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PRESENTATION 1

5.1 Constructing Scientific Dis/Ability

Wolff-Michael Roth
University of Victoria, Canada

The followings are from "RETHINKING SCIENTIFICLITERACY" (Routledge,
2004, W-M. Roth & A. C. Barton) chapter 6. (Constructing Scientific Dis/Ability) :
Reproduced by courtesy of autho

[The] deletion of students' work and voices is daily practice in today's schools.
Their contributions to collective achievements are consistently DELETEd in

the service of sorting individuals, by means of grading, into standard curricular
trajectories, Institutionalized forms of accountability such as grades, take students
out of the continuity and complexity of their activities and pass them through
sorting devices that are intended to assess many things but say nothing about

whether they should engage in particular career trajectories. 1

Wolff-Michael Roth and Michelle K McGinn

In the preceding two chapters, we encountered children and youths whose
experiences in school science have often been negative, Despite extended
efforts, Latisha continued to get unsatisfactory grades. Even if these youths were
to receive top grades, few would have opportunities to engage in trajectories of
upward mobility, The needs of these students, as the needs of diverse groups of
peoples concept white middle-class males are often not met, leading to, by and
large, their exclusion from science. In school science, there are often differences
inachievement along the lines of gender, race, and social class, Yet across many
studies, there were no such differences in achievement (as shown by statistical
tests) after students participated in innovative, hands-on, and discourse-focused
curriculums that I (Michael) had designed with resident teachers to promote an
agenda of science for all students. The tests in another recent teaching project

of mine revealed that five of the seven students in the top achievement quartile
had been students who were designated by the local school system, North
Vancouver, Canada, as cognitively disadvantaged (learning disabled) or socially
disadvantaged individuals. When fellow science educators asked me why

the normally highest achieving students were not also the highest achieving
students in my teaching experiment, I felt embarrassed because I did not have a
clearanswer, My subsequent analyses of the data showed that while normally
"disabled" or "lower-ability" students sometimes had problems on written tests,

but when a great variety of test formats were used, it allowed them to achieve
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aswell or even above other students, Whereas these analyses provided partial
answers to my colleagues' questions, we still do not have a model that explains
why traditional orderings of students were altered in the curriculums that T'was
designing It turns out that if we use a system-oriented perspective of the activities
in which such students are involved, we come to understand why the "learning

disabled" students have done so well.

In this chapter, we show how "ability" and "disability" are the result of a particular
organization that prevents or prohibits students from making use of opportunities
to know and leam, We also show how the same students who are constructed

as learning disabled actually do many things that we normally associate with

high ability, if only the contexts of their activities are appropriate, We show

how situations mediate the assessment of disability and ability, which could
subsequently be attributed to and turned into characteristics of these same
students, If science knowing and understanding are conceptualized as features of
situations rather than individual persons, there are then considerable implications

for science teaching,

ACTIVITY, AGENCY, AND IDENTITY

The stories in this chapter feature two students from Oceanside, the village that
already featured in Chapters 2 and 3. Both were identified by their school and
the local school system as learning disabled, who took part in an environmental

science unit (described in more detail in the next chapter). Based on other

activities in the community, where different representational forms are legitimately

used, the teachers (including me as co-teacher) began to encourage students

to conduct investigations on their own terms, to choose and take control over
their data collection and representational tools to best fit their interests and

needs. Audio-recorded descriptions, videotaped records of the Henderson

Creek watershed-related student activities, photographs, drawings, and other
representations began to proliferate (see also Chapter 7). This provided contexts
of knowing and learing that led to an increasing participation of female and
aboriginal students often excluded by other forms of instruction, It also meant that
atraditional conception of science and science education in the community had
to be abandoned. Ultimately, the children presented the results of their work atan
annual open house organized by environmentalists whose principal focus was

the ecological health of the Henderson Creek watershed.

Throughout the iterations of the environmental unit with different classes, the
community was involved in the teaching, This involvement of community
members therefore integrated the 13-year-old children's work with activities in
the community of Oceanside in two ways, First, community members including
aboriginal elders, environmentalists, scientists, and parents came to the school,
assisting students and teachers in the activities, Second, the student activities were
concerned with a pressing issue of the community; the science lessons took
children out of the school and into the community. That is, the children's activity
system was motivated by the same concerns that impelled other activities in the

community, The children participated in legitimate peripheral ways in community
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affairs because the motives that drive the different activity systems school and
community life shared many elements, It is this overlap with the activity system of
everyday life in the community (motive, subjects [community], and production
means [tools, instruments]) that makes the children's work "authentic,"Rather than
preparing for a life after school or for future science courses, children participated
in and contributed to social life in the community. It is in that process that learning
belonging to the various conversations of which individual persons are part was

occutring,

An important aspect of this approach is the endeavor to understand activity
systems, such as those that focus on knowing and doing science as historically
constituted systems, That is, activity systems require an understanding of their
historically contingent nature and of the cultural context that allowed them to
emerge. Similarly, the identity of the subject (individual or group) is a function
of all mediated relations that operate in the activity system. Thus, the problem
of environmental health that motivates the activities described in this chapter
cannot really be understood without studying the historical changes that turned
the area from tribal hunting and gathering grounds to a farming community that
was increasingly under pressure from the expansion of the urban communities.
Correspondingly, agency, knowing, and learning are not thought of in terms of
properties of individuals but in terms of situated and distributed "engagement
in changing processes of human activity,"2 Furthermore, individual agency,
knowing, and learning are subsets of generalized agency, knowing, and learning

available to society at large. Human activities, such as conversing, farming, or

engaging in environmentalism, are therefore irreducibly social phenomena that
cannot be understood as the sum of the contributions of individuals; they are

analogous to threads made of a variety of fibers,

In this chapter, we show that at least some students, far from being disabled

or learning disabled, participate in historically ongoing systems of activity

with others, who are differently located socially and have different subjective
possibilities, to improvise struggles with each other over reaching the momentary,
situated goal that motivates their current actions, We show that when students are
isolated from their goals, intentions, tools, and certain social relations, they in fact
look as if they were disabled, Teachers, school, and the institutional relations that
they contribute to actively produce this disability, However, when such students
are in a position to contribute in ways that most appropriately sustain their own

efforts, their disability disappears,

Focusing on enabling collective rather than individual productivity radically
changes what education is about, These implications can be made intelligible

in the analogy of the different fibers and the thread that they constitute, which

we already introduced and used in Chapters 2 and 3, Although made up of
fibers, the properties of the thread cannot be derived from the properties of an
individual fiber. Furthermore, the properties of a fiber cannot be derived from
the thread, There is therefore a dialectic tension between the natures of fiber and
thread and by analogy, between individual human beings and the society of
which they are part, A collective activity is analogous to the thread, and individual

contributions are no more than the individual fibers. Thus, scientific literacy and
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illiteracy are achieved collectively in specific contexts rather than properties of
individuals or states of individual minds. It makes no less sense to think of a thread
independently of the fibers (individuals, tools, etc,) that constitute it than it makes
sense to think the fibers independent of the thread that sustains them and gives

them direction and shape,

In the following two sections we show how one type of school context produces
disability (in mathematics) whereas another school context produces ability

