. The college serves
a mosty rural and suburban student population. According to enroliment data as of fall 2007
(the time of the study), the college had 4,050 total studehtsl9 female students and 1,631
male students (59.7% and 40.3%). During the spring and summer of R200&s¢archer sent
out flyers to science teacher professional networks as well as local school districts and colleges
in a limited geographic area in New York. The instructor expressed interest in the study and was
willing to try new instructional techniges, and she also had at least two sections of the same
course being offered in the fall semester. The target course was introductory biology since it
covered evolution and elements of sciences. Only one other instructor, a middle school science

teacherexpressed interest in the study, but was not included due to scheduling issues.
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Instructor Background

The instructor involved in the research study is (as of Fall 2011) an Associate Professor
of Biology at the community college. During the study teriuctor was in her fifth year at the
college and had eagd tenure the prigrear. Her rank at the time of the research study was
Assistant Professor. She had previously worked as an adjunct science instructor (primarily
teaching laboratory sectiond)acollege in the State University of New York system for one
yearand as an adjunct science instructor at a liberal arts college for one semester. During her
Ma s t degreesshe served as a graduate teaching assistant for undergraduate biology courses.
She has earned a Bachel or of Science degree i
Arts in Biological Sciences, and a Masteros o
extensive science course work, she only had two classes thawileavolution directly: a class
in the Evolution and Ecology of Mammals as an undergraduate student and a Human
Paleontology course during her first master's degree. Her teaching preparation only included a
science education workshop during her firstster's degree. She had participated in some

teaching assistant wor ks hopmderdraintervegshber f i r st

Researcher: Did you have any education or TA development classes?

Instructor: No, oh wait, yes we dicat SUNY Bnghamton we did teaching

seminars. We did things about capstone projects and leading discussions. | mean
they were useful but they were so long ago that they weren't relevant to what |

was doing then, they are more relevant to now but they were sodong%o |

would say very, very little. A lot of them were led by grad students. | mean even
the people leading them didn't really know.

(Pre InterviewLines 4550, 08/4/2007
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Teaching Responsibilities

The instructor was primarily responsibte the following courses at the community

college (both laboratories and lectures):

Anatomy and Physiology |

Anatomy and Physiology Il

Basic Nutrition

Biological Principles |

Biological Principles II

Forensic Chemistry
The instructor's course load is iyally four courses per semester (a full load is 15 credit hours
per semester). During the fall and spring semesters, the instructor usually has two sections of
Biological Principles I, one section of Anatomy and Physiology, and one section of Basic
Nutrition. Due to class space restrictions, courses that have a laboratory component (Biological

Principles | and Il, Anatomy and Physiology) are capped at 24 studentsiomithboratory

courses (Basic Nutrition) capped at 32 students.

Instructional Style

The instructorés instructional style can
centered) mode of instructiorshedeliveredinformation in lecture almost entirely through
PowerPoint presentations developed during her first four years at the oitsnooliege. Her
PowerPoint presentations contimumerous figures, as well asience related cartoongvhen

the researcher asked about her instructional style in the pre interview she was quick to answer.

Researcher: How would you describe your ittactional style?

Instructor: Traditional and efficient.
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Researcher: Why do you think you teach that way?

Instructor: | dondét know. I guess itos quick
are writing down. Il t6s ver yorteeadasyy f or
because | know specifically what | 6ve cC

prepared, it takes very little to prep now.

(Pre Interview, Lines-81, 08/4/2007)

In addition to the lecture component of the course, instructors abltegecare responsible for
teaching their laboratory sections. Unlike many four year institutions (and some community
colleges) the students did not select separate laboratory sections from their ietttares

instructor remained the same as did theesttglin the class. The advantage of this is the

instructor can review and discuss information that was brought up in lecture or lab. Students
also get to know each other in both instructional settings and have more contact time if they need
it for working on projects. The laboratories used in the course fmmethe laboratory manual
thestudents purchase for the course. The manual and textbook are used for both Biological
Principles | and Il. The researcher also discussed laboratory activities avittsthuctor during

the same interviewBased on this interaction the instructor is not fond of laboratory instruction.

Researcher: Why do you use the labs that you do?

Instructor: That 6s the | ab | knew they use a
Cortla n d , and | donodt have enough experi el
different, manuals that would be more effective. | could download labs online,

but again, | know we had all the material for these and | finally know how they

work.

Researcher: Do yau like teaching lab?

Instructor:  No.

Researcher: Why?
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Instructor: | j ust dondot | i ke the sense of wur
t

the | ab. They compl et e he experi ment
difficult to make them sitdownandreall t hi nk about what they
peoplefinaudiblel b ecause | f eel l i ke I 6m al ways,

explaining what theyoOore supposed to be
fault because -llahdognubitz zgersWdemgthaindayaptr ew e 6

(Pre InterviewLines 1221, 08/04/200Y

The research study would involve nature of science and ingciiyities;therefore the

researcher asked whethibe instructor was aware o&ture ofscienceinstruction.

Researchr: Had you heard about the nature of science?

Instructor: Previous to this? | never knew it was called that. | knew things about
it but I never knew it was called that. | teach my students that science, the
information that we identify, is tentatived taught aspects of it but | never called it
the Nature of science. | do compare it to other disciplines and | just never have
called it the nature of science.

Researcher: Do you think it is important for students to know about aspects of
science?

Instructor: Some of them, yes.
Researcher: Why?
Instructor: So they know how science differs from other disciplines. There are
no facts. | think it is so important for them to understand that there are ne facts
that gravity is not a fact, evolom is not a fact. | think it is important for them to
understand what scientists do to come up with their theories. The amount of time
and effort and knowledge, experimentation and observation is also important.
(Pre InterviewLines 2233, 08/04/200Y
Since the instructional sequence wouldrzpiiry-basedn the experimental class, the researcher
also asked the instructor about her awareness of inquiry instruction prior to the study.

Researcher: How would you describe your undedstgnof inquiry before
today?
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Instructor: Like on a scale from one to ten?
Researcher: Yes
Instructor: | would say | was a two, maybe a three.
Researcher: How did you know about it previously?
Instructor: | spoke about it at the Sheldon Ingitso | did have to bring it up. |
probably read about it in articles but never paid attention to it because | really
wasn't doing it.
(Pre InterviewLines 17, 08/04/2007
The pre interviews indicated that the instructor was not venylita with the concept of nature

of science or inquiry, bushe did discuss aspectsnaiture of sience in her course. She did not

consider herself well versed in inquiry and

Course
As descri bed by t htlogcBiologrcal Rrintipfes Idsalfour ergdd 6 s

course that has three class hours and one three hour lab waekbrding to the college catalog
description the course:

Deals with the fundamental concepts and principles of biology. Topics include

cell structure and function, chemical concepts and energetics at the cellular level,

a survey of kingdoms monera, protista, fungi and plantae as well as plant structure

and function

(Cayuga Community College, 2007, p. 78).

The current textbook selected by tbcience faculty and used in the other sections of the course

is Biology with Physiology: Life on Earthy Audersirk, Audersirk and Byers (2008)he

laboratory manualuseda s Syl vi a Mgudyantodife (200 7)

Instructional Sequence Prior tbhé Research Study
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In the four years priaio the study the instructor haddressed evolutionary theory oeer
duration ofapproximately 34 weeks, with the topic of evolution directly over two, one hour and
twenty minute class periods. The amount oktihre instructospent on evolution is fairly
consistent with other introductory biologyuwsses at the college level (Jensen and Finley,)1995
In the past the instructor has engaged students in one laboratory session on the topic. The
laboratory compoent, which consists of one three hour block, has involved watching the video
AWhat Darwin never saw?0 During this |l ab, stu
Sawo and filled out a handout based om the in
for handout). Although students were required to purchase an accompanying laboratory manual
for the course the instructor did not use the lab on evolution from the manual. The instructor
mentionedn her post iterview why she did not have studentstiggrate in that laboratory

experiment.

Researcher: Why haven't you done labs with evolution before?

Instructor: 1 don't like the one in the lab manual. It is looking at a bunch of
skeleton pictures and having them compare and it is so long.yl€dm& look at
something and get it correct looking at the graph. It is tedious to grade and | don't
think it does anythingthey don't have to memorize what bones are the same in a
primate and a cat. | think that lab could be done in ten minutes glyaw- if
you have real skeletons like a cat a frog and a pig and a human and you just have
them go up and look at them.

(Pre InterviewLines 133138 08/04/200Y

The instructor placelittle value on this laboratory, which is evident from the followmpagt of

her post interview.
|l woul dndét have them waste two hours fi
it is useless. It contains a lot of information that | actually don't want them to
know. | don't make them memorize the tisoalethey don't hae to know when

plants evolved. | find memorization of things like that useless. You could look it
up so easily its details that one, could change somewhat, and they're always
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changing. It's not important for them to memorize how many billions oyear
ago some epoch was.
(Post InterviewLines 143148 12/20/200Y

Although the instructor spent approximatei 8veeks on the topic of evolution, she did
not have students complete an actual laboratory activity during the same time period. This
mainly stems from dissatisfaction with the laboratory manual and the evolution lab contained
within it. It i s important to note that she
had information that she did not find to be valuable. Howaefe evolution lab from the
manual was included in the study because the instructor valued the amount of money students

spent on the materials.

Research participants

(@}

To ensure the protection of the sudyfdryds pa

s ad

(@}

approval from both the community coll ege
Board at Cornell University. The study was given exempt status, however, the researcher and
instructor decided to receive written consent from eadicgent. The researcher developed a
written consent from using Cornell University
(Appendix). During the first day of the class, the researcher came into both classes and described
the study and the expectationgiod participants. In addition to taking pre gruttess, having

their grades analyzed, and possibly participating in interviews, the researcher explained that the

students would be audio and videotaped. Students were told at least three timesieumitiglt
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overview that they could opt out of this portion of the research study. The researcher also
provided monetary compensation in the form of ten dollars per student upon completion of the
posttest at the end of the study. Students who weredsted in participating in the study were
asked to fill out a written consent form and return it to the instructor or researcher (See
Appendix). All students from both classes agreed to participate in the study and no students

opted out of the video or amdcomponent.

Participant demographics
Before the start of the study the researcher had students fill out a demographic survey to

collect relevant data on the students. The survey included nine open ended questions which are

listed below:

1. Are you a part time or full time student?

2. What i s your age? (Do not ©pthiovide if
helps me in relation to previous science classes and knowing what high
school biology Regents you took).

3. What is your current major?

4. What are youfuture career goals?

5. When was the last time you took a biology class?

6. What high school or home schooled science classes have you taken (list all
coursed if you remember dates please provide them)?

7. Have you taken any college level biology classesyedf which ones?

8. Have you taken other college level science classes? If yes, which ones?

9. How would you describe your overall comfort level with/understanding of

biology?

The open ended questions were developed to see if there was a relatiozisicpniort levels
and their evolution test scores (including @@&nceptual Understanding of Natural Selection
(Anderson, Fisher, and Norman, 2002

In addition to these open ended questions, students were asked to rate their comfort level of

the major topis that were going to be covered in the Biological Principles | course. Research
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studies haveéiscovered that students oftiel apprehension and concaver the topic of
evolution becausef the perceived conflict between it and their religious fe(iBrem, Ranney,
& Schindel,2003. The topics were: Microscopes and their use; biological
molecules/chemistry; cell structure and function; clasaibn/systematics; evolutiobNA,
RNA, and genetics; mitosis and meiosis; photosynthascellular respiration. The topics
were generated from discussions with the instructor and based on the topics covered in her
syllabus. Students graded each of the seven topics on a scale5roithé scale wageveloped
by the researcher and waascribed as thellowing:

1 Not at all comfortabl e, I dondt wunders

instruction in it

3 Somewhat comfortable

5 Extremely comfortable, | understand the topic completely, | probably could

instruct other students.

The research participants were students ranging in age from 17 to 43 in the traditional
instruction class and 18 to 39 in tinguiry-basednstruction class. The study ended up with 18
participants from the traditional class and 21 from the inquiry cl@se male student in the
inquiry class was not included in thesttesanalysis as he did not complete the surveys. The
traditional class had 11 females and 7 males (61% female, 39% male) while the inquiry class had
14 females and 7 males (66.6% and 33.3%he percentage of females in the two classes was

slightly higher than the collegebds average fo

Data Collection Procedure

The researcher and the instructor discussed and decided on a data collection procedure

that would have thelsat | mpact on the instructords <cl ass
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return rates are typically low (Creswell, 2003), the researcher administered the instruments
during class and lab times. The sequence of data collection and the instruseehcan be
found in Table (L

Tablel. Research instruments administered to Participants

Date Activity

8/30 Research participant recruitment, consent fo
filled out, demographic surveys completed,
VNOS-C administered

10/97 10/11 Participants completed CINS, (G Question,
and Cheetah question

10/30 Participants completed instructor generated
exam

11/27 Participants completedlosttesti CINS and
Cheetah question

12/3 to 12/12 Volunteers participated in interviews pertaini
to evolution and NOS

2/08 Available students complete Ppsisttest 1
CINS and Cheetah question

In addition to the data collection instruments, the researchevidisatapedand audio
taped all classes. One camera and at least two digital recorders were in the classrooms at all
times. During laboratories two cameras were used in the front and back of the classrooms,
situated in unobtrusive locations. The digital recorders were uggdherstudent/instructor
interactions and to serve as a backup in case the camera failed. tbmeaheras audio ability
failed during a class session, but a loss of data was avoided due to the digital recorders. The
instructor took field notes during the first class session and all the computer lab and laboratory
sessions, but did not stay in ttlassroom during the evolution lecturebhis wasdue to space
issues and because the instruction felt it would be too intimidating. The size of the lecture
classrooms only accommodated one camera on a tripod in the back right or left corner. The
cameraview in the classroom was situated on the instructor, the projection screen, and a portion

of the whiteboard. Approximately 25% of the students were visible in the camera view. The
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video tapes and audio tapes were used to assess the actual instrpaticesd employed in the
classes.

Instrument Selection

Instrument selection was dictated by a number of factors, including: research supporting
the instrumentoés use, what the instrument ass

timerequiredda compl ete the instrument, and the i1inst

Views of the Nature of Science Questionna@esion C

The researcher decided to use an instrumen
understanding of science. Althougitore time consuming than a multiple choice survey or Likert
scale, open ended questions allowed the researcher to examine the response of students and the
supporting examples they might provide. Mews of the Nature of Science Questionnhas
multiple versions (VNOSorm A, VNOSForm B, VNOS Form C, VNOSForm D, and VNOS
Form E) that are intended to identify an indi
The developers of the VNOS have administered the three forms to about 2000 insliwidual
500 of those individuals also participating i
level in the validity of the VNOS for assessing the NOS understandings of a wide variety of
respondent etal, 20028 dnehisesanthe VISQ instrument was selected since it
included more questions that pertained to the nature of science and biology than thi8VNOS
The VNOSC also had been administered to college undergraduates as part of the field testing of
the instrument. Although ¢éhauthors recommend that researchers using the VNOS for the first
time should interview most, if not all survey respondents, the researcher did not follow this exact

protocol due to time constraints.
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Conceptual Inventory of Natural Selection

Theresearddruselan i nstrument to assess studentsbo
before and after the evolution unit. The researcher wanted a multiple choice assessment tool as
well as an open ended questidde alsovanted an assessment tool that would méte
instructional strategies employed in the study. Thaceptual Inventory of Natural Selection
(Anderson, Fisher, and Norman, 2008s selected not only for its ease in which it is
administered and scored, but also because it has been field tasteder of times with
community college students, the target population of this sAdtjitionally, the use of
guestions about the Galapagos finches lent itself directly to the instructional activities that were
usedi the Investigating Bird Beak Adaptatis lab in the traditional class, and the Galapagos
Finch software program in the inquiry class.

The Conceptual Inventory of Natural Selectidndersonret al.,2002) is a 20 question
mul tiple choice survey i nt enQ@neihidéawreldditoci t st u
natural selectiorbiotic potential, carrying capacity, resources are limitiedted survival,
genetic variation, origin of variatigmariation is inherited, differential surviyalhange in
population, and origin of specieBhe Conceptual Inventory of Natural Selectiwas developed
by Anderson, Fisher, and Normanvith the testing procedure detailed in a 2002 article in the
Journal of Research in Science Teaching. The authors were attempting to find an instrument that
could ke used with large groups of students and that could use more concrete examples of
evolutionary change. The inventory uses three scientific exafin@etapagos finches,
Venezuelan guppies, and Canary island lizards, which offer it strength versus de use

hypothetical examples. The authors thought theatastdesigned to be less ambiguous by
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focusing on actual scientific datdhe examples that are presented in the CINS are pulled from
microevolution studies cited in the literature (Anderson et @022
In regards to reliability, the team who developed the survey measured the internal
consistency with the Kudéichardson Formula 20. They arrived at a-RRvalue for two
sections of respondents at 0. 58dhavwedrel@blity4, whe
coefficient of 0.60 or highero (Gronlund, 199
The CINS version one was field tested with approximately 100 students enrolled in
nonmaj orsod general biology courses in Souther
volunteerswere interviewed from one class to determine their understanding of natural selection
before and after instruction. There was a positive correlation between the CINS and student
interview results (Anderson, et al., 2002). Five college biology professukshe test to
validate the responses. After analyzing the data from the initial field test, items on the test were
revised on second version bEtCINS. Parts of the CINS wergiven to students in tHall
semester of 1999 at a large urban commuotiege in southern California. After this field test,
the CINS was modified to include 10 concepts related to natural selection and some questions
were changed to increase the readability. This updated test was given to 206 students in a
nonmaj oralbidogygceunse at a large urban community college in southern California.
The authors found that the face validity was verified by independent content experts, the
readabilitywas at a reasonable level for first year college students and the rglialgtermined
by the KR20, was acceptable (p. 968). The au
interview data reported here are limited, the results indicate that a high score on the easily
administered CINS correlates with a high degree of wtaeding of natural selection during an

interview. For this reason, the CINS should be a useful instrument for investigating student
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conceptions

wi t h

guestions on the CINSvhich are shown indble 2.

The

Table 2 Concepts and corresponding questions on the CINS

Bi shop

resear cher

Concepts Questions
Biotic Potential 1,11
Stable Population 3,12
Natural Resources |2, 14
Limited Survival 5,15
Variation 9, 16
Variation Inherited 7,17
Differential Survival | 10, 18
Change in Populatior] 4, 13
Origin of Variation 6, 19
Origin of species 8, 20

and

used

Bi shop

A n d e-ensledl gugstiong 1 9 9 0)

and

h u n cEacke af the tenfconceptuisitested tlraugh two p .

Open

Ander sonds

understanding aévolutionary processes prior to and after instruction in evolution. The

following pre and post question was used:

Cheetahs (large African cats) are able to run faster than 60 miles per hour when
chasing prey. How would a biologist expl&iow the ability to run fast evolved

in cheetahs assuming their ancestors could only run 20 miles per hour?

(Bishop and Anderson, 1990)

Unlike theConceptual Inventory of Natural Selectjahis question is open ended, which

allowed students to provide their owncabulary and terminology. The questions are some of

the most (if not the most) common research assessment questions used in evolution education

research. Numerous studies over the past twenty years have used these questions with a variety

of students iimany different settings (Beardsley, 2004; Bizzo, 1994; Crawford et al., 2007,
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Crawford et al., 2005; Demastes et al., 1995The researcher decided to use one of the

guestions for the pre anqubsttess for both classes. The cheetah question was seotzdthe

researcher had conducted a pilot study on instructional techniques and found it a more acceptable

assessment tool than the question about blind salamanders. The salamander question was not

included in the pre angosttesfor a numler of reasos. Anderson et al2002 dropped the

salamander related questions from the CINS and explained the rationale for the exclusion:
Significant problems were identified with the salamander questions during student
interviews. The story is complex becauselilved salamanders are actually born
sighted and even appear to retain their sight mechanisms after a membrane forms
over the eye during the development, making them effectively blind except for
responsiveness to flashes of light. (p. 958)

Besides conces over the phrasing of the question, a scoring rubric (with a framework
for scoring and numerous student response examples) existed for the cheetah Jeeston (
Moore, Hatch, & Hsu2007) but not the salamander question. While the framework in the
scoring rubric could be applied to the salamander question, the researcher felt that it would be
more appropriate to limit the open ended question to only the cheetah question. The instructor
also mentioned the need to limit the amount of time spent ajutstions so that she could
cover class material.

Finally, the researcher and the instructor both felt that the salamander question was
slightly confusing and could be troublesome for some students who were answering the question.
As a result the salamnder question was not used on the preparstkesfor both classes. The
instructor chose to include it on her evoluti

natural selection.

Gallup Poll Question
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After discussi ons wi titlwastdécieled toensliwaantetha ofdé s ¢ o mmi
assessing individuals' beliefs in evolution. The instructor requested that the belief survey be
short since students were already filling out the Bishop and Anderson (1990) question, as well as
the CINS, duringherlcas s t i me. In a prior pilot study t
approximately 10 minutes to complete the Bishop and Anderson question and the CINS could
take between 15 to 30 minutes (Anderson .e2802). The selection of the Gallup poll ques
was made for a number of reasons:
1. It had been consistently administered since 1982 (1982, 1993, 1997, 1999,
2001, 2004, 2006&nd 2007.
2. Class results could be compared to a larger, national population. According to
the June 2007 Gea ftesulis@re basechomaeteghon@ T h e s
interviews with a randomly selected national sample of 1,007 adults, aged 18

and older, conducted June312007. For results based on this sample, one can
say with 95% confidence that the maximum error attributable tolssgrgnd

other randoneffects is £3 percentage poiats ( Newport, 2007) .
sample has been approximately 1000 adults each time the survey has been
given.

3. It was easily administered and could be completed in a short time period, as
requested byhe instructor.
4. Results are often describe@ewpsrt an 1 ndi
2007).
The researcher could have used a direct quest
decided to use the Gallup question since it could beyeasipared to a national population.
Interviews
In addition to the quantitative assessments used in the study, the researcher decided to
empl oy interviews to fully expl oiews Qualtagivei nst r u
research, accordirtg Creswell (208), enables researchers to gain an understanding of some
phenomenoias a result of a detailed understanding of people and/or a particular site. Since the

instructional sequence is such a central focukisfstudy (whether or not it wilmpact

understanding of evolution) it is imperative that it be identified through appropriate means.
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Quantitative assessments will not capture the details necessary to replicate the study in other sites
or to fully grasp the connections between varigpeats of the studyOpenended questions in
interviews allow individuals to discuss their experiences unconstrained as well as provide
researchers with an opportunity to respond to material brought tne Iparticipants (Creswell,
2005). Simple classrom observations of an instructor will not reveal the rationale behind the
decisions that they make in the classroom. Interviews will provide the researcher with a means
to understand whether or not the instructor and the students felt that the insttstteiegies
were worthwhileAd di ti onal ly it is very difficult to c
understanding of evolution through quantitative assessments. For instance, the researcher will
use a multiple choice questitmascertainandi vi dual 6s belief in evolu
on this question would natlow researcherstoleamnow an i ndi vi dual 6s pers
influenced their belief in evolutionThe interviews provide an opportunity for both the
instructor and the stlents to express their views about the ingbaged instructional
techniques.
Instructor interviews
The instructor participated in two sestructured interviews before and after the semester. The
pre interview took place in early August and the pastrulew took place in late December.

