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3. Abstract

This is an inquiry conducted with 40 children of the 6th grade of a Greek primary
school, divided in two classes. Initially, each child constructed a simple reflective
microscope using modern materials like a plastic tube and two plastic lenses
(objective and eye piece), which were extracted out of single-use disposable
cameras. It is actually a modified (re)construction of a microscope (approximate
magnification 20x), which has been proposed by researchers of the Istituto e
Museo di Storia Della Scienza of Florence. At a later phase, an extra middle lens
was added to the microscope to minimize distortion, create sharper images and
enhance magnification by 3-5 times.

The children have been briefly introduced to the historical development of the
microscope, with a focus on the life and discoveries of Robert Hooke (1635-1703),
from the early years at the Isle of White till the achievements of Micrographia
(1665), having him portrayed as a natural philosopher and polymath who played
an important role in the scientific revolution, through both experimental and
theoretical work. After that, microscope studies were conducted with each child
recording their observations with the constructed microscope on a notebook with
text and sketches, in an approach inspired by Hooke's Micrographia. Before
putting down their notes on paper, they studied a relevant extract from the classic
text of Hooke, adequately transformed and adjusted for the instance. Thus,
following similar steps to those of Hooke, the children initially studied the point
of a needle and a small printed dot, which have also worked as focus exercises for
the use of the microscope. Then they studied plant seeds (thyme and petunias) as
well as parts of plants during their development in the greenhouse and the school
garden. Later, they studied garden insects, conducting “insectigations” as they
called them, examining ants and isopods. They concluded with a free study, on
either plants or insects, since they had developed interests in various and diverse



specimens they wanted to examine further. The children discussed and
exchanged in class their motes and observations, within a framework of
investigations about the development and functions of plants and insects. The
analysis of children’s notebooks is expected to reveal aspects of “doing science” in
an authentic environment (inquiry-based teaching and learning approach),
within a framework of learners’ scientific community dealing with an intentional
task and/or investigative activity.
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Fig. 1: The Middelburg

microscope, believed to be the Fig. 2: The (re)construction of a
invention of Zacharias Janssen simple reflective microscope
(1590) [From "Origin and (above) with modern readily
Development of the available materials (below).

Microscope” courtesy of the Royal



Microscopic Society, London].

Fig. 3: The microscope, a closer look. Fig. 4: The microscope in action ...

4. Description of Case Study

The educational setting of this case has been a 6th grade of a primary school
with 40 12year-old children divided in two class groups. It is actually a
developed educational scenario within a framework of an inquiry-based
teaching and learning approach in primary science. It was conducted at the
Science Laboratory for Primary education, located at the 9th Primary School of
Rethymno, Crete, Greece. All children have been actively involved in the
construction of simple reflective microscopes made with modern materials,
which were later used for the development microscope studies. The children
were provided with assistance and guidance from their teacher, who also acted
as a researcher and four students from the Primary Education Department of
the University of Crete, who were involved during their placement in teaching
practice. These people constituted a small supervisory team throughout the
development of this educational scenario, although not all were present at each
phase of its course, due to other academic commitments.

This educational scenario consists of two parts. In the first part the children
worked initially in pairs and later individually to construct a simple microscope.
Each pair initially constructed a modified version of a microscope (approximate
magnification 20x), which has been proposed by researchers of the Istituto e
Museo di Storia Della Scienza of Florence, chronologically placed at the end of
the 16th beginning of the 17th century, mainly influenced by the first Middelburg
microscope, attributed as an invention to Hans & Zacharias Janssen, circa 1590~



1595 (see fig. 1 above). They used a PVC tube and two plastic lenses (objective
and eyepiece), which had been extracted out of single-use disposable cameras
(see fig. 2). They fixed their microscope inside the niche of a 2-tube base glued
on a third supported tube and they made some initial observations on small
objects (see fig. 3 & 4). A small and cheap reading spotlight was used to shed
light to the objects under investigation. Rather soon, we realised that we could
make an improvement to the microscope in order to have more precise and
crisp images, with less distortion. The idea was to use an extra field lens to
achieve this. So, by extending the microscope pipe with a conjunction piece we
added a third lens. Thus, an extra field lens was fixed in between the end of the
initial microscope pipe and the new location of the eye piece, placed at the end
of the attached conjunction piece (see photos in the construction of the
microscope page). The microscope pipe was stabilised to the support base with
a plastic cable tie fastener, which enabled the learners to focus on images and
remain stable for longer observation time. At this phase , each individual child
was involved in the construction of a microscope, which they kept as their own,
in order to conduct the relevant studies. These improvements have completed
the construction of a simple compound microscope with readily available
materials, which was now ready to be used for microscope studies.

In the second part of the development of this educational scenario, the
microscope studies were linked to a classic scientific book on microscope
studies, that is Robert Hooke’s Micrographia (1665). Pieces of text and drawings
have been selected from the book to be added to worksheets, in order to
provide inspiration and guidance to children’s investigations. Thus, seven
worksheets were developed with the text pieces adequately translated into
Greek and adapted to the framework of study. The children were asked to
record their observations and drawings on the worksheets, in a way that Hooke
had done in Micrographia and then they discussed them with their classmates.
Gradually, they formulated notebooks of text and drawings which were
exchanged and commented in class. The analysis of these texts and drawings
has revealed explicit aspects of children's approaches to microscope studies in
primary science.

