Teaching a Combined Science/Technology Curriculum

Gabrid Ayyavoo

Dr. JL. Bencze
Alex Corry

Roland van Oostveen



The educationd curriculum is being restructured in the province of Ontario. Among other mgor
changes, the restructuring has required that both science and technology are now to be considered in a
common program for students in Grade 1 through to Grade 8. A debate has ensued among many of
those who are responsible for curriculum implementation. This debate has focussed on the nature of the
relationship between science and technology.

The Ontario Curriculum, Grades 1 - 8: Science and Technology was released in March 1998. The
document provides the basis for the Science and Technology program which was to be implemented by
September 1998. While the document attempts to briefly define the nature of science and technology,
the bias of the authors in favour of a science orientation is fairly obvious early on. Scienceis
acknowledged as “aform of knowledge that seeks to describe and explain the natura and physica
world and its place in the universe.”” Technology is much more vagudly described as “includ(ing) much
more than the knowledge and skills related to computers and their applications. Technology is both a
form of knowledge that uses concepts and skills from other disciplines (including science) and the
goplication of this knowledge to meet an identified need or solve a specific problem usng materids,
energy, and tools.” (Ontario Ministry of Education and Training, 1998)

These definitions do give the reeder (and hopefully the teacher) a genera sense of the nature of the two
disciplines. However, this senseisvery limited especidly when teachers are to use thisinformation in
order to prepare classroom-ready teaching materialsin order to convey these definitions to their
sudents. The big problem is that both science and technology are much more than just forms of
knowledge. They aso entail processesthat are endemic to the disciplines. A term coined by Polyani
(2958) and much used by Hodson (1993b), likens the ‘doing’ of science and technology to
“connoisseurship.” Connoisseurship, used in thisway, refersto the tacit knowledge that is acquired by
participation in an activity. Medway (1989) agrees by suggesting that doing technology is highly tacit
and idiosyncratic and requires gpprenticeship to be learned well. Gott and Duggan (1995) believed that
procedura understanding must be taught since there is a content piece to the procedura side of science
which can be described and which must be recognized and planned for in curriculum design and
assessment.

The remainder of this discussion focusses on a presentation given at STAO *98. It attempts to compare



science and technology, compare the two disciplines in terms of teaching practices and then offer some
suggestions which can be used to teach either discipline in the classroom.

There are asgnificant number of differencesin how the two disciplines are viewed by society. Asa
result, or in conjunction with these views, the subjects are trested very differently in different schools.

Science has been very successful in its effort to portray itsdf as, not only an understanding of
phenomena, but aso having control over various agpects of nature. This has resulted in science gaining
afairly prominent position in society. The high status of science can be seen in the popular media.
Scientigts are often portrayed as financidly successful and well respected. Newspapers and magazines
and other print mediatend to make light of what is viewed as a scientist’ s Sngle-minded dedication to
the enterprise while dso paying vast amounts of attention and print space to the results of the latest
findingsin hedlth, psychology and other areas of study.

By way of contrast, workers in technology, such as technologists and technicians, are often viewed as
“blue-collar” production workers. The status of technology in society is much lower than science. How
often has repairing an automobile been equated with rocket science? The perceptions of technology
being of alower class than science remain in pite of the usefulness of these practica technologicd skills
compared to the relatively impractica theoretica skills of scientigts.

Science education has followed the generd societd emphagis. Thisistraditionaly carried out by using a
curriculum that is strongly “academic” in flavour. Bencze (1995) goes so far asto Sate that in order “to
suppress criticism, an ‘illuson of certainty,” a sanitized virtud redity, for academic scienceis
perpetrated.” Science education has aso continued to promulgate other societa characterigticsin that it
is strongly masculine (reflecting traditiona stereotypical male values): it is*hard-nosed, objective, vaue-
freg’; it eschews the ambiguous, the speculative, the vague, the beautiful and the good. (Mitroff and
Kilmann, 1978)

Technology education tends to be taken by students who, for a variety of reasons, are not prepared to
work in the “academic” scientific courses. These students tend to opt for the courses which are much
more practical and active, but which adso have awork force orientation. The Ontario Ministry of
Education has sated genera leve courses (which includes many technology courses) are intended to
supply good, religble workers: develop skills relating to problem solving, domestic managemernt,
consumer judgement, recreationa pursuits, persond fitness, and employment awareness. (Ontario
Minisiry of Education, 1987)

There are other differences between science and technology education when the school locations for
these programs are noted. Science tends to occur in clean classrooms or dedicated science labs while
technology classes are usudly found in physicaly separated |ocations (ghetto-ized). This ghettoisation
may be due in some cases to the need for large spaces and speciaized equipment in some cases.
However, this does not explain the location of many of the technology classes which do not have the
requirements of the speciaized equipment. Much of this discusson uses information taken from
secondary school settings since, until thislatest curriculum initiative technology education did not occur



a the dementary school level except in design and technology classesin the intermediate (Grades 7 &
8) levds.