Each interview lasted approximately 40 minutes. The pre interview allowed the researcher to

gather the following information about the in
1. Background, including education and teaching experience.
2. Instructionstyle and types of activities used.
3. Familiarity with and understanding of NOS/ Inquiry.
4. Methods of student assessments.

The post interview gathered information using

1. Understanding of inquiry and NOS.

197



2. Views onthe activities and their benefits.
3. Views of the inquiry class and their understanding of NOS and evolution.
In addition to the interviewshe researcher asked the instructor to write up her thoughts on the
various activities and the instructional sequen8he submitted this to the researcher in January
and it can be found iAppendix ).
Student interviews

Interviews with students from both classes were conducted in December, following the
completion of theposttess. The researcher chose this timevoid influencingosttestresults.
The interviews were ai med at discovering stud
thoughts on the instructional sequence and choice of activities, their understanding of natural
selection, evolution, the hae of science and their views on the connections of activities with
each other and the lecture material. Interviews were semi structured since an interview script
was used with all of the students and additional questions were asked by the researcher as
dictated by the st ud eErdorist@view sc8pp.oStudeatswe(eSee Appe
recruited by the researcher at the end of November for the interviews. The researcher passed out
a paper to each student in both classes asking if the studentslikeub be involved in an
interview. The paper stated that interviews would last between thirty minutes and one hour and
students would receive ten dollars for participating in the interview. Students were asked to fill
out a schedule on the paperrdicate at least three times when they would be available. The
instructor collected the papers and then gave them to the researcher. Seventeen students (9
inquiry and eight traditional) between the two classes expressed interest in participating in the
interviews, however, after email and phone correspondence only eleven students participated in
interviews (9 inquiry and 2 traditional). The interviews took place during the first and second

week of December of 2007, and lasted between 25 and 61 mifiliesesearcher digitally
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recorded each of the interviews in addition to taking notes while the interview was taking place.
The recorded interviews were then sent to a transcription service to be transcribed. The
researcher read each transcribed intenaad listened to the interviews to confirm the accuracy

of the transcription.

Deciding on the instructional sequence

NOS activity selection

The researcher met with the instructor approximately one month before the start of the
college semestertodiscush e research study and any modi fic
process. The instructor had sent her syllabus to the researcher prior to their meeting in August.
The instructor asked the researcher to try to work the research study into heg éastgwork
of topics and activities. The instructor spent one class session discussing aspects of science at the
start of the semester. Keeping this timeframe in mam@8(Q minute class session) the researcher
looked for activities that would fitinto&i nst racuwumnms ®dsschedul e. Due to
prior teaching experience, as well as participation in guing-based evolution institutéhe
researcher had experience teaching about evolution using inquinpainauiry activities. The
reseacher selected a number of inqubtgised activities to teach about natureadisce and two
laboratories that were inquilyased to implement in the course. The National Academy of
Sciences released a publication in 1998 tifledching about evolution arnlde nature of science
which includes eight activities to help individuals teach about inquiry and evolution in an
inquiry-basednanner. The researcher selected two activities that he felt woultdaleaat
inquiry and aspects ofature ofsciencei The aibe activity and Tricky Tracks! (Lederman and

Abd-El-Khalick, 1998; National Academy of Sciences, 1998). The cube activity involves a cube
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that has names on each side with numbers in the bottom left and top right corner of each side

(National Academy of 8ences, 1998, p. 72). According to the Lederman andE&#¢halick

(1998), the cube activity
Aims to convey to students the notions that scientific knowledge is partly a
product of human inference and creativity, is empirically based (based on and/or
derived from observation and experiment) and tentative (subject to change).

The cube activity is presentedTieaching about evolution and the nature of sci€thé88) as

the first activity that introduces inquiry and nature of science. The resealthibaf this was

an appropriate activity to convey aspects of NOS at the start of the semester.

Tricky Tracks! is an activity that has three frames of footprints that are presented one

panel/frame at a time to students (National Academy of Sciences,dl$8, A number of

elements ohature of sience are conveyed through this activity:
Tricky Tracks! Conveys to students the message that every ideas counts
irrespective of i1t being the O6correcto
gain expeence in distinguishing between observation and inference and realizing
that, based on the same set of evidence (observations, or data), several answers to
the same question may be equally valid. (Lederman aneEABdhalick, 1998,
p. 85).

After discusgng the activities presented in the National Academy of Sciences publication and the

1998 Lederman and AbEI-Khalick article, the instructor decided to implerh&mo activities

when teaching nature ofiencei the cube activity and Tricky Tracks. Thestructor felt that

these activities were the most interesting and could be completed in the time frame of her class

session, without taking away from instruction in other topics.

Evolution activity selection
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During the initial meeting with the instructdhe researcher brought examples of inquiry
and norinquiry-basedaboratories to show the instructor. To keep the inquiry class and the
traditional class as identical as possibleontent and timehe researcher tried to find a
laboratory that was iilar to the inquirybased activity (th&alapagos Finchesoftware
program). The researcher decided to us&dlapagos Finchesoftware program, which he
hadpreviously used in a graduateurse and in a pilot study (Crawford et al., 200Vhis
program was selected because it provided students with an opportunity to deal with actual
scientific data. As a result of engaging in scientific inquiry, the students would use the data as
evidence to support claims they generated to explain observatiomd pbpulationsn the
Galapagos. fie researcher would be able to identify with the students involved in the research
study as he had been in their position in the past. A number of research studies have used the
software program to help students (and he#as) understand the concept of evolutiGragvford
2005. The topics covered lent itself to preparation for students taking the CINS. Itis also is
one of the few evolution activities that relied on an actual data set without having to do field
researh.

The Galapagos Finche&software

The software was part of tfgology Guided Inquiry Learning Environmei@GulLE)
project directed by Brian Reiser at Northwestern University and supported by LeTUS (Learning
Technologies in Urban Schools). Currentlg frogram is free and available for download at

http://www.igwst.northwestern.edu/finchesdownload.hamdl on the web at

http://bguile.nothwestern.edu/The software program includes a subset of actual finch data from

Daphne Major in the 1970s. Students can expl

weather, food sources, and predators. Field notes are included in the pragnaimefiscientists
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who were collecting the data. The most powerful part of the program is the ability of students to
compare a variety of physical traitsth each other. They can also exantimeir prevalence in
the members of the population that surdiaad those that died during different time periods.
Students can also look at single physical traits such as weight, beak length, wing length, and leg
length or they can compare two of these traits. Unlike other software programs that deal with
evolution, this is not a simulation but rather a manageable data set that is open to student
interpretation.
The program starts off with a short video that describes the island and the

inhabitants, and then poses two questions:

1. Why are so many finches dying?

2. Why did some finches survive?
The video also indicates that there may be more than one explanation and that students need to

support their argument with data.

Traditional classNoninquiry-basedab dealing withnatural selection and evolution

The researar selected a comparable lab to the inquiry program Galapagos finch
software program that had students simulating the beaks of various birds on different islands.
This selection was a result of the rendearcher
his own experience using the New York State |
versions of this lab exist, some use candy and household tools to simulate beaks, and some use
seeds and household tools. The version that they used came lfaboratory kit that had been
purchased by the collegebds science department

Al nvestigating Bird Beak Adaptationso (WARDOGS
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lab included a two page background section that desmlithe beaks of finches on the Galapagos

Islands and the competition for resources occurring between various species of birds. Students
used tools to simulate bird beak types and various materials simulated food sources. The tools

that simulated beaksefe pipets, pliers, tweezers, and a dip net. Four separate tables served as

Ai sl andso, one with nectar, one with seeds, o
floating vegetation in water. At each island students were given 15 seconds to sathectheof

the material as possible. This data was recorded in tables and used to help students answer 10

analysis questions that dealt with components of natural selection.

Additionalinquiry-basedab

The instructor expressed interest in implementimgtlzerinquiry-basedab in her
laboratory sessions. Prior to the meeting, the researcher had searched the internet and a variety
of websites including evolution and the nature of science institutes (ENSI web) for ibgaées
laboratory activities apppiate for a college level introductory biology course. After using the
search terms Ainquiryo fAnatural selectiono an
researcher arrived at Cornel |l Uni wealFSgientey 6 s Sc
Foundation funded program was fAdesigned to em
the National Standards, which is that students of science must have bothdhaadd "minds

on e X p eCorned Wniverstyy 2006 Fellowswere placed in KL2 classrooms to assist

teachers with scientific topics and research. A part of their fellowship included the development

and field testing oinquiry-basedaboratory activities. The researcher went to the site with the
instructorandsowed her some of the possible | abs. T

most by aNaltaulr atli tSledde cit i on and Adaptive Behavi

Murphy. Students would have to develop their own experiments and they would legwork
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with living organisms something they (and the instructor) had not done before. Goldfish were
readily available from local pet stores and the science laboratory already had materials to care for
the fish (including three aquariums). The instrucedected this lab for implementation after the

Galapagos Finclsoftware program.

Additional noninquiry lab Traditional Class

The researcher and the instructor made strides to keep the instructional time as close as
possible between the two classes to egjtime on task. With the addition of the goldfish
activity the inquiry class would have an additional laboratory session on evolution concepts that
the traditional class did not.oTalleviate thgroblem of unequal time, the instructor and the
researchiedecided to add an additional laboratory on evolution topics for the traditional class.
The instructor requested that the lab selected be on the topic of evolution and that it could be
covered in one laboratory session. After examining a number oflabes the instructor
decided to use the evolution lab in the laboratory manual, since students already had purchased it
for the course. Although the instructor did not use the laboratory typically, she felt that it was

appropriate since students had madgzeable investment in the manual (over 100 dollars).

Role of the researcher
During the research study the researcher was in the classroom and laboratory to adjust the
camera and audio equipment. The instructor asked the researcher to assistlabtrabery as
she had not used the computer program before or thedaut the goldfish activity. Ahe
start of the evolution unit in the inquiry class the researcher went over the computer program

with the students on an LCD projector after theringbr had introduced the problem. While
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students worked on the activity the researcher was available to assist with questions concerning

the program.

Sequence of instruction

During their meeting prior to the start of the semester, the instructéh@amesearcher
discussed the research design and the instructional sequence. The instructor requested that the
research instruments would take as little class time as possible, and that the sequence would fit
into her current instructional process. Ag time of the study, the instructor discussed elements
of science at the beginning of the course and evolution about a month later after going over
chemistry and biological molecules (see Appem)ixThe instructor and researcher decided to
implement the/NOS-C and the demographic survey at the start of the semester. Following this,

the instructor would cover elements of the nature of science in both classes during her lecture.

Evolution Unit
The evolution unit began about one month after studenisover the aspects of NOS.
Before any instruction on evolution began the instructor administeréciotheeptual Inventory
of Natural Selectionthe Gallup Poll Question, and the Bishop and Anderson (1990) cheetah
guestion. The sequence of the evolutioit in both classes was determined by discussions
between the researcher and the instructor. The traditional class sequence was almost entirely the
same as the instructor had previously done, excephédaboratory activitiethe students

participatedn. The sequence of activities in the inquiry class was dictated both by the instructor
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and by recommendations from research on ingo@sed instruction and the theoretical aspects
of constructivism.

As previously sated in beginning of the theoreticehmeworksection, Wwo major paths
of constructivism exist: cognitive constructivism and social constructiv@sgnitive
constructivism deals with individuals generating knowledge based on their own prior
experiences ansbcial constructivism states knowtge is a product of social and cultural
interactions.In the case of this study the researcher decided to involve students in the
construction of new knowledge, rather than having them simply memorize learning material.
Having students engage in the inguactivity first was a reflection of our understanding of
constructivist theories of knowledge constructidnotherkey component of that learning would
be the social interactions that occurred in the classroom, and laboratory. A critical aspect of
science is the ability to communicate findings to other individu&i&ile individuals were
dealing negotiation of their own mental framework, they would also have interactions with
colleagues participating in the same environment of learning. Studenttptesenat the end of
the finch activity and the development of experiments to test behaviors in goldfish were two
important elements of social constructivism in this setting.

Bell, Smetana, and Binrf2005) presented a table indicating four levels of ingbased
on the amount of information provided to students by the instructor (the question, methods, and
solution). Activities at level one provided students with all three pieces of information, while
level four activities provided students with norigte information. One of the key differences
in the evolution unit between the inquiry and the traditional class was the way in tdnch t

started. According to Bedit al. (2005) the level of inquiry in a laboratory or activity may be

increased by chging the sequence f t he | aboratory presentation
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become a structured inquiry lab simply by presenting the lalvébtife target concept is taught

p.32. Science sequences in secondary and post secondary education often faltt@snaop

the introduction of concepts followed by confirmation acitivities. Ingbmged activities often

turn these framewodaroundi knowledge acquisition is driven by engagement in activities

before the concepts are introduced in the classroom.

Using this information as guidance, timgjuiry-basecclass started off with the Galapagos

Finch activity, while the traditional class started with a lecture on evolution. A brief description

of the activities and information covered in each class candveiisd able §).

Table 3 Instructional sequence for the evolution unit

Date

Inquiry class activities

Traditional class activities

10/09/07

Finished an exam on chemistry.

In the laboratory:

Took belief and evolution surveys (Cheetah questio
and CINS. Participated in lecture on evolution for o
houri covering the definition of evolution, natural
selection and examples of adaptations in organismg
(see AppendixC for lecture notes).

Lab: Bird beaks lab activity i using tools students
performed different activities that simulated
competition for resources

10/11/07

10/16/07

Spent 30 minutes reviewing chemistry exam
Reviewed the nature of science and the inqu
activities that were completed at the beginni
of the semester. Talked about what a theory
was and different theories in science. Studet
took belief and evolution surveys. Moved to
computer lab, handed out Galapagos Finch

activity sheet and had students start to work
it after watching introductory video.

Instructor briefly reviewed the project
expectations. Students worked on Galapag
Finch projects in the computer lab.
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Reviewed topics covered in lectune 0/91 evidence
of evolution, ended with sexual selection (see
AppendixC for lecture notes).

Reviewed evolution definitionsatural selection, and
evidence of evolution. Lectured on Darwin and his
voyage, discussed individuals that influenced Darw
talked about artificial selection. Evolution debate,
origin of species and species definitions, isolating
mechanisms.

(see ApendixC for lecture notes)

Lab: Studentsworked on an evolution bb from the




laboratory manual (Mader, 2007). The laboratory
dealt with geologic time scales, fossils, homologous
structures and DNA sequencing.

10/18/07 Students gave finch presentati@ssothers Briefly reviewed prior two lectures for about ten
graded their presentations. Instructor discus minutes, discusgl isolating mechanisms, hybrids,
what they learned about finches and science adaptive radiation, extinction and the origin of living
Wat ched the video A Wthings.

Talked abouthe video for ten minutes. (see Appendix for lecture notes)

10/23/07  Started lecture notes on evolutibieovered Reviewed for 20 minutes on prior material and then
same material as traditional class using started the origin of life.
instructor provided handosit Ended with the
evolution debate. (see AppendiXor lecture L a b : Students watched
notes) Never Sawbo.

10/25/07 Covered origin of species notesigin of life  Finished origin of life notes, spent time reviewing th
notes. (see Appendi for lecture notes) material learned in prior classes for approximately 3

minutes (used eeview sheet). Started new material
Lab: Students developed experiments not on the exam after 30 minutes.
investigating goldfish behavior.
10/30/07 | Teacher generated evolution exam Teacher generated evolution exam

Method of data analysis

Demographic Surveys

Demographic information was collected and enteredargpreadsheet. Students were

assigned alphanumeric designations depending on theii d@dsr inquiry student and TS for

traditional studentStudents who participated in interviews were assigned pseudo@gmsort

level means for both classes weadcalated and graphed for comparison purposes. The

researcher hypothesized that belief responses, prior college biology classes, age, gender, and

comfort level scores for evolution could be used to predict the instructor generated evolution

exam scores antheposttesiCINS scores. The relevant data was transferred into Minitab a

statistical software program used to for data analysis.

Views of the Nature of Science Version C questionnaire
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The researcher read all of the student questionnaires andahsfetred responses to a
word processing program. Pre and post responses were separated into eadbrclass
comparison purposes responses were only included if students had filled out a pre and post
guestionnaire. A total of eight students (five frima traditional class and three from the inquiry
class) were not included since they did not complete post queaties. Although 38tudents
were included in the study, thirty students total (13 traditional and 17 inquiry) were included in
the assessmé Using thdramework from Lederman et §dR002) the researcher examined the
responses for the accuracy of NOS aspects. The main NOS aspects were: Empirical basis,
tentativeness, theories and laws, subjectivity, social/cultural embeddedness, arseardati
inferences, and creativity. Donnelly (2007) provided a more detailed framework for further
anal ysis of NOS responses by breaking student
in her assessment of whether students had an accuratef\tteveonpirical aspect of NOS she
looked at the use oétms and phrases.hdse students using evidence, proof, studies,
experiments, tests, facts, research, observations and other means of figuring out answers
reflected informed views of NOS. The resdaar used this information as a guideline for
analyzing the VNOSC responses. Student responses were read and then categorized as either
supporting or not supporting the NOS aspect. Dominant themes (both supporting and not
supporting NOS) in student resgses were identified and quantified. Percentages of students
engaging in certain themes were calculated and then recorded in Excel. The instructor also
participated in rating the studefitshe and the researcher arrived at a 93.2% iater
reliability in how students were classified (either supporting or not supporting the specific

component of NOS). A total of 720 classifications were possiblst(&nts, 6 categories, 4
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instruments) Agreement was reached after a discussion of the scoringfenelnces to

Lederman et al. (2002) and Donnelly (2007).

Conceptual Inventory of Natural Selection

The Conceptual Inventory of Natural Selectipre andposttest were scored using the
answer key presented in Anderson e(2002. Student tests weamnly included if they had
completed both thpretestand post; two students were excluded from the analysis in the inquiry
class due to this (one completed only pinetestand one only completed tipesttest. One
student was also excluded in the inqulyss since they only completed three questions on the
pretest Descriptive statistics (mean, median, standard deviation) were generated using Minitab,
a statistical software program. An item analysis was completed on each peastedto
determinewhich questions were answered incorrectly by students and the alternative choice
selected. The CINS was designed with specific alternative conceptions for each question.
Correct and alternative selections were entered into Excel and graphs were géroeratieid
information to compare the results from both classes. Questions testing similar concepts were
displayed on the same graph. The graphs displayed the number of students choosing each
multiple choice answer. Before comparisons were conductdteddINS, histograms of pre
andposttesscores for both classes were created to determine if the scores followed a normal
distribution. After normality was determined, statistical testing was completed on the pre and
posttesmeans for each class usiMgnitab, a statistical software program. T tests were chosen
over ANOVA since an ANOVA is more appropriate for multiple group testing. This study
involved only two groups and two measures, a prepasttest Two hypotheses were tested, the

null hypothess and the alternative hypothesis. The null hypothesis assumes that there is no
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difference between the means of the two groups, while the alternative hypothesis indicates there
is a difference in the two hypotheses. The null hypothesis is accepteg Wwahee is greater
than 0.05 and rejected if it is less than 0.05.

Null hypothesisthe difference between the two groups i3l0e difference between the

CINS mean of thenquiry classand theCINS mean of theraditional class is zero.

Alternative hymthesisthe difference betweedhe observed CINS mean of the inquiry
classand the expecte@INS mean otthe traditional class is not zero

A paired t test was used on student pre @osttestesults to determine if they were
statistically significant.The paired t test was chosen since it can determine significance in pre
andposttestmeasures. Difficulty values (the percent of correct responses) were calculated
using Excel and Minitab. These values were then compared to the reported valu€dlNtthe

(Anderson et al., 2002).

Bishop and Anderson (1990) open ended questions

An article by Jensen, Moore, Hatch and Hsu (2007) in the American Biology Teacher
detailed a method of alyaing the Bishop and Andersoheetah question for the number of
Da wi ni an components contained within the stud
rubric has been used by different instructors, who established amatgereliability of 85%
(Jensené&Fi ndnsrny, etal.l200¥)% Yhe fodr Darwin@mponents are variation,
genetics, differential survival and reproduction, and change over time. Students receive one
point per component that is expressed in their response, but points are not simply awarded for

using terms (such as adapt). The autpooside an example of where using a term dags n
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garner a@Gheetpoiandaspt @d to their envSincethatermmnt 0 ( <
adapt can be used in a number of ways and is a complex topic, the authors did not feel this
guestion earnedny points. Students can receive a score from 0 (no components) to 4 (all four
components in the response) base@ach oftheir pre angosttestesponses. The authors
included 8 examples of student responses, the scores they received, and the fatitret
scor e. This system of scoring allowed the re
understanding of natural selection on phetestandposttest In an earlier research study the
researcher had exami ned estédindhe research literagusejoo ns e s f
determine whether students hefdusminformed or informed view of science (Humphrey,
Crawford, Vaccaro, 2007). The reseadound this to be cumbersome since students often
reflect multiple conceptions of natural sglen in their responses. Conversion to quantitative
values allowed a direct comparison between both classes, including the net increase from pretest
to posttest.However, this study did not focus on the number of misconceptions or the types of
misconcepions that students held.

Scoring of the pre angsttess took place after both tests had been administered to
remove the possibility of influence of the instructor on her instructional methods. In addition, it
allowed all responses to be scored attoime to ensure consistency. The instructor and the
researcher independently read the Jensen et al. (2007) article and scoring rubric, briefly
discussed the scoring technique, and then separately scored eachpwostimstiesult for
Darwinian componest After scoring the items separately the researcher and the instructor
compared their scores for each student. Of the 77 student responget€8®and 38
posttest), the instructor and researcher had identical scores on 72 of the 76 studenesgspons

94.7% interrater score. After a brief discussion of approximately 5 minutes, the final four
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response scores were agreed upon between the instructor and the researcher. In each of these
cases the scores were examined against the rubric andthe aus 6 st udent exampl e
was reached between the instructor and researcher on the studerit stesh case they only
varied by one point. A biology instructor at the college who was not a part of the research was
asked to independently sea20 random student responses using the framework described in the
article. Each of the 20 student scores was id
Analysisof Darwinian components

Scores for each student 0dsheeteThetotal sumbemoér e r e
components used for each class was recorded, as well as the total net change. The number of
students using 0, 1, 2, 3, and 4 components on their preosttéss was tabulated for each class
in a separate table. The net aparor each student was also calculated and this value was

placed in a table as well. Tables were used to generate graphs of these values.