5. Historical and philosophical background

In the museum of Middelburg a very old microscope is preserved, which is
reputed to be an instrument constructed by Zacharias Janssen himself,
probably with the aid of his father Hans, circa 1590-1595 (Bradbury, 1967).
Despite the fact that there is no direct evidence to link this particular
microscope to the Janssens and their craftsmanship on lenses at the time, it is
still a remarkable instrument, which includes two draw tubes that could slide
out of another outer casing tube, acting as a supporting sleeve. The lenses were
in the ends of the draw tubes; the eyepiece lens was bi-convex and the objective
lens was plano-convex. There was no stand provided for this instrument, which
was apparently held in hand whilst in use. It is estimated that it was capable of
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magnifying images approximately three times when fully closed and up to ten
times when extended to the maximum.

Galileo Galilei (1564-1642) mentioned in Il Saggiatore [The Assayer] (Rome, 1623)
that he had probably achieved to have a "telescope modified to see objects very
close". It appears that in 1625 a member of the Accademia dei Lincei and friend
of Galileo, Johannes Faber (1574-1629) conferred on the instrument, until then
called "occhialino", "cannoncino”, "perspicillo”, and "occhiale", the name of
"microscope”. In the second half of the 17th century, remarkable results were
achieved by the Italian instrument makers Eustachio Divini (1610-1685)
and Giuseppe Campani (1635-1715), while in England levels of excellence were
reached by Robert Hooke (1635-1703) or opticians and instrument makers
like Christopher **** (circa 1665).

*AxE s compound
Divini’s vase-shaped Campani’s ivory turned microscope,
microscope monocular microscope  manufactured in

London for R. Hooke

Microscope studies began during the course of the 17th century with Federico
Cesi (1585-1630) and Francesco Stelluti (1577-1651) in the Apiarium (Rome,
1625). Melissographia (also appearing in Greek as “MEAIZXOT'PA®IA”) is a work
of Stelluti, covering a single folio of extraordinary size, containing detailed
descriptions on bees, seen as a free inquiry into nature from the bondage of
scholastics "who have presumed to dogmatize on Nature", as Bacon criticized.
Later, Giovanni Battista Hodierna (1597-1660) published, in L'occhio della
mosca (Palermo, 1644), a text dedicated to the anatomy of insects, a masterly
example of naturalist research conducted with the aid of the microscope.

Robert Hooke has been undoubtedly one of the greatest personalities of English
science of the 17th century. He was one of the first to realize the potentialities



of the new invention of the microscope, which had been recently brought to
England from the Continent. He was born in 1635 in Freshwater, Isle of White,
and upon the death of his father he was apprenticed to a portrait painter in
London. He soon abandoned this, however, and went to Westminster School
and subsequently to Oxford. It appears that the originator of the superb
microscopical illustrations later to be drawn in Micrographia (1665) had not
only artistic talent, but also some formal training in a branch of art, which
required accurate delineation and observation of detail (Bradbury, 1967).

Hooke was a scientist with a curious mind. From a very early age he worked in
many scientific fields such as physics, chemistry, geology, biology, meteorology
and astronomy, thus he has often been called the Leonardo of England (Inwood,
2003). He also knew and worked with some of the greatest scientists of the 17th
century, like John Wilkins, Robert Boyle, Christopher Wren. He also discussed his
ideas with Isaac Newton, Christiaan Huygens and Johann Hevelius, although he
had strong disagreements and finally became rival with all three of them on
different scientific issues (Burgan, 2008).

Hooke became associated with the newly formed “Royal Society of London for
Improving Natural Knowledge”, which was initially a small group of scientists,
called fellows, who met once a week to discuss their latest experiments and
scientific ideas (Jardine, 2004). In 1662 the group decided to hire someone to do
experiments and then report the results. Hooke was the first choice for the job,
so he became the “Curator of Experiments”. It was this time that he carried out
microscopical studies, and the Royal Society recognizing the importance of this
new branch of study, encouraged this endeavor. In 1663 he was solicited by the
Society to prosecute his microscopical observations in order to publish them
eventually and he was also instructed to “bring in at every meeting one
microscopical observation, at least” (Bradbury, 1967). Hooke faithfully complied
with this directive and showed the Society fellows the appearance under the
microscope of common moss, the view of the edge of a sharp razor and of a
point of a needle etc. He demonstrated various insects such as the flea, the
louse, the gnat, the spider, the ant and various types of hairs. All these
observations and many others besides were published in 1665 under the long
title “Micrographia: or some physiological description of minute bodies made by
magnifying glasses with observations and inquiries thereon”.