(in science) We do not have qualms with the fact that some situations can be
recognized as enabling, whereas others turn out to be disabling. But we need to
raise questions about translating enabling and disabling situations into attributes
that individuals end up with as a result; students get stuck with these labels and
develop identities accordingly. Thus, schools and school systems constantly

tag students with attributes such as "learning disabled," "having ADHD,"
"mentally challenged," "educationally mentally retarded," and many others

that subsequently lead to "special services"and a separation of these students
from situations that may in fact be enabling. Many wellknown examples about
enabling and disabling situations come from research in mathematics, Thus,
for example, Jean Lave showed that adults shopping in the supermarket were
nearly perfect on best buy problems, being error-free on 99 percent of the cases
encountered.3 The same adult shoppers were correct on only 50 percent of
best-buy problems presented in a school-like paper-and-pencil format, That is,
whereas the supermarket constituted an enabling situation, many paper-and-

pencil problems were disabling situations, Similarly, Geoft Saxe showed that

Brazilian youths who could not read numbers or do school-like money problems
nevertheless were successful at earning their livings as candy buyers and
salespersons 4 Again, the wholesaler's office and the street markets constituted
enabling situations in which the youths contributed to their families and to society
by earning a living. The following two sections show how disability and ability
are produced in school contexts, forcing us to reconsider how we think about

scientific literacy (ability) and illiteracy (disability).

THE PRODUCTION OF LEARNING DISABILITY

There are suggestions that learning disabilities are the result of situations rather
than attributes of individuals across situations; assessments of science ability

are socially constructed and therefore value-laden.5 This was also the case at
Oceanside Middle School where I (Michael) have done much of my work on
learning and teaching environmental science. In this school, children who are
labeled as learing disabled (LD) or as having special needs (e.g., because of their
status as aboriginals) often do not exhibit learning problems or learning disabilities
when their activities are integrated into the larger concerns of the Oceanside
community (for details about the community and its water-related problems, see

Chapter 2).

The students come from working- and middle-class backgrounds; about 10
percent of the students are from aboriginal families who chose public over the

tribal school 6 A substantial number of students in this school are designated



as having special needs (the school receives funds for special instruction). For
example, in one of the classes we taught, there were 27 students (15 male, 12
female), 5 of whom designated as LD, and therefore "special needs students,"and
four additional students were from the local First Nations band. In the course of
this work, I observed that a considerable number of aboriginal students appeared
uninvolved in the school, resigned, and generally achieved low grades, However,
when I'was invited to conduct a workshop in a summer science camp for
aboriginal children that was normally taught by aboriginal people, Iwas able to
see a drastic difference in the involvement of the same children when activities

were framed in their native context,

As in previous studies where I had designed innovative, hands-on curriculums
focused on participation in practices rather than on getting knowledge into the
head, there were no differences in achievement between the 13-year-old male
and female students, Furthermore, two LD students, Steve and Davie, achieved
the highest scores on a unit test designed by the resident teacher in the class, Davie
in particular had become such an expert that he assisted in teaching another class
of seventh-grade students to conduct research in and alongside the creek. He
also participated with others in the open house organized by the environmental
activist group in the community. At the same time, excerpts from Steve's and
Davie's answers on a unit test (Figure 6,1) both exhibit their understandings but
also, particularly in Davie's case (Figure 6.1, bottom), his "spelling and writing
problems."That is, the very format of traditional assessments, conducted in

settings that isolate students from the social and material resources characteristic

of the other settings where they were observed as being highly literate, constructs
disabilities with which students get subsequently stuck. The production of

learning disability became clear when I observed Davie in his mathematics class.

The mathematics teacher, Cam, had agreed to cooperate with the science teacher,
Nadine, to teach students a variety of graphing techniques, By cooperating with
Nadine, Cam saw that her science unit could reinforce those skills that students
were supposed to learn in mathematics, On this day, Cam had prepared a sheet
containing several columns of data that students could choose from, which they
would then work with, He explained the task as one of finding relationships.

He reminded the students of the lessons where he had taught them a variety

of graphing techniques, including pie charting, bar graphing, and scatter

plotting, Cam distributed sheets of graphing paper and the sheet containing task
descriptions and data . He encouraged students to use pencils so that they could

easily correct any errors that they might make.

Asthe students settle down, they reach for their pencils, rulers, and erasers, On
this day, Jamie was paired with Davie, Jamie was a quiet student, always task
oriented and doing what the teachers asked. He was classified as "one of the
better students," not the best, but "always producing reliable results."Davie does
not seem to know what they had been asked to do and queries the teacher, who

is passing his desk.



Fig. 6.1 These excerpts from a unit test by Steve (top) and Davie (bottom) provide
evidence of their understanding and, in Davie's case, of his "disability," which

does not show up in other situations,

Davie:  Whatare we supposed to do? Like what is a bar graph? (Points to an
example of a bar graph in the book in front of him.)

Cam: A scatter plot graph and choose the speed and one of these other cat-

egories,

Davie:  We are comparing this (He points to one column on the task sheet.)

and this (Points to a second column.,) and this (Points to a third column,).
Cam: So make a scatter plot that compares two things.

Davie:  Buthow doImake a scatter plot? (He restlessly gets out of his seat and

appears to move away fromit.)
Cam: You are not going to do it? (He gently pushes Davie back into his seat.)
Davie:  Jamieis goingtodoit,

Cam: And you are going to do the rest of it? OK!

Despite the teacher's encouragement, Davie gets up again after the teacher has
moved on to another pair of students, He returns about one minute later, Jamie,

though usually a good student, does not know what to do,

Jamie:  What do we have to do?

Davie:  Ithought you knew whatto do.

Davie does not turn out to be of great help. Rather than answering, he puts the
responsibility for knowing what to do on Jamie. He had relied on Jamie to know
what they needed to do, and perhaps trusted that Jamie would do the work.,

AsJamie begins to draw axes on his graph paper, Davie orients himself toward
another group and throws some paper, He gets up and walks around, goes first
to one group, then another, talking about the lemonade in the bottle from which

he is constantly sipping. He returns and watches Jamie for a while, then talks to
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the students to the left of him, then to those on the right. Jamie does notlook up
but sedulously works on the task assigned by his math teacher. During one of

the brief moments when Davie is watching, Jamie asks him to look for the largest
number in the data table, which Davie finds and reads out, Davie then turns his
attention to other things and people, and at one point, even whistles, When Cam
passes nearby, Davie says, "We don't get this,"but the teacher continues moving
toward another group. Davie watches the students on his left and begins to talk,
but turns his attention to Jamie when the teacher comes back to their table, Brad, a

student sitting at the next desk also joins in,

Cam: (ToDavie.) Are you contributing?

Davie: Some,

Brad: What kind of graph are you using?

Davie:  Idon'tknowhowtodoit,

By answering "some" to the teacher's request, Davie keeps himself out of trouble,
"Some" constitutes an appropriate description should the teacher have observed
him in off-task behavior, but at the same time indicates a certain level of participa-
tion, which, because still unspecified, could be negotiated should the need arise.