Terms used

The researcher compiled the pre and post responses of students into a word processing
program. The resarcher then searched for common terms that are used in student responses
including: adapt, adaptation, evolve, mutation, natural selection, offspring, reproduction, and
survive. These terms were selected based on a prior study (Humypacegro, Crawfa,
2007) and since they are commonly used in student responses when discussing the development
of traits(Settlage, 1994) Some of the terms (mutation, offspring, reproduction, and survive)
convey a more accurate understanding of natural selectionetimas like adapt or evolve. In
addition, the Jensen at (2007) article indicates some of the terms in the scoring rubric:

survive, offspring, mutation, and repradion. The number of timesach term wagsed by a
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student was tallied faheir pre angost responses and then entered into a spreadsheet. A bar

graph displaying the number of times the term was used was created to compare each class.

Gallup Poll Question Responses

Student responses to the Gallup poll question were entered into a spetaddhthe
other demographic data. The student responses were converted into pie charts to compare them
to the national data at the time of the research. Percentages were created by examining the
number of students who responded in a particular maomepared to the total class population.

Interviews

The researcher read each of the transcripts and generated codes based on the information
contained within the transcript. Transcripts were read first tiwiget the general sense of the
ideas that wex put forth by the students. On the third reading the intervieass goded. The
researcher initially had brain stormed some themes based on the dominant areas in the research
literature (after the first reading). For instance, issues with evoluticsoammonly attributed to
beliefs, understanding of natural selection, and understanding of scidimcen, 2011). Each
of the interviews was coded initially with approximately 15 codes. Creswell (2003) describes
this as @Al ean c o dronlygassjgnswa few codes tb &veid unvaetde raimbens e
of codes when transitioning to themes. These codes were further reduced to themes after the
researcher reviewed the transcripts aglire impact of the instructional style and student
learning prefereres were thought to also play a role in the study, and codes were assigned based
on these elements. Some major themes emerged out of the student intansevipis; the
themes includethstructional preference, views of activities, understanding ofryheiews of

scienceandunder st anding of natural selection. The
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as the instructor write up, were examined and the following themes were identified: inquiry,
issues with inquiry, perceptions of studentsgpptions of activities, understanding of inquiry,

and understandingf NOS.

Video tape analysis

Video tapes were used to confirm the sequence of instruction and to determine the extent
to which inquiry was used in the classroom. For the instructiecglesice the researcher
watched all the video tapes and identified sections that would be reflective of the research study.
These sections were repeatedly watched and transcribed; this information was used to assist in a
description of the instructional ggence. In addition to this, the researcher watched all the video
tapes and recorded the time and types of activities that occurred. The video tapes were analyzed
to determine the level of inquiry instruction in each class. There were two main approsetie
in assessing the instructional process exhibited by each section of the course. The first method
involved looking at the activities used and how they were classified in the research community.
The inquiry class used the cube activity and Trickgcks!, both of which are recommended in
documents about teaching using inquiry and about inquegeman & Abd-El-Khalick, 1998;
National Academy of Sciences, 1998). The Galapagos Finch activity has been classified as an
Aexampl e of g e rdseadchsiwhogdasigmeg id(Samdovalt&orrison, 2003).
Finally, the goldfish activity was found on the Cornell Science Inquiry Partnership page. The lab
activities used in the traditiidaotathe beaksafss woul
finclhagbs Gand t he | aboratory manual activity wer
laboratwies. According to Bell, Smetana, and BirfR805) confirmation activities are those in

w h i sthdenfs are provided the question and procedure, and the exmgstiies are known in
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advanceo (p.32). Cookbook | abs are activitie
manual, which provide the questions being researched, the process for researching the questions,
and possibly the answers before the @gtivegins The evolution lab from the manual used in

the traditional class can be defined clearly as a confirmation lab by this passage found on p. 325:

Experimental Procedure: Protein Similarities
The experiment tests this sensitized rabbit serurmsigtne antigens of other
animals. The stronger the reaction (determined by the amount of precipitate), the
more closely related the animal is to humans.
(Mader, 2007, p. 343
This passage was found at the beginning of the experitmefiote it ha been conducted.

Students already know the outcome before they imméesagelves in the activity. his is a

confirmation lab, as it is confirming a quantity or idea already known.

I n addition to using the r es ¢tesrthe tesearanenmu ni t
alsousd t he AEssenti alnduwiarty raemnsd otfh ecil ra lpédryoioar ii o n
and the National Science Education StandgdMRC 2000, p. 29, Tables &), to assess
activities. This table served asrameworkfor analyzing the videotapes for the extent of inquiry
in the activities. A number of other sources were used to determine the level of inquiry
involvement of students in both classes. An internet search was conducted to locate tables that
could be used to ik inquiry activitiess s ear ch terms included Al evel s
c har t !mquirydbaseds ¢ii ence ratingo. This search resul
additional rating scales.

Sutman (1998), Rezba, Auldridge, and Rhea (1999), ahe@Bsd. (2005) have all

presented frameworks for rating the | evel of
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scale ranges from zero to 5 based on the role
inquiry activities would have stlents: proposing the problem or issue, planning the procedure,

carrying out the procedure, supplying answers and conclusions, and using lab outcomes for

further exploration. Activities at the zero level involve the teacher doing all the aforementioned
apects. Sutmanédés | evel 3 athbeteiastivitied aecepropwsed d e s c |
and planned by the instructor. Rezba, Auldridge, and Rhea (1999) described a method of rating
aneffervescent antacid tablet activity that included four legélaquiry: confirmation,

structured inquiry, guided inquiry, and full inquiry. As in the case of Sutman (1998), the level of
inquiry was dependent on the involvement of students in the adtigpen inquiry activities are

completely at the discretiaof the student. According to Bell et al. (2005) Rezba, Auldridge,

and Rheads |l evelcdmmaod!| 2 metewvi ¢detsoaae iicook,|
include stegby-step instructions, but Level 2 activities answer a research quesn 0 Bglp . 3 2) .

et al.(2005) more recently described a modified four level rating system for assessing inquiry.

In their scale they examine the amount of information that is given to students in the form of: the
guestion(s), methods, and solution. Since iinslar in many respects to the other scales it also

ranks high level inquiry activities as those that are focused on the student and low level activities

as those focused on the instr uloquityandNatichalt mano s
Scierte Education Standarashded up being the main driving force behind the video tape

analysis since they were both very detailed in their descriptions of what constitpiag-

basech ct i viti es. Sut mandés scal e adageateemumideor a n
of categoriesthantheothédrs t coul d al so rate fidemo activiti

instructional components.
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The rating scales were used to determine the type of instruction that took place in each
class. The researcher watchdd/aleotapes and recorded the start and end times for activities
he believed were inquiry in nature. After times were recorded the researcher watched the video
taped sessions to categorize the level of inquiry represented in the instructional sequneece. S
an initial assessment of the inquiry levels of the activities had taken place before the start of the
research study (using the general consensus in the research literature) the investigator already
had a general idea of the level of inquiry in edelsx Despite this prior bias, the researcher
used Sutmands (1998) rating scal einquoybaséddent i fy
instruction by both classes. The level of the activity, the time spent on the activity, and
representative exartgs of the inquiry level were recorded and placed in a table so that the two
classes could be compared. The videotapes also allowed the researcher to confirm the amount of

instructional time that both classes spent on the evolution unit.

Limitations of he study

There are a number of aspects of this study that limit its effectiveness. The research was
a quasiexperimental approach that introduces a number of threats to internal validity, including
Amaturation, selection,sermaercttalointoy ,( Careds wtehd ,i 2
result of using intact groups instead of randomly assigned groups. This can also be considered
convenience sampling because the instructor was willing to participate in the study and had two
intact classes. Whillhte st udy can provide insights into s
the researcher cannot fisay with confidence th
(Creswell, 2003, p. 149). Itis recommended that experimental studies contaim B leas

participants in each group, which this study did, but the total population was fairly homogenous.
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Both classes had a higher percentage of females and a lower percentage of males than the
coll egebs student popul at iiodmgsare gneelizableyoaquest i
different study population due to these differences.

Limitations also stem from the assessment tools used in the study. The developers of the
VNOS surveys recommend that at least 15% of participants be interviewed (Led200@)n,
The researcher partially addressed this by discussing aspects of science with students in their
post interviews, but this only accounted for about 25% of the student population. Interviews did
not follow the protocol that is suggested in Lederrf2002). Lack of complete class data on
NOS views also challenges the finds of this research study. Only 13 students were used in the
traditional class, while 17 students were used in the inquiry class. Drawing conclusions based on

this data is thereferproblematic since it is not the complete sample used in the study.

The Gallup poll question was not given as a posttest question, since it was questionable
whether the beliefs of students would change in such a short time period (approximately three
weeks) . It would have been useful to examine
the short time period. The Gallup question may not have been the most effective assessment tool
when considering st udentestidnalileswhetherfthe Galluppal v ol ut i
effectively measures an individual s beliefs
confirmed that the beliefs selected represented their views on human evolution. Finally, the
classes reported much highosmliefs in human evolution than the national averages that are
reported in the Gallup poll results.

The whole Bishop and Anderson (1990) instrument was not used in the study. As a
resul t, one canodt assume t he lxedwhentheedmplatd i | ity

instrument was used. Other studies have used a similar framework; therefore it is not as much of
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an issue if this was a first time study of using the instrument. The use of a pilot study using this
instrument also reduced the neéga impacts of this.

Since there were only two intact classes, the researcher could not create an instructional
scheme that examined whether explicit discussion of NOS components helped students
understand evolution better than implicit understandifg@S. The research study initially
proposed included a four class design which looked at the following:

Traditional teaching techniques, with implicit NOS

Traditional teaching techniques, with explicit NOS

Inquiry-based teaching techniques, with impIdOS

Inquiry-based teaching techniques, with explicit NOS
Without separating the implicit and explicit NOS classes, the researcher could not determine
with certainty the explicit discussion of NOS in the experimental class resulted in more robust

undersandings of evolution.
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CHAPTER 4

RESULTS AND ANALYSIS

The demographic surveys completed by the students allowed the researcher to compare
and contrast the two classes. The research participants were students ranging in age from 17 to
43in the traditional class and 18 to 39 in the inquiry instruction. The mean age for the
traditional class was 21.67, while the mean age for the inquiry class was 22.38. Median ages
were 19.50 for the traditional class and 21.00 for the inquiry classstlidy ended up with 18
participants from the traditional class and 21 from the inquiry class. Thetient did not
complete theposttest but t hey were included since they h
exam and theretess . T h s infermatieh evastnd used in the analysis of the CINS or the
Bishop and Anderson question. The traditional class had 11 females and 7 males (61% female,
39% male) while the inquiry class had 14 females and 7 males (66.6% and 33.3%). The

percentageoefmal es i n the two classes was slightly
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enrollment (approximately 60% at the time of study). Seven students in the traditional class
indicated they had previously taken a college level biology course, whilesb @idhe inquiry

class.

Table 4 Inquiry class demographics

Prior college Belief in
level biology human

Student Gender Age Major classes? evolution
response
IS1 Female 20 None No 2
I1S2 Female 18 Math and Science No 2
IS3 Female 18 Liberal arts No 3
1S4 Female 18 Psychology No 1
IS5 Female 34 Math and Science Yes 1
IS6 Female 21 Liberal arts No 3
IS7 Female 21 Business No 3
IS8 Female 20 Nursing Yes 1
1S9 Female 24 Liberal arts and No 1
humanities

IS10 Female 17 Liberal arts No

IS11 Female 31 Psychology No 1
IS12 Female 39 Education No 3
IS13 Female 20 Bio and Chem Yes 2
IS14 Female 24 Math and Science No 2
IS15 Male 22 Math and Science Yes 2
IS16 Male 22 Natural sciences No 2
I1IS17 Male 18 Business No 1
1IS18 Male 22 Liberal arts Yes 2
1IS19 Male 18 Liberal arts No 1
1S20 Male 19 Criminal justice No

1IS21 Male 24 Liberal arts No 1
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Seven students in each class were in science fieddsh class had one student from the
sciences in a health related track (nursing in the inquiry class and healthipnafiesack in the
traditional class). Since the students major might influence their openness to evolution it is
important to note that both classes had an equal number of students in this field. Two students
did not select a choice in the Gallgpeston;therefore their belief in humamwv@ution could not
be determined.

Table 5 Traditional class demographics

Prior college Belief in
level biology human

Student Gender Age Major classes? evolution
response

TS1 Female 25 Math and Science Yes

TS2 Female 18 Business Administration No 2
TS3 Female 17 Lliberal arts and humanites Yes 2
TS4 Female 21 Liberal arts Yes 2
TS5 Female 19 Liberal arts No 2
TS6 Female 19 Biology education Yes 2
TS7 Female 18 French No 2
TS8 Female 24  Forensics/criminal justice No 1
TS9 Female 20 Physical/massage therapy No 1
TS10 Female 32 Science No 2
TS11 Female 18 Liberal Arts No 1
TS12 Male 43 Health Professional Track Yes 2
TS13 Male 17 Biology No 2
TS14 Male 18 Liberal arts No 3
TS15 Male 20 No 1
TS16 Male 20 GIS No 2
TS17 Male 23 Liberal Arts Yes 2
TS18 Male 18 None Yes 2

Community colleges also tend to enroll greater numbers of nontraditional students.
According to the U.S. Department of Educati@f@2, 2005), students who possess one or more
of several characteristics can be classified as nontraditional, including delayed enroliment, part

time student status, fulime employment, financial independence, responsibility for dependents,
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and enrollmenafter the twentfifth birthday. Using only age as an indicator, three students in

each class were 25 or older and could be classified as non traditional. Extending the age range to
23, outside the range of most traditional students, each class éatlilents in the non

traditional category. As the U.S. Department of Education indicates, one category alone may not
define a student amn-traditional;therefore age alone should not be the only metric in making

this decision. In general the two classvere fairly similar in age ranges, degrees, gender

composition, and the number of nontraditional students.

Research Question aHow was the inquiry carried out (what was the nature of the instruction)?

The critical componendf this study involvedhe actual implementation of inquibased

methods and theature of the instructionThe instructional sequence will be discussed in more
detail here. While this sequence may have been appropriate for the methods section, it was an
integral parof theresearch study and may be reproduced in other settings to achieve similar
changes in understanding. The design of the research study was supported by a number of
research studies as well as the publicatiow people learnBrain, mind, experience, and

sdhool (Bransford, Brown, and Cocking, 1999). This document identified a number of factors
that are important in the implementation on the instructional sequence. A major factor is
recognizing that students enter classrooms with preconceptions aboutehweuariith works and

they need to have their initial understanding engaged to help them grasp and understand new
information(Bransford, Brown, and Cocking, 19995chools have to be learner centered and
teachers must be able to draw out the current urachelisigs of their students. Using traditional
approaches in science classrooms, such as lectures and verification labs, may be insufficient in

doing this. Bransford, Brown, and Cocking (1999) also point out that a learner centered
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classroom is not suffient, but that it also needs to be knowledgatered. For science this
means a shift away from a curriculum that foc
scienceo t o examurgbasedapproathessrelainer anal knowledge

centered classrooms that focus on the activities of science rather than just learning facts.

Nature of Science

The instructor added the components of the NOS to her PowerPoint presentations for both
classes (Appendix C). The components of the NOS wera fak@® Lederman (2002). The
instructor began both classes by going over the definition of biology and then what defined
somethingas living or not living. She went ovthe levels of organization in biologycell,

tissue, organ, organisms, species, &tudents were shown pictures of the representative levels

of organization. After this both classes were engaged in covering the components of NOS.

Traditional class

The traditional class completed demographic surveys and the VNOS C, after which the
instructor went ovea PowerPoint gesentation about the definition of biology, the characteristics
of living things, and a list of the components of NA&uring this time frame the instructor did
not ask any questions of her students. The instructoraventhe information on the
PowerPoints and did provide some further examples and explahaf the terms. However,
students weraotasked questions and they were not asked for any information or for their
thoughtsabout the subject mattethis is asignificant, as inquinbased activities have a focus
on the student, rather than the instructor (NRC, 1996; 200%.notes the classok and

descriptions of the slides may be found in Appendix (C)
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Inquiry class
After completing demographic surveysdaihe VNOS C, the instructor went over the
definition of biology as well as characteristics of living things using her PowerPoint presentation.
The instructoros actions were almost identica
asked of stuents and the instructor providing all the information. The instructor went over the
information on the slides and provided some additional examples and clarificatitms point
the inquiry class diverged sharply from that of the traditional classin@pthe traditional class
the professor had gone over the definitions of observations and inferences. Students were
passive, with no interaction between them and the instructor. The students simply took the notes
and did not explore the informatiomnstead of providing students with the definitions of
observation and inference, the instructor had students participate in the Tricky Akt .
This activity was centered on students providing information about what they believed was going
on ina set of slides. To elicit a response from her studemsnsitructor started off by saying:
Instructor: Nw we are going to do this activity to learn more about doing
science. | am going to show you three slides, one at a time. For each slide | want
you to take a couple of minutes and write down your thoughts about what is going
on in it. Write anything that you think applieés am not looking for a right
answer here but what your thoughts are. So take out a sheet of paper or use your
notebook to wite your thoughts.
Instructor lecture (Field notes, August 30, 2007)
The instructor put the first frame up on the PowerPoint and asked students to write down
their thoughts about what was happening. The instructor gave students approximately two
minutes to do this. The second frame and third frames were then shown following a similar

formati students took approximately two minutes to write down what they thought was

occurring on each frame. After the final framas shown, the instructor asked
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Instructor: Okay, who would like to share what they had for the first slide or

frame?
Student 1: Two birds, orreinning at the other.
Student 2: A mother and her baby walking at the sea shore.

Instructor lecture (Field notes, August 30, 2007)

Thesetwo responses were included as representative of the statements by stlidents.

instructor tookabout a minute and writes down ten more student thoughts on the whiteboard.

The secondrame is then examined.

Instructor: What does someone have forsieond frame?
Student 3: Two birds fighting.
Student 5: Two animals investigating food.

Instructor lecture (Field notes, August 30, 2007)
The instructor then writes down six more student responses. She continues with the third and

final frame

Instructor: Finally we have our last slide, what did people think about this one?
Student 8:0One of the birds killed the other one.

Student 6: One of the birds flew off and the other stayed on the ground.

Student 2: The babagkj umped on the moth

Instructor lecture (Field notes, August 30, 2007)
Studentscontinueto share their thoughts about each of the frames and what they thought

was going on in. The instructor wrote responses on the board araskezhstudents:

Instructor: Whais an observation?

Student 3: Something that you can see.

Instructor: Is that it? What else?

Student 4: It could be something you measure.

Instructor: Okay, we can use thiabbservations would be information that you
collect using your sensésseéng being one of them and the most common.
What would be some observations about this room?
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Student 10:There is a clock in the room.

Student 7:  There is a computer in the room.

Instructor: Yes, those are things we can identify or measure usingraass

Now what would the definition of anferencebe?

Student 5: Something you come up with.

Student 6: Yeah, somethingyy come up with using your observations or data.

Il nstructor: Al l right, |l etds tdeke a | o
number two | had some people say that the two animals were fighting or
interacting. Would that be an observation or an inference?

Student 1: An observation.

Student 3: An inference.

Il nstructor: Well, | et ds visdnebsevation?hi s,
(About one third of the class raises their hartdpw about inference? (the

remaining students raise their hands). All right, somebody who said it was an
inference, why did you feel that way?

Student 5:You are making an assumptiabout what happened based on what

you showed us.

Instructor: Exactly do we know if this is two animals of different size? Do we
know i f they are mother and offspring?
based on our observations. In this dageobservation might be that the

footprints are of different sizes. We can directly see or measure that. However,
we are inferring that it is two different animals. If we look at the list that we
compiled, what are most of these?

Student 6: Inference

Instructor: Right, somebody point out an observation about these slides.

Student 7:The footprintsare in a circle pattern in slide 2.

Instructor: Yes! What can we say an inference is then?

Student 6:A statement based on information you can see

Instruction: Basicallyit is a prediction based on observations. When we see

large spaces between footprints, which is an observation, we can infer that the
organism is running. So does everyone get the difference between an observation
and inferene?

Class: Yes.

Instructor: Okay, then we are going to take a look at another activity about
science.

Instructor lecture (Field notes, August 30, 2007)
The total interaction lasted approximately fifteen minutes, with the instructor stressing
thedifferences between observations and inferences (a key component of NOS). The instructor
next had students break up into groups of four and she explained the directions for the cube

activity.
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Instructor: In a minute here | want you all to break up gntups of fouii | will

let you choose how to do it. Before we do that | want to go over what we are
doing next. | am going to give each group a cube that has names and numbers on
it. One side of the cube is covered. It is your job to determine whbatthe

bottom of the cube using the evidence fromdtieer sides. | want each group to
designate someone as the recorder who will write down atilibervations

Remember that you are creating an argument for what is on the bottom of the
cube, so yoare using your observations to essentially create what?

Student 7: An inference.

Instructor: Right. Do not pull the paper off the bottom of the cube. So is
everyone clear on what they are doing? You are going to identify your
observations and recordem, then you are going to tell me the name and

numbers that are on the bottom of the cube. | am going to write down three
guestions on the board to help guide you with this. We are going to take about ten
minutes to do thi$ go ahead and get into graip

Instructor lecture (Field notes, August 30, 2007)

The goal, as indicated by the instructor, was to determine what name, number, and shade
was on the bottom of the cube. They were asked to write down what evidence they used to

support their selertn of a particular name and number. The questions on the board were:

1. Do the numbers and letters correspond to each other?
2. What 6s on the bottom?
3. Why are there different colors?

The instructor gave students about seven minutes to work on the cube aativihoved
around the classroom checking in on studer@elow is one example of an interaction that the
instructor had with a group of students:

Instructor: How are we doing here?

Student 10: All right, I think we are figuring it out.

Instructor: Sowhat are your thoughts?

Student 10: Well, we believe the name is female since the names on opposite
sides are male and female.

Instructor: What is that information called that you just mentioned?

Student 11: Data or evidence.

Student 10: Observations.

Instructor: You are both correictyour observations count as data. That is what
scientists are using to come up with their own inferences. You look like you are
on the right track.
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Instructor lecture (Field notes, August 30, 2007)
The instructor hadimilar interactions with each of tls& groups in the classroorAt
the seven minute mark, the instructor randomly asked each group what was on the bottom on the
cube, which she listed on the board. She asked each group to explain why they decided on th
name that they picked. The possible names, numbers and colors of the bottom were written
down on the board from each group. After eac
asked students if they saw any connection to this activity andseiegitists did in their work.

Instructor: What does this activity have to do with what we just talked about?
Student 2: We madabsenations andnferences.

Instructor: What were your observations?

Student 6: The other sides of the cube and the nantesumbers.

