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Abstract 
To this date, little empirical evidence exists as to the most effective ways to support teachers in 
understanding scientific inquiry and nature of science and implementing it in their classrooms. 
This paper describes recent efforts to support teachers of grades 5-9 in the U.S. in developing in-
depth understandings of scientific inquiry, nature of science, and the use of evidence by scientists 
related to developing evolutionary theory. The professional development project utilized an 
authentic setting, combined with an inquiry approach, and explicit connections to aspects of 
nature of science. This paper reports on findings from the first year of a summer professional 
development program and classroom visits during the subsequent school year. The focus is on a 
learner-centered investigation where students are engaged in authentic scientific inquiry aimed at 
helping scientists determine how sea life responded to changes in the environment during the 
Devonian Period in central New York. Preliminary findings support the hypothesis that 
immersing teachers in authentic inquiry experiences, with explicit attention to nature of science 
and inquiry-based approaches, and time to reflect on these experiences, will enhance teacher 
knowledge and better position teachers to implement inquiry instruction in their classrooms. 
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Purpose and Background 

The purpose of this paper is to examine enhancement of teachersÕ knowledge of inquiry 
and translation to classroom practice, as the result of participation in a teacher professional 
development (PD) program.  This is a study of the first year of a multi-year resources and 
tools/PD project funded by the United States National Science Foundation, aimed at enhancing 
upper elementary (5-6th grade in the U.S.) and middle level (7th, 8th and 9th in the U.S.) teachers 
and studentsÕ understandings of nature of science (NOS), inquiry, and evolutionary and 
geological subject matter.  

Helping students understand scientific inquiry and (NOS) has been a longstanding goal of 
science education in the United States. National science education reform documents in the last 
decade consider inquiry, combined with teaching about NOS, a central component of science 
instruction at all grade levels (National Research Council, 1996, 2000). Although reform 
documents highlight the importance of inquiry instruction and attention to NOS, most teachers in 
the U.S. do not use inquiry-based instruction in their classrooms (Deboer, 2004). Reasons 
include perceived time constraints due to high-stakes testing and unfamiliarity with how science is 
practiced (Deboer, 2004). Teachers may not have adequate preparation in science to create an 
inquiry-based environment (Krajcik, Mamlok, & Hug, 2001) or they simply may not understand 
what inquiry is (Anderson, 2002) or have beliefs and views that support this kind of teaching 
(Gallagher, 1991; Luft, 2001).  The problem is more acute at the elementary and middle school 
levels, where teachers have little or no formal science training and lack familiarity with the 
fundamentals of scientific inquiry (Loucks-Horsley, Love, Stiles, Mundry, & Hewson, 2003). 
Unless teachers are supported in learning science concepts and inquiry-based pedagogical 
approaches, it is unlikely that teacher practice, in general, will change. 

Our view of teaching science as inquiry, involves posing and answering scientifically-oriented 
questions about the natural world, giving priority to evidence in responding to questions, 
developing explanations using evidence, connecting explanations to scientific knowledge, and 
communicating and justifying explanations (See essential features of inquiry in NRC, 2000).  At 
the heart of inquiry is the learner herself, grappling with data and making sense of some event or 
phenomenon. Inquiry-based teaching is a complex and sophisticated way of teaching that requires 
significant professional development and support (Crawford, 2000, 2007).  

Professional development is a proposed way to support teachers in learning about scientific 
inquiry, inquiry-based teaching, and NOS (Loucks-Horsley, et al., 2003; NRC, 1996). Unless 
teachers are supported in understanding the nature of scientific inquiry and how to create this kind of 
environment in the classroom, it is unlikely that teacher practice will change from that of primarily 
traditional, didactic approaches). However, to this date there is little empirical evidence regarding 
the most effective ways to support teachers in understanding scientific inquiry and NOS, and 
how to translate this into classrooms.  

One of the assumptions upon which our professional development model is built is that 
authentic scientific research experiences can provide valuable context for reflection on aspects of 
the nature of science (Schwartz, Lederman, & Crawford, 2004; Schwartz & Crawford, 2004). 
Nature of science (NOS) is a critical component of teaching science as inquiry, and is defined by 
many science educators.  Nature of science involves the set of ideas that science is one way of 
knowing about the world and the system and values of beliefs within which scientific knowledge 
is constructed and validated (Abd-El- Khalick, Lederman, & Bell, 1998; Lederman, 1992).  
Authentic contexts are those that support the learner in making sense of naturally occurring 
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events and constructing compelling explanations that justify the time, resources and effort 
needed to set inquiry into action. 
 

Theoretical Framework 
The theoretical framework of this research includes multiple constructs: a) Constructivism: 

Learning involves active intellectual participation by the learner, and it includes social and 
reflective components (Brown, 1994, Cobb, 1994; Driver, et al., 1985; 1992; Solomon, 1989; 
Vygotsky, 1978); b) Authenticity: Practices aligned with those in which scientists engage (Chinn 
& Malholtra, 2002); demonstrates or replicates the kinds of work scientists do or is relevant to 
students (Dewey, 1938; Hodson, 1998); c) Situated Cognition:  Learning is associated with 
meaningful activities, and connects with the time, place, and situation (Brown, Collins, & 
Duguid, 1989; Lave & Wenger, 1991); and d) Community of Learners: Science is practiced by a 
group of learners immersed in the practice; Learning occurs as humans interact with one another 
(Brown et al., 1989; Wenger, 1998). 

Theories of how people learn developed by cognitive psychologists and philosophers 
served to underpin the design of the curriculum and the professional development program for 
supporting teachersÕ views of NOS, as well as the design of the research study. A constructivist 
theory of learning positions a person at the center of the experience, as he or she actively makes 
sense of the environment and builds on previous experiences.  This theory of learning advocates 
for the kinds of authentic settings that facilitate people in developing in-depth understandings 
and critical thinking. Learning involves active intellectual participation by the learner, and it 
includes social and reflective components, as described by cognitive psychologists (Brown, 
1994).  The main idea is that a learner takes an active role in the learning process, combined with 
social interaction with others (Vygotsky, 1978). The view that learning is associated with 
meaningful activities is embodied in the constructs of situated cognition and cognitive 
apprenticeships.  

