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Abstract

Because teachers and students are to develop spistedmological views of science (nhature of
science [NOS] and nature of scientific inquiry [Ni)Sassessments are needed to understand
these views and how they develop. Much attentiafbeused on developing knowledge and
pedagogical expertise in teaching NOS. The VNO8unsnt has been paramount in advancing
our understanding and needs of teachers and studauntrently, we lack similar understanding
about views and needs regarding NOSI. If teachersoateactaboutscientific inquiry, what is
their knowledge base? What are students’ views? éhowe know if instruction is effective in
advancing desired conceptions about what sciemtts2dn response to these questions, we have
developed a valid, open-ended instrument that assegews of scientific inquiry [VOSI]. The
purpose of this paper is to describe the framewgpdn which the VOSI instrument is grounded,
present a pool of items with rationale, describmiatstration and analysis procedures, and
describe typical responses we have received tbatd® insights into views of NOSI.
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Introduction

To be scientifically literate, individuals not gmieed conceptual knowledge of science
subject matter, but also sound epistemological sialaout science that are consistent with
current perspectives. Epistemological views ofrsmeeinvolve one’s view of scientific
knowledge as a way of knowing and explaining theirad world (nature of science, NOS) and
one’s view of the nature and rationale of the psses through which that knowledge is
constructed and justified (nature of scientificuig, NOSI). To be clear, the National Science
Education Standards [NSES] (NRC, 1996, 2000) anttBmarks for Science Literacy (AAAS,
1993) highlight scientific inquiry as integral toientific literacy. Within the content standards
for Science as Inquiry, students in grades K-12ikhdevelop: (1) Abilities necessary to do
inquiry, and (2) Understandings about scientifiguimy (NRC, 2000). The standards related to
“Understanding about scientific inquiry” relateaspects of what/why scientists work as they do
and how knowledge is accepted within the scientiimmunity. These aspects describe NOSI.
The Problem

Because teachers and students are to develop sonoéptions of NOS and NOSI,
assessments are needed to understand their viave$r dMtention has focused on developing
knowledge and pedagogical expertise in teaching N®8 VNOS instrument (Lederman, Abd-
El-Khalick, Bell, & Schwartz, 2002) has been paramian advancing our understanding and
needs of teachers and students. Currently, weslaakar understanding about views and needs
regarding NOSI. If teachers are to teatioutSI, what is their knowledge base? What are
students’ views? How do we know if instruction fieetive in advancing desired conceptions

about what scientists do? In response to thesdigneswe have developed a valid, open-ended

instrument that assesses views of scientific igMOSI]. The purpose of this paper is to
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describe the framework upon which the VOSI instraome grounded, present a pool of items
with rationale, describe administration and analysocedures, and describe typical responses

we have received that provide insights into vieWslOSI.

Why the distinction between NOS and NOSI?

The literature seems void of studies reportindeanners’ understandings of NO&id
NOS. This is perhaps because NOS and NOSI or scigacesses are often conflated or
combined under a more general “students’ understgaaf science.” Notions about the
methods of science, for example, are often placekkiuthe umbrella of “NOS.” For the
purposes of clarity regarding the focus and utiitghe VOSI instrument, we distinguish
between NOS and NOSI, yet recognize this distincas incomplete, with areas of overlap and
connectivity. NOS aspects are those that pertaist bactheproductof inquiry, the scientific
knowledge. NOSI aspects are those that pertain tndkeprocesse®sf inquiry, the “how” the
knowledge is generated and accepted. This distimasi further supported by the NSES (1996),
There are content standards for “Science as Intjaigl separate content standards for “History
and Nature of Science.”

Theoretical Framework for The Nature of Scientifiquiry

Like NOS, the meaning of “science as inquiry” bagn debated for decades, and precise
descriptions of what inquiry means for science atloo seem to vary as much as the methods of
inquiry. Scientific inquiry refers to the charadséics of the processes through which scientific
knowledge is developed, including the conventiodndevelopment, acceptance, and utility of
scientific knowledge. The National Academy of Scie(2002) has identified “guiding
principles for scientific inquiry” that serve a camn basis across disciplines of research

including political science, geophysics, and edocafThese principles are similar to the items
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described by the NSES as “skills of inquiry” (ddgntify a question that can be answered
through scientific investigations; design and cart@duscientific investigation; use appropriate
tools and techniques to gather, analyze, and irgedata’(NRC, 2000, p. 19) and “fundamental
understandings about scientific inquiry (e.g. “dieint kinds of questions suggest different kinds
of scientific investigations; current scientificdiuledge and understanding guide scientific
investigations”(NRC, 2000, p. 20). To highlighetimportance of understanding the nature of
scientific inquiry,The Benchmarks for Science Literayphasizes what students shduidw
in relation to inquiry, rather than skills of inqui