Instructor: How about inferences?

Student 8: The name that we came up with for the other side.

Instructor: What was the point of this activity?

Student 9: To see how observations lead to inferences.

Student 3:To find out what is on # bottom.

Instructor: Do you all want to know what is on the bottom?

Class: Yes

Instructor: Unfortunately 1 am not going to tell you.

Multiple students: why

Instructor: Well think about ithow is this like the work scientists do?

Student 4: Scigistscome up with inferences.

Instructor: Okay, what else?

Student 7: Scientistaake observations.

Student 10: Scientists donét al ways fi
Instructor: Exactly!For instance, scientists make observations about the world
and of tfiedrout theoexatticause for something. But what they have done
is come up with an explanation based on the observations. That could change
with more data. Do you see the relationship between this activity and the work
that scientists do?

Anumberofstdent s in the cl ass: Yes, you do
outcome.

Instructor lecture (Field notes, August 30, 2007)
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The instructor asked about conducting experiments and talked about data collection in
science after this to stress the empirical nadfiscience. The instructor wanted to make sure
students understood that it did not depend on experiments:
Instructor: Think of astronomy, can you really conduct an experiment to confirm
the origin of the sun or how the sun originated? There are sore yion really
dondét mani pul ate nature. Jane Goodall d
true scientific method. What we did to
there is not really a scientific method. Think of what we did with cube taday,
was based on evidence, your observations. Anything in science has a natural
cause.
Instructor lecture (Field notes, August 30, 2007)
She referred two more times to science having natural causes. After this she introduced the
concept of a theoryiscience and how it differed from a law.

Instructor: If you have enough data for a particular explanation it is given the term
theory. There are not facts in scieficexample of that is evolution. Even

scientists call it a theory and those opposegltoo | ut i on say fAno it0¢cC
theory. o Thinkt abopol cceé mei shosvsay Amy |
cri me. o |l ts everyday usagietheicaredali ff er en

kinds of theories in scien¢etheory of evolution, cell theory. HEre is enormous
support for evolutiofi most (99%) of scientists supports it, but there is always
that chance it is going to change. A theory has a lot of evidence and most of the
scientific community accepts it. Previously you might have learnedhingst

becomelaw$t hat i s not true. Hi ghly support
Al so science cannot answer philosophica
supernatural.

Instructor lecture (Field notes, August 30, 2007)

Identifying the iquiry class as inquiryNature of science
Examining the actions of the instructdlows us to more fully identify the differences between
the inquiry class and the traditional cla3$ie National Science Education Standa(tiRC,
1996) define inquiry athe following:

Inquiry is a multifaceted activity that involves making observations; posing
guestions; examining books and other sources of information to see what is
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already known; planning investigations; reviewing what is already known in light
of expemmental evidence; using tools to gather, analyze, and interpret data;
proposing answers, explanations, and predictions; and communicating the results.
Inquiry requires identification of assumptions, use of critical and logical thinking,
and consideratn d alternative explanation. 23)

When the instructor first asks students to provide observations about the tracks, she is starting to

engage her students in the basic elements of inquiry (making observations).

Instructor: Now we are going to daghactivity to learn more about doing
science. | am going to show you three slides, one at a time. For each slide | want
you to take a couple of minutes and write down your thoughts about what is going
on in it. Write anything that you think applied am not looking for a right
answer here but what your thoughts are. So take out a sheet of paper or use your
notebook to write your thoughts.
Instructor lecture (Field notes, August 30, 2007)
In the case of the traditional class, the instructootsasking feedback from her students, they
are not engaged in scientifically oriented questions, they are not giving priority to evidence, they
are not creating explanations from evidence, and they are not evaluating or justifying their data
and explanabns (NRC, 200p An inquiry-class often involves actively engaged students, not
individuals passively writing notes listening to the instru@RC, 2000) For instance, in the
inquiry class the instructor solicits students for their views:
Instructa: Okay, who would like to share what they had for the first slide or
frame?
Instructor lecture (Field notes, August 30, 2007)
Later, after students have been engaged in the activity, she asks them to differentiate between the

two concepts This did nooccur in the traditional classroom with the limited interaction and

passive nature of the students.
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l nstructor: Al l right, |l etds take a
number two | had some people say that the two animals were fighting or
interacting. Would that be an observation or an inference?
Instructor lecture (Field notes, August 30, 2007)
The involvement in inquiry becomes more apparent when students work on the cube activity.
During this process, the instructor asks studentsake observations, develop a prediction, and
justify their prediction using evidence.
Instructor: In a minute here | want you all to break up into grougseé orfour
i I will let you choose how to do it. Before we do that | want to go over what we
are doing next. | am going to give each group a cube that has names and numbers
on it. One side of the cube is covered. It is your job to determine what is on the
bottom of the cube using the evidence from the other sides. | want each group to
designatesomeone as the recorder who will write down all the observations.
Remember that you are creating an argument for what is on the bottom of the
cube, so you are using your observations to essentially create what?
Instructor lecture (Field notes, August, 2007)
The instructor asks them to create an argument using their observations about what is on the
bottom of the cube.In the traditional class students simply write down the components of NOS
into their notebooks, but in the inquiry class theyeargaged in an activity meam simulate
aspects of science. The publicatlogquiry and the national science education standgMNRC,
2000) also supports an inquiry classroom as one with less emphasis on the teacher and more on
the student. In the tradnal class the entire focus was on the instructor, while in the inquiry
class the focus shifted for part of the time onto the students.
Evolution Unit
The evolution unit began about one month after students went over the aspects of NOS.

Before any inguction on evolution began the instructor administeredCibreceptual Inventory

of Natural Selectionthe Gallup Poll Question, and the Bishop and Anderson (1990) cheetah

233



guestion. The sequence of the evolution unit in both classes was determinedibsiatisc
between the researcher and the instructor. The traditional class sequence was almost entirely the
same as the instructor had previously done, except for the laboratory activities the students
participated in. The sequence of activities in the inygqtlass was dictated both by the instructor
and by recommendations from research on ingo@ased instruction and the theoretical aspects
of constructivism.

As previously stated in beginning of the theoretical framework section, two major paths
of constuctivism exist: cognitive constructivism and social constructivism. Cognitive
constructivism deals with individuals generating knowledge based on their own prior
experiences and social constructivism states knowledge is a product of social and cultural
interactions. In the case of this study the researcher decided to involve students in the
construction of new knowledge, rather than having them simply memorize learning material.
Having students engage in the inquiry activity first was a reflection ofraleratanding of
constructivist theories of knowledge construction. Another key component of that learning would
be the social interactions that occurred in the classroom, and laboratory. A critical aspect of
science is the ability to communicate findingsther individuals. While individuals were
dealing negotiation of their own mental framework, they would also have interactions with
colleagues participating in the same environment of learning. Student presentations at the end of
the finch activity ad the development of experiments to test behaviors in goldfish were two

important elements of social constructivism in this setting.

Description of the inquinpbased sequence

234



The inquiry class started the evolution unit on October 11th. The researobetizesk

instructor to make explicit connections to nature of science before she started the unit on

evolution. The classes had both discussed NOS at the start of the semester, Alglise30

instructor began class by asking students what they leawradlie box activity during the first

week of classes.
Instructor: Do you remember the first couple of days that we had class and we
talked about what science is, | gave you a list of things that every person should
know about science? That was the samekathat we did the box activityve
had boxes taped to the desk, what did you learn from that activity?
Male student: That it's impossible to infer things.
Female student: There are no facts. (Overlapping with male student response).
Instructor: Not sanuch that it's impossible to infer things, but you have to
observe. So you make an observation wh
observation then youdre drawing infere
observations of that box were you saw @atts and numbers and colors and
names. You observe that and you used that to make inferences about what was on
the bottom. So you guys were like scientists. The reason I'm telling you this |

want to remind you of the process of science. What scieniée.is |
(videotape 10/11/2007)

The instructor attempted to reiterate the differences between observations and inferences
in this exchange and she also wanted to identify components of NOS with students. She also
made connections to the footprint adiry Tricky Tracks!, which students had also been
involved in at the start of the semester. This activity was aimed at helping students understand
the differences between observations and inferences.

Instructor: Remember when we looked at the footpontghe board and | said
tell me what you're observing and you said you're observing marks of different
colors. Then I said what can you infer about them and you said well they look

like footprints based on what | know about footprints and | can the fots@re
going in a certain direction. So we made inferences and then we added
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information to the picture and your inferences changed. You guys remember all of
that.
(videotape 10/11/2007)

Following this the instructor also talked about how tttévaies reflected aspects of NOS.

Instructor: That is the nature science and | want to just review with you a little bit
how science works. That it's tentative. Remember when we were looking at the
footprints and | said just tell me what you obseAmd then when we added a
little piece to the puzzle we might have changed what we said. So where we
thought maybe they were footprints were walking towards each other they were
moving in the opposite directions. That's how science is it can changewAs n
data becomes available it can change. Just like the box example, we got to look at
the bottom of the box at the end when | picked it up and most of us were right,
however in science you were never really get to look at the bottom of the box.
Where you an't really see a lot of phenomenon and you only have what's in front
of you to deal with.

(videotape 10/11/2007)

The instructor continued her discussion by connecting evolution and the term theory. One of the
main tenets of this research studyhat an understanding of NOS will translate into an
understanding of evolution.
Instructor: So | wanted to review that because the next topic that were covering is
evolution. Evolution is a theory which means what? Can you guys tell me what it
is?7The word theoryeée. Al right, five poin
to raise their hand and tell me what a theory is. Are you serious!!!
(Male student responds)
Instructor: Thoroughly tested not so much a thought but an explanation that can't
be proven. All right so what we said, a theory is an explanation that has a lot of
data that supports it. So would we call a theory a fact?
Three students: No
(videotape 10/11/2007)
Addressing the tentative nature of theories was also realizad tivdenstructor gave a
hypothetical example of a theory and the data that could or could not support it. Recognizing

that gravity is often viewed as a theory of higher standing, the instructor made a point to include

it in her discussion.
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Instructor: Tk r e can be data that disproves a
that says green pencils never fall towards earth, gravity does not affect green

pencil. Let just say that there is a lot of data that supports that. Every time | drop

a green pencil it neer falls towards the earth. And one day somebody picks up a
green pencil and it falls. Did that just disprove the theory? Yes it did. Now did

me finding a lot of green pencils and every time dropping them did that prove the

theory? Noitonlysuppore i t, t hat 0s one -theorytslae bi g
high as you can get no facts in science
say there Iis a fact because you canodt t

(videotape 10/11/2007)
The instruodr brought in other theories that are considered fairly concrete. Earlier in the course
the instructor talked about the cell theory. She pointed out the tenuous nature of scientific
knowledge with both the cell theory and the theory of gravity. Thisawastentional direction
as the researcher and instructor had discussed the weight given to the theory of gravity versus the

theory of evolution.

Think of the cell theory. Chances are every living organism that has ever existed
on this planet and exshow is composed of cells. It is highly likely that there
are no organisms that are not composed of cells. How do we know, can we say it
is a fact? Because there could be an organism that we have not discovered. Same
thing with the theory of gravityCan we say pretty much for sure there is a lot of
data that supports there is some force pulling objects towards earth? Yes, itis
highly supported and there is tons of data that supports it. But how do | know that
| am not going to find somewhere onstplanet where | drop this pencil and it
just stays in the air? Is it likely, no, but can | say that it is a fact, no. 1 just keep
collecting data that supports it.

(videotape 10/11/2007)

While examining the theories she mentioned the workiehtists. She continued to stress the

tentative nature of science and again made a point to introduce the theory of gravity.

That 6s the wayoscimakheeolwdedkwati ons and
what scientists do. They make observations; gegform experiments, they

collect data and then they use that data to explain what happened. All right, so |
wanted to go over that, the very tentative nature of science. That it is always
changing, what could almost be considered a fact today nevcoald emerge

tomorrow to disprove it. How do we know that we are not going to wake up
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tomorrow and they are going to say gravity is a myth, there is no such thing as
gravity we found a place where there is no gravity.

So what we are going to do fdret next week or two, we are going to talk about
evolution. | have a couple of surveys that | want you to fill out on evolution.

(videotape 10/11/2007)

After reviewing the prior information covered at the start of the semester the students
filled out the Gallup poll question, the Bishop and Anderson question, and the conceptual
inventory of natural selection. The students thent to the computer lab for their laboratory
session. At no point did the instructor go over evolution, the processes @il sataction, or
any notes related to evolution. The instructor then briefly discussed the assignment related to the
Galapagos finches in the computer lab. During this introduction she again stressed the
tentativeness of science, as well as the diffexenmt ideas that can be generated when looking at

the same data set.

Instructor: The intro tells you that on an island in the Galapagos one of the finch
populations has suffered a decline. So you are going to look at actual data that's
been collected bthe scientists that have been studying that island in the
Galapagos for 30 some odd years. You are going to look at that data they have
collected so that is what your job is today. You can either work singly or in pairs,
no more than two though. Today yare going to gather data and you're going to
present that data to the class next week. Today you're gathering it, then on
Tuesday where we normally have class time you are going to come back here to
S0 you can finish up whatever you needed to do. Thérharsday during class

you are going to give between five and seven minute presentations to the class
about why you think the finch population declined based on your data. So | want
you to keep in mind some of the concepts we went over in class howesigenc
tentative and you're all going to be looking at the same data but you're probably
going to be coming up with the different ideas about what happened.

(videotape 10/11/2007)
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The instructor played a brief introductory video that came witlGéapagos Finch

software program. The researcher went over how to navigate within the software pgrogram

showing them each of the main sections of the program, where data could be found, and how to

compare data sets. Midway through the researcher dertomgthe software, the instructor

gave a little background about the setting of the computer program.
Instructor: Here's what you guys are doing. A finch is a type of bird and what the
Gal apagos I sl ands is itds erncdasicft er of
South America. So there's a cluster of
called Daphne Maj., scientists have discovered that, what they said, the finch
population has drastically declined. So they collected data over 30 years and you
are actually going to | ook at the actua
madeup project that you guys are doing, this is the real data that you'll be looking

at. Scientists are essentially trying to figure out what actually caused the finc
population to decline in the data that they have is what you guys get a look at.

We want you to feel like scientists, sit and look at data and draw conclusions from
" (videotape 10/11/2007)
The instructor wanted to make sure that students undertepavere looking at a real data set,
as opposed to a simulated data set. After the introduction students worked individually or in pairs
on the software program for an hour and ten minutes. During this time the researcher and the
instructor moved arounithe classroom and helped students with the operation of the program.
The inquiry class met again on October 16 in the computer lab to work on the Galapagos
Finch program. The instructor started class by reminding students that they were acting as the
sciertists. She asked them to make observations and include data to support their hypotheses in
the presentations.

Instructor: You guys are the scientists; you are looking at actual data. Keep that
in mind as youobdre doi ng tiwdulddol Iwayott y ou
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to look at data collected and try and figure out what's happening. Make
observations, look at the data, and draw your conclusions based on that data.
(videotape 10/16/2007)
During the remainder of the class the instou@and the researcher walked around the room to
assist students who had any questions.
Students gave presentations on the Galapagos Finch program during class on October
18th. Presentations lasted for an hour and 20 minutes and students were askegveepeer
each presentation on a supplied sheet of paper (see Appendix G). This information was shared
with each person or group after the instructor compiled it. After class students watched the video
AWhat Darwin Never Sawo fuctar folloded Bisuptbyospehding 5 P M.
about 8 minutes discussing evolution and the processes that went on in the Galapagos. Following
this brief discussion the instructor said fiYo
scientists ar R0D. (videotape 10/ 18
On October 23 the inquiry class started notes on evolutigmuntil this point the inquiry

class had not been engaged in any lectures on the topic of evolution. To ensure that both classes
participated in the same lectures the instructor provigedlass with handouts of her
PowerPoint lectures from the traditional class. The instructor started the class by summarizing
what the students gleaned from the Galapagos Finch software program over the prior week and a
half.

| nstruct or :nice ddautrwhal we am gaeny td6 sover today and

Thursday for the exam that is next weeglou already known a lot of it just from

what we have been doing the last couple of weeks. This is one of those times

where you dondt r e algland mbneonzmg becauselby a | ot

now you guys should be a little more comfortable with evolution. So based on the

activities that you guys did, you guys looked at data, the finches, and you came up

with these hypotheses, what is evolution? What is a gooititedi of what you
think evolution is?
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Female student: Change over time.

Instructor: A change over time. And the beaks were a good example of the

finches because... What was it about the beaks; | mean you guys saw it in the

movie as well, what was that allowed some of the finches to survive the weather
changes? Some of them hadé what was it
Male students: Inaudible response about the size of the beaks

Instructor: Some of them got big depending o like if the food source ga

hard nuts those who couldnét eat the ha
died off, so those with the bigger beaks survived. Let me say that again. Those

who had beaks that all owed them to eat
who survivedt hat 6s what the process of natur a

guys look at the data on that and came up with hypotheses and kind of explored it
on you own you also watched a movie on how the Grants collected that data.

So you guys already havegaod idea about it, so every time we mention
something today | want you thinking back about what we have done over the last
couple of weeks.

(videotape 10/23/2007)

Multiple connections were made to the prior activity and the instructor used these
situations to make a more distinct connection to the theory of natural selection and evolution.
She followed this by beginning the PowerPoint notes on evolution which included the definition
of evolution, discussions about antibiotic resistance, and dgarapvarious traits. Throughout
this discussion she made five separate references to finches, their, beaks, and the impact of
environmental changes on the population. Towards the end of the class the instructor introduced

the evolution debate and howoiten centered on the term theory. She mentioned some of the

problems that individuals have with the theory of evolution.

Instructor: One is that damnwordtheory onsci ent i sts really d
concept that a theory is such a big deal in scieice.u 6 | | often hear a
evolutionists say well even scientists
phrase as ités only a theory in science
when you donét know about iiving Again, t
evolution, it is not a belief concept I
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want to accept it you should know something about it. Nothing is more

infuriating when somebody says | donoét
just wdohoéto know about it. Wel |l what i
worse thanthatwher e you dondét know about somet
why it i1 s wrong and you donodét know what

theory. Nothing is only theoryi | have never, ever heard anybody say gravity is
only a theory.
(videotape 10/23/2007)
The instructor tackled the statement #Aitds | u
lack of disagreement with this theory. Sincedb#dainty of the theory of evolution is
challenged, but others are not, it allowed the students to see the discrepancy that existed in

science. The instructor followed this by addressing the differences between beliefs, religion, and

science.

Instructa : Evolution is not a belief systen
dondt believe in the cell-itistkaecemifc, you d
concept. | want to make sure that is straight you have to understand that science
isverydifferem from religion. Itds I|ike apples
belief system that you can never test.

based on data and evidence. That goes with all matters of religion versus science.
(videotape 0/23/2007)

On October 25 she continued with the evolution notes the traditional class had already
covered, including topics on coevolution, evidence for evolution, sexual selection, Charles
Darwin, origin of species, speciation, and the origin of lifeth& end of the class the two
sections (inquiry and traditional) had covered equivalent topics in the notes. During lab the
instructor connected the topic of natural selection to fish behavior and had students develop their
own laboratory experiment toxamine fish behaviors. The introduction of the activity started

with the instructor handing out a guideline sheet (see Appendix). The genetic cause of behavior
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was a focal point of this activity. During lecture the instructor had talked about cuck®os, th
behaviors they exhibited, and the genetic determination of these behaviors.

Instructor: Today actually is going to be really interesting. We did this in class

where we said with natural selection our genes are responsible for morphology,

the way our bdy is arranged, physiology the way our body works, and our

behavior. | said there is always debate with nurture versus nature. But there

certainly is a genetic component to behavior. Natural selection is a process that

pretty much works on our behaviars wel | . Basically youdre
experiment. We are going to give you fish, as many fish as you want | think up to

a point. You guys have beakers and fish and a bunch of materials.

| want you to come up with a hypothesis about fish behanidtizen | want you

to test it. Then you want to test your hypothesis. It could be anything.

(videotape 10/25/2007)

The instructor gave an example of testing whether fish liked yellow water or not as a hypothesis,
followed by a brief discssion of the format of the laboratory.

|l nstructor: Does everybody have the ha

purposely vague for you. In your group develop a hypothesis or hypotheses you

want to test. So write down your hypothesis ohees of paper and then design

an experiment that would test it. Consider things that might be impacting it, like

the time consideration, the room, anythirany variables that might be impacting

your experiment. Think about what data you want to coltmitect it, then

analyze the data and then come up with a conclusion about whether you

hypothesis was supported.
(videotape 10/25/2007)

It is clear from this response that the activity was inghaged, since students were
designing experimes to test hypotheses that they had constrU™M&L, 2000) The instructor
provided students with a very brief outline of her expectations, and students were left to produce
most of the activity on their own. The last step of the activity involved \grditaboratory
report, which the instructor spent a few minutes going over using an example format in their

laboratory manual.
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Instructor: | want to know that you can design an experiment, you can obviously
analyze data you proved that last week. | viamnow if you can design an
experiment on your own, if you can come up with a hypothesis. Genuinely | want
this to be enjoyable for you, | want you to learn from it, and actually so pick
something you are interested in. So sit and think about hypotioeseghile,
dondédt just jump at the first things to
(videotape 10/25/2007)
Student: Do we all do a separate lab report?
Instructor: Yes, even though you can do the same experiment. Yeah write the
reports on your own. Watit on your own. One of you just might have different
ideas from another, remember how you analyze data is going to vary, another
thing that was proven last week.
(videotape 10/25/2007)
Students proceeded to work on the activity for the redeainf the laboratory session. Both the
instructor and the researcher made themselves available to assist students with the experiments

and data collection.

Identifying the inquiry class as inquirizvolution

It is more readily apparent that the ingdbased class was engagedniquiry in the
evolution unit than in the beginning of the semestdthough the students were provided with
an overarching question in the finch activity, they identified the relevant data and used it to
generate hypothesabout what happened to the finch@hey were responsible for providing
justification for their hypotheses by using evidence. Students were engaged in communicating
their results after they completed their presentatidiiese are all aspects descrilethe
National Science Education StandafiRC, 1996) as essential features of classroom inquiry.
The focus was predominantly on the learners, which is also emphasized in the policy documents

(NRC, 2000). Learners spent class sessions going throeglath, analyzing it, and generated
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explanations of patterns they saw. While the learners were doing this, the instructor was moving

around the classroom helping students with their

Videotape analysis

Table6. Inquiry assessment of class activitiesl time of activities

Class

Activity

Inquiry
rating (0-5)

Representative Example Activity time

Inquiry

Inquiry

Inquiry

Traditional

Traditional

Cube activity
and Tricky
Tracks!

Galapagos
Finch program

Goldfish lab

Investigating
bird
adaptations lab

Lab 22 from
the laboratory
manuali
evidence of
evolution

47 guided
inquiry

47 guided
inquiry

571 full
inquiry

31 cookbook

style

31 cookbook
style

Instructor provided students witl 32 minutes
cubes and asked them to figure
out what was on the bottom.

