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The present study suggests a systemic process approach to the analysis of students'

understanding of biological systems. It is a unified model that enables to capture the dynamic nature

of biological processes and phenomena. It is based on the integration of two conceptual frameworks;

one that relates to systems and the other to the ontological nature of processes.

The model was developed through the study of students understanding of energy in the

biological context, as it resulted from a curricular unit on energy that was based on a qualitative

thermodynamic approach. Four, not necessarily hierarchical, independent interrelationships were

studied: (a). Within biological processes; (b). Between processes; (c). Between process(es) and general

biological phenomena; (d). Between general biological phenomena and general theoretical

frameworks.

The present study suggests a systemic process approach to the analysis of

students' understanding of biological systems. It is a unified model that enables to

capture the dynamic nature of biological processes and phenomena. It is based on the

integration of two conceptual frameworks; one that relates to systems and the other to

the ontological nature of processes.

Senge (1990) defined systems analysis as "a framework for seeing

interrelationships rather than things, for seeing patterns of change rather than static

`snapshots'. By this definition various possible interactions among components, and

the patterns of change - processes, are the keys for systemic understanding. The other

conceptual framework is the ontological categorization suggested by Chi et al. (Chi &

Slotta 1993, Chi, Slotta & Leeuw 1994). These authors categorize all the entities in the

world into three distinct ontological categories: Matter (or Things), Processes and

Mental States. They claim that entities within each category differ by their basic nature,

and are described and explained by different operational sets. They assert that transfer

of concepts from one ontological tree onto another, may cause difficulties in learning

and understanding; e.g. the use of Matter based language to describe entities from the



Processes category is claimed to be one of the main obstacles in understanding abstract

scientific concepts. The analysis of the Processes category is regarded as their major

innovative contribution and the most critical in understanding scientific concepts. The

category of Processes is further subdivided into three sub-categories: 1). Procedures,

which are "carried out", i.e. sequential processes, 2) Events, which are "caused by"

processes, and 3) Constraint-based interactions, which are acausal interactions and are

applicable beyond a specific subject. Constraint-based interactions such as gravitational

force, light or evolution "are determined by a known or knowable set of

constraints....and...are not confined within disciplinary boundaries" (Chi, Slotta and

Leeuw 1994, p:31,32).

Senge advocates focusing on patterns of change, but he does not prescribe the

nature of the language to be used when relating to such processes. Chi et al. advocate

that the language to be used should be distinct to processes only, and should reflect the

different organizational levels beyond disciplinary boundaries. The synthesis between

these two lines of thought, offers a model that can be instrumental in understanding the

dynamic nature of biological systems, from molecular processes as well as global

biological and environmental issues.

Background

Students' difficulties in conceiving the interrelational nature of biological

systems were documented in the research literature. Chi et al. (1994a) report about

students having difficulties in making connections among local and system-wide

features of the human circulatory system. Songer & Mintzes (1994), refer to the

problematic understanding of the relations between events of cellular respiration and

various biological phenomena such as breathing, circulation, wine-making, and

ecology. Hogan & Fisherkeller (1996) found difficulties in the ability to relate

photosynthesis or decomposition of matter to the nutrient cycle. Griffith & Grant

(1985) reported students' misconceptions in the analysis of food webs. They described

problems in perceiving the dynamic relations among non-adjacent habitants of the same

web, i.e. a failure in analysis of interrelated nets of the population.

The model we suggest includes four, not necessarily hierarchical, independent

interrelationships:
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1. Interrelations within a biological process - interactions within a single

process; e.g. photosynthesis.

2. Interrelations between processes - grasping the interactions between

processes, e.g. catabolic and anabolic processes.

3. Interrelations between process(es) and a general biological

phenomena; e.g. cellular respiration and thermo-regulation.

4. Interrelations between general biological phenomena and scientific

theoretical frameworks; e.g. reproduction, increase of order in the

living world, and thermodynamic principles.