MicRrROGRAPHI A. 203

Obferv. XLIX. Of an Ant or Pifmire.

relt, for [ could not, for & pood while, think of 4 wayto makeit
fuler its body to ly quictin n natural poltures bue whil'lt it was alive,
ifits fect were fetcer'd in Wt or Glew , it would fo twift and wind irs
body, that I could not any wayes gt a goud view of it ¢ and if 1 killed
ity its body was folirele, that I did often fpoile the flupe of i, before T
could chroughly viés ics for thisis the nature of thefe minute Bodies ,
that & 100n,almoft, ax ever their life ix deftroy 'd, their parts immediate-
Iy fhrivel, and lole theirbeauty s and fo is it alfo with fmall Plants, as I
inftanced before, in the defeription of Mofs.  And thence alfofs the rea-
fon of the variations inthe beards of wild Oats, and in thofe of Mufke
grafs feed, that their bodies, bein exceeding fmall, thofe fuall variations
which are made in the furfaces of 33 bodies, ulmof upon every change
of Alr, efpecially if the body be porous, do here beenme ferdib , where
thewhole body is fofmall, that i italmalt nothing but furface s for asin
vegeetuble fubftances, 1 fec no great reafon to think, that the maifture of
the Are(that, flicking to a wreath'd beard, docs make it untwift Xhould
tvaporate, o exhaleaway, any fafler then the moifture of other bodies,
but rather that the avolation from, ot accel of moifture to, the furfaces
¢bodies being uuch che fime, thofe bodies beeome moft fenlible of it,
Which tiave the Teaft proportion of body to their furface.  $o kit alio
With Animal fabftances ; the dead body of an Aot or fuch Jietle creature,
4ot almolt inftantly hrivel and dry, ‘and your objeéefball be gyatean
telier tiing, before you can half delircate it, which proceeds ot from the
extruordinary exhalation, but from the fall propartion of body and jui-
tes,to the ufual drying' of bodics in the Airy dlpecially if vearon, l'ot
which inconvenicnce, where [eould not orhecwile remove ir, Ithought
of thisexpodient.

Ttaok the creature, Thad defign'd e delineate, and putitinto a di
ofvery well rectified Ipirit of Winc,thisT found would efently difparch
ait were, the Avimal, and being taken out of it, .mnn d ona paper,
the fpirie of Wine woud immediately flyaway, and leavethe Animal
dry.. ft it natural pofture, or ar leaft, in & conftitution, that i¢ might eafie

Witha pin be plac'd, in what polture you defired 10 drayw it, and the
Timbs would fh remain, without either moving, or ﬂ!rir:!ing. And thug 1
deale with this Ant, which I have here delineared, whiclnm;‘mof ma-
1 0Fa very large kind, that inhabised under the Roots of a Tree, from
)":lhtncc lhthouM fally ou in geeat partics, and make mof gricvous

\lnd( of the Flowers and Fruits, inthe ambient Gurden, and return

¢ kagain very expertly, by the fame wayes and paths they went,

r d' Was more then halt the bignel of an Farwy » of adark brown, o
“ddifl colour, with long leps, onxh'c; hinder o?whkh it would M’l
£ ¢ 2 up,

’[Hiq wis a creature, more troublefom 1o be deawn, then any of the

A detailed drawing of an ant by R. Hooke with the description on page 203
of Micrographia

Micrographia was a huge book and was filled with descriptions of What Hooke
saw under the microscope. He claimed that his goal was to use “a sincere han(},
and a faithful eye, to examine, and record the things themselves as Fhey appear”.
Along with texts of lucid descriptions, Hooke includgd stunning, detailed
drawings of what he saw under the microscope’s lens, which often folded out of
the book. For the first time ever, natural scientists as well as common people
could see a new world around them which they barely knew it existed (Burgan,
2008). His lively drawings of insects made them seem “as if they were lions or
elephants seen with the naked eye”, he commented. The book was a gl."eat success
and still ranks high today as one of the great masterpieces of microscopical

literature (Inwood, 2003).

No original painted portrait of Hooke is known to exist. It. is said that any
existing portrait disappeared when Newton was elected pres'ld.ent of 'Fhe Royal
Society. Despite the claim that a recently discovered portrait is cqnmdered to
be the one of Hooke’s (Jardine, 2004), it is still not fully accredited and/or



mutually accepted as such. Nevertheless, for the educational purposes of this
inquiry, for the children



to have a more immediate link to the scientist and his work, a visual image of Hooke has been drawn out of the paintings of the
history artist Rita Greer. Her paintings, based on two detailed written descriptions, aim “to put him back into history”, in an
attempt to recreate his face and appearance.

"The Fossil Hunter'. Robert Hooke as a ten year old child on the Isle of Wight at 'Robert Hooke, Engineer'. A memorial portrait by the history
Freshwater Bay. Oil on board by Rita Greer, 2005 painter Rita Greer, 2009



6. Target group, curricular relevance and didactical benefit

The construction of a microscope with common and readily available materials
has been the first part of the twofold objective of this inquiry. The second part
has been its implementation into practice, within the framework of children’s
laboratory work linking it with Hooke’s Micrographia (see section 7).