Students generated hypotheses Lab session 1
response to the program 70 minutes
guestionsWhy are so many Class session 1
finches dying? - 75 minutes
Why did some finches survive? Class session 2
Students planned their research -74 minutes
process, assessed data, justifie

their explanations and

communicated their results to

others.

The instructor gave students a 122 minutes
general topic (natural selection

and gddfish behavior) and

students generated questions tc

explore. Students were

responsible for developing

hypotheses, research design, di

collection procedures, and

analysis.

Research questions and 63 minutes
procedures were provided to

students. Students patrticipated

a simulation which involved

picking up seeds with tools.

Researclguestions and 120 minutes
procedures were provided to

students. Students answered

guestions based on a timeline,

students looked at pictures of

skeletons and compared the bol
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structures, and students
confirmed stated results in the
laboratory manual.

The total class time for each section was kept approximately equal to avoid impacts of
time on task on the student results. Based on the analysis of the videotapes, the inquiry class was

engaged in inquirpased activities for 373 minutes (6.22 hours)ijevtine traditional class was

not classified in activities above a level three forinquifyal | i ng i n the range o
style |l aboratories/activities. Sutmanés (1998
students or the instructoringh act i vi ties. AFull 0 inquiry act.i

proposing the problem or issue, planning the procedure, carrying out the procedure, supplying
answers and conclusions, and using lab outcomes for further exploration. Activities at the zero

leve involve the teacher doing all the aforemer
described as ficookbooko; these activities are
they were engaged in science investigations, the level of thédrediclass activities would not

fall i nto the-baasteadg arcyt i ovfi tiiiemsPui r yTrhey were pr
procedures and goals of the laboratories. During the evolution unit the traditional class spent 183
minutes (3.05 hours) on latatory activities while the inquiry class spent 192 minutes (3.2

hours). The traditional class had six lectures (80 minutes each, except for the first lecture of 60
minutes) covering evolution related topics, while the inquiry class only had two le@Qres

minutes each). This confirms that the instructional strategies employed in the study were

inquiry-based in the experimental class and traditional approaches in the control class.
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Research question b: What ofnadureofls@enceth f | uence on

The data from the VNOE& and student interviews allowed the researcher to determine
the influence of theinquip ased acti vities on st uSthdents s6 Vvi ew
interviewedfrom the inquiry class responded to tksgarchés question concerning the inquiry
activities at the start of the sesné e r . The researcher asked ADo
instructor was trying to convey to you by doi
what scientists actul | y a d @&you think you got the connection that she was making to
science and what Theresearcher referred taatheetcubadctivity and the? o
tracks activity. All of the students felt that the activities were effective in camyejements of
science to them.

Table7. Student responses about whether the activities conveyed aspects of science.

Student Code Response
Janet Activity worked Yeah, they kind of |ike put
conveys NOS somethiiy and not look at it so quickly. | mean you really hac
l ook at it to say, h mm, I v

there, to look for patterns, | guess.

Dawn Activity worked Yes.
conveys NOS

Alissa Activity worked | thought they were good because | think it really showed the pc
conveys NOS of what she was trying to do, and we figured out what was gor
be on the back, so

Kim Activity worked Yeah.
conveys NOS
Sharon Activity worked The cube one | liked. | think it was ke like the first day or the
conveys NOS second day maybe. Il 6m not s
understand how youdbre going
the correct way. Some of tF
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Jill

Mark

Bethany

Helen

Activity worked
conveys NOS

Activity worked
conveys NOS

Activity worked
conveys NOS

Activity worked
conveys NOS

getting it at first so | thinktiwas a good activity.

I think it did, yeah, | guess it made a connection.

Yes. It was kind of thisi observationwith that, do you
remember ? I canot r e mg rafo ther
semester.

Yeah, they just observe and they visualize it and make hypotl
of what they can until they can determine it better. But like in
beginning process they just check everything out to see wha
about . Like the footprints,
but i f you |l ooked at them |
what you would think if you looked at them, like they looked |
a pig or a herd or something, it looked likeeyhwent off, like
attacked each other or something, and then one went away
they came at different times or something, but you could neve
that because there wasnodot er

Yeah.
| think it was a god introduction to the course.

The researchidollowed this question up bgsking students if thefglt theywould have

learned as much if the instructor had just lectured on the topic. Student responses are found in

Table8 and show that none of thaudents would have prefext just engaging in a lecture thre

NOStopics.

Table8. Al f the instructor just | ectured on

Student Code Response

Janet Not just lecture I dondét think that | ecausedherdwer
a lot of other characteristics in doing the research that you |
that | found out that | woul

Dawn Not just lecture No.

Alissa Not just lecture Definitely not.

Kim Not just lecture Myself, probably not.

Jill Not jud lecture I think if she just |l ecture

good as we did with this because | guess now that looking bz
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did remember that what it was supposed to be about.

Mark Not just lecture I woul déve been iddefinitely noteoneaot sy
big subjects.

Bethany  Not just lecture No.

Helen Not just lecture No.

Eight of nine studentielt that theinquiry-basedactivities were more effective as
compared to | ecture al one. shewah otaskedtscommestpons e
on this question. Some of the students were also asked if they felt that the connections made to
science before starting the evolution unit were helpful. Each of the students asked this question
reacted positively and thegleved it did help.

Table9.St udent s6 views on whether discussing NOS

Student Code Response

Dawn Connection helped | guess it probably would have helped. That way you could ri
it better and

Alissa Connection hiped Yeah. | do. Just because it was kind of like a background on

like the different’ because they're not gonna be differences un
they have the different, like, | don't know how to explain it.

Kim Connection helped I think it did. You had tause your own fact that you took and be
openminded and take everything as a whole. Yeah. | felt like
definitely retained better.

Jill Connection helped I dondét (remember) . Yeah b
out how evolution happened bying scientific methods.
Mark Connection helped Yeah.

Bethany = Connection helped That helped because you had to figure out what was going or
had to figure out the diffe
like your observatioii | ¢ a n 6 tthe otHerionek. o f

Helen Connection helped Yeah, | think so.

Janet and Sharon were not asked this question, however, all the other students

interviewed from the inquiry class believed that the connections made helped in their cases.
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Table10 summarize where or not students demonstrated an accurate consensus view of
the aspect of NOS. Individual class results as well as total class data are in&aded.
component is listed and then broken up into student responses to the relevant qlibstioost
common concepts articulated within the question are presenbedinquiry class consistently
outperformed the traditional class in all NOS categories. Additionally, the gains from pretest to
posttest were much greater in the inquiry class. In sones tlas traditional class increased in
incorrect perceptions of science.

Table10. VNOS-C results

Pretest  Posttest Pretest Posttest Pretest Posttest
inquiry inquiry  traditional traditional total total
(n=17) (n=17) (n=13) (n=13) (n=30) (n=30)
Science is 82.35% 94.11% 76.9% 84.6% 80% 90%
empirically
based
Science is 94.11% 100%  92.3% 92.3% 93.3% 96.7%
tentative
Differences 0% 6% 0% 0% 0% 3.3%
between
theories and
laws
Knowledge 23.5% 41.1% 30.7% 38.5% 26.7% 40%
is subjective
Science is 47% 64.7% 38.5% 46.2% 43.3% 56.7%
sodally and
culturally
embedded
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Scienceisa 76.5% 100%  84.6% 84.6% 80% 93.3%
product of

human

imagination

and

creativity

NOS component: Science is empirically bas€dde empirical aspect of NOS meanatth
science is based on and/or derived from observations of the natural hest&trhan, 2002
Al t hough no students stated scimaesamndoR%basf fempi
students on thposttestould be classified as describing scieaseempirical. The most
common responses in theetess were science is the study of life (36.6%), science is learning
about how things work (23%), proven (16.6%), tests (13.3%), explanations of nature (13%),
observations (6.6%), aspects of earth/the av(§16%), and facts (3.3%Posttest were more
evenly distributed, students stated that science was the study of life (16.6%), facts (16.6%), tests
(13.3%), explanations of nature (13.3%), experiments (10%), aspects of the earth/world (10%),
proven (10%)observations (6.7%), and how things work (6.7%). This question also asked what
made science or science disciplines different from other disciplines like religion and philosophy
(Lederman, 2002). When students mentioned how religion was different fremees¢hey
commonly indicated that it was because religion was about beliefs (23.3% pre and post) and that
science is not supernatural (20%osttest. The descriptions of supernatural came entirely from
theposttess in the traditional class.

Although rot a direct component of NOS, an understanding of the role experiments play
in science is a reflection of an individual 6s
questiom What i s an experi ment ?Alargerpercrige of studéntgs c on s i

(70% pre and 86.6% post) believed that experiments were tests or processes to test hypotheses.
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Thirty percent of students thought experiments proved scientific ideaspretiess and 26.6%
in theposttest. A small percentage of studerrticulated the consensus NOS view that
experiments were not the only means of gaining scientific knowledge (6.6% pre and 16.6%
post). Only 3.3% of students in theetess and 13.3% of students on {hesttess identified
controls or controlled varidds as a part of scientific experiments. A significant increase in the
number of students identifying a hypothesis as part of an experiment was inohogdtg from
26.6% in thepretesto 63.3% in thgosttest An interesting trend was observed in reigao
students who stated exper i imnedoppsed frane3d5.8%thpr ovi ng
17.6% in the inquiry class but increased from 23.1% to 38.5% in the traditional class. While
Aproof o or fAprovingo wer e wnofehd NQSaspschobseieneen a c c
being empirical, the terms were not accurate when looking at the tentative NOS component.

NOS component: Science is tentativecording to this aspect of NOS, scientific
knowledge is subject to change with new observa@makswith the reinterpretatisrof exsting
observations (Lederman0Q@2). A significant portion of students were able to describe science as
tentative in both classe®retess in both classes found 93.3% of students indicating that theories
change, whil®6.6% of the students on tpesttess did so. One student in the inqualgss
stated that theories do ndtange on thepretest Some students stated reasons for how theories
could change. Change in theories (and science) came about as a meswlirdbrmation (20%
pre and 33.3% post), experiments (13.3% pre and 3.3% post), technology (6.6% pre and 10%
post), and new research (3.3% pre and 0% post).

NOS component: Differences between theories and |@m$y one student in the sixty
pre andpodtest accurately described laws as regularities (or predictions of outcomes under

certain conditions) and theories as explanations. More than one third of studentpretetite
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(36. 6%) thought that theories ghwrTeis someoneos
nonconsensus NOS view of theories successfully dropped to 10% of studentp sttt

Students commonly differentiated between theories and laws pnetestoy stating that

theories are not proven or need to be proven (26.6%) and layesosen (46.6%). This dropped

to 13.3% and 10% on tiposttess. There also was a difference between the two classes when it
came to theories being not proven and laws being proven. No inquiry students thought/stated
that theories needed to be proven taws were proven on tip@sttest This dropped from

17.6% (theories need to be proven) and 41.1% (laws are proven). The traditional students started
out with higher values for these categories (38-3Beories not proven and 53.8% laws proven).

In addition, 30.8% of students still indicated that theories are not proven on the traditional
posttes{dropping from 5 to four students), and laws are proven (23.1%) dropping from 7 to

three students. A high number of students from the traditional clad®¥4@&nd 61.54%) had

the perception that laws are facts or are certain. Only two students (11.76%) from the inquiry
class thought that laws were facts/certain orpthstest Six students on thgosttes{(three from

each class) accurately pointed ouwttthere is data and much support for theories.

NOS component: Knowledge is subjectifdéis aspect of NOS was actually the lowest
recorcedvalue after distinctions between theories and laws. A little more than one fourth of the
students (26.6%) spemfl that knowledge was subjective on phetest this increased to 40%
on theposttest People differ (20%retestand 36.6%posttest was indicated as an accurate
aspect of subjectivity. Inaccurate views of the subjectivity of science were represeitted
ideas that many explanations were possible (33 8%estand 36.6%posttes}, scientists could

find different evidence (3.3%) and no one saw dinosaurs go extinct (3.3%).
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NOS component: Science is socially and culturally embeddd third loweshumber
of students accurately describing the consensus view was found in this aspect of NOS. Less than
half (43.3%) of the students on theetesthought that science was impacted by social and
cultural factors. This increased slightly to 56.6% onpibsttest Students who did not represent
this aspect of NOS accurately commonly thought of science as universal @rete%and 36.7
posttest. Ten percent of students on the pre posttess thought that science was both socially
embedded and univsal.

NOS component: Science is a product of human imagination and cre&ivtents on
both thepretest(80%) andposttes(93.3%) indicated that scientists use creativity in their work.

On thepretess, individuals thought that scientists used timagination and creativity before

they experimented when they were making hypotheses and planning/designing experiments
(33.3%), during the hypothesis and experiment (16.7%), throughout the process (16.7%), and
after they experiment (6.7%). Tpesttessaw increases in before the experiment (36.7%),
throughout the process (20%) and after they experiment (10%). These values can be attributed to
the inquiry class, which increased in these categories, whereas the traditional class stayed the
same or droppk(before the experiment).

In summarizing the data, it appears the inquiry class had a stronger grasp of the various
aspects of NOS. In no cases was the inquiry less understanding of the NOS components, and
while the traditional class was static in tagspects, the inquiry class increased in their
understanding in all areas. The inquiry class also had significant reductions in the misconception
that theories were unproven and laws were proven, as well as the misconception that laws are
facts or certainOne particularly interesting aspect of this area of the research study was the

traditional classesd differentiation bet ween

254



religion dealing with the supernatural comes from the traditional clasedBm videotape
analysis it appears that the instructor referred to this at a higher rate in the traditional class as

compared to the inquiry class.

Research question c: What 1is the influence o
concepts?
Numerais pi eces of data were used to explore stu

concepts.

Comfort Levels
The research literature has indicated that students often link negative consequences to
acceptance of the theory of evolutidagher & BouJaoude 997, Brem eal., 2003; Griffith&
Brem, 2004; Winslow et al., 2011)In the initial demographic survey students were asked to

indicate their comfort level wittopics in the biologygourse. Comparisons of the comfort level
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means for each topic are foumdFigure (1).

Mean comfort level scores for course topics
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Figure X Mean comfort level scores for course topics from the demographic
survey
The traditional class reported higher comfort level means for all topics except for mitosis

and meiosis. The topic of evolution was the second highesbddevel score for both classes
(3.44 traditional wversus 3.29 inquiry) after
inquiry). The inquiry class had more students reporting a comfort level of 5 for the topic of
evolution (3 students versi) on the demographic survey but they also had more students
expressing less comfort and understanding of the topic at the level of 2 and 1 (six students versus
two students). The traditional class had more students in the 3 and 4 category (5 and 9

regectively) compared to the inquiry class (4 and 8).

256



Likert Scale reporting of student comfort level with evolution

10

W Inquiry Class
OTraditional Class

Number of students
[62]

1 2 3 4 5
Comfort level

Figure 2: Student comfort level with the topic of evolution reported on the demographic
survey
Reported Beliefs of Participants

The following Gallup pol |l quesinevautionnwas used t

Which of the following statements comes closest to your views on the origin and
development of human beinggROTATE 13/3-1: 1) Human beings have

developed over millions of years from less advanced forms of life, but God guided
this pracess, 2) Human beings have developed over millions of years from less
advanced forms of life, but God had partin this process, 3) God created

human beings pretty much in their present form at one time within the last 10,000
3, andyears or so]?
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Based a the polling at the time, 38% of those polled indicated that they selected choice

one, 14% chose choice 2, 43% chose ch®j@d4% had no response or a different response.

American Public's Beliefs in Evolution, May 2007

4% OHumans evolved over millions of years ago
without God involved in the process

B Humans evolved over millions of years ago with
God involved in the process

OHuman beings were created by God in their
present form within the past 10,000 years

OOther or no response

43%

Figure 3: Gallup results for beliefs in human evolution, May 2007
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Traditional Class Student Beliefs in Evolution

5.50%

B Humans ewolved over millions of years ago
without God involved in the process

B Humans ewlved over millions of years ago
with God inwolved in the process

O Human beings were created by God in their
present form within the past 10,000 years

22.20%

Figure 4 Beliefs in human evolution diie traditional class students

Inquiry Class Student Beliefs in Evolution

B Humans evolved over millions of years ago
without God involved in the process

B Humans evolved over millions of years ago with
God involved in the process

OHuman beings were created by God in their
present form within the past 10,000 years

45%

Figure 5: Beliefs in human evolution of the inquiry class students
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Studentsd beliefs in evolution (identified
twentynine years) showed that 13 students in the traditional class believed human evolution
occurred without God in the process. Four students indicated that human evolution occurred
over millions of years with God involved in the process, and one studentdaetieat God
created human beings pretty much in their present form at one time within the last 10,000 years
orso.These responses were very different from ¢t}
largest percentage of students in the third caje(®od created human beings pretty much in
their present form at one time with the last 10,000 years or so).

The inquiry class had nine students in the category of evolution without God guiding the
process, seven students in the category of evolutionGathguiding the process, and four
students believed that God created human beings in their present form at one time within the last
10,000 years or so. Beliefs were more evenly distributed in the inquiry class, as compared to the
traditional class. Hunmabeings created within the last 10,000 years had the lowest score in both
classes, yet represents the largest percentage in the national surveys. Humans evolving without
God in the process represented a much higher score in both classes (72% foitidreatreldss

and 45% for inquiry class) than the national average (14%).

Darwinian Components in theheetah response question

The inquiry class showed a larger net increase in the number of Darwinian components
used in their cheetah rasmses, and they also had a greater total number of components used in
their responsesAlthoughthe inquiry class had a larger student population (20 versus 18) they
began with a lower number of Darwinian components representeeinptétess (14 verss

19). The net increase of components in the inquiry class was substantially largerdtarh th
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the traditional class. The inquiry class increased in their usage of Darwinian components by 32

from thepretesto theposttestwhile the traditional clasincreased by 21 components.

OInquiry (n=20)
@ Traditional (n=18)

Number of components used

Pre Test Darwinian Components Post Test Darwinian Components Increase in Darwinian Components

Figure 6: Total Darwinian components used in each .class

In addition to the inquiry class having a larger net increase and total number of components used,
they also had more individuals using 3 or more components (1facechwith 6) in their

cheetah responses on fiesttess. This would represent a more robust scientific understanding

of the concept. Only one student scored a 3 or 4 on the pretest in the inquiry class, while 3

students did so in the traditional class.
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W Pre test (n=18)
OPost test (n=18)

NUmber of students

Components used

Figure 7: Darwinian component scores for the traditional class on the pre and post cheetah
guestion

The majority of students in the traditional class used 2 components ipaktest Fourteen
students used two or more components omptsttestcompared to five on theretest

Individuals ugng 1 or zero components dropped from 13 students to 4 students.
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11

10

6 B Pre test (n=20)
O Post test (n=20)

Number of students
[«2]

O .
0 ; ; ; ;

0 1 2 3 4
Components used

Figure 8: Darwinian component scores for the inquiry class on the pre and post cheetah question
Most of the students in the inquiry classed zero or one components onghetest(17).

This was larger than the traditional class, which had thirteen students using zero or one

components. Thirteen students in the inquiry used 2 or more components @osttestonly

three had done samdheposttestIndividuals using zero amne componerdropped from

seventeen students to seven students opdsigest
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W Inquiry class (n=20)
4 4 OTraditional class (n=18)

Number of students

i BN BN BN N B

0 1 2 3 4
Net change from pre test to post test

Figure 9: The net change in Darwinian components fsogtesto posttesfor each class

Six students in the inquiry class afah the traditional class had no net change between
thepretestand post. More students in the traditional class (eight) changed in one component,
and the inquiry class had the largest net change in the use of two (5) and three (5) components.
One stuént in each class had a net change of 4 components. This graph only represents the net
change of components used from pinetestquestion to th@ostteststudents scoring a four and
remaining a four would have no net change in their scores. For theyiotass, three students
used zero components on both tests, two used one component on each test, and one used four
components on both tests. One student from the traditional class used two components on the

tests, two students used three componentspae student used four components.
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Terms used in Cheetah Question

10

OPre test Inquiry
B Post test inquiry
OPre test traditional

OPost test traditional

Number of times the term was used
(53]

T T T T T T T
Survive Natural Offspring Mutation Reproduce Evolve Adapt Adaptation
selection

Terms used

Figure 10: Terms used on the pre aodttestheetah question for both classes

As shown in Figure (10) more inquiry students used the terms survive (9 versus 7),
natural selectin (8 versus 2), offspring (6 versus 2), mutation (4 versus 3), and evolve (7 versus
3) in theirposttestesponses. More students used the terms adapt and adaptation in the
traditional class comped to the inquiry class. Use of adapt and adaptatitreinesponse does
not indicate an understanding of the processes of natural selection (Jensen et al., 2007).
Organi sms may be said to have fiadaptedo yet
evolution Accurate understandingrims in the scamg rubric from Jensen et §2007) were
more often found in the inquiry clapssttestesponses (survive, offspring, mutation). These

terms are more likely to be associated with accurate conceptions of natural selection since they
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are more accurateeds cr i pt or s t h a When the researcher shaaediha dapt 0.
differences in results between the inquiry and the control stesgas
Instructor: | am going to be very honest that surprises me. | guess it is the
control class I truly believe vutd have a better grasp of the term natural selection
because | used it so often in class.
Post Interview
Based on the instructords interpretation of
traditional class, which should have engenderbétter understanding of the term. Videotapes
of the inquiry class demonstrated that the instructor used the finch examples numerous times
(five separate times during the first of two lectures) when talking about natural selection, but she
did not do san the traditional class. The ability of students to connect to an example that they

were engaged with may have allowed them to gain a better understanding of the terms used when

describing natural selection events.