The construct of authenticity is also an important theoretical construct fundamental to this 
study. There are varied views of authenticity in the literature (e.g. Crawford, 2000; Chinn & 
Maholtra, 2002; Roth, 1995; Woolnough, 2000). Authenticity connects with the time, place, and 
situation associated with the learning experience (Brown, Collins, & Duguid, 1989; Lave & 
Wenger, 1991). Chinn & Malholtra (2002) highlight the epistemological and reasoning aspects 
of scientific inquiry. In viewing scientistsÕ laboratories as the most authentic of all settings for 
teaching about the ways in which science is conducted, there is the assumption that an 
apprenticeship in a science laboratory will directly translate into a greater understanding of 
aspects of the nature of science leading to scientific literacy. This assumption is not fully 
supported by empirical studies (Bell, Blair, Crawford, & Lederman, 2003; Schwartz et al., 2004).  

We hypothesize that immersing teachers in authentic inquiry experiences, with explicit 
attention to aspects of NOS and inquiry-based approaches, and allowing time to reflect on these 
experiences, will enhance teacher knowledge and better prepare them to implement inquiry 
instruction.    

 
Rationale 

To help address the inconsistency between efforts to include inquiry in science classrooms 
and actual teaching practice, we developed the Fossil Finders Project. Fossil Finders is a funded 
four-year resources and curriculum project combined with professional development. Our 
research focuses on how to support 5th-9th grade teachers and their students in learning about 
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inquiry, NOS, geological and evolutionary concepts, based on previous research (i.e. Crawford, 
Zembal-Saul, Munford, & Friedrichsen, 2005). The centerpiece of the project is the authentic 
paleontological investigation examining how sea life responded to changes in the environment 
during the Devonian Period in central New York, U.S.A. As part of the Fossil Finders Project we 
designed a two-year professional development experience for practicing teachers. The focus of 
our designed PD involved an authentic scientific setting conducive to translation to a science 
classroom, combined with modeling an inquiry approach with explicit connections to aspects of 
NOS.  

This paper reports preliminary findings from the first year beginning in the summer PD 
(August 2008) and classroom visits during the subsequent school year. We assessed teachersÕ 
knowledge of inquiry and NOS and evolution, and their abilities to translate these views, 
targeting their enactment of the project curriculum. 
 

Research Questions and Methods 
We strived to gather evidence of teacher change as the result of the PD experiences. This 

study seeks to answer the following questions: 1) To what extent does the Fossil Finders 
professional development model enhance teacher understanding of NOS, inquiry, and science 
concepts? 2) What is the evidence of teachers translating their knowledge to their own 
classrooms? 

We used a qualitative, interpretive approach informed by Creswell (1998) and Miles and 
Huberman (1994). We determined what happened in teachersÕ classrooms, following an intense 
PD experience during the summer targeting the use of inquiry-based lessons and teaching 
evolutionary concepts using tools and resources. This is a preliminary study tracking changes 
over the first year of this new professional development project.  

Data. Qualitative data consisted of multiple sources. a) The Pre-Post teacher assessment 
administered to all ten teachers on the first day of the summer worksession and immediately after 
the worksession (see Appendix A). The Pre-test was administered the afternoon the teachers 
arrived on campus. Pre- and Post-tests were identical. Teachers completed the Pre-test using 
laptop computers provided to them the first day and the final day.  We asked teachers not to use 
outside sources in responding to questions; b) semi-structured Post-worksession teacher 
interviews (see Appendix B); c) videotape data of all ten teachers taken prior to the professional 
development workshop as a baseline for inquiry teaching; e) videotape data of the teachersÕ 
classroom teaching, as they carried out the Fossil Finders inquiry-based instruction; and f) 
Teacher Application materials g) audio-taped focus group interviews conducted at a local cafŽ, 
one year following the summer professional development experience. We triangulated analyses 
of the varied data sources. 

Participants. Ten, 5-9th grade teachers comprised the first cohort of teachers. These ten 
New York teachers were selected from over 30 applicants. We used a scoring rubric based on the 
research on teacher development, to ensure as much as possible, that the selected teachers would 
be poised to enhance their views of teaching and of science, and strive to enact the curriculum in 
their classrooms. We included at least one teacher with a substantial number of years and 
coursework in teaching geology or earth science content.  We envisioned this teacher would 
serve as a mentor for the younger and less science-prepared teachers; we did not select teachers 
with fewer than 3 years experience, since research points to the fact that these teachers are still 
dealing with establishing effective classroom management routines. See Table 1 for teacher 
backgrounds. 
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Context. The primary goal of the professional development was to create an authentic 
context to enhance teachersÕ understandings of the nature of science (NOS) and evolutionary 
concepts. The project combines the disciplines of paleontology, biology, and geology to develop 
inquiry-based materials that will help 5th-9th grade students and their teachers understand 
evolutionary theory and the nature of science. It includes a real, hands-on investigation of 
excavated rock samples containing fossils collected by teachers and scientists. An important 
aspect of the project is the collaboration with scientists and feedback to each of the classrooms 
submitting data, and opportunity for students to understand how their data fits in with the bigger 
picture of the research.  