The model was developed for the analysis of students' understanding of energy

in biological context. The studied curricular unit on energy was based on a qualitative

thermodynamic approach. The latter was developed on the basis of research that

supported a thermodynamic approach, specifically in context of the Second Law, for

the enhancement of students' understanding of energy and biology (Solomon 1987,

Gayford 1986, Ross 1988, Kesidou & Duit 1993, Duit & Haeussler 1994, Barak,

Gorodetsky & Chipman 1997). A processes systemic model for monitoring students'

understanding as developed through this curricular unit seemed to be suitable, as

thermodynamics is systemic by its nature and implies process-based procedures for the

understanding of systemic behavior.

Method

The research examined the influence of the Thermodynamics - Energy

curricular unit (Barak 1995) on students' understanding of energy and the conception

of biology. The unit was designed to last about 45 hours.

The experimental group was composed of 161 tenth graders that studied the

newly developed unit. Students' conception of energy and biology were tested by a

questionnaire that some of its questions demanded comprehensive written answers.

Eighteen students of the experimental group were interviewed. The interviews related

to the understanding of energy, conception of biology and their attitudes towards the

new unit. Each interview lasted about 45 minutes and was conducted by a research

assistant who had not been involved in teaching nor in research.
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The results presented in this work are based on a qualitative analysis of

students' written answers and interviews. The examples included in this work

(excluding photosynthesis) were not part of the curricular unit.

Results and discussion

The results indicated that the study of the curricular unit did impose a

significant change towards a more scientifically accepted conception of energy and

biology (Barak 1996). In this presentation we wish to further explicate how this

change in students' conceptions is actually a change in understanding the nature of

systemic processes.

linterrelations within biological processes.

Students' understanding of a single process ranged from focus on reactants and

products to the understanding of intermediate phases and their meaning to the process

as a whole. Regarding the process of photosynthesis, the results reflected a shift from

focusing on oxygen as the main end product, towards understanding the importance of

glucose production (Barak 1996).

The qualitative analysis revealed that answers that referred to end products did

not actually reflect different procedures of analysis. The change appeared to be a shift

from emphasis on one end product to another, as can be demonstrated in the following

flow diagrams:

From:

To:

Scheme 1: Photosynthesis represented by end products
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On the other hand students who considered the intermediate phases provided

explanations which were simultaneously based on both end products, tying up both

processes, as is demonstrated in the next example:

Photosynthesis

Dark phase

Oxygen Glucose

4C RespirationA

Scheme 2: Photosynthesis represented by intermediate phases

The ability to consider the sub-processes between reactants and products

enabled the inclusion of both aspects of the process. Relating to the intermediate

phases and the interrelations resulted not only in a better understanding, but it also

reflects the comprehension of the systemic nature of the process and its relation to the

living world.

2. Interrelations between processes.

Students' understanding of the relations between processes could be analyzed

on a continuum from concentrating on a particular process to a conception that

interrelates among various processes. Their conception of energy resources for the

human body ranged from focus on the importance of "food we eat", "the water we

drink" and "the oxygen we breath" as particular and independent routes that provide

energy to the human body.

"We get the energy we need from the food we eat that converts to energy, from
water that is also converted to energy, and from oxygen that during breathing is also
converted to energy."
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"We do not have only one source of energy, but many: food, water and
oxygen."

These answers reflect an additive and matter-based conception of the relations

between processes. Scheme 3 demonstrates students conception of breathing, drinking

and eating as three autonomous processes that provide the energy needed for life

sustainment.

( Life
Phenomena

A
Needed

for

provides

( Breathing

t
Absorbed

during

02

provides

C Drinking I)

I

Absorbed
during

H2O

Scheme 3: Students' particular conception of energy resources for life.

Absorbed
during

Food

On the other end of the continuum was the conception that related to the

interrelations among various processes that resulted from the incorporation of the

physiological functions. Answers within this category explained the relations between

food, water and oxygen on the basis of catabolic and anabolic processes that

accompany food degradation and cellular respiration.

Chemical energy comes from the food we eat. The oxygen is needed for the
respiration process during which the energy is released, but it is not the source of
energy."

" ... the food is decomposed through catabolic processes. The energy that was
released is stored within ATP molecules, that are decomposed during anabolic
processes."
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"... During food degradation energy needed for our metabolism is released,
we invest this energy during anabolic processes within the body".