The NRC (2000), AAAS (1993), the NAS (2002), scermducators (e.g. Chinn &

Malhotra 2002; Flick & Lederman, 2004, Minstrelh&n Zee, 2000; Osborne, Collins,
Ratcliffe, Millar, & Duschl, 2003; Windschitl, 2004and researchers who have explored
scientists in practice (e.g. Dunbar, 2001; Knorti@e 1999) offer descriptions about scientific
inquiry that provide the framework for our desdoptof NOSI. The commonalities we identify
in this collection of work are agreed upon aspettdOSI that are also relevant and important
for science education. These aspects are not nderyified, as they are consistent with those
set forth in general terms by Joseph Schwab 4%y (Schwab, 1962). The general aspects of
NOSI include: a) Questions guide investigationanhjtiple methods of scientific investigations,
c) multiple purposes of scientific investigatiods justification of scientific knowledge, e)
recognition and handling of anomalous data, f) sesirroles of, and distinctions between data
and evidence, and g) community of practice.
Scientific questions guide investigatiofiScientific investigations involve asking and ansivg
a question and comparing the answer with what sstsralready know about the world” (NRC,
2000, pg. 20). Contrary to the common “step onethefscientific method, all investigations do

not begin with the statement of a hypothesis. Befypothesizing or considering what
information may be helpful to gain understandirggestists must ask questions.
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Multiple methods of scientific investigatiorf§cientists use different kinds of investigations
depending on the questions they are trying to arifM&C, 2000, pg. 20). There is no single
“scientific method” that all scientists follow toguuce valid knowledge. Studies of scientists in
practice demonstrate that investigative approacagsin form (e.g. Knorr-Cetina, 1999). An
experimental approach involves hypothesis testinguigh identifying and controlling variables
of importance to the question, and manipulating\waréble at a time to determine resultant
effects. Experimental investigations are most sintid “the scientific method” that persists in
textbooks and on classroom posters. Another tyagpfoach does not involve manipulation of
variables, either because manipulation is not ptessir is not desirable to answer the question of
interest. This approach involves observations tdinahphenomena, void of direct disturbance
by the observer, can result in valid scientific ersianding of the phenomena. Questions guide
all these approaches. However, scientists mayiatlidferent procedures to address the same
guestion.

Multiple purposes of scientific investigatioris.general, “scientists aim to build and revise
theoretical models with unobservable mechanism&in(i€& Malhotra, 2002, p. 188). The
guestions scientists choose to pursue stem frony saurces and can serve many purposes.
Why scientists choose to investigate certain qaestmay relate to curiosity, social impact,
economy, practicality, or any variety of other @as “Current scientific knowledge and
understanding guide scientific investigations.” IR000, pg. 20). The work of scientists may
help solve a socially-based situation (such asadsg may be necessary to develop desired
technology, may improve human condition, or mayaexbe basic understanding of our world.

Justification of scientific knowledge'Scientific explanations emphasize evidence, have
logically consistent arguments, and use scientifiaciples, models, and theories” (NRC, 2000,
pg. 20). The processes of negotiating meaning amdrgy consensus involve building
justification for claims. Evidence, consistencydaacognition of alternatives are associated
elements. Nonetheless, scientists who ask similestgpns and follow similar procedures may
validly make different conclusions. Further, scigistwho examine the same data may
justifiably come to different conclusions. As sthtgy a scientist in a study by Osborne et al.
(2003) “it is crucial to know that scientific dathbes not stand by itself, but can be variously
interpreted’ (PS1)” (p. 708).

Recognition and handling of anomalous dé&taestigations are guided by current knowledge
and theory, thus scientists have expectations. gteziog when observations do not fit
expectations is a critical part of progress insogee Anomalies spark more questions and drive
further investigations. Authentic science involeegariety of approaches to handling anomalous
information (Chinn & Brewer, 1993, 1998). Theseluile rejection (error negates anomaly),
ignoring the anomaly, inclusion without explanatiabeyance (set aside), acceptance with
theory change, reinterpretation of data, periphwbry change.

Distinctions between data and evideridata and evidence serve different purposes and come
from different sources. Data are observations $istsrgather during the course of an
investigation. They can take a variety of formg(@umbers, descriptions, photographs, audio,
physical samples, etc). Evidence is a product td daalysis and interpretation. Evidence is
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directly connected to a question and claim. Hova @dae analyzed and interpreted depends on
the questions being addressed and currently actppaetices.

Community of practice'Scientists review and ask questions about theltsesf others’
work....Science advances through logical skeptici@dtRC, 2000, pg. 20). Scientific inquiry is
embedded within a community. There are multiple camities within the broader community
of science (Knorr-Cetina, 1999). Practices anddsieas for developing and accepting scientific
knowledge are established within these communi@esanmunication and peer review impact
what and how science progresses.

Development of the VOSI instrument

The need for an open-ended instrument to examaraées’ conceptions about scientific
inquiry is parallel to prior needs related to NO@% have developed the VOSI through a process
and form similar to the VNOS. Items were developaded on the aforementioned aspects,
reviewed by a panel of science educators and sstienand pilot tested. Since 1999, VOSI items
have been used in a variety of research studieg\aldation projects. We now have VOSI
forms appropriate for elementary and middle sclebdtren, secondary students, college
students, preservice and inservice teachers, aeltists.