The teacher seems to be satisfied with the response and moves on. Butitis clear

that Davie does not know what to do when his neighbor, Brad, asks him about
the kind of graph that he and Jamie are using. Davie never focuses again on the
task for the remainder of the dedicated time, He walks about the classroom,
shares his drink with other students, and sometimes watches what his peers in
other groups are doing, He does not attend to the task or listen to the teacher, who

returned once more to Davie's desk .,

In the end, Davie spent less than two minutes of the twenty-six minutes allotted
interacting with Jamie, talking to the teacher, or engaging in other ways. The sci-
ence and mathematics teachers of this class, after viewing this and other video-
tapes, suggested that Davie always behaved in this way, that he had ADHD and
severe writing problems, For all of these reasons, in addition to the test results
from the school psychologist, he had been classified as "leaming disabled." Davie
was regularly pulled out of the classroom to receive the "special services"to which
a student in these categories "has a right."Few if any in the school seems to ask
whether pulling Davie out of the regular context with his peers would be more
harmful than good. The ideology of teachers and principals in the school held that
Davie had problems, which "needed to be fixed," before he could benefit from
regular instruction, Nobody seemed to wonder whether the "special services"
might actually be disservices, earning Davie similarly unchanging grades that
Latitia, the girl in Chapter 5 experienced, despite extended engagement in "extra

activities"

To understand and explain the production of failure to do school mathematics,

letus look at the activity as a whole, (The motive of activity is located at the level



of the society and therefore goes beyond the tasks that students complete; rather
than hands-on activity, we should be talking about hands-on tasks.) Davie faces

a task that he has not chosen; the object of this task is different for him than for the
teacher, so there is a contradiction inherent in the task, He does not know the ori-
gin of the data and is unfamiliar with the context that created them, Furthermore,
the teacher controls the means of production, Rather than allowing students to
use the six computers in the classroom or the twenty-four computers in the neigh-
boring, connected computer room, the teacher has them use paper and pencil.
There is therefore a contradiction between the tools children are allowed to use
and the more advanced tools actually available in the setting, and therefore also
between this activity and an activity more advanced culturally and historically. The

teacher allowed students

to work with a partner, so that, drawing on the division of labor, "weaker"students
could partake in successfully completing the task, However, Davie let Jamie do
allthe work, Thatis, there is a contradiction in the teacher's intention for the group

work and the way in which Davie contributes.

In the context of these contradictions, Davie does not produce the graph or con-
tribute to producing it in the way that the teacher had intended. There was no
outcome, Associated with production is consumption in and by the community,
which also means production of the individual subject within the community.
That s, Davie's failure to produce something on the task is reattributed to himand
becomes a label. Davie not only fails to produce the graph but also is produced

(constructed) as a failure in the process. Now, whereas "the production of failure

isas much part of routine collective activity as the production of average, ordinary
knowledgeability,"7 the present situation differs because the production of failure
coproduces learning disability, which becomes a resource for others to construct
Davie in ways that are a liability to him, As shown in the next section, this image of
Davie as a failure and an LD student stands in stark contrast to other situations that
produced a highly literate individual. We will use this contrast as a ground for sug-
gesting that teachers (as well as psychologists) evaluate situations (characterized
by all the entities that enter an activity- theoretic framework) rather than individu-
als,

PRODUCING KNOWLEDGEABILITY

In their regular curriculum, both Davie and Steve experienced learning problems,
Throughout the unit I (Michael) designed, however, Davie and Steve participated
in knowledgeable ways, not only learning about science but also assisting peers
and adults alike in learning science, Davie and Steve participated in an activity
system and produced knowledgeability in such a way that, if one wanted to focus
on individuals, (science) "ability"would have been attributed to these students,
Four situations are described to show how it was possible for Davie and/or Steve
to emerge from this unit as an expert rather than as learning disabled students.
That s, this science unit, which essentially consisted of contributing knowledge
to the community by working on a community- relevant problem, set up situa-

tions in which Davie and Steve turn out to be functionally and scientifically literate



EATSID O
—_T_,.J_}oh?_.n._

individuals, In the resulting activity system, the community mediated the relation
between the subject (Davie and Steve) and the motive of the activity in enabling

them to move along a trajectory of legitimate peripheral participation.

Davie and Steve in the Field

This is the second day out in the field for the seventh-grade class, The teacher

has asked the students to familiarize themselves with the different instruments
and tools available for collecting data. Davie, Steve, and Jamie forma group. The
video shows them deciding to investigate whether soil temperature is different in
different surroundings. In contrast to the previous day, they have obtained a regu-
lar alcohol based thermometer mounted in a rigid casing so that they can measure
soil temperatures, Jamie has a notepad to record observations, the type of setting

where they measure the temperature,

Steve:  Usually it goes down, that is what I observed last time. The ground is

usually colder when it is outside,

Davie:  (Closely observes thermometer and falling temperature.) It's going

down,
Steve:  Observe the spot, Like, write down where it is,

Jamie:  High stump and grass.

Steve:  Let's pull it [thermometer] out.
Davie:  No, because it hasn't gone completely down,

Steve:  Thirteen, Well, lam going to stick it back in, (Jamie is still writing,) It
doesn'ttake very long, Yesterday we measured about five or six or seven, all of
them, (Closely observes thermometer.) It's gone to about, ., . . (Pause.) Do you

want to see how sensitive it is? (Pulls out thermometer,) Watch!
Davie: But we want to measure

Steve:  Watch! (Holds thermometer tip in hand. Liquid column doesn't seem

to move,) Maybe because of all the dirt. Maybe it takes a bit longer.
Davie:  Itisnotas sensitive,

Steve:  The other one, when we just touched it, whoop. (Indicates an updown

movement along the thermometer,)
Davie:  Itis probably notas sensitive as the other is.

Steve:  Yeah, it doesn'tlook as sensitive, I guess this is all that we have to do

here,
Davie:  Westill didn't finish it
Steve:  Yeah, wedid,

Davie:  Ttwasstill going down when you took it out, because it's going slow.



Steve:  See, it wentup past fifteen. Jamie, it's your tum,

Davie:  Ithink it will be lower, (Looks up at canopy.) That one (Points toward

the opening in the canopy.) wasn't covered,; it will make a difference.

In this episode, Steve and Davie construct sensitivity differences between soil
thermometers, Arising from their observation that the indicator column had fallen
only slowly, Steve pulls the thermometer from the ground to show Davie, who ar-
gues that the temperature reading "hasn't gone completely down."Demonstrating
thermometer sensitivity, Steve holds the measuring tip in his hands but the liquid
column does not seem to move, Steve uses this information to argue that the ther-
mometer is not as sensitive as the one they had used on the previous day; Davie
supports this conclusion by reiterating the statement about the lower sensitivity.
Based on this conclusion, Davie subsequently argues that they needed to mea-
sure the temperature again, for Steve had pulled it before they "finished it "He sug-
gests that the temperature should be lower than in the previous spot, which was

not covered by the canopy and therefore was more exposed to the sun.

