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Abstract

This study was conducted with a student who is visually impaired and questioned the force of gravity. The different
stages encountered in the process were specified as steps in the study and it was shared what kind of inquiry form was
needed at each step. There are different activities such as waiting for a week and thought experiment in the inquiry ac-
tivity. The basis of the activity is that three balls of different mass left on a sponge leave different traces on the sponge.
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Introduction

The gravitational force is a force that we do not
see with our eyes, but that we know exists and
that we sometimes feel due to changes. For ex-
ample; What we feel during takeoff and landing
while inside the plane is related to the change
in the net force acting on us, and the gravita-
tional force also has an effect on this change.
We also remember the force of gravity when we
see something sinking or falling to the ground,
apart from the emotions we feel on the plane
and in the elevator. How can this force towards
the center of the earth be investigated by a stu-
dent who is blind?

Inquiry can be applied in large-scale classrooms
(Scherr, 2003) as well as in individual stud-
ies (Gonzalez-Espada, 2012). This individual
may even be a student who is blind. The stu-
dent who is blind needs to be involved by using
his/her senses other than sight, namely audi-
tory and tactile senses. In this research, a long-
term inquiry activity will be presented, which is
liked, thought to be fun, stated to contribute to
her learning, and tried with a high school stu-
dent who is visually impaired. It is known that
not every hands-on activity is inquiry (Blan-
ton, 2007). The main purpose of inquiry studies
is to make students think more deeply (Alake-
Tuenter, Biemans, Tobi, Wals, Oosterheert &

Mulder, 2012; Haegele, Sato, Zhu & Avery, 2017).

For this purpose, it is possible to adapt the
classroom environment and materials for stu-
dents who are blind and to have them discussed
in a group (Villanueva & Di Stefano, 2017), as
well as to extend the time used and focus on
a student’s thoughts that are not influenced by
others.

The inquiry work was carried out in three main
phases and a total of ten steps. All these steps
have been designed to contribute to the under-

standing of the nature of science and scientific
process skills, as well as to reflect on the con-
cept. A student who is visually impaired and
a researcher were found at each step. The ten
basic steps, which were formed by preserving
the three basic phases, were changed according
to what the student in the process was curious
about and wanted to do. Therefore, the shared
ten-step inquiry process was created as a result
of a natural learning flow with a high school
student who is visually impaired.

Figure 1: Elements of the inquiry setup; three different
balls and a piece of sponge

Phase 1: Before the wait
Step 1: Identify materials

The student needs to get to know the materi-
als before the materials interact. Before talk-
ing about the material, the material should be
given and the student should be able to examine
the material by touching it. If he asks a ques-
tion, he should be answered when he is sure
that the examination is completely over, oth-
erwise, there may be a loss between the tactile
data and the spoken verbal data. If the student
does not ask any questions, you can make an
introductory explanation of the materials. Try
not to make too many explanations other than
the statement "There are three balls of different
masses in front of you and a piece of sponge on
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which you can put the balls (Figure 1)”.

Step 2: What would you like to do?

Before telling the student what to do, it is nec-
essary to make him think about his thoughts.
Reflecting on the student’s thoughts will in-
crease their awareness of the inquiry process.
For this purpose, he asked her, "What would
you like to do with these materials?” It is nec-
essary to continue the activity by asking. While
the student is telling what he/she wants to do
with the materials, it is necessary not to give
right or wrong directions. At this stage, the stu-
dent has completed his awareness of the mate-
rials and is ready to think deeply about them.
If the proposal is a short-term proposal that
can be made and will not disrupt the structure
of the activity, you should not hesitate to make
it. If it is a long-term suggestion that will harm
the materials, you should tell him that you will
give these materials to him at the end of the
event and that he can try this suggestion. The
student whose suggestion is allowed to be made
will be easily persuaded to make the teacher’s
activity suggestion.

Step 3: What would you like to do?

If the student is motivated to make your pro-
posal, you can now share your inquiry proposal
and ask your student if they would like to make
it. Tell your student that you are going to put
the marbles on the sponge and wait a week and
see what will change. If your student starts
sharing their guesses, you are in step three. You
can make the student think at this step with
questions such as: "What changes will happen
to the marbles and the sponge at the end of a
weekend, will the changes (eg scars) be different
from each other?”

Figure 2: The setup during the wait

Phase 2: The wait
Step 4: Start the experiment

Now the student is ready for the fourth step
where the activity will start. He needs to see
the result of his guess and learn whether he
guessed correctly. For this, the student will
wait as long as a week. Have the student take
the marbles and put them on the sponge with
their own hands. Remind him not to forget
how he put it and the position of the marbles.
Do not forget to indicate to the student that
you will make an effort not to damage the de-
vice. Since the student and the teacher can-
not wait at the beginning of the mechanism all
the time, some precautions should be taken.
For example, if the position of the balls has
changed, someone may have intervened in the
mechanism. Such reliability measures are ex-
periments, and thus approaches inherent in sci-
ence. Conducting the event as designed is ex-
tremely important for a healthy assessment.