The original VOSI questionnaire was a 9-item supagweloped for use in a study of
grade nine students’ views of NOS and NOSI (Scteyaederman, & Thompson, 2001). This
study served as a pilot of the first VOSI form [VIEI$. The items were examined and validated
by a panel of science educators. The items weredatiministered to a group of 10 grade nine
students, who were also interviewed. Only minorsiens were necessary, based on student
comments, before administering the VOSI-1 quesaaerto the full sample of 115 ninth
graders. The students took approximately 30 miniotesspond to the nine items. Twenty
students were randomly chosen for follow up intews. The interviews serve to ensure valid

interpretation of the respondent’s written statetsiefinalysis proceeds in a similar fashion as



VOSI instrument
Schwartz, Lederman, & Lederman
NARST 2008
the VNOS, with the targeted aspects guiding inreaiew, but seeking descriptors and emergent
themes.
Additional VOSI items have been developed and wgeckplore NOSI views of
preservice teachers, inservice teachers, elemeamaryniddle school students, college students,
and scientists (Table 1). To date, hundreds oheacand thousands of students have responded
to the VOSI. The VOSI forms we have used in redeara evaluation contain five to nine items
each, targeting a variety of the NOSI aspectsghated their development. VOSI items have
been reviewed by science educators, scientistss@adce teachers; and have demonstrated
utility in eliciting descriptions and examples afvia respondent’s understand targeted aspects
about inquiry. We provide a pool of items in thagppr, their purpose, and typical responses
representing a range of conceptions (Table 2).i8p&©OSI forms for use in research,

evaluation, or instruction can be obtained by cctirtg the authors.

Administration and Interviews

Administration, interviews, and analysis are simitathe guidelines of Lederman et al.
(2002) for the VNOS instrument. The most desirabéner to administer the survey is in a
controlled setting, where respondents provide thtaitements without communication with
others. Approximately 20-60 minutes are needededpg on the sample and VOSI form.
Ideally, all respondents are interviewed, usingvtihi&en responses as a guide. For large groups,
a random selection of about 20% is usually sufficte establish confidence in reliability of data
interpretation. Interviews typically range from 45-minutes.

Analysis
There is not a one-to-one correspondence of iteaspect, and, as such, the VOSI

responses for each individual should be consideodidtically in the development of a profile.
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Targeted NOSI aspects serve to guide initial codivtides & Huberman, 1994). Responses are
reviewed and coded with descriptors related to ¢ageted NOSI aspects. For example,
regarding the aspect of “justification of sciemtiinowledge,” typical descriptors include
“requires repetition,” “must explain all data,” atréquires proof the answer is true.” Emergent
codes are also sought, according to the methoBs@din and Biklen (1992). After initial
analysis, the responses are reviewed several moes for further reduction, clarification and
consistency. Interview transcripts are analyzetthénsame manner, and then compared to the
analysis of written responses. A final profile evdloped for each individual. Rounds of analysis
continue through constant comparison until datesaftciently reduced and described. For
Individual profiles can be pooled to generate aposite profile for larger samples, represented
through percentages or frequencies. Profiles maypbgared to desired descriptions of aspects
to determine relative alignment of conceptions talzgoals. If the VOSI is used to study the
effects of an intervention, conceptual gains omgeacan be described through comparison of

pre and post test profiles.

Sample VOSI ltems

Table 2 contains sample VOSI items that targespezific aforementioned NOSI
aspects or elicit ideas of other aspects. Secorafgugcts, indicated in parentheses, are not
specifically targeted through the item, but oftemeege in the response. We describe the
rationale for the item and typical responses. Ttki® pool is not all inclusive and is not intended
to be used as a VOSI version alone. The items septed here are selected from various forms.
Alternative versions of the items and additionaiis are specifically selected for certain VOSI
forms appropriate for specific audiences and pupoResearchers who are interested in using

the VOSI or CVS (below) should contact the autordgurther information and forms.
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Significance of assessing Views of Scientific Ingui

The VOSI questionnaire elicits details of learnédgas of what scientists do in the
production of valid scientific knowledge. Underslarg aboutscientific inquiry is an integral
component of scientific literacy, along with NO$heTvVOSI is useful alone, or in combination
with the VNOS to gain in-depth insights into resgent’s epistemological views of science. The
VOSI targets aspects unique from, but complementarthe VNOS instrument. Responses on
the VOSI provide descriptors and examples, as agptsscores (numbers) or dichotomous
categories (naive/informed). In addition to beiisgful for research and evaluation purposes,
VOSI items and responses are useful for generdiswyission in science classes, professional
development, and science education programs. Gineegreat emphasis on developing skills
and understanding of inquiry, the VOSI questiomnaan advance our understanding of
learners’ conceptions and how they develop.