In this situation, Steve and Davie did not just use the tool in a rote manner to read
the temperature, From the differences in responsiveness to warming, they con-
structed the thermometer as less sensitive than the one used on the previous day.,
Therefore, as is evident from Davie's statement, they needed to measure fora
longer time to get the temperature, He used the previous measurement, taken in

a presumably warmer spot, as an additional referent in making his point, This mo-

ment therefore shows considerable knowledgeability rather than the rote collec-
tion of data that students in "cookbook"activities often seem to engage in. Davie
and Steve were very much invested in this unit, They had many ideas for different
investigations that they could conduct and found that the teacher did not plan suf-

ficient time for going to Henderson Creek, where they were going to investigate.

Davie and Steve, in the same way as their classmates, collected data and con-
structed representations of the creek that ultimately made it into the community,
through the community newspaper and the Website of the environmentalist
group described in Chapter 2 that sponsored the unit, In some instances, the chil-
dren constructed visual representations that were not unlike those constructed by
the environmental activists and their volunteers, As Figure 6.2 shows, Davie and
Steve produced a creek profile that had striking resemblance with that produced
within the environmentalist group (see also Figure 2 3)differences, of course, arise
from the different means of production employed to produce the respective dia-

grams (pencil vs, computer software).

Davie and Steve eagerly participated throughout the unit and developed consid-
erable expertise. Working, among others, with Jamie, an environmental activist,
ora class parent who accompanied the class into the field, Davie and Steve could
not be perceived as leaming disabled students, To the contrary, teachers observ-
ing the videotapes were taken by the tremendous level of knowledgeability that
both exhibited and the leadership roles that they had taken with respect to peers,
Viewing both students through the disability lens, the teachers had not seen either

student in this light. When the science teacher asked students for volunteers to



present their research and results in another seventh-grade class, which was slated

to do a similar unit, both Davie and Steve volunteered,

Presenting Research in Other Science Classes

Davie and Steve were central participants regardless which role they were taking

in the project. Thus, when they accompanied their teacher

Fig. 6.2 Cross sections of Henderson Creek produced by Davie and Steve as part
of their investigations (top) and, in a different part of the creek, by the members of

an environmental group (bottom).

(Nadine) and four peers (including Danielle and Niels, who appear in the tran-
script below) to another class to talk about their research and results, they did not
simply tag along and thereby get out of their responsibility toward another course,
Rather, they were active and knowledgeable participants throughout the presen-
tation, The following is an excerpt from the presentation, during which the stu-
dents and science teacher (Laura) of the other class asked questions in an ongoing

way.

After other students and Nadine finished talking about the invertebrate study they

had conducted, Steve comments that they completed other investigations as well.

Steve:  We didn'tjustlook at the invertebrates; we did like, everything, tem-

perature and D-O [dissolved oxygen] stuff,

Danielle: Also, we've been the water temperatures, because, well, if there are
trees covering over top of the creek, then the water would be colder, because of
the shade over the creek. So if there is less oxygen at higher temperature, it is very

difficult for the critters in the water to survive,
Laura:  Sothey survive more in colder water than in warmer water?

Niels:  Yep, because the dissolved oxygen level, or D-O, is way higher.

Laura:  Socolder water has more oxygen?

Steve:  Yeah, We also found that the different parts of the creek are at different
temperatures and all that,

Davie:  We were also measuring, like Danielle was saying, She was talking

about the overhang about how the bushes came over, We measured that, And
we also measured, as they were saying, the D-O, or dissolved oxygen, and how
much oxygen is in the water, and it was higher in the shade because the oxygen

affects the organisms.

Nadine: It is important to have high levels of oxygen, because the fish need the
oxygen to breathe and if there is not enough in there, there is probably nota

whole lot of fish in there.



Danielle links the lower temperatures in covered areas of Henderson Creek with
the levels of oxygen, which were lower when the temperature was higher, When
Laura asks about the relationship between survival and water temperature, Niels
provides an explanation for it When Laura expands her question about the re-
lationship between temperature and oxygen, Steve and then Davie provide an
elaborate answer in which they relate the levels of dissolved oxygen (which they
had measured with a dissolved-oxygen meter obtained from the environmental
activists) to temperature. They also mention tree and bush coverage as affecting
the temperature, an issue that had already emerged early in the unit (see previous
episode). Nadine links the levels of oxygen to respiration and low survival if there

is not sufficient oxygen.,

In this situation, the students and Nadine speak about their work without prompts
or props. The discourse is highly informative and scientifically literate. The stu-
dents had not just obtained dissolved oxygen levels from someone else, but mea-
sured them on their own, They leared to competently operate a variety of instru-
ments (i.e., tools) and use them for their purposes, More importantly, the students
did notjustassemble their collected data in some required way but constructed
meaningful relations between different types of observations (variables), When
asked, they speak about these relations in a knowledgeable way, appropriately
responding to questions from Laura, who learned, as subsequent debriefings and
interviews showed, from these exchanges with the students from another class,
Here, a teacher (Laura) learns science, among other things, from Davie and Steve,

who supposedly are learning disabled students.

Presenting their work to another class was not the only way in which Davie and
Steve contributed to the learning of others, They were among the first volunteers
when asked whether there was someone interested in helping Laura and Michael
to introduce this other class to doing research in and along Henderson Creek on
their own, By participating in supporting the activities of their peers from another
class, Davie and Steve both expanded the learning opportunities of others and
the possibilities for their own participation in and learing of science, By partici-
pating with and supporting others, they increased their own knowledgeability of
the subject, which we understand in terms of levels of participation in ongoing,

community-based, and relevant meaningful activity.

Expanding the Learning Opportunities of Others

As peer teachers and coaches, Davie and Steve contributed in varied ways to the
successful science unit in Laura's class. Both students participated in whole-class
presentations, where they illustrated, for example, the use of instruments, and led
small groups of students in and along the creek. In the following excerpt, Davie
and the teachers (Laura and Michael) introduce Laura's class to some fundamen-

tals of working with Serber samplers and D-nets, used for capturing invertebrates,

Davie:  See,and you only do it in there [within metal square of Serber sampler]

to find out in that one area how much bugs there are. And you have to do it really



good when you use this one, because you want to find out exactly how many
bugs there are. This one [D-net] you canjust try and estimate the area in front, but

because it is not accurate, you are just trying to get much bugs in there.
Laura:  Davie, how long do you get your hands in there and rub?

Davie:  Idon'tknow exactly, Ijust move around in there, about a minute or

two, just to get everything.

Michael: With the D-net, you should take about one square foot, because other-

wise we won't be able to compare the counts across sites.

In this episode, Davie demonstrates to his peers how to use the Serber sampler
and the D-net, the two tools students used for sampling the invertebrates, But
students are not the only ones to learn from this situation, Laura, who had not
used these tools before, finds out about the procedure for collecting samples. This
situation, like many others involving Davie that are recorded on video, does not
produce the public appearance of a learning disability. Being both an individual
subject and an aspect of the context for others, he contributes to the learing in the

situation involving students and adults (e.g., teacher, parents) alike,

In this, Davie is one of several knowledgeable participants that make science
knowing and learning possible for the students in Laura's class, Later during the
same lesson, the video shows Davie simultaneously assisting two groups of stu-

dents. One group of three boys had decided to measure the speed of the stream.