The first year of the summer PD program (2008) consisted of a six-day resident institute 
where teachers participated in geological and paleontological fieldwork. Teachers experienced a 
series of written background lessons and the central Fossil Finders investigation they would later 
enact in their classrooms. There were trips to three different field sites; classroom sessions 
focused on learning how to identify and measure fossils, and modeling how to explicitly teach 
about nature of science, and modeling how to teach about using inquiry to teach about 
evolutionary concepts. The centerpiece of the curriculum was the authentic fossil investigation 
that involved students entering fossil data in an online database on the project website (See 
Fossilfinders.org). During the summer work sessions teachers worked through lessons and 
materials they would be using in their classrooms. Additionally, teachers discussed how learning 
through inquiry related to their current classroom teaching with other teacher participants. 
Furthermore, they discussed plans to enact the Fossil Finders investigation in their classrooms. 
Following the summer institute teachers carried out the Fossil Finders lessons and investigation 
in their classrooms. Background lessons provided students the baseline knowledge needed to 
participate in the scientific investigation. Detailed descriptions of the worksessions are available 
from the authors. (For sequence of sessions see Appendix C.)  

Results 
Analyses of teacher Pre-Post-assessment data qualitatively showed positive gains in 

understandings of NOS, inquiry, and science concepts (see Table 2 for data display). For 
example, Ana (pseudonym) is an elementary grade teacher, and she demonstrated an enhanced 
understanding of an essential feature of inquiry, including the use of evidence by scientists. Ana 
also demonstrated growth in understanding aspects of NOS, including that scientists use 
creativity in all aspects of their work. Further, Ana drew on her experiences in the field during 
the Fossil Finders professional development week. In question #17 Ana clearly did not know the 
principle of superposition at the beginning of the week; however, by the end of the week Ana 
gave a scientifically accurate response to the question.  In question #23 Ana mentioned that a 
changing environment could contribute to variations in populations of organisms in the past, a 
big idea addressed during the week. This important idea relates to learning progressions of 
evolution (Catley, Lehrer, & Reiser, 2004) leading children to understand Darwinian theory of 
evolution through natural selection in later grades.  This is particularly encouraging given the 
one-week duration for the professional development. 

Analyses of the transcriptions of the Post-worksession interviews showed more robust 
views of inquiry and NOS as compared to teachersÕ earlier views. For example, many teachers 
progressed from describing inquiry instruction as simply Òhands-onÓ teaching to articulating the 
importance of having students work with data and use evidence to back their claims.  
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Table 1. Backgrounds of First Cohort of Teachers in Fossil Finders Project 
Teacher Grade 

Level 
Years of 
Teaching 

Experience 

Gender Content 
Background 

Ethnic 
Background 

Prior Research 
Experience 

Jon 5th 3 M Elementary 
Education 

White None 

Tomas 9th 30 M Geology White Summer field 
and lab work 

Patrick 9th 4 M Biology/Earth 
Science 

White None 

Trisha 9th 12 F Biology White None 
Katie 5th 3 F Elementary 

Education/SPED 
White None 

Lois 7th 5 F Biology White Clinical 
Laboratory 
Scientist 

Meranda 5th-6th 5 F Psychology Latina None 
Melissa 7th 9 F Biology White Summer field 

experience 
Dorothy 7th-8th 3 F Biology White Lab tech intern 
Ana 5th 11 F Elementary 

Education/Psych 
White None 

Note: Shaded rows indicate case teachers for this study.   All names are pseudonyms. 
_____________________________________________________________ 

Following the summer work session we visited these teachersÕ classrooms and 
videotaped their lessons associated with the Fossil Finders curriculum.  Analyses indicated that 
all teachers showed positive movement towards more reformed-based ways of teaching, 
including using at least some features of inquiry-based instruction. Several teachers made 
explicit reference to NOS, at least to some degree. This was an improvement when compared to 
the Pre-worksession videos. 

For a more in-depth look at teachersÕ Pre-Post knowledge and views and translation to 
classroom practice, we purposively selected two of the teachers.  These two teachers had taught 
five years or less; they both taught in elementary grades and neither had formal coursework in 
geology or evolution or research experience. See Katie and MerandaÕs backgrounds in Table 1.  

Katie taught 5th grade in an inner city school, with a high percentage of underrepresented 
students.  Many of her students were on free-or reduced lunch plans, indicating low socio-
economic level. There was evidence that Katie improved her own understandings of NOS and 
inquiry, as well as science concepts.  In Table 3, KatieÕs Pre-Post responses demonstrate a more 
sophisticated view of what science is, that scientists use creativity in all phases of their work, and 
that there is no single scientific method. She also improved in her understandings of specific 
paleontological and geologic concepts. Prior to the worksession she stated,  ÒI think it (science) 
does need to follow these steps to ensure an accurate result and to keep organized.Ó  Her 
beginning ideas represent an uninformed view of nature of science and scientific inquiry. On her 
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Post-test Katie stated, ÒI think good science can look sloppy and chaotic. Éand it does not have 
to be in that order.Ó   
_____________________________________ 
Table 2. Sample Responses from Pre-Post Teacher NOS, Inquiry, and Content Knowledge Test  
(AnaÕs Responses) 
# Question Pre-test Response (August 

10th, 2008) 
Post-test Response (August 15th, 
2008) 

1 What, in your opinion, is science? 
What makes science (or a scientific 
discipline such as physics, biology, 
etc.) different from other disciplines 
of inquiry (e.g., religion, 
philosophy)? 
(VNOS-C) 
 

[Science is the study of 
something living or once 
living where as the other 
disciplines are theory based 
only.] 

[Science is a way to find answers to 
questions with pure evidence-data.  
Religions and philosophy is a belief.] 

6  Scientists perform experiments or 
investigations when trying to find 
answers to the questions they put 
forth. Do scientists use their 
creativity and imagination during 
their investigations?   If no, explain 
why not.  If yes, then at which 
stages of the investigations do you 
believe that scientists use their 
imagination and creativity: planning 
and design; data collection; after 
data collection? Please explain why 
scientists use imagination and 
creativity. Provide examples if 
appropriate. 

[I believe scientist use 
creativity to come up with 
their hypotheses and design.  
After creating the design  
think it is important to stay 
true to the initial set up to 
have a solid experiment.] 