Test results

Conceptual InventoryfdNatural Selection

Before statistical analysis was completed on thed@ptual Inventory of Natural Selection
scoresnormality was established in both sections. Typically small samples have normal
distributes. Figure$1throughl4 show histograms d€INS scores with the normal curve. All
histograms show a fairly normal distribution in scores, therefore statistical testing could be

completed on the populations.
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Figure 11: Histogram qgfretestCINS scores for the inquiry class
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Figure 12: Histogram giosttesiCINS scores for the inquiry class
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Figure 13: Histogram gfretestCINS scores for the traditional class
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Figure 14: Histogram giosttesCINS scores for the traditional class
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Eighteen studentsom each class were used in the comparison scores. Two students
were excluded from the inquiry clas® n e s tpuettgnatsdé smi ssi ng and anoth
only had three questions out of 20 answered. Mean scores for both classes are represented in
Figure @15) . The traditional c | a s soacepiual inveptaryeof t me an
Natural Selectionwhile the inquiry class had a mean of 45Pasttestneans for the two classes
were 52.22% for the traditional class and 55.27% for the inglass. If the excluded scores
from Janet fosttesgod)averé iGcluded thelinquipgretestmean would drop to
42.63% and thposttesivould increase to 55.78%. Since Janet only completed three questions
on thepretest it was not considerei be indicative of her capability, and her scores were
excluded from analysis. A two sample t test was conducted to determine if the differences in
results were statistically significant between the two classes (a comparison of the posttesd
mean$. Based on a two sample t test, the results were not statistically significant. In addition to
a two sample t test, paired t tests were conducted on stopgentndposttestesults. Based on
the paired t tests, a T value-8t27 and a p value of @B was determinefbr the inquiry class.
This value indicates the differences betwpenandoosttess resultsverestatistically
significant. Rejection of the null hypothesihe difference between the meantbépretesin
theinquiry classand themean of thgosttesin the inquiry class is zero, occurred since the p
value was below 0.05, the accepted alpha I&aited t tests for the traditional class resulted in a
t value of-0.69 and a{value of 0.502, indicating that there was not a ste&iby significant

difference between the pre apdsttestesults.
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Figure 15: Comparison of pre apdsttestCINS means for both classes

Table @0) shows the percentage of students in each class answering a question correctly
on the CINS. Onhepretestthe inquiry class scored higher on 10% of the questions (two
guestiong 6 and 17). Question 6 deals with concept of the origin of variation, while question
17 deals with the inheritance of variation. Less than 23% of the inquiry studewerad
guestion 6 correctly, while only 11.11% did so in the traditional class. Results on question 17
were higher, with 55.6% of inquiry students answering correctly while 44.4% of traditional
students did so. Three questions (7, 12, 19) had idepgoa¢ntages of students answering the

guestion correctly in both classes. Twsttestesults indicate a shift, with the inquiry students

270



answering correctly at a higher rate on 55% (11 of 20) of the questions. The percentage of
students answering corrgctiropped on 5 questions in the inquiry class, while the traditional
class dropped on three questions and stayed the same on six questions. On 13 of 20 questions

50% or more of the inquiry class answered correctly; in the traditional class it was@.2 of 2

Table 11 Percentage of students correctly answering each question pretestandposttest

Question Inquiry Traditional Inquiry Traditional
Pretest Pretest Posttest  Posttest
(n=18) (n=18) (n=18) (n=18)
83.33% 88.89%  77.78% 66.67%
72.22% 77.78%  88.89% 77.78%
83.33% 88.89%  88.89% 88.89%
5.56% 16.67%  16.67% 22.22%
66.67% 83.33%  94.44% 83.33%
22.22% 11.11%  33.33% 16.67%
50.00% 50.00%  44.44% 50.00%
22.22% 27.78%  50.00% 27.78%
38.89% 61.11%  55.56% 61.11%
10 33.33% 44.44%  6111% 55.56%
11 44.44% 66.67%  50.00% 44.44%
12 50.00% 50.00%  50.00% 50.00%
13 11.11% 16.67% 5.56% 22.22%
14 50.00% 61.11%  83.33% 66.67%
15 55.56% 61.11%  50.00% 61.11%
16 83.33% 94.44%  94.44% 88.89%
17 55.56% 44.44% 27.78% 55.56%
18 16.67% 22.22%  3889% 38.89%
19 33.33% 33.33%  55.56% 38.89%
20 5.56% 16.67%  38.89% 33.33%

OCOoO~NOUIPAWNPEF
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Table 12 Difficulty scores (% correct responses) for the CINS pre, post, and reported in
Anderson (2002)

CINS
Reported
Question Pretest Posttest Difficulty
(n=36) (n=36) (n=206)
88.6%  72.2% 69.4%
75.0%  83.3% 61.2%
88.9%  88.9% 48.7%
13.9% 16.7% 18.2%
77.8%  86.1% 67.2%
13.9%  25.0% 14.5%
52.8%  44.4% 55.0%
27.8%  36.1% 41.4%
50.0%  55.6% 52.0%
10 38.9%  58.3% 55.5%
11 55.6% 47.2% 63.1%
12 472% 47.2% 48.7%
13 13.9% 11.1% 28.3%
14 55.6%  75.0% 51.5%
15 61.1%  55.6% 42.3%
16 91.7%  91.7% 80.6%
17 52.8%  41.7% 38.8%
18 22.2%  41.7% 39.1%
19 30.6%  47.2% 33.7%
20 11.1%  38.9% 22.3%

©CooO~NOUITA WNE

Thepretestifficulty scores were compared to the reported £hfficulty scores in
Anderson et al. (2002). The reported CINS scores were identified as cominggretasi
therefore difficulty scores are compared tophetestand not thgosttest Compared to the
reported results, participants in the studyeMa@gher on seven of the 20 questions. For the
remaining thirteen questions, scores were within five percentage points for six of the questions.
The other seven questions varied by no more than 16.9 percentage points. Anderson et al. (2002)
indicated hat questions 4, and 20 appeared to be fAparticul g
which is matched by the performance of students in the current research study. In general, the

performance of the research students approximately matched the paederofidhe reported
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difficulty scores. Questions with a reported difficulty greater than 50% were answered at a value
above 50% (with the exception of question 10), while questions with a reported value below 50%

were answered by less than 50% of the estts{exceptfor 3, 15, and 1)/

CINS analysis

In addition to a comparison of the mean scores and difficulty ratings, an item analysis
was completed on the multiple choice responses for the CINS. Each of the answer choices in the
CINS explores a ewepti the correct answer represents the scientific concept and the other
three options represent common alternative conceptions (Anderson et al., 2002). The pre and
posttestesults were combined for the questions that addressed the same conce@bl¢led T

and are displayed in the following figures.

Table B. Concepts and corresponding questions on the CINS
Concepts Questions
Biotic Potential 1,11
Stable Population 3,12
Natural Resources |2, 14
Limited Survival 5,15
Variation 9, 16
Variation Inherited | 7, 17
Differential Survival | 10, 18
Change in Populatior] 4, 13
Origin of Variation 6, 19
Origin of species 8, 20

For each of the questions the scientific concept and the alternative concepts are reported in
guotes. The answers selettnd the material in quotesnotthe actualvording of the
response, only the concepts that Anderson et al. (2002) indicated are represented in the

selections.
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16

14

12

10 OlInquiry pre test

B Inquiry post test
OTraditional pre test
8 = |OTraditional post test

Number of students
|

A choice B choice C choice D choice A choice B choice C choice D choice
question 1 question 1 question 1 question1  question 11 question 11 question 11 question 11

Multiple choice answer selection

Figure 16: Number of students selecting each multiple choice option for quessiodsl1 on
the CINS.

Questions 1 and 11 on the CINS are geared at testing the concept of biotic potential. For
guestion 1, the correct alspscwshave sushgedt poteratial C, t
fertility that their population size wouldénease exponentially if all individuals that are born
woul d again reproduce skewstwent thode the aiternatikas df&r s o n
and D which dealt with the alternative concep

The correct choice forquestien 11 was B, dealllspegieswwavé h t he ¢
such great potential fertility that their population size would increase exponentially if all
individuals that are born would again reprodu

alternative choicewase | ect opual &t i éps | evel offo. This ¢
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traditional students on thgosttesimore often than the inquiry students (who chose B more

often).
18
16
14
12
n
5
g 10 1 = |@Inquiry pre test
o B Inquiry post test
e O Traditional pre test
[
g 8 11 = |OTraditional post test
>
] i
6 1 - ||
4 ||
2 41 — -
NIt NS AT |

A choice B choice C choice D choice A choice B choice C choice D choice
question 2 question 2 question 2 question 2  question 14 question 14 question 14 question 14

Multiple choice answer selections

Figure 17: Number of students selecting each multiple choice option fetiange2 and 14 on
the CINS.

Questions 2 and 14 assess the concept of natural resources. For question 2 the correct
response i s A, de maurakrésoueds iara lgnited; m@rierdso watere gxygenfi n
etc. necessary for living organisms bre mi t ed i n suppWwtWphBtemoatny gi ver
common al ter nQrtgiavnei ssnesl eccatni canl wiay s obtThis n what
alternative selection dropped in the inquiry class but increased positiest Options C and D

were only glected on theretestin both classes.
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The correct choice for quest iNatoral lesburges D, w
are limited; nutrients, water, oxygen, etc. necessary for living organisms are limited in supply at
any gi v ehemdstomraoh alterfiative selectionwasiBpr gani sms can al wa:
what t hey n e eedtiontl1d had allargei nuneber of stQdents incorrect in their answer
selection than 2. Both the inquiry class and the traditional class increase increasedimiiée

of students selecting the correct response on question 14.

18

16

14

12

=
o

OInquiry pre test

B Inquiry post test
OTraditional pre test
O Traditional post test

©

Number of students
|

: 1 !_II_I ‘ 011

A choice B choice C choice D choice A choice B choice C choice D choice
question 3 question 3 question 3 question 3  question 12 question 12 question 12  question 12

Multiple choice selections

Figure 18: Number of students selecting each multiple choice option for questions 3 and 12 on
the CINS.

Questions 3 and 12 investigate the concept of stable population. Questioa Biglad
percentage of students answer i Mogtpdpllationgavee st i on
normally stable in size except for seasonal f

alternative concepts of A and C, with none selecting D. (@ue$R had a split between choices
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A and D, with A being the correct choice, fAmo
for seasonal fluctuat i ons 0 opulatibns alwaystflicteateal t er n a

wildly/randomly.0 The selectin of choice D increased in both classes orptsttest

12

. ] i

OInquiry pre test

B Inquiry post test
OTraditional pre test
O Traditional post test

Number of students
[}
I

A choice B choice C choice D choice A choice B choice C choice D choice
question 4 question 4 question 4 question 4  question 13 question 13  question 13  question 13

Multiple choice answer selection

Figure 19: Number of students selecting each multiple choice option for questions 4 and 13 on
the CINS.

Questions 4 and 13 examine the concept of changes in populations. The correct answer
f or gquest iTlewunedqual adity of Bidividdals to survive and reproduce will lead to
gradual change in a population, with the proportion of individuals with favorable characteristics
accumul ati ng o vSudents theosingearrecin ghe inquiry slas®increased
from one student to three students, while the traditional class increased from three to four

students. Only students in timguiry classchose answek Ciianges in a population occur
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through a gradual change in all mensbef a populatiom The majority of students in both
classes made choi€e, ufatonsoccurtoneet t he needs of the popul a:
selection.

For question 13 t hehegnequal abitty of isdevilualetd Suwive wa s
andreproduce will lead to gradual change in a population, with the proportion of individuals
with favorable characteristics accumul ating o

~

responses, the most common incorrect choice, D, was the alternativeqort i o mtatbrisat fi m

(@2

occur to meet the needs of the popul ati on.
high difficulty by Anderson (2002)Students in both classes were more likely to select the

alternative concepteetthatth eii nmueteadtsi oonfs tohcec upro ptuol a

18

16

14

12

10 |_ I [OInquiry pre test

B Inquiry post test
OTraditional pre test
8 = |OTraditional post test

Number of students

NIISENS SENSEEES B

T T
A choice B choice C choice D choice A choice B choice C choice D choice
question 5 guestion 5 guestion 5 question5 question 15 question 15 question 15 question 15

Multiple choice answer selection

Figure 20: Number of students selecting each multiple choice option for questions 5 and 15 on
the CINS.
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Questions 5 and 15 assess the biological concept of limited survival. Both classes had a
high selectionratedf h e c or r e c t roduaticn pfonors iedjviduBls than the
environment can support leads to a struggle for existence among individuals of a population,
with only a fract i oningsity students choogingearectly ingreasee r at i o
from 12 to 17 on thpostteswhile the tradional class stayed the same (15 studer@)estion
15 had more variability in the selectionghe correct choice of D was most often selected, but B
A lere is often physical fighting among one species (ongmdferent species) and the
strongest ones wino, and C fAmutations are ada
were common alternat i v&eledidnoficlmieesBancreased orthel s o c h

traditional class, while choice C incs=al for the inquiry class.

14

12

10

OInquiry pre test

B Inquiry post test
OTraditional pre test
O Traditional post test

Number of students
|

| 0 I8 1AHR 1

A choice B choice C choice D choice A choice B choice C choice D choice
question 6 question 6 question 6 question 6  question 19 question 19 question 19 question 19

Multiple choice answer selection

Figure 21: Number of students selecting each multiple choice option for questions 6 and 19 on
the CINS.
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Questions 6 and 19 address the concept of the origin of variation. The correct choice for
questionsixisB,withAi mut ati ons are intentional: an orga
g e n et jthe alterhayivé@ conception most often selected. The traditional class increased in
this choice from pre tposttestwhile the traditional class dropped slighti@ptons C
Amtations are adaptive respamdeMiatiisare peci fi c
intentional: an organism triwesealsopepeladr.s, or wan

For question 19 t haedone outatioascand setieprodacéton was C i
produce variations; while many are harmful or of no consequence, a few are beneficial in some
environmehitlke A was the most comnmaimsae sel ect e
intentional: an organism tries, needs, or wants to chamgegt i cal | y. 0 The numb
accurately picking the correct answer increased in both classes. The traditional class also chose

options B and D at a higher rate than the inquiry class.
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B Inquiry post test
OTraditional pre test
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A choice B choice C choice D choice A choice B choice C choice D choice
question 7 question 7 question 7 question 7 question 17 question 17 question 17 question 17

Multiple choice answer selection

Figure 22: Number of students selecting each multiple elaption for questions 7 and 17 on
the CINS.

Questions 7 and 17 examine that concept that variation is inherited. The correct choice

for seven, | ettermuQ,h avsasrei saste.so nt Gihes helmoamadBet pét bvl fie O
(organ)isnolongerbehet ci al f or survival, thanaofditlssiptri ng
that are positively influenced bywerepgopulaenvi r on

alternative choicesstudents selected choiBencreased in the traditional classtistayed the
same in the inquiry class. Choice D increased in the inquiry class but dropped in the traditional
class.
The correct choice for 17 was D, with B and C common choices for the alternative
c onc e pt draitiforghngis no bonger beneficidr survival, the offspring will not inherit

the traito and Achanges in a population occur
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populatio® .The inquiry class was more likely to answer with the alternative than the correct
response D Selectionof the correct choice increased in the traditional class but decreased in the

inquiry class on thposttest

12

10

OInquiry pre test

B Inquiry post test
OTraditional pre test
O Traditional post test

Number of students
[}
\
I

L[]

A choice B choice C choice D choice A choice B choice C choice D choice
question 8 question 8 question 8 question 8  question 20 question 20 question 20  question 20

Multiple choice answer selection

Figure 23: Number of students selecting each multiple choice option for questions 8 and 20 on
the CINS.

Questions 8 and 20 explore the cortadEhe origin of species. The correct choice for 8,
A,Am i sol ated population may change swasmuch o0\
moreoftenselected by the inquiry class on fhasttest Ch o i ¢ egandms canantentionally
become newgpeciesovetime@nd organi sm tries, wants, or nee
was most selectedore ofteby t he traditi onal class, foll owe

intentionally become new species otiate @nd organism tries, wants, or needs to became
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new species)o. Choice D was also a common al't
mostselected on thposttestfter the correct response).

Question 200s c o rnriselatad papwdatop may shangevsa muclBqver il a

timethatitlk comes a new specieso. A achaterdilertheer e t he
correct answer ; b o Organishes aah intentionallynhbecorheesnewcspeniese pt
overtime@nd organism tries, want s, Selectonofeheicke®8 t o be

increased in both classes while all other selections decreased. The inquiry class had a larger
jump from one student to seven students answering correctly, while the traditional class

increased from three students to six students.

18

16

14

12

10 B Inquiry pre test

B Inquiry post test
OTraditional pre test
8 O Traditional post test

Number of students

T (1] [N [

A choice B choice C choice D choice A choice B choice C choice D choice
question 9 guestion 9 guestion 9 question 9  question 16 question 16 question 16 question 16

Multiple choice answer selection

Figure24: Number of students selecting each multiple choice option for questions 9 and 16 on
the CINS.

283



Questions 9 and 16 assess the concept of v
answer D, r epr e sdviddals of gpopulaton varg sosieely in théiri
c h ar a c t Both clasges imcedsed in students answering correctly and incorrect selections
dropped. Howeverhe inquiry class and traditional class hatlanberof students picking
choices B and C, which both represented theealtn a t | v e ariations enly affect dutward
appearance, don't influence survivalo.

Question sixteen was answered by a majai students correctly witbhoice C
Aindi vi dual s of a popul ation vary extlesnsively
students chose answers A, B, andThose answering correctly in the inquiry class increased by

two students while it dropped by one student in the traditional class.

14

12

10

B Inquiry pre test

B Inquiry post test
OTraditional pre test
O Traditional post test

Number of students
]

0[] i

A choice B choice C choice D choice A choice B choice C choice D choice
guestion 10 question 10 question 10 question 10 question 18 question 18 question 18 question 18

Multiple choice answer selection

Figure 25: Number of students selecting each multiple choice option fdromses0 and 18 on
the CINS.
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Questions 10 and 18 look at differential survival. Question 10 had a bit of variability in
the selection ofunivdll iethestrugglesfar éxistenbeas not eandont bufi is
depends in part on the heredytaonstitution of the surviving individuals. Those individuals
whose surviving characteristics fit them best to their environment are likely to leave more
of fspring than I ess fit individualso, and cho
concepto n tFhiattneiiss i s equated with strvhiteddt h, spee
expl or es trhgea ndosmtse ppti tiho many mfadinebsthclasses bi ol ogi
increased in the students choosing the right option, yet the traditionaincleesssedn
incorrectly selectingd. The inguiry class dropped in the each of the alternatives opdhltest

For question 18 the correct option, B, was chosen less than the alternative choice D for all
groups except thposttestraditional class.Both classes increased in the number of students
correctly answering this questidgach of the alternative choices dealt with the concept that
Aft ness i s equated with str &hmegddtopal dapseraddn 1 nt el
increase in stents picking answer A fropretesto posttesivhile the inquiry class hadde

students choosing the wrongalfoiceA and Dpre to post.

Summary of student responses on the CINS

There were a number of questions in which ithguiry classncreasd in their correct
choicesfrom pretestto posttestand droppedh each oftheir alternatives. At the same tirte
traditional clas$iad an increase in students picking alternatives more often in these quelstions
the case of questions 2, 6, 8, 10, 18, andl8 theinquiry class increased in their correct choices
and decreased in each of their alternative choices fropréesto theposttest Therefore

students dropped in each of the categories where they had maderati\ateonception choie.
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In each of these questions the traditional students increased their selection of alternatives from
the pretestto theposttest In many cases the number of students answering correctly increased,
but it was the number of alternatives that also ine@aghe instructional strategies may have
been effective in addressing alternative conceptions held by students and decreased the
likelihood that they would make those choices orptisttest Questions 2, 6, and 8 dealt with
the Galapagos finches, whitte inquiry class had more experience with.

The traditional clasalternative selections often reflected elements of the needs and wants
of organismsThis was not as evident in the inquiry class and indicates that alternative

conceptions were less likedue to the interventions used.

Exam Scores

The instructor gave 5 examinations in the course, each covering related topics. Exam
means foeach class are represented iguife 26. Overall the total exarmean for the traditional
class was higher (63%b6) compared tthe inquiry clas$61.69%). The highest mean score for
both classes was exam 3, the evolution unit exasishown inTable13, the maximum score
washigher (103%) in the traditional class versus (92%) for the inquiry cMBsmum scores
were fairly similar (52% traditional, 51% inquiry). The inquiry median was 72.5, while the
traditional median was 76.9 he standard deviation was slightly lower in the inquiry class
(11.96) as was the standard error of the mean (2.67). The inqusyhelds lower exam mean
on every exam but the first exanihe exam measpread between the two classess largest

for the evolution exam & points, the other means varied between one and two points.
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OInquiry Class (n=20)
B Traditional Class (n=18)

Exam 1 Exam 2 Exam 3 Exam 4 Exam 5 Average

Figure 26: Instructor generated exam meanshtriaditional and inquiry class

Table 4. Descriptive statistics for the inquiry and traditional class evolution exam

Class Mean SE StDev  Minimum Q1 Median Q3 Maximum

Mean

Inquiry 73.70 2.67 11.96 52.00 64.25 7250 84.25 92.00

Traditional | 77.78 3.42 14.49 51.00 1449 76.50 88.25 103.00
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Histograms of the evolution exam scores are displayed in Figure 27 and 28. These values

demonstrate normi&y of the data; therefore it is appropriate to do statistical comparisons

between the two sets ofata.

Normal
44 Mean 73.7
StDev 11.96
N 20

. TN

Fequency
N

\

O T T T T T T
50 60 70 80 90 100

Evolution exam inquiry scores

Figure 27: Histogram of instructor generated evolution scores for the inquiry class
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Mean 77.78

StDev  14.49
N 18

Fequency

| 7 -

O T T T T T T T
50 60 70 80 90 100 110

Evolution exam traditional scores

Figure 28: Histogram of instructor generated evolution scores foratiigonalclass

A two sample t test was conducted on the tlagses to determine if their exam scores were
significant in their differencesThe rull hypothesis is that the difference between the two groups
is zera This may also be stated &®tdifference between the mean of itguiry classand the

mean of tharaditional class is zero. Théternative hypothesis the difference betweehe
observed mean of the inquiry classd the expected meantbg traditional class is not zerbhe
calculated Tvalue was 0.94, with a p value of 0.354 and 33 degreesaeddm. Since the p

value was greater than 0.05, tih@l hypothesis is not rejected and the data indicates there is no

statistical difference in the exam scores.
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Student Interviews

The following are brief profiles of the students who were intervitineDecember. The
information is drawn from their responses on the demographic survey administered before the
start of the course as well as their exam scores and Darwinian component scores for the cheetah
guestion. Nine students participated from tiuiry class and two from the traditional class.

Mark was a Liberal Arts and Sciences: Math and Science major who was in his early
twenties. His future career goal was elementary education. Although he stated that he had a
biology class six years ago, had recently completed Conservation of Natural Resources at the
college. In high school he had taken earth science and living environment (biology). He rated
his comfortlevel with evolution as a four on a scale frordldefore the start of a class ang h
bel i ef in evolution was a number 2, AHuman &
without God in the processo. Hi s evolution e
test. He saw an increase from 40 to 55 on the CINS but the numbaneinian components
remained the same from tpeetestto theposttes{1 to 1).

Sharon, a Liberal Arts and Sciences: Math and Science major, was a nontraditional
student who had previously taken BIOL 101 and Zoology at the college level. She planned on
pursuing a career in radiation therapy. She identified her evolution comfort level at 1 (the
| owest) and her belief in evolution at a one,
God guided the processo. S htien esam @andesalv a&allo o n |
increase from 45 to 55 on the CINS. Her Darwinian component score jumped from O to 4 on the
posttest

Helen, in her early 20s and majoring in liberal arts, had last taken biology in high school

around 2002. She stated that heeaova | | comfort | evel wi t h bi ol
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c o mf or pratéstdemmgraphic survey, 2007). She had taken high school level science
courses (biology and earth science) but not any college level science courses. Her comfort level
with evolution was a t hree and her belief in evoluti
pretty much in their present form at one ti me
the instructor exam, 79%, but her CINS dropped from 55 to 50. Her Danvdiomponent score
increased from O to 3.