A group of girls working next to them collected invertebrate samples.

Davie:  OK, you guys [boys' group] choose a spot. Maybe go along there
[shore]. Then you have to measure how deep itis. And then make a breakdown

[into upstream and down-steam].
John:  Isthis exactly five meters?

Davie:  Yes, itis. You guys, put this [Styrofoam] in the middle of the stream,

where the water is flowing a bit. And then you just throw it in there and measure
how long it takes. (Moves to gitls' group, headed by Lisa.) And you put the net in
like this, and you move around like this (Washes rocks with his in front of Serber

sampler.) and you will get lots of bugs in there.
Lisa: And they will go into the net?

Davie:  Yes, the water flow will take them in, You also will probably have lots

of sand.

John: We could have the string, and then multiply the time by two,
Davie:  Yeah, that would work. Just pull the string. Who has the stopwatch?
John: Ido,

Davie:  You putthe hand on zero, and when you let the ball go, you press the

start,



Len: Will we check for the bugs?

Davie:  Later, first we measure how fast the water goes,

In this situation, Davie accomplishes multiple tasks. He organizes John and his
group into setting up their investigation, getting their tools, and he shows and
explains how to sample a spot in the creek for invertebrate organisms, In stark
contrast to the mathematics lesson described earlier, Davie is not only on task but
also and simultaneously manages to knowledgeably assist two groups of stu-
dents, who are engaged in and accomplish different investigations. He provides
directions on how to note the results of measurements an outcome of his actions
by showing, for example, how John and his group ought to use tables for record-
ing stream speed and stream width (Figure 6.3, top). He subsequently helps them,
finding additional assistance from a teacher, to produce a visual representation
of the data, (The graph in Figure 6.3 features circles drawn by a biologist who as-
sisted students in interpreting the plot.) Davie is frequently so eager that he often
takes over from the students he is supposed to assist. The adult teachers have to
remind him that he is to scaffold the inquiries of his peers rather than taking the

inquiry away from them,

Even if one attributes knowing and learning to individual students, the present
episode suppoirts the contention that Davie contributes to the enactment of sci-
entific literacy rather than of learning disability. Again, the situation supported the

emergence of scientific literacy and did not create and make visible any learning

disability. All we see are children in the pursuit of their investigations, assisted by
another child who has had more experience participating in such investigations

than the others,

Exhibiting at the Open House

Visitors of all ages, adults and children who were younger than they were, came
to the open house that took place in a community hall. Steve and Davie spoke to
many visitors, Again, the situation did not contribute to bring disability and learn-
ing problems to the foreground. Rather, both students were experts in their own
right duly recognized by their peers and by visitors. That is, the analysis of Daviein-
the-open-house-event-among-visitors-and-artifacts revealed high levels of exper-

tise that, in the tradition of conventional psychology, can be attributed to Davie,

For example, the video shows Steve tending to a poster featuring a map and pho-
tographs of his research sites, a list of tools, drawings of different invertebrates,
and abar graph of the frequencies of different organisms. An adult approaches
the poster and asks what he is presenting. As Steve begins to talk about the proj-

ect, Davie joins into the interaction,

Steve:  We have gone out to three different sites, Centennial Park, Malcolm
Road, which is right by Oceanside School, and Oceanside Farms, You know

where this is at?



Adult: (Nods.) Yeah,

Steve:  And we counted them., (Points to histogram they had constructed, Fig-
ure 6.4.) Like, we collected all these samples (points to invertebrate drawings) and
counted them and we plotted them (points to graph). And we found these sorts of
bugs. (Adult looks at drawings of organisms.)

Adult:  Are those (Points to stone fly larva drawing.) around now? Are those fly

larvas?

Davie:  We might have one of those right now. Iam not sure, But T know that
we have lots of these, lots of mayflies and amphipods.

Steve: And worms,
Davie:  Andwe also got crayfish,
Steve: And the ones that are called bloodworms,

Davie:  These are very common in some spots, Some spots there are, like,
lots of worms, and at other spots there are none, Usually, we don't get very many

mayflies at that time of the year,
Adult:  Howdid you catch all of them?

Steve:  Like that (Points to photograph showing student with Serber sampler.)
orwith D-nets, Like see, we have tools there (Points to displayed list of tools.), and
aD-netisa net thatlooks like a D, It has a flat side that sits on the bottom. And we

just brush the rocks in front of it (Waves with hand.), and the bugs fall in, And then

we just pick up the net (Points to photo,) and throw it into the bucket, Then we

take it back to school and look at it

Davie:  (Toadult) Come over here, I put one under [the microscopel, so you

can take a look at it, (Goes to microscope, focuses it for the adult,)

Fig. 6.3 Data table and plot correlating stream speed and the width of Henderson

Creek at different places (upstream, downstream).

Fig. 6.4 Histogram constructed by Steve and Davie, showing the number of inver-
tebrates per square foot at three sampling sites along Henderson Creek.

In the first part of this situation, Steve and Davie knowledgeably talk about their
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research, where it had been conducted, the type and frequency of the organisms
that they had found. Davie points out that some of the organisms cannot be found
atthe particular time of the year during which they had sampled. Subsequently,
the adult asks the two students how they had caught the organisms, In an ex-
tended fashion, Davie and Steve explain by drawing on resources immediately
available in the situation, They point to photographs or describe tools in words,
They articulate key features of the procedure by means of which the specimens
were detached from the bottom of the creek, how these enter the net, and how to
empty the net into a bucket, subsequently used to transport the organisms back to
school, Steve's final statement segues Davie into an explanation of the microscope
work he had done with the invertebrates. He places a tray under the microscope
and allows the adult to observe it Together, Davie and the adult then attempt to
classify the organism, engaging in a comparison of the specimen under the micro-

scope and a set of drawings used for classification purposes.

In the context of this open house, where community activists presented posters
from their own work, and where visitors of all ages moved from exhibition to ex-
hibition, Steve and Davie were legitimate contributors to a public event, Whereas
the videotape that features Davie in his mathematics class and his written state-
ments on the unit test (see Figure 6.1, bottom) lend themselves to make traditional
assessments of a learmning disabled student, the present data show Davie at-the-
open-house as highly knowledgeable. Evidently, the conditions that produced
learning problems and disability become visible in the conventional school

contexts did not exist here, Rather, Steve and Davie's participation contributed in

important ways to the very emergence of the phenomenon in which we are inter-

ested her scientific literacy.