Differences between science and technology occur in the areas of pedagogy and assessment as well.
Science courses are usefully found to have a heavily weighted focus on theory and asmall emphasis on
skills. Asaresult the typica teaching methodol ogies found in most science classrooms are generdly a
mixture of Socratic (question and answer) techniques, demonstrations and some practica work.
Practical work has, for the past few decades, emphasized the following of procedures that have been
designed by teachers and publishers to validate some aspect of the concepts that are being transmitted
to the students or the procedures attempt to alow the students to “discover” a concluson which alows
for continued conceptua development in the area that the teacher is attempting to explain. By far the
most common type of assessment used in science courses is the traditional paper and pencil testing.
Recently there has been some occurrence of performance testing on practica skills, adthough thisis il
rather new, fairly innovative and rare. (Perhaps use some of Derek’ s articles re. vaue of this type of
practical work.)

Technology courses, by contrast, tend to shift in the other direction with a heavily weighted focus on
skillsand a smdl emphasis on theory. These courses put much time and emphasis on projectsto be
completed by the students. At times demonstrations are used when a particular technique must be
shown before the students would be able to carry it out. Occasiondly theory is addressed but even this
theory focusses on procedural type knowledge rather than on an understanding of the phenomenon
itself. According to Price and Cross (1995), inventors need to work only with “laws’ as opposed to
theories - or “why” things work. Assessment techniquesin technology education tend to focus on the
product or the skills practised by the student. Thisis usualy carried out by peer or teacher assessment
of the processes used by the student or an evaluation of the find product from the perspective of design
consderations or perhaps efficiency. Technology has been relegated to secondary status in our
educationd system. Lederman (1992) suggests that there have been conscious efforts over the yearsto
deny practical science (technology) a place in the school system. Lederman aso Satesthat at other
times, science education tends to take aspects of technology which appear to be close to specific laws
and theories of science and incorporate them into their courses without acknowledging thet they are
inventions, or technologies. According to Chapman (1991), it is regrettable that science education has
achieved its gatus given that it is of limited use to most people. Technology, on the other hand, is much
more relevant and deserves the prominence given to science education.

Since science and technology education has been combined in the dementary school curriculum it may
be deemed prudent to attempt to focus on changing the methods that are used in presenting these
disciplines to sudents. The last portion of this discusson outlines theory and some examples of how this
theory might be used in classroom sSituations. A full discussion of this theory can be found in Bencze
(1995). Parts of this theory have been implemented for the past severd yearsin various schools around
the Toronto area.



Theory (Goals of Science and Technology)

It has become increasingly apparent, while attempting to implement the new integrated science and
technology curriculum, that teachers need assstance in defining the smilarities and difference’ s between
science and technology so that they can
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science and technology] are of purpose rather than behaviour, for ... the point of technology isto
intervene in the made world, to modify or improve it in some way in response to identified needs or
opportunities” Usudly a study of inventions leads the inventor to work in such away asto determine
how to “cause the ‘best’ change in variables.” (Bencze, 1995) In thisway a number of cause variables
are manipulated so that the invention solves the posed problem in the best possible way.

The theory (see Fig. 2) for implementing inquiry and design in the classroom proposed here relies
heavily on what Polanyi (1958) refers to as the tacit nature of scientific and technology knowledge, that
is, the delivery of both require guidance in the areas of theory (conceptud understandings) and in
“doing” (procedura understanding). It is adso believed that the conceptua and procedurd
understandings are interdependent (Qudter et d., 1990, 12). Asaresult, a curriculum that purportsto
require science and technologica concepts must alow for the teaching of both the conceptua and
procedura understanding of the disciplines. Traditiondly only the conceptua understanding is focussed
on. However the procedural understanding must be explicitly taught. Aswell, “thereis a content to the
procedura sde of science which can be described and which must be recognized and planned for in
curriculum design and assessment.” (Gott and Duggan, 1995, p. 34)

Both the conceptua and procedura understandings are illustrated by the modd in Fig. 2. Bencze
(1995) describes the mode as incorporating two kinds of constructivist cycles, each encouraging: i)
Reflecting on current conceptions, ii) L earning others, and iii) Evaluating competing ones. The
large circuit describes the conceptua learnings that are, for the most part, itemized in the expectations
of the Ontario Curriculum, Grades 1 - 8: Science and Technology. The smdler circuits describe the
procedura learnings that must be undertaken by the teacher and student in each of the areas of the
larger circuit. Further information regarding this modd can be found el sewhere (Bencze, 1995).