The initial idea for the microscope construction was one that resembled to the
first Middelburg compound microscope, in a simplified version with one tube,
two lenses and a diaphragm (Vannoni et al., 2006; 2007). Thus, initially the
children used a PVC tube (16,5 cm length and 16 mm inner diameter) and two
plastic lenses (objective and eyepiece), which had been extracted out of single-
use disposable cameras. A piece of black carton was rolled and inserted inside
the plastic tube, to avoid light reflections. The lenses were put inside adequate
metal washers and affixed with sticky tack. To reduce colour and spherical
aberration, the aperture of the objective lens needed to be reduced, thus a black
rubber washer was used as a diaphragm and stuck on top of the washer of the
objective lens. At the other end of the microscope tube, a black film can was cut
and fixed accordingly at the eye piece, providing a smooth dark base for the
observer’s eye. The microscope was finally fixed inside the niche of a 2-tube
base glued on a third bigger supporting tube. This base was glued with a glue-
gun on a piece of cardboard and the microscope was ready for observations.

The microscope tube was held onto the base with two or three elastic bands
and it moved up and down to focus. The children made some initial observations
on small objects, like sand, salt, but also feathers, pieces of cloth etc. A small and
cheap reading spotlight was used to shed light to the objects under inspection.

Rather soon, we realized that we could make an improvement to the
microscope, in order to have more precise and crisp images, with less
distortion. The idea was to use an extra field lensto achieve this. So, by
extending the microscope tube with a conjunction piece we added a third lens.
Thus, an extra field lens was fixed in between the end of the initial microscope
tube and the new location of the eye piece, placed at the end of the attached
conjunction piece. The microscope tube was stabilized to the supporting base
with a plastic cable tie fastener, which enabled the children to focus on images
and remain stable for longer observation time. The friction created by the cable
tie fastener, forcing the microscope tube and its base in contact, kept it firm
and steady. In order to focus on the specimen, the children now had to turn the
microscope gently and simultaneously move it up and down. To reach upon this
cost effective, simple solution, we had spent quite some time trying out
alternative ideas, always in search for the better one, dealing with a particular
problem with an intentional added value in the result. These improvements
have completed the construction of a simple compound microscope. In fact, we
made more than 45 of them, ready to be used for microscope studies
(click here to see the construction phases in more detail).


http://hipstwiki.wikifoundry.com/page/constructing+the+microscope

The children were very curious to put their microscopes into action and
investigate various specimens. In classroom discussions, after some arbitrary
microscope observations, we agreed that we needed some sort of guidance to
lead us along the way of microscope investigations. It was exactly at this point
that the idea of linking our observations with those of a distinguished scientist
came into context. Thus, Robert Hooke, in fact the first scientist to conduct
systematic microscope studies in his Micrographia, was introduced to the
children, in order to act as a scientist from the past to assist us with our studies.
For this to be a successful endeavor, children had to know more about who
Hooke was, starting from his early age on the Isle of White, till the writing
of Micrographia and further on. Thus, Hooke had to be placed into a historical
context, didactically transposed in an adequate manner, familiar and suitable
for the children of this age. A presentation has been developed for this purpose,
using many paintings of Rita Greer, the history artist, which helped a lot to
visualize aspects of Hooke’s life (these paintings are available in the following
URL: http: //commons.wikimedia.org /wiki /Category:Paintings_by_Rita_Gre
er).

Robert Hooke was often sick as a child and his parents thought that he would
not survive his childhood, but eventually his health improved as a teenager. His
parents decided to teach him at home rather than send him to school. He
developed a natural intelligence and curiosity about the world around him.
Surrounded by the sea, he seams to have taken an early interest in ships and he
had constructed a very detailed model toy ship (Burgan, 2008). He would have
seen tall chalk cliffs on the Isle of White and worn seaside rocks. He had
probably discovered fossils, remains of ancient plants and small animals
preserved in the soil and rock of the island. The young Robert also showed his
artistic skills by copying paintings he saw in his family’s house with impressive
detail. Soon after the death of his father in 1648, Robert, at the age of 13, moved
to London to begin his education as a scientist in the Westminster School, one
of the oldest and best schools in England. As a teenager, he studied Euclidian
geometry and learned Greek and Latin. He also developed practical skills by
learning how to use the lathe, a machine used to shape wood or metal. In 1653,
Hooke left Westminster and moved to Oxford University to study “natural
philosophy”, which included many branches of science such as physics, biology
and chemistry. By the time he published Micrographia, in 1665, he was in his
thirties, a distinguished member of the Royal Society, a polymath, a very skilful
scientist and probably the first systematic microscopist.