KNOWLEDGEABILITY IN EVERYDAY ACTIVITY

In the preceding section, we provide descriptions of several situations, transcripts
from videotapes, and examples of the visual representations Davie and Steve pro-
duced or helped others to produce outcomes with the means at hand and given
the social relations enacted, Davie and Steve came out of this unit feeling very suc-
cessful, Every part of their involvement, as investigators, presenters to others, peer
tutors, and open-house exhibitors, had provided them with opportunities to par-
ticipate in legitimate ways not only at school but also, and more importantly, in the
community, They interacted with environment, peers, activists, parent helpers,
teachers, and open-house visitors about Henderson Creek and the environmental
health of the associated watershed (motive of their inquiry). The outcomes of the
interactions included visual scientific representations (inscriptions) of and scien-
tific discourse about Henderson Creek., But, as a result of these productions, Davie
and Steve were themselves produced as able, legitimate peripheral participants

in community science, That is, based on these situations (and my videotapes),
one is tempted to construct and re-attribute scientific literacy to both students, as
something that they carry around in their heads, Here, then, we have a contra-
diction: How do Davie and Steve come to be both learning disabled and highly

literate students at the same time? How is it possible that Davie fails to contribute
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to the construction of a data analysis in his mathematics class and yet be so astute
in assisting his peers to construct a graph from their data? How is it possible that
Davie (frequently) and Steve (sometimes) are jerked out of their regular classes to
"fix"their learning disability when it is possible to design situations where they turn

outto be highly able?

In the context of this science unit, Davie and Steve chose, together with their

classmates, to conduct investigations in the creek and they chose the particular in-
vestigations that they wanted to conduct, Thus, there is no contradiction between
the teacher's and the students' goal for individual investigations, Furthermore, the
students chose the tools and instruments with which to conduct their inquiry, that

is, they owned the means of production. Again, the corresponding contradiction

that appeared in the mathematics class no longer existed, In ordinary schooling,
teachers represent the community; students produce tasks for teachers who are
the sole evaluators of learing outcomes, and who assign grades that become
markers of students' qualities as leamers and human beings, In the situation pre-
sented here, the community included students in other classes, their teacher, and
the community at large. The representations of Henderson Creek produced by
Steve and Davie became part of the knowledge in this community through com-
munications and exchanges during the open house, in a newspaper article, and
on the Website of the activists, The visual and verbal representations that they had

produced were distributed across the community.

We do not claim that schools are the only setting that produce failure, Rather, fail-

ures and successes are produced in everyday activity in an ongoing way though,
in different amounts and of different quality than they are produced in schools,
The production of failure is not our contention, Rather, the problem with school
tasks is that they lead many students to fail, This failure, as shown in Figure 6.1,
subsequently becomes an attribute of students noted in qualitative (anecdotal)
form ("good student," "poor student,"etc.) or in the form of grades, which in turn
bias the (career) trajectories of the labeled individual. Thus, for Davie and Steve,
the contradictions continued even as this science unit was under way, In other
classes, they still failed to produce the teacher-determined standards, which add-
ed to the reification of the LD label and further jerking out of the regular classroom
settings to "fix" the learning disability.

RETHINKING SCIENTIFIC DIS/ABILITY

Science educators need to find and build alternative activity systems in which the
meditational entities that influence learing in and of diverse student populations.
We need activity systems that sustain a broader vision of scientific literacy than
the narrow view currently enacted in schools and policy alike, We presented
evidence from a three year ethnographic project within a middle school where
we (students, teachers, parents, activists, and researcher) enacted a curriculum
consistent with the motivation of other activities in their community. In the pro-
cess, learning was made possible as students exchanged knowledge and tools

with others and produced knowledge for the community, which the community
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consumed. Our analyses showed that in this unit, the activity system focusing on
the students shared many similarities with the activity system that focuses on other
individuals in their community, Thus, in everyday water- and watershed-related
activities, adults defined purposes, goals, tools, division of labor, rules of interac-
tion, and so forth (see Chapter 2). Similarly, we found that the motivation for the
children's actions integrated well to other immediate life-world aspects; these are
indications of an empowered citizenship. We showed that this focus eliminated

many contradictions characterizing ordinary schooling,

The considerations and findings presented here now allow us to view "ability"
and "disability" in a different way. Because the unit of analysis in this study is the
whole activity, the subject of activity never exists outside of its relation to the other
elements in the activity system and the mediated relations that they give rise to.
What we ought to consider (taking into account something that is already embod-
ied in evaluative practices) are situations such as Davie-in-the-mathematics class-
required-to-do-data-analysis or Davie-in-another-seventh-grade-class-as-teacher-
scaffolding-inquiry-in-and-about-the-creek., These hybrid entities involve all those
entities and meditated relations that are salient in a systemic perspective of activ-
ity. Itis these situations that are scientifically literate or mathematically illiterate;
"good," "learning disabled," or "obnoxious" students are always good, learning-
disabled, or obnoxious situations rather than propetties of the students, (We take
it for a given that attributions such as "poor" or "highly able"may be used for the
same student in different situations.) As an activity system (here schooling) devel-

ops in time, so does the subject, whose lived experience and biography arise from

activity as a thread woven from the fibers of the elements, Whether the resulting
thread (i.e., the individual student who is the subject) is best characterized by the
terms "learing disability" or "ability" is a function of the varied situations (consti-
tuted by motive, tools, rules, community, and division of labor) in which students

find themselves,

Readers may have noticed that a subject both participates in producing and is itself
the outcome of activity. This is an aspect of the dialectical constitution of subject:
we are always participating in activity, but who we are is determined from the
outcomes of activity including interactions with others, We see that "ability" was
produced as Davie and Steve participated, with other children, in an activity that
was similarly motivated as those in which adult members of the community en-
gaged (see Chapter 2). During the open house, Steve and Davie were accepted
alongside the activists as legitimate participants in the community. The resulting
conversations therefore broke the mold of normal modes of schooling, opening
up the possibility for lifelong participation in such activities and therefore the pos-
sibility for lifelong learning without the discontinuities that characterize the transi-
tion from formal schooling to other aspects of life, More importantly, for students
such as Davie and Steve, the unit provided a context from which they arose as
able contributors to community life more generally than as learming disabled indi-

viduals,

If the motivation underlying school science and environmental activism, steward-
ship, or volunteerism are similar, based on the nature of tools, rules, divisions of

labor, and community, we can expect individuals (subject) to move along trajec-



1oo| £

ATpSED

tories that do not construct them as learning disabled, Students who patticipate
inactivities that contribute to the knowledge available in their community will
develop into adolescents and adults, continuing to participate in the activities relat-
ing to environmental health, The possibility for such transitions is clearly indicated
by a variety of situations that foster the participation of students and non-students
alike,

THE PRODUCTION OF SCIENTIFIC LITERACY AS CONVERSATION

We can think of Steve and Davie as being involved in a variety of conversations
which are always irreducible, semantically and syntactically, to individual char-
acteristics, Conversations can be understood as activities in which differently
located individuals participate. The interacting individuals constitute the subjects
focusing on some topic, such as Steve, Davie, and the adult talking about the stu-
dents' research results, In the process, the conversationalists draw on (the same or
different) discursive repertoires, diagrams, drawings, and graphs (their means of
production). Division of labor refers to the different roles of listener and speaker,
which the individuals repeatedly exchange in the course of the conversation,
Their interactions are mediated by the rules that mediate turn-taking or the rules
of respect for one another, Finally, participants themselves are participants in the

open house, which itself is part of Oceanside, In this activity system, learning

dis/ability is neither a property of the individual participants nor something apriori
available in the activity system as a resource, Rather, dis/ability is the contingently

achieved outcome emerging from local organization of the different conversa-
tions, In the same way, dis/ability is produced in conversations that take place in

other school situations,

Itis apparent that one can think of situations as setting up "zones of proximal de-
velopment," that is, zones in which students achieve more than if they work on
their own, isolated from the resources normally accessible in out-of-school situa-
tions.8 Our perspective allows us to rethink the notion of zone of proximal devel-
opment as it relates to conversation as activity and dis/ability, In activity-centered
theory, the community (society), among others, mediates subject-object relations,
Individual (restricted) actions are only a subset of all (generalized) actions within
society. Therefore, the difference between the everyday actions of individuals and
the collectively generated, historically new form of activity constitutes a zone of
potential learning. Conversations (e.g., during the open house or a public meet-
ing) can therefore be constituted as zones of learning and development that allow

collective bodies to produce and further develop ability.