[Scientists use imagination and 
creativity through all of these 
processes.  It is important to collect 
pure data, but while doing such their 
mind is always asking questions 
about what is found/evident.  
Example:  surveying the area you are 
about to take a sample for. One might 
think about prior knowledge of the 
topic and make inferences about 
possibilities.] 

17 Explain what is meant by the law or 
principle of superposition. 

[?When something is 
classified, identified, studied 
by where it is found?] 

[That the oldest species are on the 
bottom if not disrupted.] 
 

23 Brachiopods, a type of organism 
that was once abundant are now 
quite rare.  What could be a reason 
for the decline in number of this 
organism? 

[People taking them and 
material decomposing.] 

[Change in the environment and not 
having the capabilities to evolve with 
that.] 
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Table 3. KatieÕs (5th grade teacher) Pre-Post Views of NOS and Inquiry and Science Concepts 
 
Question Pre-test Response (August 10th, 2008) Post-test Response (August 15th, 2008) 

1. What, in your opinion, is 
science? 
What makes science (or a 
scientific discipline such as 
physics, biology, etc.) 
different from other 
disciplines of inquiry (e.g., 
religion, philosophy)? 

 
[Science is the study or interaction of 
people with nature and life.] 

!

 
[Science is an interaction with natural 
world, having a question, investigating it, 
collecting information, data and 
constructing a possible answer. I think the 
difference lies in that the fact that science 
can be investigated and there is evidence to 
be found.] 

6. Scientists perform 
experiments/investigations 
when trying to find answers 
to the questions they put 
forth. Do scientists use their 
creativity and imagination 
during their investigations? 

 
[Yes, creativity and imagination are a big 
piece of the investigation during planning 
and designing and data collection. I think 
they have to use all their senses to 
discover new ways to answer new and old 
questions.] 

!

 
[They use their creativity and imagination 
during all phases of an experiment. I think 
allows them to be able to access a more 
varied sample and to get to stuff not 
thought possible before because of lack of 
creativity. 
 I think creativity and imagination push 
science forward always asking why and 
why not.] 

9.The Òscientific methodÓ is 
often described as involving 
the steps of making a 
hypothesis, identifying 
variables (dependent and 
independent), designing an 
experiment, collecting data, 
and reporting results.  Does 
good science need to follow 
the scientific method?  
Explain your answer. 

Yes 
[I think it does need to follow these steps 
to ensure an accurate result and to keep 
organized.] 

!

[No,  
I think good science can look sloppy and 
chaotic. The important piece is to ask 
question, investigate, collect, investigate, 
conclude and it does not have to be in that 
order.] 

!

10.What is inquiry-based 
science teaching? 

 
 

[It is where students are given a task, 
question or self-directed question and try 
to answer it through experiments and/or 
research.] 

[It is allowing students to take control, 
when ready, of their learning through 
hands on minds on experiences. It is 
student driven with teacher guidance.] 
 

11.What are some important 
features of inquiry to teach 
students? 

 
 

[I think the most difficult part is Ògood 
questions.Ó An experiment without a 
good question leaves a Òso whatÓ. 
Students need to know how to be self 
disciplined, manage their time, be 
organized, and stay on task with their 
question.] 

[Hands-on experiences, self Ðmotivation, 
driven to answer their questions, 
statements, willingness of teacher to let go 
of the control element in teaching] 

16.Explain what the word 
uniformatarianism means? 
 

[Never saw this word. Guessing it might 
have something to do with using one 
source of information.] 
 

[It means that the past mimics the present 
or the present mimics the past. We can 
look back in history of an organism to see 
the past and continuances of that species. 

!
17.Explain what is meant by 
the law or principle of 
superposition 

[I donÕt know.] 
 

[It is the fact that the bottom layer is the 
oldest layer, unless some major external 
force has changed that.] 
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Further evidence of Katie enhancing her views includes data from the post professional 
development interview, conducted a few weeks after the summer worksession. In the example 
below, Katie explains her newly acquired view of the subjectivity of science and connects this 
new understanding with the authentic context.  
 

Interviewer: Éwhat other concepts, maybe, or ideas that you learned about that you 
hadnÕt considered before. 

 Katie: One that I really, really like, maybe this is, number oneÉ when we were at the 
Earth Museum. I guess I never really thought about it. When we were taking the 
tour through it, and I think it was maybe R-- who brought it up. We were walking 
through and there were three different models of the same dinosaur. So the 
question was, why do you think each of them, all three of them looked different. 
So I just assumed that they had found a more recent fossil or a better fossil, just so 
they could construct the model better, but they said, no they were all constructed 
from the same model and it was different artists interpretations and just different 
connections that they had made, either that it was another animalÕs (?) so thatÕs 
why it was constructed a little different, so that just really, like ahaÉokay . So it 
doesnÕt have to be a new find, so they can go back and see what they have and 
revisit what they have and make new connections, so that was like a real eye 
opener for me. 

 
In the transcription above this elementary teacher identified through reflection several aspects of 
nature of science, including creativity, the tentativeness of science, and that of inferences. She 
attributes her learning to the context of the integrated project, including the museum visit that 
was linked to the paleontological study that prompted her new thinking. 

When asked to describe the nature of the work of a paleontologist, Katie returned to the 
powerful idea that scientists may look at the same data in different ways, from different 
perspectives. 
 

Interviewer:~12:13-How does a paleontologist DO science?   
Katie: Very carefully. You know, they have to come up with a question, something 

that interests them and start researching it. Keep very careful recorded records, 
pictures, descriptions umÉof what they are studying.   

Interviewer: Did you learn anything new about research in paleontology during the 
Fossil Finders week? 

