
DOCUMENT RESUME

ED 430 808 SE 062 597

AUTHOR Gunstone, R. F.; Loughran, J. J.; Berry, A.; Mulhall, P.

TITLE Inquiry in Science Classes--Do We Know "How, When and Why"?

PUB DATE 1999-04-00
NOTE 8p.; Paper presented at the Annual Meeting of the American

Educational Research Association (Montreal, Canada, April
19-23, 1999).

PUB TYPE Speeches/Meeting Papers (150)

EDRS PRICE MF01/PC01 Plus Postage.

DESCRIPTORS Elementary Secondary Education; *Inquiry; Learning
Processes; Learning Strategies; *Science Instruction;
Scientific Attitudes; *Scientific Principles; Teaching

Methods

ABSTRACT
This position statement begins with an outline of the

meanings for terms that are central to the session topic at which this paper
was presented: inquiry, inquiry learning, scientific inquiry, and scientific

method. The central issues of inquiry's place in science education and as a

more general educational approach are then discussed. Finally, the relation

of this research work to the issues of classroom inquiry strategies is

described. Contains 15 references. (WRM)

********************************************************************************
Reproductions supplied by EDRS are the best that can be made

from the original document.
********************************************************************************



Illiry in Science Classes--
Do e Know "How, When and

Why"?

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL HAS

BEEN GRANTED BY

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

1

by
R.F. Gunstone
J.J. Loughran

A. Berry
P. Mulhall

BEST COPY AVAILABLE

2

U.S. DEPARTMENT OF EDUCATION
Office of Educational Research and Improvement

EDUCATIONAL RESOURCES INFORMATION

Arellis_d

CENTER (ERIC)
ocument has been reproduced as

ceived from the person or organization
originating it.

0 Minor changes have been made to
improve reproduction quality.

Points of view or opinions stated in this
document do not necessarily represent
official OERI position or policy.



INQUIRY IN SCIENCE CLASSES DO WE KNOW "HOW, WHEN AND WHY"?

Gunstone, R.F., Loughran, Berry, A., Mu Mall, P.

Monash University

Position statement for invited interactive symposium "Inquiry learning: How when and why

should science inquiry be brought to the classroom?", Session 4.60 AERA, 1999.

Introduction

We begin this "position statement" with an outline of the meanings we hold for the terms that

are central to the discussion points on which the session is to focus, and briefly discuss these

meanings and their implications for our thinking. Then we address the central issues for the

discussion - how we see "inquiry" in science education and its relevance as an approach for

education more generally in terms of our own research. For the last three years we have

worked together on a substantial project whose focus has been on understanding aspects of

"inquiry" as it occurs in high school science laboratory classes. We draw on this work to take

a particular position with regard to "inquiry" in science classes and the prospects for transfer

to other contexts.

Our meanings for "inquiry", "inquiry learning", "scientific inquiry", "scientific

method"

"Inquiry" we see as a generic term appropriate to use in the general dictionary sense:

"search for knowledge, investigation, a question" (Macdonald, 1977, p 677).

"Inquiry learning" then, logically, we use to describe learning/teaching approaches that

are consistent with students "searching" for knowledge, "investigating" (by direct

experience as in a science laboratory, through researching library sources, etc.) and

"questioning" (provided the questions are in some form those of the student).

"Scientific inquiry" we see as describing that subset of "inquiry" that relates to the waysl

in which science develops, ways in which it can validly be argued that new concepts are

constructed in science, new ideas emerge, new perspectives are formed and justified and

accepted.

"Scientific method" we see as a strange and unhelpful construct whose purging would be

of great benefit to science education. We find the emphasis given to ONE mode of

intellectual functioning that applies to only a small class of intellectual problems (that are



not the exclusive province of science) to be, at best, strange. In terms of the relationships

with the ways science evolves, "scientific method" is nothing more than a strange

invention of science text book writers2..