Ourway of thinking about learning as changing participation in collective activ-
ity addresses another problem, Traditional educators are concerned that unless
individuals carry knowledge (internalized in one situation) around, it cannot be
found in other situations in which these individuals take part, Such analyses are
problematic in that they break holistic situations apart into things (individual sub-
ject) and the boxes (contexts) that contain them, attributing aspects to either things
or boxes, However, from the perspective of activity, It does not matter whether

some means of knowledge and artifact production (e.g., a graph) is available on a
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computer or has been internalized by the individual subject. Once the tool is avail-
able in the system, it contributes to the activity, The only difference is that, internal-
ized, the use of tools can shift to the level of automatic (tacit), routine operations,
whereas as knowledge residing in tools may remain at the level of conscious ac-

tions,

We take knowing and learing were taken as aspects of culturally and historically
situated activity. Learning is discernable by noticing our and others' changing
participation in changing social practices, Because interaction and participation
cannot be understood as the sum total of an individual acting toward a stable envi-
ronment, learning cannot be understood in terms of what happens to individuals,
Rather, if learning is situated and distributed, educators must focus on enabling
changing participation, that is, enabling new forms of collective activity that is gen-
erated at a level beyond the classroom, As critical science educators, we are par-
ticularly interested in forms of participation that are continuous with out-of-school
experiences and therefore have the potential to lead to lifelong learning rather
than to discontinuities between formal and informal learning settings. As critical
science educators, we are also interested in conversations that allow individual
students to be successful and able participants rather than disabled, marginalized,
and forgotten individuals, As the examples provided here show; this is likely to
mean that we have to give up the traditional controls over the means of produc-

tion, the motive generating activity, and who the activity-defining community is.

CODA

In other activity systems (e.g., penal and psychiatric), it has been recognized that
locking subjects up in institutions (prison, psychiatric clinic) does frequently not
contribute to the solution of problems but, in fact, contributes to their reproduc-
tion, (In Discipline and Punish: The Birth of the Prison, Michel Foucault explicitly
shows the similarities in emergence, structure, and practices of schools and those
of prisons and mental wards.) In some penal and psychiatric systems, structures
have been elaborated that allow individuals to participate (in limited ways, some-
times under supervision) in the everyday affairs of their community. InItaly, a
1978 law sanctioned the end of the psychiatric hospital and established semi-
residential structures in the community to provide opportunities for daytime re-
socialization, Much like Jean Lave's adult shoppers or Geoffrey Saxe's Brazilian
child street vendors, the former residents of psychiatric hospitals found support in
the community that diminished, if not made disappear, the problem that the insti-

tutions had constructed, named, and used as attributes for the individuals,

In the learing situation described here, too, students are no longer contained in
school buildings to keep them oft the streets, to baby sit them, or to discipline their
bodies and minds, Rather, students' actions take place in the community more
broadly, They are not relegated to particular locations (schools) with local and
temporal effects, The outcomes of students' work has relevance and contributes
to the broader life world that they inhabit together with their parents, siblings,
elders, town council members, and others in the community, The same is true for

the New York City youths that we encountered in Chapter 4, engaged in design-



ing and constructing a community garden from an abandoned lot. Here, too,

the youths' work had relevance and contributed to the community at large, both
drawing it into the activity and giving back to it in terms of a finished product, If
science is to be for all as the reform rhetoric has it, then there must be opportuni-
ties to participate in ways that emphasize students' strengths and address their
interests, Rather than setting up situations that bring out disability or inability and
thereby contribute to the reproduction of inequities, we may conceive of science
education as an activity that produces knowledgeability by focusing on achieve-

ments of collectivities,

Such a view implies that (science) educators organize enabling situations char-
acterized by a collective ability rather than disabling situations sorting students

for career-selection purposes. In the same way, science educators might think of
science as but one fiber next to many other fibers in thread of life (including local,
aboriginal, and commonsense knowledge with all their so-called misconceptions
and alternative frameworks). Science educators would then focus on learning as
participating in solving everyday (and societally relevant) problems rather than on
the question whether to teach "the nucleus contains protons and neutrons' before
"an atom has shells filled with electrons"or the other way around. As critical sci-
ence educators, we advocate that we not break individuals out of the societal con-
texts and material settings in which they normally conduct their activities, We ad-
vocate not severing the mediating relations of means of production, community,
division of labor, and situated rules characteristic of ordinary circumstances, Thus,

learning problems and learning disabilities, which are made visible when students

such as Davie and Steve work in regular (traditional) classrooms, are virtually
non-existent in settings such as those that we featured here, We deliberately say
virtually non-existent because, as we pointed out, the studies in ethnomathemat-
ics showed that people who had a mean of 99 percent of correct solutions in the
supermarket dropped to a mean of 50 percent correct solutions on supermarket-

based word problems.

To date, aboriginal, female, and poverty-stricken students are still too frequently
sorted out of science rather than supported so that they can emerge as able indi-
viduals, perhaps in a science that is changing its face, When educators focus on
creating situations that enable rather than disable students, new possibilities of
participation arise, Documenting these possibilities and difficulties, as well as the
knowing and learning that emerge from them, remains virtually uncharted terrain,
Much research remains to be done to study the forms that distributed and situated

cognition take in the approach we propose.
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PRESENTATION 3

5.3 The Teaching Method of Observations

and Experiments in Natural Science for the
Visually Impaired Students

Yoshiko Toriyama
University of Tsukuba, Japan

INTRODUCTION:

THE CHARACTERISTICS OF OBSERVATION AND EXPERIMENT

In nature, there are various information that stimulate all human senses,
Therefore, it is possible for the students with visual impairment to observe and do
experiments through their senses other than the eyesight,

Unfortunately, many people believe that observation and experiment in a science
class with students with visual impairment is impossible, This is because in many
of the school settings, observations and experiments are designed to only depend
on the visual information, and obtaining information from senses other than the

eyesight is not emphasized as much.
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Students with visual impairment can fully enjoy observations and experiments
by using all the senses that they hold, since information of nature is diverse, and

therefore does not only depend on the visual information

In the order for the students to engage themselves in the study activities, it is
necessary for them to understand the setting that surrounds them, and the process
that they are expected to follow, Before the experiment, it is important to take a
plenty of time to let them touch and practice using each appliances on the table,

so that they are comfortable and confident enough to start the experiment.