Assessing Young Children’s Views of Science

The items presented in Table 2 are administereditir a written format with follow up
interviews. However, there are obstacles speafiere-K and early elementary children that
make a written assessment impractical. These dbstmclude: limited reading abilities,
limited abilities to express thoughts through wagti developmental level of the vocabulary,
and delayed processing. These young children ¢areni who are non-readers have ideas
about science that can be explored through a nwreecsational approach (Lederman &
Lederman, 2005). The Young Children’s’ Views of&ae [CVS] is an oral assessment of
views of nature of science and nature of scienitifiuiry (Lederman, 2008). For practical
reasons, this single oral assessment elicits ioielasth NOS and NOSI. The CVS consists of

two parts (Table 3). Children are gathered intolsgraups (around 4 children per group)
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and asked to talk about what they think scien@ngwhat scientists do. In Part 1, the
interviewer asks the children a set of questiorestablish that the child has some
knowledge of what Science is as opposed to otlserglines. Establishing that the student
has some understanding (in whatever capacity)eofiimain of science is necessary so that
when the child’s opinions are asked during the oésite interview, the interviewer has faith
that the child is referring to science. Part | dqioes also serve to establish a conversational
rapport with the students. We suggest disregarithagest of a child’s responses if it
becomes clear that the child’s opinions are abouieshing they clearly have no knowledge
about. If the interviews are conducted over a tag-period then it may be possible to not
involve these students in the second part. Pash2ists of five main questions and an
alternative (Table 3). It is important to keep imththat this set of questions probes
children’s ideas about both NOS and NOSI. Analisuided by targeted aspects of both.

The third author of this paper should be contatdedurther information on administration

and analysis.
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Table 1. VOSI forms and select references for difieaudiences

Target audience VOSI forms Select References

Preservice teachers VOSI-270, Bchwartz, R. S. (2007Reyond Evolution: A thematic approach to teachii@S in an
undergraduate biology coursd?aper presented at the Annual meeting of the haltidssociation fc
Research in Science Teaching, New Orleans, LA. isenpt in review]
Inservice teachers (K-12) VOSI-2,4, Lederman, N.G., Lederman, J.S., Kim, B.S., & Kd&.E2006).Project ICAN: A program to enhar
270, E teachers’ and students’ understandings of naturec@nce and scientific inquinA paper presented
at the Annual Meeting of the National AssociationiResearch in Science Teaching, San Francisco,
CA. [http://www.projectican.com/]

Akerson, V., Hanson, D., & Cullen, T. (2007). Tnduence of guided inquiry and explicit
instruction on K-6 teachers’ views of nature oeswie.Journal of Science Teacher Educati@s,
751-772.

Grant Evaluation:
Project ICAN: Inquiry, Context, and Nature of SaefNSF]
Pl: Norm Lederman, Illinois Institute of Technolod001-2007.

Warren Township Math-Science Partnershinited States Department of Education]. Pls:iDav
Abler, lllinois Mathematics and Science AcademyriNd.ederman, lllinois Institute of Technology.

2004-2006.
Early Elementary studentsYoung Lederman, J. S. (2008) An oral assessment of yohitdren’s views of science [CVS]. Unpublished
(prek-2) Children’s document. lllinois Institute of Technology.
Views of
Science Lederman, J.S., & Lederman, N.G. (200%kaching and assessing nature of science and #ident
[CVS] inquiry with young childrenA workshop presented at the Annual Meeting ofNlaéonal Science
Teachers Association, Dallas, TX
Elementary students VOSI-E Ko, E.K., & LedermarGN2005). How is students’ understanding about inquiry retbte their

performance through inquiry-based science lesa@gnpaper presented at the Annual Meeting of the
Association for the Education of Teachers in Sae@blorado Springs, CO

Grant Evaluation:
Project ICAN: Inquiry, Context, and Nature of SaefNSF]
P1: Norm Lederman, lllinois Institute of Technolod001-2007.

11
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VOSI-M, E, Lederman, N.G., Lederman, J.S., Kim, B.S., & Ko(Z207).Project ICAN: Linking teachers’

Middle school students

knowledge and practice related to nature of sciearu@ scientific inquiryA paper presented at the
Annual Meeting of the American Educational Reseds$ociation, Chicago, IL

Lederman, N. G., Schwartz, R. S., Lederman, J.tiduats, L., & Khishfe, R. (2002Rrojed
ICAN: A teacher enhancement project to promotehteest and students’ knowledge of
scientific inquiry and nature of scienc®&ymposium presented at the annual meeting of the
National Association for Research in Science TeagHNew Orleans, LA

Grant Evaluation:
Project ICAN: Inquiry, Context, and Nature of SadefNSF]
Pl: Norm Lederman, lllinois Institute of Technolod@001-2007.

High school students VOSI-1, 4,

Schwartz, R. S., Lederman, N. G., & Thompson, RO{3.Grade nine students’ views of nature of
science and scientific inquiry: The effects of mouiry-enthusiast’s approach to teaching science as
inquiry. Paper presented at the annual meeting of the Natf@sociation for Research in Science
Teaching, St. Louis, MO.