For us then "inquiry" and "inquiry learning" are very general terms to be used much in the

manner of the Progressive Education movement of 60 years ago - while the ideas they convey

are highly significant, phrases such as "learning should be active" or "child-centred" have

only emblematic value, just as is the case for the current universal emblem "individuals

construct their own understanding". Before these phrases can have real use in understanding

educational alternatives there must be elaboration and teasing out of detailed meaning,

consideration of the impact of contexts, etc (Gunstone, in press).

"Scientific inquiry" we see as a term with very much more restricted meaning than "inquiry".

Common use of the term has it closely linked with "scientific method"; hence we do not use

"scientific inquiry" and prefer "processes of science" or "scientific processes"3*, terms we use

in this discussion. We do not use "scientific method", here or elsewhere. We do not accept

that there is any validity (in terms of science) or valid purpose (in terms of student learning in

science classrooms4) in the use of this notion.

Our research on science laboratory work

We now outline the research project and outcomes on which we are basing our arguments.

The essential focus of the research has been to better understand the relations between

"content" and "process" in school science laboratories. By "content" we meant the cognitive

material whose learning is usually the intention (or at least a central one) of the laboratory

activity (eg how light reflects, or what effect does sunlight have on germinating seeds?); by

"process" we mean those things often referred to as "scientific processes" observing,

hypothesising, etc (although we certainly do not see these as the province of science alone).

At times in the last 30 years one purpose for science laboratory work (that laboratory work

educates about the processes of science and that, in the laboratory, the science student learns

about doing science in the manner of the practising scientist) has been so strongly advocated

that science curricula focussing on process rather than content have been developed (see for

example, Fensham, 1992; Millar, 1991). Implicit in these curricula, and indeed in many

statements of this process oriented purpose for laboratory work, is the assumption that these

processes of science are independent of content. Such an assumption is questionable (eg
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Millar and Driver, 1987), even "controversial" (Lazarowitz and Tamir, 1944, p.94). For

example, it has been known for some time that observation, one of these processes, is affected

by the perceptions of the observer - that the nature of an observation is dependent on the

theories of the observer (Driver, 1973; Gunstone and White, 1981). More comprehensive

challenges to the assumption of process-content independence come from two systemic

studies of student science achievement - one in California (eg Baxter and Shavelson, 1992),

the other in British Columbia (eg Erickson, 1994). As both of these substantial studies were

primarily concerned with systemic student science achievement, then process-content

relationships were not the prime focus. However, both studies do demonstrate that content

and process are not independent, and both also suggest that one significant factor influencing

the relationship between content and process is how open-ended is the laboratory activity.

Our research has been an exploration of the approaches of students to open and closed

laboratory work, and the ways in which content and process appear to interact in these

different forms. By "closed" we mean laboratory tasks where the goal of the activity is highly

specified (eg verification exercises) and the apparatus and method are largely given (Step 1,

Step 2, and so on). By "open" we mean laboratory tasks where the goal does not determine

an approach or in itself indicate when the activity can be considered complete (eg "design and

construct a circuit with two light bulbs in series and two in parallel, all shining with the same

brightness"), and thus student decisions are required about methods, apparatus, and what

counts as completion. The research has been conducted with intact groups in high school

science classes (Grades 7-10)5', undertaking usual class activities with the usual class teacher,

and with the close involvement of the teacher in our research planning. In all cases, classes

whose lab activities were the focus of our research were observed by one of us for a number

of weeks beforehand so that the ways in which the activities were intended to contribute to a

teaching sequence could be understood. We have also interviewed students (Grades 10 and

11), both informally as they undertake lab activities and more formally outside the lab to

explore their perceptions of nature and purposes of lab work in science.