Tounderstand the overall experiment, it is very helpful for the students to carry
out the experiment by themselves from the beginning to the end. From this, not
only can they grasp the changes in the temperature, texture, but they can also pick
up sound of the gas generating and the scent. By understanding the operation
and reaction of the experiment, they can comprehend the relationship of the
cause and effect, There may be some experiments that are difficult for the students
to handle by themselves, In this case, teachers may help the part which students
are having difficulty with, however, make sure that the students know which part

of the entire experiment they received assistance on.

A case where the experiments are carried out by teachers or sighted peers is
something that should be avoided, Having students with visual impairment

participate by touching only on occasions will not help them understand the

entire experiment accurately, When the experiment involves more complex
and advanced appliances and the chances of accidents are high, there is a need
for teacher's assistance. Buteven in those cases, if the students acquire basic
knowledge from these basic experiments, they will be able to understand more

advanced experiments,

The kinds of basic practices; putting water into the test tube, putting powder such
as saltand sugar into the test tube, mixing by shaking the test tube, and verifying
whether the solid dissolved or not, Some of these tasks are easily understood,

for individuals with vision, However, in order to carry out the experiment by
themselves, repetition of basic practice is strongly recommended for the students
with visual impairment, Combinations of these basic practices will enable the

students to do experiments that are more advanced.

1947-Education Act stated that the school for the blind must follow the curriculum

equivalent to the regular primary, lower secondary, upper secondary school.
1948-Education for the blind and deaf became compulsory.

1960- Science education focusing experiments and observations became

possible,
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CLASS CONTENTS:

INTHE CASE OF SCHOOL FOR THE BLIND, UNIVERSITY OF TSUKUBA

1) Curriculum is equivalent to the one in regular schools
2) Number of students in a class:

elementary, Jr, high school level: 6

high school level: 8

3) 2 pupils in a group in experiments

2 Students ina group doing the experiment, One (female) is totally blind; another
(male) is partially sighted.

Doing the gas generating experiment by collecting the gas in the graduated

cylinder in the water,

2 student examining volume of gas by measuring the level of water using light

probe (will be explained later).

CHARACTERISTICS AND CONSIDERATIONS IN CHEMISTRY EXPERIMENTS
OF STUDENTS WITH A VISUAL IMPAIRMENT

1) UsingSenses

The changes in chemical experiments are not only visual changes Through
the use of other senses, changes can be understood by the students

comprehensively.

2) Using the Light Prove

Device for the blind to notice the existing light and changes in it's color

The sound pitch changes depending on the brightness of light

When the light is bright (white color), the pitch will be high and when it is dark
(black), the pitch will become low

. Checkingto see if the clear liquid change white

. The light coming from student's right side is going through the test tube and into
the light prove,

. The pitch of the sound become low due to precipitation .



Student observing light reflected off the test tube in front of the black panel.

Aswhite precipitation is generated in the water, pitch of the light prove will rise
due to the diffused reflection,

In using the light prove effectively

(1) Have students understand the flow of the experiment. Be sure that students
understand WHAT and WHERE to measure with the light prove in the

experiment.

(2) Every time the light prove has a change in its pitch, have students reinstate the
meaning behind it,

(3) Reinstate the meaning by gathering together sound, smell, temperature
change; things students were able to observe by their senses and light prove

during the gas generating experiment,

3) Studentas the central figure
To understand the experiment as a whole, and to use all senses:

. students must carry out experiments by themselves through hands-on

participation.

4) Acquiring Basic Operation

Operations in an experiment should be arranged so that it does not depend
onvisual senses, Include enough time for students to acquire the basics when

planning class contents

Putting a certain amount of liquid in the test tube ; a frequently used basic

operation,
. Putting liquid in the test tube by Komagome pipette.

. The amount of liquid can be measured roughly, since the amount of air collected

in the rubber section of the pipette determines the liquid amount.

. Using the dispenser made from a syringe, the student is putting liquid in the test
tube

Itis possible to measure, certain amounts of liquid (1ml, 2ml)

.Foran acid-base titration, student is measuring 10ml of hydrochloric acid using

the fixed pipette

(fixed pipette: able the student to obtain certain amount of liquid by the piston

operation)
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. Anacid-base titration is done by checking the acid base indicator's change in . Equipment that may topple over by a slight touch, should be stabilized

color , with help of the light prove
. Never put objects on the floor; may become an obstacle for students to move

. Test tube is heated indirectly by placing it in the water of the beaker above the around

gasburner
. Have students acquire solid fundamental operation skills

. The student heating the test tube indirectly by placing it in the water of the beaker
. Give instructions on how to deal with possible danger and their indicators, right

ontop of an electric stove
before the experiment
.Itis safe, therefore suited for beginners
. Lighting the gas burner by a match,
EXPERIMENTS IN PHYSICS

The little finger of the hand holding the match is checking the location of the
Power, heat, electricity, sound

burner.
.cannot be seen
} , . use measuring instruments
5) Insuring Safety
. Arrange measuring Instruments
. Increase the safety awareness in every student
.tactile pointer, vocal guidance

. Plan the experiment with regards to time; never rush the students during an POEn &1
experiment .experiments available for
. Plan the experiment, so students can do the experiment in a relaxed students with a visual impairment

atmosphere

. Always tell students when appliances are placed or removed from the desk . _ _
Understanding phenomena which cannot be understood by touching



pendulum (movement is stopped when touched)
. Hangaheavy pendulum (1 0kg 1 skg fromthe ceilingand swing it.
. movement will not stop when touched

. blind student will be able to touch and understand.

Experiment on the Characteristics of Light

Experiment of light traveling straight, reflecting, bending and so on, is accessible

with the use of light prove,

FURTHER EDUCATION

Totally blind students majoring in mathematics in further education  ??many

since 50 years back
1983

First totally blind student entered a university majoring in physics (Currently

working at the Space Research Center )

1999

First totally blind student entered a university majoring in chemistry ~ (Currently

a graduate student, specialized in molecular design)

Totally student doing an experiment in the class of the "Fundamental
Chemistry'experiment with a sighted student at a University, When a sighted

student is using a pipette, blind student use a fixed pipette

ADVANCE IN COMPUTER TECHNOLOGY

. Advances in computer technology is helpful for the students majoring in natural

science

. Inopening University doors for the students with a visual impairment,
international exchange of case studies is a necessity since totally blind student

majoring in Natural science is very rare in all countries
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PRESENTATION 4

5.4 Science Education for Students with
and without Developmental Disabilities in
Inclusive Education Setting:

An Epistemological Approach

Sung Ae Kim and Sungmin Im
Daegu University, Korea

In this study we explored the meaning of science education in the inclusion
education setting at the view of epistemological approach, and discuss the
principles and theories for the constructing educational program, Also we
explored the possibility of inclusion education in science education by suggesting
an example of science instruction using modified Jigsaw I model.As a conclusion
we discussed the considerations for the practice of inclusion education in science

education and inferred the further research problems,
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