Bethanywas an accounting major in her early 20s. She thought she had taken biology
last in 2000 or 2001 in high school. She reported a one for her comfort level in evolution and her
reported belief in evolution vgaselection three. Both her CINS and Darwinian scores increased
from the pretest to thposttest- 35 to 45 and 0 to 3 respectively. She earned a 74% on the
instructor's exam.

Alyssa had a future career goal of becoming an RN and was currently a naegorg
She had nintlgrade biology, earth science, chemistry, and anatomy physiology at the college
level. Her comfort level with evolution was a five (the highest) and her evolution belief selection
was choice one. She di cstwith a 90% woere &nd saw het GINS | n st
increase from 50 to 85 on thposttest She displayed a complete understanding of
evolution/natural selection in the cheetah question and her score was consistent frogtetite
(4) to theposttes(4).

Kim, a nontaditional student looking to become a therapist, completed biology over a
decade ago in high school and had not completed any college level science courses. Her
evolution comfort level was a three and her belief selection was one. Despite a low sceare on th
instructordos exam (59%), her CINS increased f

from O to 2.
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Janet was another nontraditional student who last had a science course in the early
nineteen eighties in high school. She wanted to teach mathemasigsnior high school after
finishing her degree. She rated her comfort level with evolution at 3 and her belief was choice
t hr e e . prelestGINStwassexcluded from consideration and analysis as she only completed
three questions, but she score@586 on theposttest Her instructor generated exam score was
81%, and Darwinian component scores increased from O to 2

Deborah, a biology and chemistry major in her early 20s, was interested in becoming a
physiciands assi st an tsly dompletedncellegé bidlogy oeurses titledh e pr
Health and History and Physiology of Aging at another institution. Her comfort level was a four
with evolution and she selected choice 2 as representing her beliefs in evolution. She earned an
85%ontheinstit or 6s exam and both her CINS scores (
to 4) increased from tharetestio theposttest

Jill, a nontraditional student, had last taken biology in 10th grade in the late nineties. She
was considering becoming a radidkigafter her degree requirements were fulfilled. Her
comfort level was a three in regard to evolution and she indicated in the demographic survey that
bi ology fAis very overwhel mingo (Demographic
Although she pased the instructors exam with 71%, her CINS dropped from 35 to 25 and her
Darwinian components stayed at a zergpi@testandposttest

Alex, in his early forties, last took a biology class two years ago; he had completed
anatomy and physiology 1 andrijtrition, current issues in biology and microbiology already at
the coll ege. Al ex was on health professions
assistant or in medical radiography. He rated his comfort level with evolution at a 3 and his

belief selection was number two. He received a 100% on the instructor generated exam. His
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CINS scores improved from 35 to 55 and his Darwinian components were stable at 2 from the
pretestto theposttest

John was interested in becoming a chiropractor anddagta college science course,
Human Biology, the prior semester. He was completing prerequisites in the hope of transferring
to another institution. He rated his comfort level with evolution at a 3 and his belief selection
was a two. He did very wetin the evolution exar scoring a 96%. His CINS scores increased

from 50 to 65 and his Darwinian components went from Q to 2

The interview population ranged in age from the early twenties to the early forties and
included four students interested in thedical field, three math and science majors, and four
students in non science fields. Five students identified their beliefs in evolution as humans
evolving over millions of years without God in the process, three students indicated that humans
were crated by God 10,000 years ago, and three believed humans had evolved over millions of
years with God guiding the process. When asked in the interviews if their belief in evolution
was reflected by their answers to this question, all the students inditatedhs the case.

The researcher first asked tsteidentswvhat type of learning environment they preferred.
The researcher wanted to see if there appeared to be a preference with students in having
lectures, discussions, hands on activities, or somer ddmmat. Student responses to this
guestion clearly stw a major preferencey mixture ofhands oractivitiesand lecturegTable
15). Many of the students felt that these activities gave them the opportunity to make greater
connections to the lectureatved material.Some of the students also indicated that it depended

on the type of material that they were covering.
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Table 15. Student learning environment preferences

Student Code Student Response

Mark Hands on/depends It all depends on the class. i&tce chss with the way that Joel hagen
teaching it, k ldaan.t Bosl lika the powagbointg andh thedi
because | actually |l earned a | ot

learned in science.

Jill Discussions/mix Discussios, definitely, yeah.

Kim Hands on | have to have hands on to keep my attention.

Alissa Hands on Yeabh, | definitely like handsn because I'm going into nursing and stuff.
Alex Hands on/mix | think there should be a little bit of mix, lecture and r=od.

Bethany Discussion/hands or Discussions. Hands on is easier toitdo It makes me remember iike the
diagram we did for the DNA, like | remember all the pieces to the DNA eas

Helen Hands on/depends 1 like a lot of visual things like eemples and comparing something technical
something, you know, that | could relate to it in relfe. It helps me
remember things and helps things register.

It depends on the cl ass. I f it
tbs somet hing that ités hard fo
would be more like hands on or group activity type stuff.

6s
r

Dawn Hands on | like handson stuff | think a little bit more. That way | can relate it
something else and undexst it a little bit better.

Janet Discussion/hands or Discussion is always good. Hands on is always good. You need a lec
mean who doesnét prefer to just h
to have a | eonure. |l 6m a hands

Sharon  Hands on/mix | like taking a little bit more of the hands otf. | think that thatworks a lot
better for me. | would rather do both. | would rather have a lecture and th
something hands on, | mean, because then it brings it all together.

John Hands on/mix Probably lecture and hands on

I n addition to the |l earning environment
views on various aspects of evolution and scieseeommon criticism of evolution is that it is
Aj ust a t h eotsraryivaccurateTview sf theorek in science and their standing in the
scientific community. One of the main components of NOS is the understanding of theories and

laws and the distinction between the two concepts in science (Lederman, 2002). Typically
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individuals incorrectly view laws as more certain or proven, while theories are not proven and
once proven, lead to lawsThis was reflected in theesponses on théNOS-C pretestsThe
researcher decided to ask students what their response would ipedrscame up to them and
said Aevolution is just a theory.o The 1int

standing of theory in science.

Tablel6. St udent reaction to phrase fAevolution i

Student Code Student Response

Mark Theory accurate It is a theory. That's all scientehere is no really factudl well, there is facts,
but theories can't really be proven because it's just a theory.

Jill Theory accurate l'tds not just a theortygs Inathirnef.ut
I dondét think. I mean | guess it
Well, people say a theory is just a thought, and evolution is not just a thouc
happened.

Kim Theory accurate Now that | know, | would say that a theory is basedaodlot of actual data an
itds believed to be true unless i

strong term in science.

Alissa Theory accurate Oh, wow. She taught us this one. That it's not just a theory. Theories havi
of evidencea support them, and, | mean, I've said that before too, you knov
just a theory, and it really is a lot more than what, like, the public makes it
be.

Alex Theory accurate Now, from what | knew and what I've learned, evolution is a theauy,itls
backed up by a lot of data and a lot of facts about it, and it's a very belie
theory, and something, obviously, did happen.

Bethany Theoryinaccurate | t 6s your own opinion. Everyonebd
want to.
Like | had her (a girl she works with)stop the conversation, like | interruptec
| just changed the whole conversation because shé Jik&t someone else wa:

they were real religious, and she
t heroenmbes onf t hi s, thereds none of 1
was | i ke, AYou candt prove that. o

Helen Theory accurate Okay. Well, then you have to think of the definition of theory, which for sc
reasonl candt think of the exact def
strong evidence to show that it is a very strong possibly that it happene
therebs evidence | eading to it.

Dawn Theory accurate There is no such thing as just a theorys leen proven not proven, but there'

a lot of data to support it, and until it's proven otherwise, you can't really s:
just a theory.
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Janet Theory inaccurate We | | religion isijyosut candbhearygue
with someone that talks religious,
not going to change a scientistds.

Mark Theory accurate I woul d say that ités noteerevesytdayatha
i t rptsjusta fluke, and | think | would just follow thevidenceand try to
explain that. And | have.

John Theoryinaccurate 1t 6s not a | aw. I would say ever)
l't6s not worthekilling each other

Eight students (7 from the inquiry class and one from the traditional class) described
t heories accurately when discussing their rea
students accurately described the NOS aspect that themriss@orted by data and evidence.
The difference between definitions of a theory in their general sense and what they mean in
science is thought to be a factor in individuals understanding of evolution. Jill, in response to the
guestion, 9lasayla thedkeid just a thougld, and evolution is not just a thought. It
happened. o
A lack of understanding of theieatific standing of evolution anckligiousbeliefs are
commonly cited adarries in the understanding and acceptance of evolugidimon, 2011)
The researcher tried to determine what students viewed as a block to acceptance of evolution.
Acceptance of evolution differbetween the American public and scientists in the United States
(NSES, 2012 This difference may be a resuftkmowledge of sience and evolution, as well as
religious views. The researcher asked students the same basic question in their interviews, which
compared scientistsd acceptance of evol,ution
theirreactons are found in table (L7
AOkay. 1 rmMw, evolgtioniiftyou look at researéhsurveys and
stuff i in the United States about 99 percent of scientists accept the
process of evolution has occurred. And if you look at surveys of people in

the Unied States, just a general public, we have a 40 percent, 45 percent
accept evolution. Why do you think
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TableZ7. Reactions to diffeamrdhcpsblbied &veeacscsepteand e

Student Code Response

Mark Religion/Beliefs Well, because religioii creation, that's how people feel that we were m
from God.

Jill Religion/Beliefs I dondét think that they understan
It goes back to the whole religion, creationism versus ewnlutiPeople have
their religious beliefs, and the:"

believe that it could have ever happened because of their own religious be

Kim Religion/Beliefs They like theidea of scientific evidence. They mayehbgoing for religious
belief because they tend to not suppiofbr some reason

Alissa Religion/Beliefs Just because of all the different religion and different ideas, different culi
everything like that. Everyone believes something different,ifaticey were
raised to believe a certain way they might not be so easy to change thei
even if they have all the evidence in front of them.

Alex Religion/Beliefs But again, that's my opinion, and, you know, they might be a little too
righteous to understand that two things could happen, and faith cal
important for somebody to survive, and | would never knock anybody &
that, but also facts and data and information that is there, it can't be overlc
And | guess to answer the questibthink some people are persuaded by
wrong things, and | think if somebody had time to educate everybody anc
were open to the education, | think that the view would be there.

Bethany Religion/Beliefs Becauseé | i ke my f at herSbos iotlbdse rp r ohbeadbs
crowd who somewhat accept it or accepts it fully, as you know the fact ¢
or whatever. But like the older crowd, they were raised more Christian b
because what was it, b a c k aiBible in thedr
l'iving room on the table. And t.
percent of the country or something?

Helen Education Probably because scientists are more educated on it. | think that when
think of evolutiontheyy st t hi nk that we evol v
they think. I dondét think that t

to know exactly what evolution is.

Dawn Religion/Beliefs Different beliefs
| think some people are stubborn and wiltj stick to their beliefs.

Janet Education Because they donot know. I di dn
thing. My sister and | argue a
l ooking at the whol ei ttéhse omroyt, jtihstr
do we still have whales? What if everybody came from the water?

Sharon Religion/Beliefs I 61l just take Christianity becau
thing where peopl e dotopultlicsshaaistbecaubee
they donét want them to | earn abo

John Religion/Beliefs Yeah, whol esome American. God f

how youbre brought wup.
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Nine of the 1llstudents felt that religion and bdBewere the reason why there was a
di fference in scientistso6 views and the publi
a difference in knowledge (scientists being educated or the public not knowing) could account
for the separation betweerct $ ent i st s0 accept anc dlthoaghdhist he g
separatiorappears to be the results of beliefgjdentresponses to the next interview cu@s
appears to contradict this in a way.

To explore studentsod own \idfseandsevolution, thdhe i s
researcher asked students if individuals could accept evolution and believe in God at the same

time. The responses are shown in tab& &nd reveal a consistent pattern.

Table 18. Student reaction to acceptance of both evotuéind belief in God

Student Code Response
Mark Accept evolution It just depends on how your belief in God is.
and believe
Jill Candt | think you could accept both if you wanted to. | mean | guess if yoe thés belief
evoluton and t hat therebds a Goidweolult, tlhemean hlatd
believeevoluton youdre religious, youbre going to b
you believe in evolution, tatatés ju
Kim Accept evolution Yes. Definitely.
and believe

Alissa  Accept evolution Yeah. | don't know. Maybe they could think God put the earth here, and
and believe everything evolved after that or I'm sure there's many ways they can put
together and stuff like that.

Alex Accept evolution Well, | believei yes. | mean, | can only speak for myself and my family in a se
and believe people that | know, but, yes, | believe evolution did happen, and | also have m

faith in a sense,ral there's a happy medium. But a little of this might come witt

don't want to use the term education level, but it sometimes would happen,

doesn't mean people who just go to church are not educated, but sometimes tt

to be maybe a littl@aive to some facts, but | do believe that there's a happy me:

Bethany Accept evolution 't really depends on t H dkeplmagamChristae,

and believe probably not, b ec audlilke bachiewia tt helye wé:
when they did that thing down in Tennessee, the only reason why evolution v
because |like the Christian man, he
kept saying, Al donét believe it, I

And stuff like that, and ifi do you get what | mean? Like some people it j
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Helen Accept evolution

and believe

Dawn Accept evolution

and believe

Janet Accept evolution

and believe

Sharon  Accept
evolution
believe

John Accept evolution

and believe

and

depends on what people want to believe or what they choose not to.

Yeah. Wel | I do. I think ités po

Yeah. It depends on which religion, though, | would assume. Scientologists v
definitely think otherwise on things. | would, I'm sure. They probably think al
were the reason why they did it or something.

| think | can.
Because | know this is a very touch
know. I didndt know. I was | ike o

a lot about it all the time.
So Ithink that you can have both. You can have a belief system based on G
you can have evolution. I mean t he
and oinhebs a

Yeah, to a certain point. A little of bottorlds.

Ten of the 1lstudents thought an individual can accept evolution and believe in God.
The student who did not explained that if one believed one or the other they would not be
inclined to believe the other. She initially stated that one caddp evolution and believe in
God before adding the either/or exclusion. Students specified acceptance often depends on the
person and their beliefs. One could view these results as diotirg to the prior question,

since the majority of students fethat the cause of the differences between the American

publ i cds

\Y

ews on evolution and scientistsb©d

that it depended on the individual and their own beliefs, as well as education.

\Y

Theresearcher@lo chose to expl or e ingurnubdsedadivitiés, per c e

in particular the Galapagos Finch program due to its focus on natural selection. Students were

asked what they thought of the activity and their oesps are displayed in Table (19
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Table 19.Student reactions to the Galapagos Finch Program

Student Reaction to Finch program

Mark Yeah. It was different because, | mean, you don't really learn that
usually it's just straight in the classroom learning about it, busctaally got
to do the research and stuff. | mean, seriously, but that's the most
remember from the class, that | looked up the finches and the evolution st

Janet Oh, that was tremendou®e | | the research pe
anything. Youbre doing a researc
out. Putting it into the presentation, | thought that was good. In the begir
I was | ike oh, what the hell is

what. | cartell you a lot about those finches. So it did work.

Debra | liked that.
Alissa Yeah. | like some more hands.
Sharon | liked it, one, because you could do it by yourself or with another partner

think that you learned a lot more, pitisied it all together. Like | never even
knew that that took place, and | had a lot of different biology courses and
never really had done well in them.

Helen Yeah, | think so. And that finch activity that we did, the evolution test was
highest test grade, and basically, I
we worked so long with the finch activity, it really helped me to understanc
evolution a lot and | did really good on the test because of it.

Bethany | actually liked thatfo s ome r eason. I donodt
lot more time on it than most people. Remember, | had trouble? And | ca
in for |like three or four hours,
went through italland justdiditdon édt 7 Ik nloivk e acti vi
morehand®n | i ke than my brother. Tha

Jill | actually liked it. It was pretty decent. | think | learned a lot from that lab.

Kim | felt like that was one of the areasthatl mean | di dnét

all, but | felt that was one of the ones | retained better as we had to do so
hands on research ourselves.

Yeah. | thought that it was pretty neat.

All nine students liked and valudkde Galapagos Finchctivity and three of the students
referred to their test scores (Mark, Hel&gsthany as evidence that the activity helped. Eight
students felt they learned a lot or retained more information as a result of the finch activity.

Students were also shovtime other activities completed in the traditional class, and they were

300



asked their preference of learning environments. Some students found the exercise difficult
since they had not done both, but the majority of students felt that they would prefeth do
Galapagos Finch program over the lab simulating bird beaks. For indBaticanythought that

the finch activity was valuable since it dealt with actual data.

Bethany That one just seems like we |l | , it likee wee gots
information from the Gapagos Islands that was real actual information.
Wedbre just basically guessing on it.
beaks could actually do compared to what tools could do. It depends on
someoneds strength; it doewm&tr depen
And itbés just a certain individual;
coming up with the exact data

Yeah, you use real data, and itlhat wa

dondt Kknow. Thatisortyst seems dumb to
(Postinterview, Lines150-156 and 166,167.2/08/07

Student caseBethany

Bethanywas a very interesting case since she was clear about her own beliefs and her
views on evolution.Bethanywas an accounting major in her early 20s. Her scores on both
evolution assessments had increased fronpthtesto theposttestand she scored a 74% on the
instructords exam. The evolution exam was th
during the semester. The researcher had gotten to know her a littledoate she had spent a
longer period of time on the Galapagos Finch program than other students in the computer lab.
She appeared to be hard working and was often focused on the tasks provided be her.
researcher also became more aware of her duertiesponse on the cheetah quesiathany
indicated in her response she did not believe humans evdledesearcher was interested in

exploring the interplay between her beliefs and the interventions seghite her religious
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views she demonsted a robust understanding of the theory of natural selection on the cheetah

guestion post results; her answer score went from zero on the pretest to three on the posttest.

| believe in animals evolving and changing themganisms and cells and
mutatiors but not as drastic as humans once being apes

Pretest

If the cheetahs could only run 20 miles per. At first there(sic) prey probably ran
slower or maybe only the faster cheetahs survived by catching prey and the
offspring of cheetahs inherited the spaéestead of other qualities of there

ancestors.

Posttest

Beliefs are commonly cited as a possible cause for a hurdle in acceptance and

understanding of evolutionHowever,Bethanydid not appear to have issues with understanding

the scientific conceptf@volution and natural selectioishe described her views on religion and

her religious upbringing at length in her interview. Her interview was the longest of the eleven,

lasting 61 minutes. The researcher first asked her to confirm her Gallupgpalhse during the

interview.

Researcher:

Interviewee:

Researcher:

Interviewee:

And we asked which of the following statements comes closest to
your views on the origin and development of human beings? And
you picked three, God created human beings pretty much in their
present form at one tienwithin the last 10,000 years or so.

ay it was more than t}
hereds parts and ti me
donot know; l i ke that

10,000 years | 6 d s
the Bible t
happened b u t I
like hardto know and all that.

So would this still pretty much describe what you feel?
Yeah.

(Lines 360373 12/08/07%
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Bethanycame from a deeply religious family and she often mentioned her father and his views
on evolution duringheinterview. She felt the wagn individual was raised definitely
influenced their outlook. She identifies herself as having creationist views during the interview,

yet it doesnodot appear to bl ock her understand

Interviewee: | t 6s somebodyodés beliefs thatods go
they were raised and stuff. Like | still haivé can understand the
concept of evolution, but | donot
scientists b enl moeev aeeationist econaparedeto | 6
anything. Same with my father, k
evolution and he wonét even | ook

Researcher: So you can understand the concepts.

Interviewee: Yeah.

Researcher: And can you kind of see that organisms,cép® can change over
time?

Interviewee: Yeah.
(Lines 227241, 12/08/0%

Since she described herself as having more creationist views, the researcher decided to
ask her whether she subscribed to a literal interpretation of the bible. Young earth istsation
are predominantly literalists when referring to the Bilethanyconfirms this in her interview
response.

Researcher: | donot recal | ; itds been a whil e
take a literal interpretation of the Bible?

Interviewee: Yes.
Researcher: You do. ltds | iter al as the book
Interviewee: Yep; thatodés how | was raised.

Researcher: Okay.
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Interviewee: |1 6 | | raise my daughter the same.
(Lines 486497, 12/08/07
ThusBethang s upbringing has not denktedher nfl uencec
daughter as well. Her father appears to have had a strong influence on her religious beliefs and
she mentions him six times in the interview. The first time he is mentBethdnyresponds to
a question asked by the researcher about howidhdils presented with the same information
can come up with different ideaBethanys t a teeasse fidy think differently on a certain
subject, Ilike i f you gi ve Betanyfl2/Q7}Shaeimpbkegthdt ut i on
her father may@ept evolution on a microevolutionary level, but not on macroevolution scale

(one species into another).

Interviewee: | dondt know,; thatdés how | was r a
he wonot | ike |isten to anyot hing
angry. He 6 s I i ke, AYeah, everyth
know, thatdos how he starts it, I i
trying to study or stuff, and

Researcher: So he accepts change in organisms?

Interviewee: Yeah, but he 6o aeasomdéti dtelriemdk etvibd tut i

(Lines 545553 12/08/07
A little laterBethanyi n t he i nterview briefly talks abc
and change in science fAhe T1thha ndkose san dti orne aalnldy ak
the huge diffegence, becausel dondt Kknow. My fatherds very s

science is he says it changes constanBgthany Lines562-565,12/07). While her father is
certainly a strong influence on h&gthanyis able to articulate an und&ading of evolution

throughout the research study and in the interview.
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In addition to her upbringingethanybrought up how she felt when she had been
presented with evolution in high school and her reaction to it. To her the concept had been
forcedon her and she got angry at the situation. She indicates that it may have had something to
do with her mental development, in that when
straightforward as it p(Bethaayhihegl0724074H18/07). when y o
The researcher mentioned that he felt that individuals could have beliefs and understand
evolution. This elicited a response fr@athanythat included references to her school
experiences.

Researcher: And I trytoT | want peopletoikdai | per sonal ly donot
have to sacrifice what you believe in terms of religion to actually
unders_tand evolution. | think you can have both of those at the
same time.