Katie: I would have to go back to the three models of the dinosaurs I saw. I just had 
never ever thought of that. You know, so like when he said, no, itÕs the same 
fossils, but they you know, built those models on, I was like, wow! That was really 
Òan aha momentÓ for me. I just have to remember that when I am with the kids in 
the classroom. ItÕs just I donÕt know, you think as an adult, you are pretty 
confident and then you realize, oh my goodness I never thought of that. That made 
an impact on me. 
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Katie further described how the PD experiences supported her thinking about how scientists 
workÑ that scientists select a particular method depending on the question they are investigating; 
that scientists use multiple methods and there is no one scientific method. 
 

Interviewer:~17:40-Along those lines, in terms of theory, what about doing science 
and the scientific method, does good science need to follow the scientific method?   

Katie: See, now thatÕs where I always thought that yes, it did. You see you know, you 
got to do this, this, this, this, that. Now, I am thinking, not really, because certain 
circumstances might ever require you to work backwards. É 

Interviewer: Did you change your ideas during the Fossil Finders week?  If so, how? 
Katie: Oh yeah, definitely yeah. So if you would have asked me before, I would have 

said you need to start with a hypothesis and go that way, just like it says in the 
book. 

Interviewer: What experiences led you to rethink that or see that differently during the 
FF week. 

Katie: I think actually looking at the fossils; having the hands-on looking at them, and 
hearing different people talk about it, so I donÕt really necessarily have to have a 
question about it. I can have the object in my hand and kind of go backwards with 
it. 

 
There is evidence that in KatieÕs case, the context and the authenticity of the fossil 

investigation contributed to her developing understandings of several tenets of nature of science 
e.g. creativity; observations and inferences, that there is no single scientific method.  Although 
one might argue that this teacher may have couched her responses in positive terms simply to 
please the interviewer, there is no denying that this teacher developed more informed 
understandings of nature of science, and connected these to the context.  

Similar to Katie, Meranda improved her views of science, inquiry, and evolutionary 
concepts to some extent. Prior to the professional development, Meranda recognized that 
scientists use creativity in some facets of their work; however, after the professional 
development she recognized that scientists use creativity in all aspects of their work. MerandaÕs 
knowledge of geology also improved as a result of the professional development. Before 
participating in the Fossil Finders program, Meranda was unfamiliar with the principle of 
superposition. Afterwards, although not completely informed, she recognized superposition as 
the principle where, Òolder layers of rock will be found at the bottom of mountainous ranges.Ó  
Meranda did not show growth in all areas.  For example, she stated in her Post-test, that scientists 
need to replicate their results Ò[good science needs to be replicable]Ó. While this is an aspect of 
rigorous scientific methods, the point is that scientists use other methods than a controlled, 
experimental approach in their research.  We had hoped teachers would understand that in the 
case of paleontology, scientists looks for patterns and develop explanations.   
 When defining two scientific principles, uniformatarianism and the law or principle of 
superposition, Meranda had no idea what either meant in the Pre-test; Meranda could define one, 
but not the other on the post-test, showing some growth in her scientific understandings. 
Meranda had described herself in the beginning of the project as totally not knowledgeable about 
science, and aimed to focus on science the coming year. 
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Table 4. MerandaÕs (5th grade teacher) Pre-Post Views of NOS and Inquiry and science concepts 
Question Pre-test Response (August 10th, 2008) Post-test Response (August 15th, 2008) 

1. What, in your opinion, is 
science? 
What makes science (or a 
scientific discipline such as 
physics, biology, etc.) 
different from other 
disciplines of inquiry (e.g., 
religion, philosophy)? 

 
[Science is not just theory.  Science 
experiments can be replicated to prove 
facts.] 
 

 
[Religion is a faith, there are laws of 
physics, science evolves Ð hypotheses 
change Ð science is a means for humans to 
make sense of natural phenomenon] 
 

6. Scientists perform 
experiments/investigations 
when trying to find answers 
to the questions they put 
forth. Do scientists use their 
creativity and imagination 
during their investigations? 

 
[Scientist use their imagination and 
creativity to answer questions and design 
experiments that can prove their theories.] 
 

 
[Planning and design Ð how = creativity 
Data collection Ð how = creativity 
Data analysis- how =creativity   (the 
scientists are creative in all aspects] 

9.The Òscientific methodÓ is 
often described as involving 
the steps of making a 
hypothesis, identifying 
variables (dependent and 
independent), designing an 
experiment, collecting data, 
and reporting results.  Does 
good science need to follow 
the scientific method?  
Explain your answer. 

[ Yes, 
 it is necessary for others to be able to 
replicate the experiment in order for oneÕs 
theory to be proven. ] 
 

[good science needs to be replicable] 
 

10.What is inquiry-based 
science teaching? 

 
 

[It is the teaching philosophy of having 
students investigate questions.  Students 
explore and use scientific methods to 
answer questions.  Students are not just 
taught proven scientific principals.  They 
are given the opportunity to try and figure 
things out for themselves, allowing them 
to be critical thinkers and be true 
scientists. ] 

[allowing students to explore and 
investigate their world Ð the teacher acts as 
the facilitator] 
 

11.What are some important 
features of inquiry to teach 
students? 

 
 

[Not sure  -  There arenÕt any stupid 
questions?]   
 

[developing critical thinkers Ð developing 
lessons that get students thinking Ð donÕt 
just give the answers to students Ð 
awareness/sensitivity of cultural and 
individual needs] 

16.Explain what the word 
uniformatarianism means? 
 

[donÕt know] 
 

[still not certain] 
 
 

17.Explain what is meant by 
the law or principle of 
superposition. 