Step 4: Start the experiment

After making sure that three balls of different
mass are placed on the sponge (Figure 2) and
stored securely, ask the student to think about
the question you asked in step three for a week.
As you meet, it should be learned whether he
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"has a new thought” by reminding the question
to your student in phone calls and instant mes-
sages.

In this step, our student is visually impaired
informed us that she thought "I wonder if there
will be a change in the shape of the marbles”.
She came to the conclusion that the shape of
the marbles would not change, but we recorded
it as a situation that he had to control. At the
end of a week, it was decided to check not only
the trace expected to form on the sponge, but
also the trace that was not expected to form on
the marble.

Phase 3: After the wait
Step 6: Check the setup

Before answering the question that has been
thought about for a week without touching the
device, the student should make sure that the
device is as he left it. This control is impor-
tant for the reliability of the comments to be
made. In addition to the teacher’s control, it
is extremely important for the student to check
himself and express that the mechanism is not
broken. The situations that the student sus-
pects should be clarified and one should not
proceed to the next step without being com-
pletely sure.

Step 7: Examine the change

The marbles should be lifted slowly and care-
fully by the student. We assume that questions
such as "Should we remove the marbles one at
a time or do we remove them all at once” are
decided during a week of inquiry. According to
the decision, both the traces on the sponge and
the size of these traces and the traces on the
balls (if any) should be examined. A change in
the shape of the ball will not be noticed. Also,
the student may want to hold the marbles, give

them to you, or put them in a container. It is
necessary to assist the student in the process.
In our research, our student wanted to lift each
marble himself and check both the trace on the
marble and the trace on the sponge (Figure 3).
She started with the largest one in order and
searched for the smallest marble to the last.
After they were all done, he wanted to com-
pare the tracks and gave the marbles to the
researchers.

[—

Figure 3: The result of one-week inquiry setup

The student who is blind could not detect the
trace of the smallest marble by touch. Although
he could not perceive it, the student argued
that there must be a trace under the marble,
even if it is very small. The reason for this
thought was the experience of "balls make traces
in proportion to their masses”. This encounter
was an important experience regarding the in-
consistency between theory and practice and
measurement errors related to the nature of sci-
ence and scientific process skills.

Step 8: Think about the change

The track created by the massive ball was both
larger in diameter and greater in depth. For
this reason, it can be concluded by the student
who is blind that the ball exerts a greater force
on the sponge as the mass increases. The elastic
structure of the sponge can produce a force that
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will absorb the effect of the small force applied,
but the damaging effect of large-mass objects
prevents the sponge from recovering.

Step 9: Connect with life

After some inferences that the student will make,
they need to verify these inferences with ex-
amples from daily life. For example, the stu-
dent should be able to answer the question of
whether large rocks or small stones will cre-
ate a greater depth in the soil, in the light
of his experience. The student who is visu-
ally impaired we worked with shared that he
thinks that when the footprints of animals are
examined, the larger ones can show deeper foot-
prints.

Step 10: Think on other contexts

Having focused on the activity, thinking for a
week, and experiencing the results, the student
is now ready to experiment with other contexts.
thought experiment; It includes experiments that
can be done by thinking only, without entering
the laboratory. The important thing in thought
experiments is to generalize from extreme ex-
amples. For this activity, we asked our student
who is visually impaired what would be the re-
sult if we used materials such as "iron, wood,
water and air”. He said that the balls left in
the air will fall until we hold them, but they
will leave small traces on the iron that we can-
not notice with our hands, but if he puts a ball
with a larger mass, this time we can also feel
the trace on the iron. One of the most impor-
tant implications was their statement that force
should be an ongoing concept as long as mass.
The gravitational force had to continue to act
for a week so that those marks could form.

Conclusion

As everyone knows, in environments where there
is no air resistance, two different masses that
are left to fall freely fall to the ground at the
same time. This is because the gravitational ac-
celeration of the same magnitude affects both
masses. Therefore, different forces act on differ-
ent masses. In this study, we see different-sized
traces formed due to the different-sized masses
of marbles with very close densities. Simply by
touching, we can realize that the Earth attracts
a large mass with great force. For further study,
the density of the sponge, the surface and depth
of the trace (volume of the sinking part), and
balls of different densities can be used.

Inquiry, by its very nature, requires deep think-
ing and therefore the need for additional time.
Ten steps naturally formed at the end of this
inquiry activity, which is tactilely designed to
enable student who is blind to meditate on an
abstract topic such as the force of gravity, are
shared in this study. Teachers need to focus
on ways to deepen thinking with simple mate-
rials, avoiding the worry of not being able to
teach scientific concepts to a student who is
blind. Having a student who is blind is not just
bad luck, but perhaps an opportunity to ex-
pand your experience in a student who is blind,
thought-centered activities such as inquiry and
thought experiments. In thought experiments,
you need words to describe the situation, not
the test tubes or electrical wires. Touching and
describing, two ways of communicating through
inquiry with a student who is blind, were used
together in this activity. The fact that teach-
ers make their activities descriptive and tactile
actually means that they appeal more to the
senses, which creates lessons in inclusive envi-
ronments in which all students can be involved.
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