Classes based on the S'T Learning Modd call for students to design their own scientific investigations
(inquiries) and technologica inventions (designs) in the procedurd understanding section of the
evauation portion of the conceptual loop. To do this students draw on their own experiences to
determine the causa questions and practica problems to be addressed. They are taught some of the
basic methodologies of science and technology and then they gpply these methods to the questions and
problems posed. The teacher attempts to organize opportunities for students to be exposed to
dternative conceptions and methodologies in reflecting, learning and findly evauating. The teecher dso
learns with the sudents in how to design investigations that are gppropriate to the contexts that sudents
bring to the classroom. In this way, the teacher and student become co-investigators. According to
Freire (1970), the teacher and student” come to see the world not as a atic redity, but asaredity in
process, in transformation (p. 7), i.e., capable of change.

It was felt that teachers required further assstance with the procedura understandings of science and
technology. In order to give this hep additiona clarifying modds were designed. These models are
described in the following section.
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see that scientific investigations can be
initiated in anumber of ways and that
‘backtracking’” and ‘side-trip(ping)’ is Figure 3: Inquiry (OLDER) Modé

alowed, and even encouraged. For the

sake of smplicity, larger loops from each of the main, central sections back to the beginning are not
included but are implied by taking severd sequentid ‘ backtrack’ loops.

Use of thismodel in class would include dlowing students to be exposed to Situations or contexts that
would illicit some observations. These Stuations cause the students to ask questions. These questions
could be of ascientific nature (determining the reasons for the Stuations or context) or of atechnical
nature (posing problems that require solutions). If the questions were scientific, student thoughts would
be directed to think of hypothetical answers. Thiswould be done by focussing on only afew variables
(limiting the scope). Ultimately, the students must devise scientific investigations that could possibly
answer the questions previoudy posed. The data collected must be evauated by organizing and
andysing it and applying it to the origind hypothesis so that decisions can be reached as to whether
there is adequate information to answer the origind questions. Findly, the nature of the investigation, the



data and the conclusions reached by the students would be shared with peers and a consensua
understanding would be reached through discussion.

Design

The ‘SPICE modd used for design methodologies is smilar to the science methodology. Figure 4
outlines the steps involved in this methodology. Again the same type of ‘backtracking'’ and ‘sde-
sepping’ is possble, reflecting that these procedures are not necessarily sequentia in al circumstances
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topic a hand. Thisis suggested snce students have a tendency to use examples that can be directly
related to the concepts being studied rather than exploring their own ideas and preconceptions. After
working through the initid attempt to devise their own investigation, students should be given an
opportunity to gpply the procedura knowledge gained to the topic or unit currently being studied.

In this example, students are given the ‘ Bugscopter’” and are encouraged to ‘play’ with it and observe
what occurs when the * Bugscopter’ flies. Essentidly, the students will be identifying variaoles that can
be manipulated at this stage. If thisistheinitia time for the sudents to participate in this type of
procedure, it may be wise to provide the causa question asin this example. The hypothesis can dso be
structured to enable placement of the chosen variables in the Limit stage for students who are not
familiar with these stages. Working with the teacher, students then should be given the opportunity to
devise their own procedure, and once ingpected with the teacher, the procedure should be carried out
by the students. Data must be collected, organized and analysed. Again, students may need to be taught
to carry out these functions. Conclusions must be reached by comparing the results to the origina
hypothesis. Students must be given the opportunity to reach a consensus with others who studied the
sametype of variables, just as‘ professond’ scientists attempt to by entering into debates regarding
their understanding of the gathered data with their peers.

The*Hying Machine Chdlenge’ (Figure 5) activity is intended to give students the opportunity to
design their own invention to give them experience in developing procedura knowledge of technologica
methodology. Again, teachers should use a neutra (not specific to the concepts under study in the unit)
topic to introduce this methodology to students for the firgt time to allow students to concentrate on the
procedura part of the program rather than on the conceptua side.