Lederman, N.G., Lederman, J.S., Kim, B.S., & Ko(2007).Project ICAN: Linking teachers’
knowledge and practice related to nature of sciearue scientific inquiryA paper presented at the
Annual Meeting of the American Educational Reseds$ociation, Chicago, IL

Grant Evaluation:
Project ICAN: Inquiry, Context, and Nature of SaefNSF]
P1: Norm Lederman, Illinois Institute of Technolod001-2007.

Warren Township Math-Science Partnershignited States Department of Education]. Pls:iBav
Abler, Illinois Mathematics and Science AcademyriNd.ederman, lllinois Institute of Technology.
2004-2006.

Schwartz, R. S. (20@pistemological views in authentic science practiceross-discipline study
of scientists’ views of nature of science and sifiemnquiry. Doctoral dissertation. Oregon State
University, Corvallis, OR.

12
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Table 2. Sample VOSI Items

VOSI Items . Targeted

[These items represent the pool of VOSI items. Mainyese items have different variations, aspect
depending on the target audience. Each VOSI formagas a combination of specifically  (secondary

selected items.] aspect)

What types of activities do scientists (e.g., bialists, chemists, physicists, earth scientists) a, b, ¢
do to learn about the natural world? Discuss how sentists (biologists, chemists, earth
scientists) do their work.

» This question targets views of what scientists tiemthey “do science.” Typical
responses describe activities such as “experirasktguestions, make hypotheses, collect
and analyze data, make observations, etc.”

* Responses that are too general include “do resefirdhanswers to their questions”

* Interview follow up should probe for more speceixamples of what research is and how
scientists go about finding answers. What is reglfor a good answer?

» Response indicative of more naive or narrow viefascientific activity include:

“Do experiments to prove their ideas/hypothesesright.”[preservice]
“Scientists follow the scientific method.”[middletsool student]
“Scientists work in a laboratory.” [middle schoadiuglent]

How do scientists decide what and how to do theinvestigations? Describe all the factors a, b, c (e,

that you think influence the work of scientists. s)]

» This question targets ideas about choices scismtiake in topics and procedures. Where
do their questions come from? How do they decidprocedures?

» Responses vary, from indicating scientists asktipresfor no particular reason; or
scientists ask questions about things that areasirthey ask questions in order to help the
world; they focus on questions relevant to socagtgt economic import:

“They make a question and get information abodihey have to test the question.”
[8th grader]

“Scientists decide to investigate things they aomeering about. They might
investigate things to make things better.”[grader]

“Three factors influence the work of scientistsri@sity, the politics of society or
culture, and economic forces in society...Most aresdriven, at least early on, by
curiosity...It is also an idealistic and naive appebao science. The fact of the matter
is that nearly all, if not all, of science is pdm on the basis of politics or economic
forces... [scientist]

What do you think a scientific experimentis? Give an example to support your answer. (b, C)
» This question is adapted from the VNOS-C questioar{hederman et al., 2002). The
main intent on the VOSI is for respondents to egib their ideas of scientific experiment
such that the use of the term in other responsasderstood. Responses often include
reference to purpose of science and may also suigiges of single or multiple methods.
Responses to the scientific method item (#5 likte@) are informative as well.
* Inthe classic sense, “Experiment” is described sgecific step-wise procedure (the
scientific method) that has controls, variables] s@eks cause/effect claims.
“Scientific experiment is a set of steps or proessssed to reach a conclusion. It
involves a hypothesis, controls, and a test.” [em$ce elem/mid]
“Manipulation of a variable in a defined setting fialation to an unmanipulated
control or reference.” [scientist]

13
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* In more general terms, “experiment” means anytkiiag scientists do as they investigate.
Respondents with a more general view tend to desagtivities such as making
observations, describing an object, taking measengsnand manipulating variables are
included under the umbrella of “experiment”.

“...using different materials and resources to hetpunderstand how something
works. Ex: how to show how convection works, uaihgt plate, water, and noodles,
etc.” [preservice elem/mid]

“A scientific experiment is a broad term. It coddd an investigation to gain new
understandings or information. Or, it could alse #n experiment done to verify that
current understanding is correct.” [7grade teacher]

» Other typical responses describe “experiment” sisng of a hypothesis or idea, something
you conduct to explore a science topic, answergestippn, requires replication, depend on
context.

“...an act to prove a point. Ex: in biology we grelaqt with and without fertilizer to
see which grew stronger” [preservice elem/mid]

“Experiments in physics are different from expetitsen astronomy because we
can't go and scoop up the stars and make change<aWt investigate particular
variables in isolation.” [scientist]

(a) What does the word “data” mean in science? f (d)
Data are observations. These observations coulgidl@ative or quantitative.
* A more acceptable response describes data as etfomgathered in the course of
investigation:
“Data is information gathered through experimentatj whether it be calculations or
some form of quantitative information, or qualitatisuch as the color change in a
chemical reaction.” [middle school teacher]
» Typical narrow responses describe data as somedbguantification:
“Data are numbers only.” [preservice elem/mid]