[donÕt know] 
 

[older layers of rock will be found at the 
bottom of mountainous ranges] 
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To answer Research Question 2) What is the evidence of teachers translating their 

knowledge to their own classrooms?, we used primarily videotape data as evidence for teachersÕ 
practice, in addition to teachersÕ statements in their Application materials, describing their views 
of inquiry. We analyzed the Pre-videotape of their teaching, using this as baseline data. We also 
analyzed videotapes of several lessons taken during the enactment of the Fossil Finders 
curriculum. We understand the limitations of using videotape alone as a tool to measure a 
teacherÕs practice, given the complexity of teaching.  Videotape cannot capture all the nuances of 
teaching. Nor can a researcher capture an entire year of lessons. We also analyzed teacher 
responses to written questions and conversations, in an attempt to portray the most accurate 
representation of these teachersÕ view of teaching science. 

Prior to the professional development both teachers involved students in activities; however 
the use of essential features of inquiry was limited to that of asking students questions. For both 
teachers we observed them asking mainly ÔyesÕ or ÔnoÕ questions to their students and questions 
that were not scientifically-oriented. After the professional development there was evidence that 
both teachers made a point to ask students to think about the difference between observations 
and inferences, and in the case of Katie, she pressed students to consider the use of data as 
evidence for explanations. After the professional development Katie and Meranda began to ask 
more scientifically oriented questions. In observing other teachers enacting the Fossil Finders 
curriculum and investigation there were many instances of teachers going deeper into use of 
evidence with their students. 

 
KatieÕs Teaching Practice   PRE 

Prior to the PD KatieÕs teaching was characterized as hands-on with emphasis on students 
doing things and using process skills. Videotape data, informal conversations, and application 
materials provided evidence that prior to the Fossil Finders professional development, Katie 
valued active learning; a classroom visit showed that her students were comfortable working in 
small groups.  She used  Òhands-onÓ activities. In lessons we observed she included a challenge 
lesson where students used materials to construct the best marsh or a field trip to a nearby creek; 
students made sketches, took measurements, and collected water samples. Beyond simply 
collecting data and asking rudimentary questions, we did not see any evidence of the five 
essential features of inquiry in her lessons. Due to the nature of the pre-lesson (mainly issues 
based) there was little in the way of scientifically oriented questions.  The pre-lesson ended with 
little wrap-up of the lesson.  Additionally, Katie mentioned to one of the authors that, ÒI am 
really interested in inquiry, but I have had problems pinning the term down.Ó 
 
KatieÕs Teaching Practice   POST 

Videotaped classroom observations following the Fossil Finders professional development 
showed evidence of KatieÕs students working on scientifically oriented questions. There was 
evidence she had moved beyond hands-on teaching. Following the professional development 
Katie spent a lot of time asking students to defend their inferences/drawings based on their 
observations/prior knowledge.  

Video 3 
 Teacher has students make observations and inferences about a rock with fossils in it. 
S: Were there beaches back then?  
S: Is Fayette Quarry near water? 
K: It is interesting you say thatÉ . Why did you say that? 
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S: Because we see shells in there and these worm-like things. 
 
~12:00-  
K: What did you say about the environment? 
S: Beachy. 
K: Why did you say this? 
S: Shells are found near the beach. 
K: How many shells would we need to find to make a conclusion that the area was a beach 
millions of years ago? 

 
~16:40- K: Why did you say it was a shell? What did it remind you of from today? 
S: An oyster. 
 
~18:30- K: What observations did you make and what inferences did you make? 
S: Fossil is rough, rock feels dry, the rock breaks easily, and it seems like it has a type of 
stain. 
K: What inference did you make?  
S: It looks like a piece of shell. 
K: What environment would a shell be in? 
S: Water. 

In this series of teacher-student interactions, Katie asked her students to provide evidence for 
their claims. Katie pressed her students to use observational data to make inferences about past 
environments.!
 
MerandaÕs Teaching Practice   PRE 

Prior to the professional development MerandaÕs teaching was characterized as hands-on 
and issue based instruction, with an emphasis on vocabulary words. In her Application Meranda 
described a Unit on Recycling. Her main objective was to instill life-long stewardship.  She 
explained that ÒThe Kick Off Lesson was a guest speaker from our community Ð Greta Garbage 
visited our class and spoke about the significance of recycling and the consequences of 
landfills.Ó The lesson included several read aloud mini-lessons, which led to small group 
discussions and independent reflection Analysis of this lesson indicated it was a Hands on-
Environmental action lesson--issue-based, but not necessarily inquiry-based. What Meranda 
called ÒexperimentsÓ in her unit were indeed interesting; but not aligned with our view of 
inquiry-based teaching, which included grappling with data as evidence. Classroom videotape 
data showed Meranda asking her students questions, however, these questions were generally 
fact-based questions such as, ÒWhat are the differences between reptiles and amphibians,Ó or 
questions that can be answered by looking up information in textbooks: ÒCan amphibians breathe 
water? ThatÕs the question we need to answer.Ó   

Analysis of MerandaÕs Pre-video showed her 5th grade students at various lab stations. 
Students went from station to station.  At the stations they made observations of dragon fly 
wings under a microscope, looked at reptiles (live turtles), completed a worksheet on 
photosynthesis, and a worksheet on amphibians. Students worked quietly in groups of about 
three at each station. You could hear an aide speaking Spanish with a student in the background. 
(8:30) Meranda talked with students at the photosynthesis station. She asked students to write 
down definitions and copy the chemical equation for photosynthesis.  

In this Pre-lesson although students were busy, there was limited evidence of the essential 
features of inquiry.  The teacher did begin her instruction by asking questions of her students, but 
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she did not support students in answering these questions (unless she expected them to go to 
outside resources, but this was not discussed in the video). 

 
MerandaÕs Teaching Practice   POST 

Videotaped classroom observations following the Fossil Finders professional development 
showed evidence of Meranda involving her students in inquiry, beyond that of asking them 
closed questions. In the lesson description below, Meranda helps students to distinguish between 
observations and inferences. 