CC61-11206 )

actant
got

o,
needed or

within

formed
during

stored
within

Cellular
respiration

is

Catabolic )
processes

that
release

product
of

formed
during

stored
within

needed
for

needed
for

CAnabolic
processes

Scheme 4: Students' integrated conception regarding the energy resources for life

Scheme 4, presents a conception that integrates between catabolic and anabolic

processes, where cellular respiration is the major function in providing the energy

needed for the living body.

The conception illustrated in scheme 4 relates to the interrelations among the

various processes ignoring external dividing boundaries. While the language used by

the first group was matter-based, the answers provided by the later are characterized

by a process based approach. It reflects the understanding of the dynamic complexity

of the relationships between the various processes. It reflects a more comprehensive

systemic understanding of the human body.

3.Interrelations between process(es) and general biological phenomena.

One of the test questions referred to the issue of maintaining a constant

temperature by the polar bear as opposed to a metal cube. Students' answers can be

categorized on the continuum from referring to phenomenological - concrete features

such as fat and fur as being responsible, to discussions based on thermo - regulatory
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mechanisms of living organisms. Those that based their answers on phenomenological -

concrete features of the bear, failed to give an accurate explanation of the phenomena.

"Polar bear is adapted for life in the snow, so it developed protection
mechanisms".

"The mechanism is the fur and fat that keep the body temperature, the metal
block does not have such a mechanism".

"The polar bear was created for life in the snow. Its' fat creates isolation and
it does not lose heat to the surrounding"

These answers rely on phenomenological observations (fat and fur) or

teleological explanations (the polar bear is meant to live in the snow). This conception

is illustrated in scheme 5.

Scheme 5: Students' phenomenological - concrete conception of heat sustainment by the bear

Scheme 5 describes the living body and it's surrounding as isolated entities.

The concept 'mechanism' in these responses stems from the teleological conception of

explanations, which needs no further elaboration. It is known that there are functions



such as maintaining body temperature or adapting the living organisms to their

surrounding. The main difference between the conception presented above and the

following one is a shift to a systemic approach based on the analysis of biological

phenomena within a general scientific frame.

" Part of the energy released during glucose catabolism serves to maintain
body temperature."

"Living organisms release heat to the environment and consume
energy (food), in order to regulate their body temp.

This conception is illustrated in Scheme 6.

released
to

release

used
for

Glucose
catabolism

'nfluenc

consumed
by

CLiving
organisms

regulate

Body
temperature

Scheme 6: Students' conception of heat sustainment within a general theoretical framework.

Scheme 6 represents the ability to view phenomena by attending to the

processes rather than to specific concrete examples. The term mechanism is explicated

through the analysis of interrelations between temperature maintenance within the

general framework of physiological explanations regarding the living body in its

surroundings. This conception reflects the use of processes language rather than

materials terms in explanations.
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4. Interrelations between general biological phenomena and scientific

theoretical frameworks.

The recognition that the principles governing the inanimate world are relevant

for explaining the living phenomena is not common to many students (Barak,

Gorodetsky & Chipman 1997). An illustrative statement is:

"The issues of chromosomes, enzymes, cell divisions etc. has nothing to do
with the laws of nature".

This conception represents a division between biological phenomena and the

non-living world as to their compliance to the same theoretical principles of nature.

Some of students' answers to the question of growth of material during cell divisions

were of this nature:

"That is how the cell functions"

,t
... those processes are producing matter"

The other group of answers related to the relations between biological

phenomena and general laws of nature:

"The laws of nature are not according to materials and disciplines."

"The basis for laws regarding Physics, Chemistry and Biology is the
same, since it is the same world"

Or a more sophisticated answer on the cell level:

"There are out side material resources, the division depends on
energy consumption. It is not like getting something out of nothing."

"The cell is an open system it always gets materials from the out side."

One of the obstacles in students' understanding of biological systems stems

from viewing the later as closed and self-contained (Barak, Gorodetsky & Chipman

1997). The explanations that focused on particular phenomena referred to the living
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world as an isolated system and they also neglected relations with other phenomena.

An enclaved issue, by its' nature, calls for a matter-based language of description,

whereas an explanation that refers to relations overpasses boundaries and leads to the

understanding of the dynamic and open nature of the system.