Teachers who use the “Hying Machine Chalenge’ can set the context for thelr sudents using the given
gtuation. The problem is stated, however if sudents are advanced in these types of design they may
specify the problem for themsdlves. The stated questions can be used by the studentsto aid in their
thinking about the design of their solution to the problem. 1deas can be simulated using avariety of
methods beyond the questions listed here. Teachers should be prepared to work with individuas and/or
small groups to expand the repertoire of ideas that students can choose from in formulating either the
solutions or how the solution will be constructed. Once the invention has been constructed students
must be directed to eva uate the design to decide whether the solution adequately solvesthe origina
problem. Thisis probably best done by having the sudents devise a modified experimenta procedure.
This procedure would alow afew variables, present in the invention, to be isolated and tested. The find
sep should dso include students sharing their ideas and solutions with each other in the same way asin
the inquiry example.

Concluson

It is possible to combine Science (Inquiry) and Technology (Design) in the classroom. The Science and
Technology Model of Learning gives a congtructivist method of teaching procedura and conceptua
knowledge. By concentrating on both types of learnings smultaneoudy within the contexts set in the
classit is possble to provide learning opportunities for sudents to experience more than just concepts



presented in unending procession. The models of Inquiry and Design give additiond ideas for teachers
to use when providing students opportunities to investigate ideas in either Science or Technology.
Finaly, the two Activities show concrete examples that can be used by teachers when working with the
procedurd side of the learnings in the new Ontario Science and Technology currirculum.



Alternative Science
Methodologies
Biology

The Bugsgptef

R
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N
Many plants produce light weight fruits thet are carried by - e R | s
wind. Maple trees have winged fruits thet aid in wind
dispersa. People have often turned to nature to copy some of these unique flying structures. The
Bugscopter isaflying innovation that dlows for the testing of different variables that engble the flying
machine to Say aoft aslong as possble. In this activity, the sudent ‘flight engineer’ teams will design
an experiment and carry out the scientific investigation on the factors that enables the Bugscopter to
day flyinginthear .
MATERIALS: 1) 3 Bugscopters
2) timer

3) paperclips
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Student Experimental Design Report:

Expt. Design Student’s Experimental Design

1) Causal Question: eg.  What isthe effect of the length of the wing span on how

long ( time) they ay doft ?

2) Hypothesis: If thelength of the wing span was incr eased then the Bugscopter

will stay aloft longer because

3) Method Outline: - stepsfollowed
4) Observations: - data chart and graph
5) Conclusion: - based on the data

Figure 5: Inquiry Activity Example




Flying Machine Challenge

Situation: Y ou are afamous geol ogist (rock scientist) and have been hired to find rare minerals. Y our
search constantly takes you into mountainous areas which are difficult to climb into. Y ou
would like to have a device which would allow you to set avery small electronic instrument
package at a specific target below you.

Problem: Design and construct a flying machine which would be able to descend slowly and land in a
precise location.

Investigation and Ideas:

What materials will you need?

What type of flying machine do you need to construct?

How will you make the flying machine?

Something to think about:
-fixed wing aircraft such as airplanes can travel long distances but have difficulties travelling up and
downin astraight line
-flex-winged (or no-winged) aircraft such as helicopters easily travel up and down

5.  How accurate will your flying machine be and how much mass will your flying machine be able to carry?

> wbhe

Y our team must submit ONE competed report of the experiment for evaluation, including the following sections:

Technology Challenge/Situation
Describe what is happening

Technology Problem
Describe what your project must do

Ideas
Draw picture(s) of your chosen idea or design remembering that innovations are produced by:
e combining "old" inventions in ways which produce a new invention,
* making changes (improvements) in "old" inventions,
e inventing new uses for an "old" inventions,
e inventing anew product or process by combining parts of "old" inventions.

Construction
Things | need
How I will makeit:

Evaluation
Make up ways to measure the success of your invention. Keep the following in mind:
» steadily increasing cause variables;
*  keeping most other known variables constant;
e measuring both the cause and result variables, where possible;
e repeating each test several times (eg. 10 times);
e repeating each measurement afew times (2 or 3 times);
Plan the data tables in which you will record the results of the tests of your invention.
Make sketches of any graphs which show the results which you hope to get in your tests of your invention.
Communicate your conclusions to others.

Figure 6: Desgn Activity Example
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