Our findings and interpretations are in Berry et al. (1999a, 1999b). In brief, examples of these

findings (many of which are not surprising) are

In closed lab tasks: Completion of the task is the overriding focus of many students

(even to the extent of ignoring discrepant results); a common secondary goal is to get the

"right" answer, a goal that also often overrides approaching the task in the manner

intended by the teacher. Those students who do not have the knowledge assumed by the
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task are still able to complete the exercise (by following as a recipe the steps on the

instructions given), but there is very little evidence of any learning by these students and

any mental engagement with the task is extremely rare. One intriguing feature of student

lab groups where no student has the assumed knowledge for an activity is the extent to

which such groups use visual checks of other groups to monitor their own progress. We

found no evidence of any cognitive learning in these groups, and no use of processes

beyond what was demanded by the "recipe" they were following.

In open lab tasks: Those students without the assumed knowledge cannot proceed with

the laboratory (eg for the electric circuit example of an open task given above, students

who did not understand "series" and "parallel" could not proceed). The perceptions of

some students that the teacher will provide the answer before the class ends shapes the

ways these students engage (or, better, do not engage) with the task. Task completion is

again an overriding issue for most students.

In open lab tasks with open end points (by which we mean open tasks where students

have to design their own lab activity for some general end such as "which of these tablets

will dissolve more quickly in hot and cold water"): Many of the points already raised

apply here as well. The surprising result for us was to find that, having created an

approach for themselves, many students then undertake the task in the recipe manner

typical of closed tasks. That is, despite their having created their own method, students

often do not feel sufficient ownership of the method to interact with it as the experiment

proceeds. In the conduct of such investigations students rarely show any acceptance of

the importance of process issues such as repeated and/or careful measurements. In one

sense then, it could be argued that after the students have organised their 'approach' on

paper, they then revert to simply completing the task in practice.

Student perceptions: Students who have experienced considerable high school science

laboratory work see lab work as making science more interesting and enjoyable, verifying

theory, and assisting their understanding of theoretical concepts. To be colloquial,

students are very good at indicating the "party line" on lab work. However, many

students could not give any specific example of a particular experiment that had assisted

their understanding of theory.

Aim and purpose: There is reason to distinguish between the "aim" of an experiment (the

statement often given at the beginning of ritualised forms of laboratory reports; eg "to

find out how light affects germinating seeds") and what we term "purpose" (the reasons

the teacher has for giving this experience to the class). While many students know the

"aim" very few know the "purpose". As a consequence, most students have little or



nothing to say when asked "why are you doing this?". Given the significance we see for

metacognition in science learning (eg Gunstone, 1994; White, 1988), this failure to know

"purpose" has important limiting implications for student learning from lab work.

How we see "inquiry" in science education and its relevance as an approach for

Education more generally

In terms of this question, the central implication of the research discussed above is, we hope,

clear the content whose learning is the focus of the inquiry (or at least is the context for

other learning) and the processes that are involved in the inquiry are intertwined. We are

currently considering the nature of this intertwining, and what possibilities are consistent with

data, ours and others.

For this discussion however, we see an obvious conclusion to be derived from the recognition

of the intertwining of content and process. We do NOT see "scientific inquiry as having

applicability in teaching other subjects". The content in which the inquiry is embedded is a

centrally determining factor in the approaches to learning that are possible for students, and

the outcomes students can achieve. To consider "scientific inquiry" as some form of content-

independent set of "skills" is to make a grave error. As for "treating inquiry-based science

education as a model for education as a whole", we would argue that there is much to do in

science contexts before we understand inquiry and the forms of its dependence on

content/contexts in science. Even when/if we do understand the "content-process"

interactions in science classrooms, any approaches to "transfer" this to other subject matter

domains will need clear understandings of the nature of the similarities and differences

between the science and other content, contexts, learning expectations, etc.

"Where do we go from here? What are the burning questions we need to address in this area?"

First we should accept the complexity of reality in "inquiry" approaches, that it matters

WHAT is to be learned as well as HOW it is to be learned, that the "what" and the "how"

interact. Second, we need to better understand the nature of these interactions and to not lose

sight of the importance of creativity, intuition (Fensham and Marton, 1992) and that science

involves people.