(b) Is “data” the same or different from “evidence” ? Explain.
* This question asks for clarification of terms. Datal evidence are functionally different.
Evidence is data that has been interpreted in bfhtquestion. Not all data are evidence.
“Evidence comes from the data through analysis suygports a conclusion.”
[secondary teacher]
“Data is information until it is interpreted, thehbecomes evidence.” [middle school
teacher]
» Typical narrow responses suggest that evidenamigthing nonnumerical or something
that is only presented in a court of law.
“Evidence is the physical stuff, not numbers.” [peevice elem/mid]
“Evidence is only found in court.” [grade 9 studént

A person interested in animals looked at hundredsfdifferent types of animals who eat b (d)
either meat or plants. He noticed that those animalwho eat similar types of food tend to

have similar teeth structures. For example, he nated that meat eaters, such as lions and
coyotes, tend to have teeth that are sharp and jagd. They have large canines and large,

sharp molars. He also noticed that plant eaters, sh as deer and horses, have smaller or

no canines and broad, lumpy molars. He concluded #t there is a relationship between

teeth structure and food source in the animals.

(a) Do you consider this person’s investigation to beneexperiment? Please explain

why or why not.

14
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This question examines views of “experiment” anfeai general scientific activity or a
specific scientific procedure. This investigatismiot an experiment. There is no
manipulation of the teeth or food source. It iodservation of a natural state. The
correlation between the teeth structure and foodcgois found through repeated
observation, not experimentation.

Respondents with a more general view of “experitheiit describe this activity as
experimental because observations and conclusieres nvade

“Yes [experiment] because she needed researchestigm, and a conclusion.” [8th
grader]

(b) Do you consider this person’s investigation to becentific? Please explain why or

why not by describing what it means to do somethingscientifically.”

This investigation is / __is not (circle one) scientific because....

This question probes respondents’ views of whastittes “scientific” activity. If they
think all science must be conducted through expamnis) and their view of experiment is
that which involves manipulation of variables asg of controls, then they will not see
this example as scientific (or experimental). Sachsponse is indicative of a narrow view
of scientific inquiry. This response suggests awigat “the scientific method” is the only
way to do science. Typical response indicatingreomaview of scientific inquiry:
“Not scientific because...

... there was not a hypothesis.” [preservice]

...they did not change anything. They need to chdreg®od source and see if the

beak changes.”[9th grader]

...it was just an observation, not a test.” [8th grhd

A response that says this example is scientifitnbtiexperimental is the desired
response, provided their view of experiment is thaeblving variables and use of controls.
This example is not an experiment (as describedegbmut it can be considered scientific
because of the use of repeated observations, fidatitin of a pattern, and inferred
correlation based on the observations. Thus, thelgsions are based on observations of
the natural world. Such a response is consisteghtavbroader and more acceptable view
of scientific inquiry as consisting of many methadscience.

The “scientific method” is often described as invaling the steps of making a hypothesis, b (c)
identifying variables (dependent/independent), deghing an experiment, collecting data,

reporting results. Do you agree that to do good semce, scientists must follow the

scientific method?

YES, scientists must follow the scientificethod
NO, there are many scientific methods

* If YES (you think all scientific investigations musllow a standard set of steps
or method), describe wigcientists must follow this method.

e If NO (you think there are multiple scientific metts), explain how the methods
differ and how they can still be considered scfamti

This is a direct question about views of “scientifiethod.” Look for consistency between
this response and the response in #3 above. Tiredlessponse is NO, with the
explanation that investigations can take many faiepEending on the question asked.
Experiments involving manipulation of variable®oige approach. Correlational and
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descriptive investigations that do not involve dirmanipulation are also valid approaches.
“Scientists can follow different methods dependingvhat they want to answer.
Sometimes they do experiments and sometimes theynliamake observations. Both
are science because they both are from the redviofsecondary teacher]

 If the respondent thinks there is only one scianiifethod, then they usually say that the

experimental approach with hypotheses, variabtes cantrols is necessary for good
science or to “prove their answer” or be “certdieyt are right.” Most often, answers allude
to needs to establish cause/effect relationshipgtherwise, “It is just opinion.”

» Responses representing more narrow/naive views:

“I think this should be done because it gives gdath and good results. It is a good
method to make sure that science is being dond.gyfpeeservice elementary]
“So their experiment can be proven again or repdatf9 " grader]

» Responses may also suggest a single scientificotieliut the description of that method
may be broad such as: asking questions, makingaeg@ure, collecting data, analyzing
data, and making conclusions. Their explanatiowlof this method is the only method is
very important for understanding their position“saientific method.” Inclusion of the
description in the question helps to avoid confshut responses are not always
consistent. Analysis must consider respondentdaegpion. Consideration of description
of “experiment” is also important.

* Interview follow up should ask for clarificationrbugh examples

(a) When scientists are ready to report their reslis to other scientists, what kind of d(c f, 0)
information do you think they need to include in tteir report in order to convince
others that they have a good conclusion? Be as sfiiecas possible. Try to give an
example

» This question targets views of justification. Resges often make reference to purpose of
science, evidence, and the role of scientific comitgulnterview follow up should ask for
clarification of criteria, especially terms such*peoof,” “experiment”, “evidence” and
“test.”