The children were impressed by the presentation of the life story of a scientist
such as Hooke and were very curious to see more closely what he had actually
written and drawn in Micrographia. They mentioned that it would be
interesting to have him alongside as a “teacher”, to guide us through our own
microscope studies. Hence, for the purposes of this inquiry, seven worksheets
have been designed, starting from adequately translated pieces of Hooke’s text
and drawings, which turned into hands-on classroom investigations and
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observations with similar specimens (i.e. point of needle, a printed dot, seeds of
thyme, the ant). These investigations were extended to the study of other
resembling specimens, which have been discussed in class and the children
were curious to observe (i.e. the seeds and parts of the petunia plant, other
insects like the isopods etc.). In the end, they had developed the skills and the
interests to study lots of various different specimens, which were waiting for
them, just outside the Science Laboratory, at the school garden. Thus, they
concluded their observations with a “free study” to investigate “something
particularly of our own”, as they insisted. A brief discussion of all these studies
follows in the subsequent sections (all seven worksheets are presented here in
Greek).

7. Activities, pedagogical skills and research evidence

7.1. Microscope studies on the point of a needle and a printed dot

The first two study worksheets were linked to the beginning of Hooke’s studies
in Micrographia. The worksheet on the study of the point of the needle is directly
linked with page 1 of Micrographia, where Hooke comments that “we will begin
these our Inquiries therefore with the Observations of Bodies of the
most simple nature first, and so gradually proceed to those of a
more compounded one” [emphasis in the original]. This appears to be an
interesting scientific, but also didactical proposition, which we adopted with
the study of the point of the needle and later with the printed dot. Both
symbolise something extremely small and rather dimensionless, similar to the
Euclidian “point” in geometry or the “physical point” according to Hooke, which
might in fact look rather different and huge under the microscope.

L PuH«;« J»Br. Orcj an inch

Two digital photos of needles the children observed
under their microscopes

Hooke’s drawing of the point of the needle

The children read in class Hooke’s description of the point of the needle, which
referred to the relevant detailed drawing (see drawing above). Then, they were
invited to observe the point of a needle with their microscopes, record their
own description and make their own drawings. In the beginning, they had some
difficulties in finding the point of the needle and then focus on it, but rather
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quickly they developed skills and their own techniques, which they shared with
each other. Each worksheet was kept in a plastic pocket inside a binder folder.
So, at the end of children’s microscope studies, all of the worksheets together
constituted an observation notebook (Klentschy, 2008; Martin, 2009).

Hooke noted that the point of the needle looked rather sharp and smooth to the
naked eye, but under the microscope it “could not hide a multitude of holes and
scratches”. A child wrote in his description that the point of a needle “although
in reality it is very straight and very sharp, under the microscope it is a bit curved
and not sharp at all. It has a slight bump, probably from its bad use. At the rest
part of the needle there are cracks and small bumps”. Another child noted
that “the needle has an edge, which looks as if it is cut. It is as if it has a lot of
damages on it, like long narrow bumps. It has a dark colour and a small cut.
Anyhow, it is not as flat and sharp as we could imagine. At the centre the needle
is more flat than at its point. Under the microscope it reminds me more of the
point of a pencil”. Although the photos of fig. 9 are not very clear, because of the
inappropriate contact of the digital camera lens on the eye piece part of the
microscope, it appears that the children could observe the point of the needle
in a similar magnification to that of Hooke’s. But, they reported a greater variety
of cases, since they even found a couple of “imperfect”, rather curved, needle
points in each class.

Observing the printed dot, or “a mark of full stop or period”, Hooke mentioned
that it had various irregularities and in fact it reminded him “a great splatch
(splash) of London dirt”. One of the children wrote that “the dots appear totally
different under the microscope than with the naked eye. This one has a gray-black
colour and it looks like a hairy fur ball or like a splash. It has a strange and uneven
shape, which looks like the surface of the sun. At some points it appears that small
sticky points are edging out of the dot”. Another child compares a printed dot
with a handwritten one and claims that the first “has a lot of “peaks” and it
appears like a big black hole”, whereas the latter “looks like a big cloud of
smoke” and also “some curly pieces of hair are formed, all around the dot”.

A digital photo of a printed dot
under the microscope

A child’s drawing of a printed dot



7.2. Microscope studies on the seeds of thyme and petunias

Moving on with the microscope studies, we examined the seeds of thyme as
Hooke had also described in Micrographia. He noted that the seeds had a
variety of shapes, whereas “each of them exactly resembled a Lemmon or Orange
dried; and this both in shape and colour” and they were different from common
seeds like beans and peas. The children used the needle, they had examined
earlier, as a tool to put the small thyme seeds in place under the objective lens
of the microscope and again they had to deal with some problems regarding the
focus and the lighting of the specimens under inspection. Soon these were
resolved with persistence and patience; virtues which children started to
develop, improving their technical and methodological skills. One child wrote
that some of the seeds of thyme “have bumps and others have peaks and they
look like lemons, oranges, olives and some look like “choco pop” cereals. Most of
them have some small “bumps” than others which have “scratches”. Most with the
scratches look like nuts, whereas those with bumps look like the skin of a rotten
orange and their colours are black brown or brown with black”. Another child
noted down in her worksheet that the seeds of thyme reminded her of lemons
or oranges and “they are all in a different position. There is a great variety in the
volume and shape of the seeds. The seeds under the microscope have a black or a
brown colour. The seeds are nosey or common like lemons. Every time we observe
things they are not as we see them. The seeds look bigger and different than we see
them with the naked eye. Thus, we should never say we see something unless we
observe it with other methods like the microscope etc.” The latter statement
appears to be an interesting epistemological note.