(The research reported in this paper was supported by an Australian Research Council Large Grant.)
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Footnotes:

Note that the plural is significant for the next point
2. There is interesting variation across countries in the extent to which sciencecourses and textbooks embrace

this unfortunate construct. There are also within USA interesting variations across curriculum areas in the
extent to which it is seen as necessary to begin a course/textbook with a section "What is science?". Many
other curriculum areas do not see the need to begin with a corresponding section.

3. We recognise that "scientific processes" has the problem of implying that things such as observing,
hypothesising are specific to science when they of course are not.

4. Arguments about simplifying ideas in order to assist student learning do not impress us here. The principle of
simplification of course we regard as essential for science education at all levels. However any educationally
legitimate simplification has to have some substantive links with the concept/phenomenon being simplified.
"Scientific method" we assert has no such substantive links with the reality of science and its evolution.

5. High schools in the Australian state of Victoria (the site of this research) have students for Grades 7-12.

8



U.S. Department of Education
Office of Educational Research and Improvement (OERI)

National Library of Education (NLE)
Educational Resources Information Center (ERIC)

REP ,Nr
t ODUCTION RELEASE

(Specific Document)

I. DOCUMENT IDENTIFICATION:

Qua5-97- e

ERIC

Title:

1AxioIR-> ci-A-ssts - Do `/14-8J, 1.-.4 .x741 A,
Author(s). On25Ttove", ZIP) Lot)6_14 EA4, --1 geles_y, A e .

Corporate Source: Publication Date:

Pi?
II. REPRODUCTION RELEASE:

In order to disseminate as widely as possible timely and significant materials of interest to the educational community, documents announced in the
monthly abstract journal of the ERIC system, Resources in Education (RIE), are usually made available to users in microfiche, reproduced paper copy,
and electronic media, and sold through the ERIC Document Reoroduction Service (EDRS). Credit is given to the source of each document, and, if
reproduction release is granted, one of the following notices is affixed to the document.

If permission is granted to reproduce and disseminate the identified document, please CHECK ONE of the following three options and sign at the bottom
of the page.

The sarnole stic,off 3nown below will Se
affixed to all Lavel 1 documents

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL HAS

BEEN GRANTED BY

c.P\

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

Level 1

Check here for Level 1 release, permitting reproauction
and dissemination in microficne or other ERIC archival

media (e.g., electronic) and paper copy.

Sign

please

-he sarpie sticker shown below will be The sample sticker snown below will be
arExea to all Level 2.4 aocuments affixed to all Level 28 documents

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL IN MICROFICHE,

AND IN ELECTRONIC MEDIA FOR ERIC
COLLECTICN SUBSCRIBERS ONLY, HAS BEEN

GRANTED BY

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

Level 2A

Check here for Levei 2A release, permitting reproduction
arm aissemination in microfiche and in electronic media

for ERIC arcnival collection subscribers only

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL IN

MICROFICHE ONLY HAS BEEN GRANTED BY

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

Level 28

Check here mr Level 28 release. permuting
reproduction and dissemination in microficne only

Documents will be orocessea as indicated provioed reproduction quality permits.
tt permission to reoroauce is grantee .7l:t no box is checked, documents will be processed at Level 1.

I hereby grant to the Educational Resources Information Center (ERIC) nonexclusive permission to reproduce and disseminate this document
from the ERIC microfiche or electronic media by persons other than ERIC employees and its system

rom the copyright holder. Exception is made for non-profit reproductio n by libraries and other service agencies
educators in response to discrete inquiries.

as indicated aba e Reproduc
contractors req es permissio
to satisfy infq ation need

Signature

Organizati Address

MO I5ht imwe461-r1f plcuety 066.
au...m.)6.7-vA) P.O, CLAY r-C/0

Printed NarnelPositionfTitlet

Noel- A) LAD 4,16-0+44....)

inc4/or- 27,92 F 46/3"'- q/0)--2,77q
Address

kr-tr.ED ed.,ca1-vret itic4,* eato .010