Concluding remarks

The model and the supporting examples presented in this presentation referred

to systems analysis based on processes rather than components or material

constituents. Students' success to analyze systems, they were not exposed to during

the formal studies, indicated the development of a process based scheme for the

analysis of interrelations.

Indeed, some of the answers reflected a specific case based description of

unique specific constituents. In these cases the borders of the system were determined

by each particular observation and the answers reflected a matter-based approach

regarding the understanding of biological systems. However, some of the answers were

based on detailed analysis of the interrelations. The boundaries in these explanations

were flexible and stretched to the limits of students' knowledge. These explanations

reflected a process-oriented approach that could be analyzed within the four types

suggested for the analysis of interrelations. These were expressed in all the categories

of life; between products and reactants within a process, between processes within the

living organism, between the living organism and its surroundings and between the

living and non-living worlds.

This analysis provided us a deeper understanding of students' conceptions. It

focuses on the more important issues of biological systems, which are the interrelated

processes, rather than on descriptions of isolated issues. Even more, it integrates

biological phenomena within a wider conception of processes in the world, as

processes are not constrained to a specific system.

We believe that teaching within this framework has the potential to overcome

some of the indicated problems in understanding biological systems, and promote a

more meaningful and wider conception of biology and the sciences in general.



References
Barak, J (1996). A qualitative thermodynamic approach to teaching

energy, as part of the Biology curriculum at high school. Dissertation thesis,
ben-Gurion University, Beer-Sheva, Isreal.

Barak, J., Gorodetsky, M. & Chipman, D. (1997). Understanding of
energy in biology and vitalistic conceptions. International Journal of Science
Education, 19(1), 21-30.

Chi, M. T. H., Leeuw, N. D., Chiu, M. H. & LaVancher, C. (1994a).
Eliciting self-explanations improves understanding. Cognitive Science 18,
439-477.

Chi, M. T. H., Slotta, J. D. (1993).The ontological coherence of
intuitive physics: Commentary on Di' sessa' s "Toward an epistemology of
physics". Cognition and Instruction, 10, 249-260.

Chi, M. T. H., Slotta, J. D. & Leeuw, N. D (1994). From things to
processes: A theory for conceptual change for learning science concepts.
Learning and Instruction, 4, 27-43.

Duit, R. & Haeussler, P.(1994). Learning and Teaching Energy. In
Fensham,P., Gunstone,R. & White,R.(Eds.) The Content of Science. The
Falmer Press. 185-201.

Gayford, C.G. (1986). Some aspects of the problems of teaching
about energy in school biology. European Journal of Science Education, 8
(4), 443-450.

Griffiths, A. K. & Grant, A. C. (1985). High school students'
understanding of food webs: Identification of a learning hierarchy and
related misconceptions. Journal of Research in Science Teaching, 22
(5), 421-436.

Hogan, K. & Fisherkeller, J. (1996). Representing students'
thinking about nutrient cycling in ecosystems: Bidemensional coding of
a complex topic. Journal of Research in Science Teaching, 33 (9),
941-970.

Kesidou,S. and Duit,R.(1993),Students' conceptions of basic ideas of
the the second law of thermodynamics. Journal of Research in Science
Teaching, 30 (1),85-106.

Ross, A. K. (1988), Matter Scatter and energy anarchy, School Science
Review,. 69 (248), pp.438-445.

Senge, Peter M. (1990). The Fifth Discipline. Currency & Doubleday,
N.Y.

Solomon,J.(1987), Energy, The Ghost in the body. School Science
Review, 68 (244), 635-644.

Songer, C. J. & Minzes, J. J. (1994). Understanding cellular respiration:
An analysis of conceptual change in college biology. Journal of Research in
Science Teaching, 31(6),621-637.

12



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

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

REPRODUCTION RELEASE
(Specific Document)

I. DOCUMENT IDENTIFICATION:

IC

Title:
s c_ oC.Q SS QRV V c. 0 TQ

n .

(..0=4.-V

<
kAc) S kl()I 0Q S (.3\

Author(s): (kJ, n oN a ciak-s
Corporate Source: Publication Date:

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 Reproduction 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 sample sticker shown below will be
affixed to all Level 1 documents

I

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL HAS

BEEN GRANTED BY

ocSa

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

Level 1

Check here for Level 1 release. permitIbig reproduction
and ellsserniruition in microfiche or other ERIC archival

media (e.g.. 0111C1r011iC) and paper copy.