A child’s drawing of seeds of thyme.
Notice the shadows she has observed and
drawn, created by the small reading
spotlight lamp, which illuminated the seeds
from an angle.

A digital photo of seeds of thyme under
the microscope

When the children were preparing their seed plants to be raised in the
greenhouse of the organic school garden, they were impressed about the small



size of some seeds. The smallest seeds they had planted were the petunia seeds.
Hence, they were very interested to observe them under the microscope and
this is exactly what happened as an extended investigation, following the one
on the seeds of thyme. A child commented that “the colour of the petunia seeds
is dark brown. Their shape is round and they have holes and bumps. They look like
small insects. In front they have something like a piece of string hanging out,
whereas the back side is a bit round”. Another child wrote that the petunia
seeds “are very small and different to those of thyme, but under the microscope
they look rather big. They remind me of raisins, rotten fruits, cereals, small olives
etc. They look like small bumpy marbles with brown colour”.

A digital photo of seeds of petunia A child’s drawing of the petunia seeds

The children went on to observe parts of the petunia plants they brought out
of the greenhouse at the time of the microscope studies. One child inspecting
a petunia leaf recorded that it was very strange, since “petunias are beautiful
plants, but you never know what they are hiding. Their leaves have very small
white hair on their surface and they glitter as they stick out of the leaf, but they
also look a bit transparent”. Another child noted that “the roots of petunias look
like hands with fingers sticking out, with some soil on them and short hair. The
roots are very small and thin, but I can see them clearly.”




A digital photo of the tip of a “hairy”
petunia leaf

7.3. Microscope studies on insects like ants and isopods

A digital photo of petunia roots with soil

The next study was an investigation on insects, an “insectigation” in a creative
term (Blobaum, 2005). Hooke had conducted several studies of insects
in Micrographia, but one of his most descriptive and at the same time more
familiar to primary school children is the one on the ant. He mentions that he
had a hard time trying to keep the ant steady under the microscope for
observation. Having selected some ants he “made choice of the tallest grown
among them, and separating it from the rest, gave it a Gill of Brandy, or Spirit of
Wine, which after a while knocked him down dead drunk, so that he became
moveless, though at first putting in he struggled for a pretty while very much, till
at last, certain bubbles issuing out of its mouth, it ceased to move”. Then he was
able to take the ant under the microscope and study it, although after an hour
or so “upon a sudden, as if it had been awaken out of a drunken sleep, it suddenly
revived and ran away”. He records that this could happen a few more times, so
he could inspect the insect without killing it.

The children found this whole process rather strange at first, but fascinating
later on, since they had to deal with the exactly same problem in their study of
the ant. So, they went out in the school garden “hunting for ants” to be kept in
small plastic pots filled with alcohol lotion. They observed that the ants were
“unconscious” after 10 minutes in the alcohol lotion, ready to be put under the
microscope for inspection. All of a sudden, most of them revived and started
moving after 20 to 30 minutes or so. In this way most of the children managed
to observe the ants in a steady position, but also in motion and they were very
thrilled to be able to do so.

A drawing of an ant by a child, with
letters in various parts of its body
for text descriptions

A digital photo of an ant held down with a
tooth stick (left)



One child mentions that “the ant was very difficult for me to draw, since it did
not easily stay in its position. When I took the ant out of the alcohol lotion it was
asleep and I could observe it for a while and I started drawing it, but after 15
minutes it woke up and started moving again. The shape of its head is triangular
and its eyes are sticking out. It has a big mouth with bumpy sawing teeth and it
also has two long horns in front. The biggest part of its body was its belly, which
is connected to its legs with some sort of small waist. Over all, it was a very strange
insect under the microscope and it surprised me when I saw it so big for first time”.

The children decided to look at another very common insect of the school
garden, which was the isopod (Armadillidium nasatum). They knew that they
could find them in dark and wet places, under rocks or grass. So, now they went
for “isopods hunting” in the garden and they also collected them in small plastic
pots filled with alcohol lotion. Similarly to the ants, the isopods were fell
“unconscious” for a while, but then again they revived after 15 minutes or so.
The children observed the isopods in whole, but also some of their parts like
their legs, heads etc.

The legs of the isopods under study

A child, describing the isopod, comments that “it is like an insect with a suit of
armour all over. Its body also reminds me of a stair, challenging me to climb up
the steps. Its front part has two horns, which have something like joints. There is
also something like a mouth in front and a sort of tail at the rear part of its body;
a strange insect indeed.”



Drawings of an isopod & its legs

7.4. A free microscope study

By this time, the children had performed several investigations and they had
developed interests in various organisms, plants and insects, they wanted to
examine more carefully. Hence, they went back to the school garden to collect
their specimens and examine them under the microscope. They brought back
different kinds of leaves and flowers, but also all kinds of insects from bees to
spiders etc. They observed them thoroughly and they created their own final
worksheet.