» Typical responses indicating more naive views ssigidpat with sufficient data, scientists
show they have the right answer. They also sudbasthe scientific method is necessary:
“Scientists have to have evidence to prove it work8 ™" grader]

“ Information they need to convince others thatythee right is evidence and correct data
from the scientific method.” [preservice elementary

» Responses often focus on justification criterishsag results being repeatable, presenting
statistical support, results are consist, predietatbear evidence to support, alternatives
are addressed
“Scientists have covered all the angles and gotiamsistent results.” [preservice
elementary]

“A new scientific claim in astronomy is the existerof a new form of energy called ‘dark
energy’ which in fact comprises most of the totabsaenergy of the universe. The
acceptance of this claim has required investigabgrseveral different teams of
astronomers using different techniques. The claimtralso be consistent with all existing
data.” [scientist]

“What makes it valid is enough of your peers sayirig valid. They are basing their
opinion on their experiences of what is good andtvidinot.” [scientist]

(b) Do you think all types of scientists have theasne requirements as you stated in (a) for
justifying and accepting scientific claims? Give eamples.
* This item asks respondents to consider differguédyof science and scientists. Their
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response to part (a) may be contextualized withparéicular domain or content area that
does not represent all of science. For examplesonse to part (2) may indicate the
requirement of statistical measures, but in pgrth{e respondent may acknowledge that
statistics may not be appropriate for some typexigice. In those cases, evidence may
take a different form. This type of response intlisaa more sophisticated understanding of
science and justification. A more narrow view wobglindicated by stating all claims

must be justified with statistical measures to txeatable.

(a) If several scientists, working independently, gk the same question and follow the same a,dg
proceduresto collect data, will they necessarily come to theame conclusions? Explain
why or why not.

(b)

(c)

This question targets views about interpretaticth @ceptance of data. The idea here is
that data interpretation is informed by the questiBND the investigator. If working
independently, different conclusions may be drasemfthe same set of data because
scientists may view the data differently, weighingre heavily one type of information
over another, or putting the pieces together iiffardnt (yet still valid) way. Responses
indicate views about influences on scientific irfigegtions, justification, and science as a
community.
This question also probes respondents’ views gestility in science (a NOS aspect). A
naive response would suggest that if the same guoes are followed then they would get
the same result unless someone did something vimathg procedure. Such a view
suggests the data are collected and interpretdémutitreative or subjective influence of
the scientist.
The following response suggests that the procedietermines the outcome, neglecting the
role of inference and justification.

“They should. It's the same procedure.” [grade Thyristi]
In contrast, the following response leaves roondfda interpretation and the role of
subjectivity in justifying conclusions

“No, they may have a different view on what happleared why.” [grade 12, Ashley]

If several scientists, working independently, askite same question and follow

different procedures to collect data, will they necessarily come to theame
conclusions? Explain why or why not.

Similar to (a) but often respondents say that beealifferent procedures are followed that
the data may be different, and therefore, conchssamuld be different. The point is to
probe their views of how questions and procedurgdnce findings. That the data are
collected and interpreted in light of a questiom, through the lens of the researcher.

“They will be different. They have different prdoees.” [grade 12, Christi]
“No, they can interpret things very differently §fade 12, Ashley]

These responses suggest slightly different viewspBnses to the other parts of this

guestion usually help with categorizing these stet@s. The first one, written by the same

individual as part (a), suggests that proceduresher key to the outcome. The second
response suggests that data interpretation candeggnding on the scientist.

Does your response to (a) change if the scientistise working together? Explain.

This question follows up typical responses to (a é) that state there are differences
because the scientists don’t work together. Hétbey are working together, is there the
possibility of still getting different conclusionges, but consensus may be reached
through discussion. It won’t necessarily be reachetlis more likely because the research
group or community should have a common goal.
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“If they work together, they will do the same thamgd get the same answer.” [grade
12, Christi]

“I think they might get the same answer becausg éne working together. But they
might still get different results.” [grade 12, Asly

(d) Does your response to (b) change if the scientistse working together?
Explain.
e Same as (c) in that they will more likely have anocaon goal or shared perspective.
However, they still may view the data in differevays.
“Yes, they would get the same answer because tlewfthe same procedure and
have the same information.” [grade 12, Christi]
“Not necessarily. They could still interpret thetdalifferently. There is a better
chance they would agree because they could talktaheir ideas together.” [grade
12, Ashley]

Scientists sometimes encounter inconsistent findisdanomalous information). e(d, g)
(a) How are anomalies identified in science? (i.e. Whas considered “inconsistent” in
scientific research?) Provide an example, if posdia
(b) What do you think scientists do when they find an momaly?
(c) Do you think all scientists identify and handle anmalous information this same
way? Why or why not?
(d) How do students typically identify and handle anomalies (inconsisnt data) in a
science classroom?
(e) Do you think students and scientists handle anmlies in the same way? Explain.