MV_093008_TrickyTracks.wmv 
Teacher puts TT slide on overhead projector.  Students write in their journal responses to the 
prompt, ÒWhat do I see?Ó 
 
Students make Journal entry; included some illustration, and students discussed with peers what 
they observed 
 
~8:46 Ð Teacher Prompted Group Discussion 
Tell the size or nature of the organism?   
Teacher asks students to recount their inferences. How many of you thought there were two 
types of animals?  Why?  Are you making inferences about size of animal based on size of 
footprints?  Are there two individuals?   
~10:39 Connecting observations to stories.  Past experiences Ðwalking in the snow 
 
Journal Entry: Sequence of events explaining what is observed on the slide 
 
Following class discussion, teacher asks, if they are dinosaurs, then what were the dinosaurs 
doing?  Teacher (class consensus?) speaks of the tracks as representing dinosaur tracks.   
She asks, why are the dinosaurs fighting?  For food? 
If they are fighting over food, what did environment look like?  What did these dinosaurs eat? 
 

In the lesson segment above, Meranda, through a series of questions and follow-up prompts, 
supports her students in developing explanations based on evidence, an essential feature of 
inquiry.  She also facilitates her students in distinguishing between observations and inferences, 
a tenet of nature of science, important to teach students related to understanding evolutionary 
theory.  
 

 
Discussion and Conclusion 

These preliminary findings from the first year show positive improvement in teachersÕ 
views of science, understandings of NOS, understandings of some evolutionary concepts, and 
abilities to use inquiry-based approaches in their teaching practice, following the professional 
development.  We cannot claim cause and effect, but it is likely teachersÕ growth and apparent 
changes in practice are associated with their experiences in the professional development and 
their use of the curricular materials. It is acknowledged that there is no one formula for teacher 
professional development (Loucks-Horsley et al., 2003). However, there are recommendations in 
various books and documents. In this study we strived to provide empirical evidence for various 
factors that may influence teachers in a positive way and enhance knowledge of inquiry, NOS 
and evolutionary concepts.  By situating teachers in authentic experiences and giving them 
insights into the philosophy and goals of the project, we allowed teachers opportunity to develop 
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their personal understandings of NOS, inquiry, and science concepts. Our professional 
development model positioned teachers directly in the authentic inquiry of Devonian fossils, 
which is at the center of the curriculum and the tools. By immersing teachers in an authentic 
investigation, we created a purpose for inquiry in their classrooms. Further, we paid explicit 
attention to the tenets of nature of science and modeled inquiry-based approaches, combined 
with providing teachers opportunity to reflect on these experiences.  

This study addresses the concern that teacher self-report data alone may not actually reflect 
what is happening in the classroom. In order to assess changes in classroom practice it is 
necessary to conduct pre and post observations of teacher classroom practice. These findings 
have implications for how to support teachers in developing understandings of nature of science, 
an area that is challenging and important, in particular in terms of teaching evolutionary 
concepts.  

In comparison with other studies looking at the influence of research experiences on 
teachersÕ knowledge of inquiry (Blanchard, Southerland, & Granger, 2009; Shepardson & 
Harbor, 2004) and studies providing inquiry based curriculum and PD, but no authentic research 
experiences (Marx et al., 2004); the present model provided inquiry-based curriculum and 
explicit attention to inquiry-based pedagogy and nature of science, integrated in the authentic 
research experience.  These findings lend support to the hypothesis that engaging teachers in 
authentic inquiry experiences, with explicit attention to nature of science and modeling inquiry-
based approaches, with time to reflect on these experiences, enhances teacher knowledge and 
position teachers to better enact inquiry instruction in their classrooms. 

We are currently developing a model of a community of learners to support authentic 
inquiry in classrooms, as depicted in Figure 1. Our preliminary findings add support to our 
hypothesis that a focus on authenticity through a community of learners can lend support to 
teachers in carrying out inquiry-based instruction in their classrooms (Brown, Collins, & Duguid, 
1989; Lave & Wenger, 1991; Wenger, 1998). This community of learners model gives teachers 
specific roles; not acting as passive participants in a professional development experience, but as 
active inquirers and agents of change. When teachers were given the opportunity to participate in 
authentic science, they appeared to gain confidence in implementing inquiry-based instruction in 
their classroom; their enthusiasm in turn, motivated and engaged students in their classrooms (as 
Katie and Meranda reported in the focus group interview a year later, and as seen in videotape 
data).  

In order to promote inquiry-based instruction, there is a need for more research on 
professional development programs that provide teachers the opportunity to be involved in 
authentic science investigations. Further work is needed in development of valid and rigorous 
assessments of the impact of science inquiry professional development on teacher knowledge, 
teacher practice and most importantly, student learning. 
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Figure 1. Model of Community of Learners to Support Authentic Inquiry in Classrooms  
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APPENDIX A  
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!
Instructions:  Please respond to the following questions inside the brackets [] provided. DonÕt 
worry if you are unsure of the answer to some of the questions; give your best answer for each. 
Please donÕt hesitate to ask for technology help. When finished, save the file to your desktop. 
Include your name.  
 
 

1. What, in your opinion, is science? What makes science (or a scientific discipline such as 
physics, biology, etc.) different from other disciplines of inquiry (e.g., religion, 
philosophy)? 

 
[]  

 
 

2. What is an experiment? 
 

[]  
 

3. Does the development of scientific knowledge require experiments? If yes; explain why. 
Give an example to defend your position. If no; explain why. Give an example to defend 
your position. 
 
[]  

 
4. After scientists have developed a scientific theory (e.g., atomic theory, evolution theory), 

does the theory ever change?  If you believe that scientific theories do not change, 
explain why. Defend your answer with examples. 
 
[]  

 
5. It is believed that about 65 million years ago the dinosaurs became extinct. Of the hypotheses formulated by scientists to explain the 

extinction, two enjoy wide support. The first, formulated by one group of scientists, suggests that a huge meteorite hit the earth 65 
million years ago and led to a series of events that caused the extinction. The second hypothesis, formulated by another group of 
scientists, suggests that massive and violent volcanic eruptions were responsible for the extinction. How are these different 
conclusions possible if scientists in both groups have access to and use the same set of data to derive their conclusions? 
 