One child, for example, collected and observed a raspberry and was impressed
by its “bright red colour, which looks like a small red ball with some sort of tinny
yellow horns hanging out of it. Observing them more carefully I found out that
they look like yellow hair magnified by the microscope”.



Photo and drawing of a raspberry with “some
sort of tinny horns hanging out of it”.

8. Obstacles and reflections to teaching and learning with microscope studies

It appears that the children have been mentally and emotionally involved in
their microscope studies and they have been led with interest into their
investigations and observations. The microscope studies, as approached
through the texts and drawings of Hooke, appear to enroll elements of
intentionality with an increased interest for the outcome and the recorded
observations. During the process of recording the observations and/or
descriptions, it was noticed that they came about smoothly, whereas the
framework of the activity seemed to have facilitated and enhanced the text
production and drawings.

The descriptions produced seem to have an initial influence from those of
Hooke, whereas they are simultaneously developed and enriched within a
concurrent field of language and communication. The drawings, either simple
or more complex and more descriptive, appear to be created by children with
interest and commitment, because they claim that they want to work in a
“scientific” way as Hooke has done. Even if some children complain that they
cannot make “nice drawings”, they get into the endeavour of “drawing
something” and attempt to comment on it verbally.

It appears that the whole framework of these microscope studies has elements
of authenticity and the children get into the process of “doing science
themselves”. The character and nature of science is being demystified as it
becomes an everyday activity dealing with an instrument, the microscope,
constructed by children themselves with simple and common materials. Yet, it
appears to introduce them “naturally” to a framework of scientific study and
investigation.



9. Further user profesional develpment

o Micrographia full text and high quality drawings in Project Gutenberg

o A site on Robert Hooke

« Robert Hooke in wikipedia

o The Inspirational Father of Modern Science in England? ... Robert Hooke

Indicative bibliography

Blobaum, C. (2005) Insectigations: 40 hands-on activities to explore the insect
world. Chicago: Chicago Review Press.

Bradbury, S. (1967). The Evolution of the Microscope. Pergamon Press Ltd,
Oxford, London.

Burgan, M. (2008). Robert Hooke: Natural Philosopher and scientific explorer.
Compass Point Books: Minneapolis, Minnesota.

Hooke, R. (1665). Micrographia. Royal Society, London.

Inwood, S. (2003). The forgotten genius: The biography of Robert Hooke 1635-
1703. MacAdam /Cage.

Jardine, L. (2004). The curious life of Robert Hooke. HarperCollins Publishers
Inc.: NY.

Klentschy M. (2008). Using Science Notebooks in elementary classrooms. NSTA
Press: Arlington, Virginia.

Martin, D.J. (2009). Elementary Science Methods: A constructivist approach.
Thomson Wadsworth.

Purrington, R.D. (2009). The First Professional Scientist: Robert Hooke and
the Royal Society of London. Birkhauser Verlag AG.

Vannoni M., Buah-Bassuah P. K. & Molesini G. (2007). Making a microscope
with readily available materials. Physics Education, 42(4): 385-390.

Vannoni M. & Molesini G. (2006). Constructing a microscope. Instituto e
Museo di Storia della Scienza, Florence, Italy.

[cf. URL:

< http: / /brunelleschi.imss.fi.it /esplora /microscopio /dswmedia /risorse /eris
orse.html >].

Wilson, C. (1995). The invisible world: Early modern philosophy and the
invention of the microscope, Princeton University Press, Princeton, New Jersey.

The following video shows aspects of chlidren's microscope studies
investigating the "ant" and the "isopod". As mentioned above, the children
used alcohol lotion to "make them unconscious". But, after a while they "woke
up and moved", the way you can watch them in the video ...

Nektarios Tsagliotis ntsag@edc.uoc.gr
University of Crete, Department of Primary Education
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children's texts & drawings

In the pages that follow there is an indicative list of children's texts and
drawings extracted from their notebooks. The documents have been scanned
and are presented in their original form. The text is also translated into
english, for better communication, providing an insight to data analysis and
findings.




on petunia seeds & plants
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The colour of the petunia seeds is dark brown. Their shape is round and the
have holes and bumps. They look like small insects. In front they have

something like a piece of string hanging out, whereas the back side is a bit
round.
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The petunia seeds are very small. In the microscope though, they appear a
lot bigger. They appear like raisins, rotten fruit, cerials, olives etc. They



appear like very small marbles with brown colour. They look alike the thyme
seeds in their surface, but not in their size.
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Their leaves are very strange. The petunias are beautiful plants, but you
never know what they are hiding. They have vey small white hair on their
surface [the leaves]. They look very different at the microscope.Their
branch is also very strange, with a lot of hair. These hair look as if they are

shiny and so they are picked out of the plant, because they are a bit
“transparent”.
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The colour of petunia is dark brown. Its shape is round nad it has some

bumps. They look like lady bugs. In front they have a stem and the back is
somehow round.