Interviewee: You say that, but | remember like in high school like theyd&in

pushed it out there saying we came from apes. You know, like
they kinda just pushed it right out there, so when | heard evolution

|l just really didndot <car e, It jus
previous, and when youdrinkasyounge
straightforward as it probably is

usuallyi like | got angry with it. | just did what they wanted me to

do just to get it done, but this one was more interesting because it

wasnot l i ke just p y, shisiisralgyou cn on vy ¢

believe. This is it, how itds do
(Lines 10651078 12/08/0%

Later in the interview the researcher asks if evolution should be taught in scho@sthady
sai d nl t hink peopl @&ethang @2/08/@j. Hree vesearcher asksofi c e . 0
individuals should have a choice in science classes andrsigs up her own educational
experiences again.
Interviewee: Li ke |1 6d say in college it shoul c
high school, because like when | was in higihosd i | was

probably 12 at the time, and | got very distraught with it. And like
fmyil 6d say | i ke when youbre that
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sti |l | have custody of you and eve

your parents. ybu knosv hthe sdhabliicdniakeb e u p

the decisions. It should be on vy

think they should have two different schogigu know, so one is

that state and one is the other.

(Lines 506514, 12/08/0%

Bethanymakes the connectonton e 6s upbringing as wel |l as the
individual is exposed to. She reiterates the conflict and discomfort that evolution created for her.
Based on her views, it appears that she would advocate for separate classes where igvolution
and is not taught.

Regardless of these viewsetformat of the evolutiomstructional sequencaefinitely
appeared to help iBethang s progression towards a greater
evolutioni both based on her test results andihirview responsesAs opposed to making it a
choice between competing belief setise program allowed her to explore how evolution
operated. She also seemed to be more willing to consider the origins of humans and the general
process of evolution anthtural selection as it related to the origins of humans.

ltds not i ke that. l'tds just showing
species or within a group of the same animals that were split or something. Not
because apes were getting ctedilearned to like that book; we all can read from
it.
(Lines 10801083 12/08/0%
Since the main goal of the research study was to determimiify-basedechniques were
more effective in helping studeritee researcher asked her if she understbe concepts.
Bethanyincorporated the finches into her explanation as well as information about changes that
occur in humans.

Researcher: Do you feel after having done this you have a better idea about
how the process of natural selection occurspoulation?
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Interviewee: Yeah. Like the beaks, or like humans like she was saying if | have
T if you were moving to a new area you have the sickle cell on
you, but you might not have sickle cell itself,tbrou carry the

geneto have it Ter e 6 s Tislo nteaomdéet know i f t
died yet or not. I think therebo
i mmune to AIDS. She was a prosi
everybody, but she couldndét die f

(Lines 10311041, 12/08/07%
Finally the researcher attpted to establish whether or M&é¢thanywas open to the theory of
evolution. One can note thBethanymodified the phrasing so that she was answering whether
or not things change. Despite this, it does not appear to be a strong indication of her
dissdisfaction with evolution but rather a clarification of the definition of the terminology.

Researcher: So do you think youbre a |itt]l
ideas now than you were before you started with it?

Interviewee: You mean everything changes?
Researcher: Changes, or just
Interviewee: Sure.

(Lines 924-931, 12/08/0%
Student case: Mark

Mark originally participated in the inquiripased activities and returned to the college to
complete more course work after his first degree. Theareber stumbled across Mark at the
college after four years had passed since the study. Mark agreed to be interviewed to see
whetheror notthe inquirybased activities had an impact on his understanding of evolution after
the long time frame. In Novemb@011 Mark was interviewed concerning the Biol 103 course
he had taken. The researcher started the interview by asking Mark what he remembered from

taking the class.
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Researcher: Do you remember anything from Biol 103?
Mark: | remember going to the contpulab a lot. For the bird thing.

Researcher: So you do remember that. Do you remember other stuff from the
class?

Mar k: No thatdods about i1t, that really p
Researcher: Do you remember what the point of that thing was?

Mar k: MWashibke di fferent ways to | earn él
birds. But you did lecture in the other class | know that.

Researcher: Do think in general that was a decent activity?
Mark: | prefer learning that way because | hate lecture. Thishwadong ago
that | did that c¢class and | actually re
science person. | took what | had to for science and that is pretty much the only
thing that | remember in taking any of her classes.
(Lines 20,11/0/201)

It is clearly evident the learning strategies had an impact on Mark, since this and the
nature of science activities were the only things he remembered from the course. In fact, the
very first thing he mentions is the birds and the program tr@ked on. Mark had not taken
science since a spring semester section of Biol 104 in 2008. Biol 104 is the second course in the
sequence introductory biology sequence at Cayuga Community College. Biol 104 does not deal
with evolutionary principlesand theg are rarely discussed in clas$Vhen Mark was asked to
define evolution, he used the birds, their beaks, and the environment to briefly explain the
processMar k sel f i dentifies as somakonyendddap i S nc

with a C in hecourse;itherefore it is important to stress these teaching strategies had a positive

impact on a student who may not have been as strong as other individuals.
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Summary of interviews

Based on the interviews a number of interesting patterns emeigespite the three
month lag time, many of the students in the inquiry class remembeeedube and tracks
activities they participated in #e start of the semesteAll of the students preferred learning
environments that included hamds activities. Students were able to accurately describe
theories in the majority of cases and articu
tackled the often phrased rebuttal to evoluti
isi just theores. A number of students demonstrated an understanding of the role data and
evidence play in supporting theories. While the majority of students felt individualcoept a
evolution and believe in @i, theythoughtthe main cause for the differences iccaptance
between various groups to be a result of religious beli@tidents thoughthe decision to
accept evolution often depends on the individual and how their beliefs are. Students
overwhelmingly supported the Galapagos Finch activity and oftehudéd their understanding
of evolution to participation in the progranStudents were more likely to choose thquiry-
basedactivities over the activities conducted in the traditional cldgsally, the inquirybased
activities appear to have trda®d into long term impacts on student learning, as Mark

demonstrates.

Instructor interviews

In addition to completing pre and post interviews,réfgearcher asked the instructor to
write down her thoughts about each of the activities and the oepmibn of the instructional

process. While the focus of the study was st
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willingness to teach throughquiry-basedactivities is an important facet of the shiftinguiry-

basednstruction.

| nst r uews anisolesce Vv i
Discussing and conveying components of NOS was an essential part of the research

study, as it may i mpact an individual 6s wunder
knew a great deal about science, but had not heard it refersiesl to fien accfurs ci ence. 0
briefly discusses this in her pre interview.

Researcher: Had you heard about the nature of science?

Instructor: Previous to this? | never knew it was called that. | knew things about

it but | never knew it was called thdtteach my students that science the

information that we identify is tentative. | taught aspects of it but | never called

the Nature of science. | do compare it to other disciplines and | just never have

called it the nature of science.

(Pre nterview,Lines 2226, 8/04/07)

Many of the main components of NOS were not directly taught by the instructor prior to the

research study. The instruct or 0 ssultoihestwdy e ws o

which she addressed in her posttevup.

| now have a better understanding of the nature of science, and a better
understanding of how to relay that to my students. | have refocused my
attention to quality versus quantity.

(Postwrite up Lines 7880, 01/12/07)

| think that wasan important point for students to understarat there
is a subjective component to science
the eye of the behol der o.

(Post write up, Lines 390, 01/12/07)
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She wasnore focused view on the subjeet component of science, one of the main aspects of

NOS.

Instructor understanding and views of inquiry
The ultimate aim of this research study isnwestigate the effectivenessinfuiry-based

instruction as a more effective method in helping etiisl understand evolutionary concepts than
traditional, lecture based approaches. To elicit a change in instruction, evidence has to be
presented that will cause a shift in an individual. One of the challenges of the study was the
i nstr uct oedimuirk-bhasedcattiaties andsher understanding of inquiry. The
instructor initially had described her understanding of inquiry as limited in the pre interview

Researcher: How would you describe your understanding of inquiry before

today?

Instrucbr: Like on a scale from one to ten?

Researcher: Yes

Instructor: | would say | was a two, maybe a three.
(Pre interviewLines x4, 8/04/07)

The research study appeared to change her understanding of inquiry in a positive manner, as

demonstated by her post interview response.

Researcher: Do you feel you understand inquiry better?
|l nstructor: Yes. On a scale from

say seven.
(Post InterviewLines 160161, 12/20/07%

311

on



It appearghat the instructor shifted to a better understandingafiry-basedon the
hypothetical scale she introduced (from 2 or 3 to a 7). This understanding of inquiry may
translate into more willingness to try new activities in the course.

Althoughtheinstuct or descri bed her instructional
demonstrated interest in slightly modifying her instructional style in the future. She was clear,
however, in nbwanting to try anything nethe next semester.

Researcher: Wad you be open to doing momquiry-basedactivities?

Instructor: Yeah | would be open to it. | think it exposes my weakness though.

| would need to introduce it slowly into my repertoire of lectures because it

exposes weaknesses that | have tHateon students' learning. | mean | can

safely say not one student learned how to write a paper because it was not

something | didn't spend enough prepping for.

Researcher: So you would work it in slowly if you do?

Instructor: Yeah | am not gang to trying anything new next semester but |

might incorporate the things we used, but | am not going to try anything new.
(Post interviewLines 162169, 12/20/07)

't i s interesting to note that sthatcodd d not
Arefl ect on studentsd | ear ni nimguirg-basedhbtreiciionl vy t h e
was dependent on whether it fit into her comfort zone

The instructor clearly continued to feel apprehension about teaching through inquiry and
was only willing to continue with activities that she considered worthwhile and effective. She
felt t hat oneds instructional style and teacl
success of thenquiry-basedactivities. The instructor felt hewn teaching style did not match

that of the openness of amuiry-basedclassroom. She described a number of hurdles that she

faced while engaging students in inquirgsed activities.
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Instructor: You have to have control over the whole class, wal&gisg off to the
side. You have a lot of little things going on at once. Plus you have to try to get
them to say answerdike with that footprint thing. You always have one or two
students shouting them out. | feel like you really have to be somewhat
experienced to really have good control over getting everyone to be engaged. If
that is not your strong feature of teaching then half the class is going to be
excluded. Especially the one's who are really quietmean they will still get
something fromust listening. Even when we broke up into groups, people just
sat there and looked at the boxest likeslab; it is very difficult to get them
engaged in the activities.

(Post interviewLines 6977, 12/20/07)

Instructor apprehension
As previou$y stated, the instructor had not completed any education course work and had
not previously heard of the nature of science (NOS). She was not familiar with the terminology,

as indicated by her pre interview. The instructor also wrote about her conclargost write

up:

| was very nervous about some of activities and topics | had to cover. Some of
the topics | had not previously covered in my introductory biology courses and |
felt as though | would not be able to field questions students may Rave.
example, | tell students that biology is based on data obtained from observations
andinferenceshowever | do not devote time to activities that specifically address
these tenets.

(Post write up, Lines-B, 01/12/07)

The instructor expragd concern about her ability to guide students through the activities and her

ability to emphaize the point of the activities.

One of the major reservations | had with the footprint activity was that | did not
feel as though | would be able to guitie students through it so that they would
understand the purpose of the activity. | was not sure that | could confidently
emphasize the point of the activity throughout each step so as to achieve the
learning outcomes. | am someone who likes/needgarcéevel of preparation.

| felt this was especially important for the footprint activity because this was the
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first -biaisneqduoi rayct i vi ty that the students
variations of the activity that may have had a greater ingrastudent learning
outcomes).

(Post write up, Lines-97, 01/12/07)

A common theme that emerged in her post interview was the apprehension that she felt

over teaching through inquiry and about the nature of science.

Researcher: What werewwothoughts on the activities?

Instructor: | was veryervous; don't know if students got what they should have
out of them because | didn't feel very prepared.

| mean, some things you didn't need to prepare lbot when you are brand new

going irto it. | really liked some of themlike the box activity | will probably

always use. | thought that was a great idea even if the students didn't get it. |

think the point is well takensometimes you just never know. Science,

information is not alwgs known. | liked some of them and others of thetn

was a lot of stress.

(Post interviewLines +7, 12/20/07)

Her apprehension and nervousness over teaching in a different style was not the only concern
that she expressed about the instarl sequence. She brought up an often mentioned concern
about inquiry instruction the perceived amount of time that had to be devoted to inquiry
instruction:

Instructor: As much as people who are such advocates and proponeqtsrgf

basededucaton it takes probably double if not at least two thirds more.

(Post interviewLines 3738, 12/20/07)

Instructor: We dedicated a lot of time te firecious time that | could have been
in class going over terminology.

Researcher: So going bbaio the inquiry thing why did it take more time?
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Instructor: | had to prep, | had to be ready to field questions, and | wasn't. | mean
it just seems really stressful. It is difficult to engage students.
(Post interviewlines 9495; Lines68-70, 12/20/07)
Instructors at many levels often do not teach through inquiry due to comfort level avtthpth
and the perceived time commitmemtgutman et al., 2004 The instructor repeatedly cited time
as a hurdle in implementing inquibased instruatin and she commented on this in her post
write up:
The amount of preparation work was obviously more than a traditional lecture,
but the rewards were greaieand of course | can find a balance that suits my

outcomes and available time commitment.
(Post write up, Lines 886, 01/12/07)

The instructor also identified time as an issue when students were learning about the

terminology used in discussing evolution and natural selectioningbey-basedlass had a

lower exam mean (73.7) than thaditional class (77.8).
Researcher: Do you think that doing that unit was worth if your exam scores were
about three points lower?
Instructor: 1do, | know why they were lower, but yes | do.
Researcher: Why were they lower?
Instructor: They wereolwer because there was so much specific terminology that
they only had one day to learn. | mean you could understand the process of it but
if you've never heard the terms artificial selection or convergent evolution or
analagous structureshey didn't lave nearly as much time to learn as the other
class did. So I do I just, you need to take more time, instructors who say equal
time Iitds not true. As much as peopl e
inquiry-basededucation it takes probably doelf not at least two thirds more.

(Post InterviewLines 2937, 12/20/0F

Despite her nervousness and concerns about time and specific terminology covered, the

instructor found the activities to be worthwhile for her students andlherse
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| enjoyed incorporating new activities into my classes. | feel as though students

benefited from my inclusion of various teaching styles. Equally important, | feel

like | benefited from this experience. | now have a better understanding of the

nature of sciece, and a better understanding of how to relay that to my students.
(Post write upLines 7679, 01/12/07)

While she indicated a number of issues with the instructional process (preparation time, time of

the activities, lack of familiarity withihe material, and lack of coverage of the terminology) she

had a number of positive impressions of her students and the activities as a result of the research.

Thoughts on the use of tmmuiry-basedactivities and their role in instruction

Finch activity response
The instructor was asked about the effectiveness of the instructional activities that she
used. When discussing the Galapagos finch software program she mentiondska of other

qualities ofstudents besides understanding of evolutiolygorocesses.

Researcher: So you saw some benefits for your students?
Instructor: Yes
Researcher: Such as?
Instructor: | think they learned how to analyze data. | could see other qualities
that they had versus just memorizing tiests;| could se where their other
strengths were. Analyzing data, following directions, presenting on it.

(Post interviewLines 2227, 12/20/07)

Before the research study the instructords

equally throughout the seister. The inquirsbased activities afforded her tfegmatively assess
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othercharacteristics of her studentk particular, she described how students who were not as

academ

ically strong became equivalent to AAO

Overal |l was i mpressed by the studentso r
into the activity, even though they had never analyzed scientific data before.
Students whom | previously did not feel were very strong academically (or who
performed poorly on test were asking questions, taking notes, and giving
presentations that were on par with fAAO
up with the same conclusions, not every
they were looking at exactly the same data.

(Post write up, Lines 339, 01/12/07)

Essential components of inquiry include the ability to analyze data and communicate

those findings to an audience of other membéteescientific community (NRC, 1996; 2000

Based on her

own perceptionshefr students, the inquityased activities appeared to be

effective in conveying important aspects of NOS to students.

Goldfish activity response

Of all the new activities used in the course the instructor appeared to be most emphatic

about her apprecian for the goldfish activity. This is surprising since it was an open inquiry

activity that one would have expected would have to have elicited a great deal of apprehension in

the instructor.

Researcher: How did you like the goldfish activity?

Instructor: | loved that activity. Even though they had the worst results on that.
Had | spent time | know what lam goingto do next time for that activity.
Everybody is going to have a journal article to summarize, then they are going to
have a fake joural article that they have to write where they put sentences where
they go in the right headings. So they know how to write an article. | thought
that was great, because yet again no only did that-cthddoth classes do that?

Researcher: Just tiquiry class.

Instructor: Not only did they get to analyze data, present a presentation on it, but
then | get to see that they can come up with an experiment on their own. | would
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do that right in the beginning of the semester. | think it also tesicbesthe
scientific method | know you guys say there is no scientific methdtdeaches
them how to collect data. | mean after they did that finch activity they should
certainly know that everything is dataverything is. |think that was a great
idea, especially since in my class | never have them do an actual journal paper and
they shoul d. Il tds i mportant to know wh
materials and methodst hat 6 s I mportant to know.
(Post Interviewlines 118131, 12/20/07)

Her positive views of this activity were also conveyed in her post writd-tgm herresponse it

is clear that participation in the inquibased activities had an impact on tiews on teaching

and learning about science.
| do not require formal ladratory reports, nor do | require students to design their
own experiments. | always wanted to incorporate a component that involves
these activities in my courses. | thought this lab was a great way to introduce
students to experimental design and ddierwriting.
| will definitely use that activity again probably in the beginning of the semester

so that it coincides with the scientific method and the nature of science topics.
(Post write up, Lines 580, 6668, 01/12/07)

Instructor erceptionsofstlient sé6 understanding of sci

The instructor served as a valuable data s
understanding of various concepts in the course. This allowed the researcher to triangulate the
data collected through asse®ents, videotapes, and interviews of students and the instructor.
The instructor felt thenquiry-basedclass had a better grasp of scientific processes than the
traditional class. With both of the activities used inittigiiry-basedclass (Galapagosri€h
program and Goldfish activity) she feliat students were in involved in more scientific

processes and gained various skills.
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When discussing the finch activity:

| think they learned how to analyze data. | could see other qualities thatthey h
versus just memorizing faests;l could see where their other strengths were.
Analyzing data, following directions, presenting on it.

| have no doubt in my mind that conteglly they understand how to analyze
data better, they understand the nature of science better, they even understand the
process of evolution bettet'm sure.

When discussing the goldfish activity:

| think this activity clearly presented thale of a scientist in developing a
hypothesis, designing an experiment (some students were very creative), utilizing
appropriate controls (some students need help with this and many did not
understand the importance of a comparison data set), collectan¢uzny
students took poor notes and were not able to adequately substantiate their
conclusions because they had very little data), and report writing.

(Post write up, Lines 683, 01/12/07)

|l nstructor perceptions of student so

The instructor and the researcher discussed the differences that existed between the two classes.

| have no doubt in my mind that conceptually they understand how to analyze
data better, they understand the nature of science better, they evestantitire
process of evolution bettet'm sure.

(Post InterviewLines 4547, 12/20/07)
Later in her post interview she again brings up student understanding of evolution.

Researcher: You say precious time, but the CINS showed a larggasaand
higher test average than the control group.

Instructor: What did | say about conceptualtitere is no doubt in my mind that

they understand the process of evolution better than that class. | have no doubt.
(Post InterviewLines 9899, 12120/07)
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Instructor perceptions of students

Recognition of student inquiry abilities can often go unnoticed in classes that depend
solely on exams or exams and Acookbooko styl e
focused on exams as her major noetlof assessing students, which is not uncommon in
undergraduate higher education settings. During the second day of the Galapagos Finch project
the instructor made some comments about her students approximately 40 minutes into the class

that are relevartb this issue.

Instructor: You know, | am so glad | did this project.
Researcher: Why?
Instructor: You see the two girls working together in the third row? They are not
doing well in the course, mainly because of their tests. But you haee tihe
presentation they are makindhey are doing a great job. They are analyzing the
data and generating graphs and pulling
have been able to see those abilities if | was just using my tests.
Field notes (October, 2007)
Without participation in this study, the instructor would have been unable to form these views
about her studentsBefore the studghe previously had assesstadentsisingonly exams.
In the post interview the instructor alsdked about the qualities of students that she was able to
see that she kdanot been privy to in the past
Researcher: Do you think tiequiry-basedstuff helped your low achieving
students?
Instructor:  Absolutely yes.
Researcher. Why?
Instrudor: They might not be, | hate to say good test takers, because | don't

believe there is such a thing. | was certainly able to see some of their strengths
come out, like creativity as far as designing experiments for the goldfish. The way
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they analyzedhe data, and they presented, some were very good public speakers,
and again not that it's always science related they excelled in some aspects where
their grades didn't show it on exams and students always request more things to
earn points from. So inddition to just traditional labs they had the presentation

the paper to write, an experiment to put together, so | do. | don't know what the
overall averages were | would imagine that group would be higher.

Post Interview

Implementatia of different instructional techniques in future classes

One could argue that changing an instructo
group of students in a research study, due to the residual impact of the instructor. The goal of the
studywd not to change the instructorés teaching
instructional practices on studentsd understa
discover that the instructor was consideringdifying her future instrction after she submitted
her post write up.

| have refocused my attention to quality versus quantity. | want them to

understand and retain, not memorize and regurgitate, and | think that

nontraditional teaching approaches are imperative for this. have the

mi ndset that o6l etting them figure it ou

better understanding than me Otelling t

(Post write up, Lines 783, 01/12/07)

In fact, the instructor did incorporat@ture of science activities into her instruction as
well as the goldfish activity into her laboratory sessions. A copy of her syllabus from fall 2011
(the most recent time she taught the course) demonstrates that she has continuaduoyise
basedadivities in her instruction. One major difference from the study was that she taught the

topic of evolution immediately after NOS (see Appentdifor syllabus). In the research study
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there was approximately one month between NOS and evolution. Whelhvdskshe made the
change in a recent intervieshe described the impact of evolutionary theory on other topics in
biology.
It is such a unifying concept in biology that | feel it is important that students
understand how differences arise in organismsedisproviding them with a
foundation of knowledge of how differences accumulate between and within
species. It is very difficult to teach the rest of the concepts if students don't

understand that we (organisms) are all related.

June 9, 2011

She was also asked about the extent to which shengady-basedactivities and if she
continued to talk about the components of NOS. She did not, however, continue to use the
Galapagos Finch software program or the island activity that was udezltinaditional class.
| still use the box activity, | talk about the NOS at the beginning of the course, and
| do the goldfish activity as well . |
they require too much time, despite the fact thatesitslappeared to score the
same on tests. | constantly feel pressure to make sure | am covering material in

my syllabus and in the master syllabus.

June 9, 2011

The first PowerPoint that sipeesengin class includes coverage of the compos@itNOS (see
AppendixC) and her syllabus (Appendit). When shéeaches about evolutionary concetits s

also discusses the differences between theories and laws (App@ndexior to the study, the
instructor had not specifically covered NOS. Assuleof the study she has incorporated these
activities into her instructional sequence and had an open inquiry lab at the start of her laboratory

instruction.
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