[] 

 

6. Scientists perform experiments/investigations when trying to find answers to the 
questions they put forth. Do scientists use their creativity and imagination during their 
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investigations?   If no, explain why not.  If yes, then at which stages of the investigations 
do you believe that scientists use their imagination and creativity: planning and design; 
data collection; after data collection? Please explain why scientists use imagination and 
creativity. Provide examples if appropriate. 

 
[]  

 
7. Distinguish between an observation and an inference. 

 
[]  

 
8. How might you investigate how organisms or climate changed throughout the geologic 

past in central New York? 
 
[]  

 
9. The Òscientific methodÓ is often described as involving the steps of making a hypothesis, 

identifying variables (dependent and independent), designing an experiment, collecting 
data, and reporting results.  Does good science need to follow the scientific method?  
Explain your answer. 
 
[]  

 
10. What is inquiry-based science teaching? 

 
[]  

 
11. What are some important features of inquiry to teach students? 

 
[]  

 
12. A geologist visited three different cliffs in the same region of the country and found the 

following fossils at each cliff.  Assuming the beds have not been overturned, which fossil 
would the geologist think was the oldest of all?  Circle the oldest fossil (Please ask if you 
need help circling the fossil)  

 
 
 
 (Figure not included in this paper) 
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13. Explain how you knew this fossil was probably the oldest. 
!

[]  
 
 
 
 

14. What is a fossil?  How does it get preserved in a rock? 
 
[]  

 
 

15. What can scientists learn from fossils? 
 

[]  
 

16. Explain what the word uniformatarianism means? 
 

[]  
 

17. Explain what is meant by the law or principle of superposition. 
 

[]  
 

18. Why is it important to collect multiple organisms when attempting to make inferences 
about a population? 

 
[]  

 
19. Place the events 1-6 on the timeline below.  Do not worry about exact dates, but do your 

best to place the events in chronological order and to scale. 
 

Origin of Earth (1), Present Day (2), the extinction the dinosaurs (3), rise of modern humans 
(4), oldest known fossil (5), the Devonian Era (6)   

 
  
 
 

20. List and describe some of the basic evidence for evolution? 
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[]  
 

21. What is the difference between evolution, creationism and intelligent design? 
 

[]  
 
 
 

22. If an organism like a trilobite is extinct, how might a paleontologist figure out what its 
life habits were like? 

 
[]  

 
23. Brachiopods, a type of organism that was once abundant are now quite rare.  What could 

be a reason for the decline in number of this organism? 
 

[]  
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APPENDIX B 

Professional Development Week Interview 
 

1. What are three key concepts/ideas you learned during the Fossil Finders Professional 
Development Week? 

2. Is this is your first professional development experience?   What was your most recent 
experience? 

3. How do you think this experience differed from your previous professional development 
experiences?  

4. What, in your opinion, is science? What did you learn about science during the 
Professional Development Week? 

5. How does a paleontologist DO science?  Did you learn anything new about research in 
paleontology during the Fossil Finders week? Did this experience change the way you 
think about scientific research?   In what ways, if any? 

6. After scientists have developed a scientific theory (e.g., atomic theory, evolution theory), 
does the theory ever change? Defend your answer with examples. Did you change your 
ideas about scientific theory during the Fossil Finders week? If so, in what ways? 

7. Does good science need to follow the scientific method?  Explain your answer. Did you 
change your ideas during the Fossil Finders week?  If so, how? 

8. What is inquiry-based science teaching? Did you change or gain any ideas about inquiry-
based science teaching from the Fossil Finders Professional Development Week? 

9. In what ways, if any, do you think the Fossil Finders program has developed your ideas 
about teaching evolutionary science concepts? 

10. In what ways, if any, do you think the Fossil Finders program has developed your ideas 
about nature of science? 

11. What was the most valuable thing you learned during the week? 
12. On a scale from 1-5, rate your confidence that you could engage your students in the 

Fossil Finders lessons and data collection project?  
13. What is one thing you are least confident about?  
14. What is one personal goal for participating in the Fossil Finders Project? 
15. Is scientific research a creative enterprise? If yes, then please explain why. Where did 

you see instances of creativity during the Fossil Finders week? 
16. Are scientific research findings tentative? If no, why? If yes, can you give an example? 
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APPENDIX C 
 

Day 0, Session 1- Project Overview 
Day 1, Session 1- Introduction to Nature of Science and Inquiry 
Day 1, Session 2- Introduction to the work of a geologist and geologic field work 
Day 1, Session 3- Field Trip: Lithological Variation, Changing Environments, and Biodiversity 
Day 2, Session 1- Digging into the Devonian: Background information on the Devonian Sea 
Day 2, Session 2- Rationale for Curriculum Development 
Day 2, Session 3- Background Lessons 
Day 2, Session 4- Fossil Identification and Measurement 
Day 2, Session 5- Museum & Collection Tour 
Day 3, Session 1- Field Work: Section description and sample collection 
Day 3, Session 2- Fossil Finders Investigation 
Day 3, Session 3- Interpretation of Findings 
Day 3, Session 4- ELL Adaptations 
Day 4, Session 1- Field Work: Description of Outcrop & Collection of Fossil Finders Samples 
Day 4, Session 2- Connecting Field Localities and Continued Interpretation 
Day 4, Session 3- Bringing Fossil Finders into the Classroom 
Day 4, Session 4- Resources for Teaching Fossil Finders 
Day 4, Session 5- Teaching Evolution 
Day 5, Session 1- Technology 
Day 5, Session 2- Planning Curriculum Implementation 
Day 5, Session 3- Virtual Field Experiences 
Day 5, Session 4- Extensions to the Fossil Finders Investigation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