Sign
here,-)
please

The sample MIME*, shown below will be
allbad to all Level 2A documents

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL IN

MICROFICHE. AND IN ELECTRONIC MEDIA
FOR ERIC COLLECTION SUBSCRIBERS ONLY.

HAS BEEN GRANTED BY

2A

\e

Sad

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

Level 2A

E
Check here for Level 2A release. permitting reproduction
and disserninadon in microfiche and M electronic media

Mr ERIC archival collecdon subscribes only

The sample slicker shown below will be
affixed to all Level 28 documents

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL IN

MICROFICHE ONLY HAS BEEN GRANTED BY

2B

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

Level 2B

E
Check here for Level 28 release. OtellillM0

reproducfion and dissernination M microfiche only

Documents will be processed as indicated provided reproduction quality permits.
If omission to reproduce is granted. bul 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
as indicated above. Reproductioh from the ERIC microfiche or electronic media by persons other than ERIC employees and its system
contractors requires permission from the copyright holder. Exception is made for non-profit reproduction by libraries and other service agencies
to satisfy information needs of educators in response to discrete inquiries.

Signaare

OrganaskorvAddress:

N-b 2a e SX Ori\E-(24- glob CSONc.L.

PrIrted NamofflosiderifTille:

CO 1-1 6)
FAX
cia'"

E-Med Aoa a Date:

fAbe
Telephone:

L



Share your Ideas With Colleagues
Around the World

Submit your conference papers or other documents to the world's
largest education-related database, and let EYMC work for you.

The Educational Resources Information Center (ERIC) is an international resource funded by the U.S.
Department of Education. The ERIC database contains over 850,000 records of conference papers, journal
articles, books, reports. and non-print materials of interest to educators at all levels. Your manuscripts can
be among those indexed and described in the database.

Why submit materials to ERge?

Visibility. Items included in the ERIC database are announced to educators around the world through
over 2,000 organizations receiving the abstract journal, Resources in Education (RIE); through access to
ERIC on CD-ROM at most academic libraries and many local libraries; and through online searches of
the database via the Internet or through commercial vendors.

Dissemination. If a reproduction release is provided to the ERIC system, documents included in the
database are reproduced on microfiche and distributed to over 900 information centers worldwide. This
allows users to preview materials on microfiche readers before purchasing paper copies or originals.

Retrievability. This is probably the most important service ERIC can provide to authors in education.
The bibliographic descriptions developed by the ERIC system are retrievable by electronic searching of
the database. Thousands of users worldwide regularly search the ERIC database to find materials
specifically suitable to a particular research agenda. topic, grade level, curriculum, or educational setting.
Users who find materials by searching the ERIC database have particular needs and will likely consider
obtaining and using items described in the output obtained from a structured search of the database.

Always "In Print." ERIC maintains a master microfiche from which copies can be made on an "on-
demand" basis. This means that documents archived by the ERIC system are constantly available and

never go "out of print." Persons requesting material from the original source can always be referred to
ERIC, relieving the original producer of an ongoing distribution burden when the stocks of printed copies

are exhausted.

So, how do g submit materials?

Complete and submit the Reproduction Release form printed on the reverse side of this page. You have
two options when completing this form: If you wish to allow ERIC to make microfiche and paper copies
of print materials. check the box on the left side of the page and provide the signature and contact
information requested. If you want ERIC to provide only microfiche or digitized copies of print
materials, check the box on the right side of the page and provide the requested signature and contact
information. If you are submitting non-print items or wish ERIC to only describe and announce your
materials, without providing reproductions of any type, please contact ERIC/CSMEE as indicated below

and request the complete reproduction release form.

Submit the completed release form along with two copies of the conference paper or other document
being submitted. There must be a separate release form for each item submitted. Mail all materials to
the attention of Niqui Beckrum at the address indicated.

3or further information, contact... Niqui Beckrum
Database Coordinator
ERIC/CSMEE
1929 Kenny Road
Columbus, OH 43210-1080

1-800-276-0462
(614) 292-6717
(614) 292-0263 (Fax)
ericse@osu.edu (e-mail)