» This form of the item is most useful for preservieachers, inservice teachers, and
scientists. An alternate version is available fet Xstudents and non-teachers.

* This question probes views of anomalies in sci@mzkehow they are identified and dealt
with. A response suggesting that anomalies aressacg for scientific progress is a more
“informed” view than one that suggests anomalies‘anistakes” from procedural errors.
The notion that anomalies are important for sciienprogress is often overlooked in
science classrooms. The requirement for descrilgixgerimental error” to explain away
outliers may be problematic to acknowledging anaesads interesting, exciting, and
fundamental features of scientific inquiry. Respanare coded based on emergent themes.

» Typical themes related to recognition and handiihgnomalies in authentic science
include: repeat the test (true anomaly or err@fjgress; excitement; assimilate into
existing theory or model; modify existing theorymodel; reject existing theory; develop
new theory; ignore; delete; include data withouilaration; recognize and explain as
error.

* Sample responses:

Repeat testYou look to verify if the equipment is running pesly or if you made a blunder
in preparing the sample....You look for obvious miessa..If you can’t seem to account for
this anomaly on that basis, then you have to begguestion the premise or hypothesis
that is the premise behind the experiment...thatredatunot behaving in accordance with
whatever your expectations were...” [scientist]

Progress¢That is when you come up with the new stuff,higmvyou absolutely can'’t rule out
the possibility that there is something new...sorneftiiiology there. That is the fun
Stuff.” [scientist]

Reject theory*You can only disprove. With one exception, iitépeatable, the theory is
gone.” [scientist]
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“[scientists] will go back and re-do their work fond any errors they may have made or start
over with a new idea.” [preservice elementary]

Ignore or delete!More tests are conducted to see why this happeBethe scientists may not
include the anomaly because it doesn't go along thigir results.” [preservice
elementary]

» Typical themes related to anomalies in school seémclude: repeat the test (find error
source); ignore; delete; change to fit expectatiogognize and explain as error;
recognize without explanation; give up.

“[students] usually assume they must be wrong ahe the previous finding’s word.
They don't have confidence to accept their ownirfigsl” [presservice elementary]
“[students] may not realize that anomalies happewl shey may not have the time or
tools to do further research...” [preservice elemeawpja

“Students often look at anomalies as design flaws@asurement errors...” [middle
school teacher]
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Table 3. An oral assessment of young Children’sngief Science [CVS] (Lederman, 2008)

Part 1

Can you tell me something you know abowgrsm?
Do you ever learn about science in school?
Can you tell me what you learned?
Have you ever learned about science somewheretfisethan school? Where? What did you do?
How is science different from other things you teabout?
You have been telling me many things about scieBoeWhat is science?
What is a Scientist?
What do theypo?
How do they do their work?
Have you ever seen a scientist?
Do you know one?
What do they do?

Part 2

1. Tell the students that you are goindhtssthem something and that you want them to wagci
carefully. Drop the two different size paper hefitars (figure 1) one at a time. Ask each child &keone
observation and then one inference about whatjtisysaw.

Then ask: Was what you just watched a scientifregtigation? Why? Why not?
If they say it wasn'’t, ask them what they would ché® do to make it into an investigation.

2. There was a woman who loved birds. She travaednd the world to study them. As she travelesd sh
noticed that birds had many differently shaped bekkr example, some were long and thin, some higre
and sharp, and some were tiny and short. Sheohksgrved that birds ate different types of foode &sked

the question, “Is there a connection between bidak shapes and the types of food they ate?”

(a) Do you think she was working like a scientisthy or why not?

(b) Do you think her work was an experiment? Whwby not?

(c)What should she do next to answer her question?

3. How many of you know something about DinosairStudents will immediately start telling you
everything they know about Dinosaurs...you can gatesoontrol of the discussion by saying: Each of you
tell me one thing you know about dinosaurs....themgto ask the following questions)

(a) How do scientists know that dinosaurs reallgd since there are no dinosaurs around anymar@an
one has ever seen them?

(b) What do scientists think dinosaurs looked like?

Why do scientists think they look this way?

(c) Scientists don't always agree on the reasonstalhat happened to make the dinosaurs all digz.awa
Why do you think they don’t agree?

(d) If your friend said that he knew the reasonviiiat happened to the dinosaurs, what would he twaste
to make scientists believe him?

Why?

[Alternative Question: If the students are todrdisted by the dinosaur question then you mighbshdo
use this one instead:]

How do the people who predict the weather on TVagsence?

How do they decide what the weather will be today?

Weather reporters don'’t always agree with each tatheuwveather?

Why do you think they disagree?

4. You have all told me know about a lot of diéfat facts and ideas about science.
(a) Do you think scientists will change their mirad®ut these same science facts years from now? Why
(b) Can you give me an example of some sciencetidganight change in the future?

5. Do you think that scientists are creative wtiezy do their work? Can you give me an example?
When do you think they are creative when they afaglan investigation?
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Figure 1. Paper helicopter templates (a.k.a. Tes)li
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