O m‘u‘\\xoe TETOON IS, 070 gz\h§ oSN O ©
h‘.,\o\; O l‘\\vrik&/v St CHOUITOULY A OV
— -
= \ dexoio LE K 4 redirees tou Koy
_— st § \
&") = \ # i : R
&) @ | [avTon, o ‘:\I\&xvv DVRKIQL ONAGEON O
@ - A SO0y TETol (kS EXQUV Ko LAt O,
® & o e s 1
\\,\\OL\M‘\\\ i 0 VI 6 % 6 T OMEK Y HQM&))&, \ Ao
(& rn‘tt"‘«,\:..»b\ \? @ty ‘:,‘Q(&,‘“\/.:'\xk A Ot l; 10N ¢
MOVO WFQFOL wsond et v Oy
: -
O £ 100 < Y A F X OAQ! ‘J\ AR ETO,
- N 1
- \ g [ ) < i N ' -] ? =T «
siva . apdburd (A o (\ACL,\US VW M) Eavat '”',:‘"(_,- l{.ng.ﬁ,on auro

AN Cx NEOOAITO Voo EONGN - SuTunoiin \“‘\‘E Cov Teang Nou OOnoUT!
. X s

The petunia seeds under the microscope remind me of big nuts that have
something like dots all over. The nuts, that is the petunia seeds, have black
and/or dark brown colour. All seeds appear to me to be the same, only a few
are a bit bigger. The front part is a bit curved, whereas the back is a bit peaky.
Always, all things impress me the way they look.
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The petunia roots appear to me like hands with some soil and they have hair.
The roots have a butterfly on top, which is dead. This is what appears to me.
It is a bit brown towards yellow. The roots are very thin, that's why they
appear very clear.



The petunia seeds are different from those of thyme. They have a lot of bumps

and they are smaller.
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The root of a plant looks thin and weak, whereas when we put it under the

microscope it looks big and strong like the root of a tree!

Nektarios Tsagliotis ntsag@edc.uoc.gr
University of Crete, Department of Primary Education
Science Laboratory for Primary Education at the 9th Primary School of

Rethymno
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on sand, salt & sugar
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At the drawing aside we observe some crystals of blue sand, which under
the microscope look like blue caramels with some sugar on top. At point A

we see something that looks like a square and it has a more bright colour
(nearly white) from the rest.
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At the drawing aside we observe some very small and brown grains of sugar.
Their shape appears square, but in some grains of sugar it is triangular. At
the inner part of the sugar there are some very smalll bumps. Their whole
shape looks like a diamond of a light brown colour.
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The grains of salt at the microscope look like rocks or like mountains with
peaks. The microscope also shows things in another way, more impressive.



on seeds of thyme
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We observe that the A seed is a round one, whereas the B seed is somehow
long, but the I' seed is half and miserable.
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The thyme seeds look nearly the same under the microscope and the naked
eye. Some have bumps and others have peaks and they look like lemons,
oranges, olives and some look like “choco cop” cereals. Most of them have
some small “bumps” than others who have “scratches”. Most with the



scratches look like nuts, whereas those with bumps look like the skin of a
rotten orange and their colour is black brown or brown with black.
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The seeds of thyme remind me of lemons or oranges. They are all in
different position. There is a great variety in the volume and shape of the
seeds. The seeds under the microscope have a black or a brown colour.

The seeds are nosey or common like lemons. Every time we observe things
they are not as we see them. The seeds look bigger and different than we see
them with the naked eye. Thus, on our earth we should never say we see

something unless we observe it with other methods (like the microscope,
lenses etc.).
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The leaf of thyme is black from the one side, very black as if it stinks and



from the other side it is purple. My leaf has some dirt on it that has been
retained or some sort of a rubbish. It is a bit awful, but to my eye it looks
normal. The microscope shows every time the true aspect of an object,
either alive or not.
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The seeds of thyme are a bit dark brown, some are big and some are a little
smaller. They are round and they are almost all the same. They look like golf
balls, lemons, chocolate cereals, because they have something like small
holes.
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Branch of thyme

Observation

The branch of thyme is brown towards yellow. It is thin and it has white, small
hair and it looks like a rubber band.




on the point of a needle

AG naparnprioouus Ki EUEIS T LUTN LG PEAOVAS OTO LIKPOOKOMIO. Mopouye va QridEouus eva
OKITOO KaI va ypawouE Lid NEPIYPAaQri, onwe Ekave kar 0 Hooke;
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Here we see the point a needle, which although in reality it is very straight
and very sharp, under the microscope it is a bit curved and not sharp at all.
At point A it has a slight bump, probably from its bad use as well as in point
B . At the rest part of the needle there are cracks and small bumps.
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The needle has an edge, which looks as if it is cut. It is as if it has a lot of
damages on it like long narrow bumps. It has a black colour and a small cut.
Anyhow it is not as flat and sharp as we could imagine. At the centre the
needle is more flat that at its point. Under the microscope it appears more
black than what we see with the eye. It reminds me more of the point of

a pencil.
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The point

The point of the needle is not sharp, whereas at its top part there appears a
bump and there are a lot of scratches all around.

The head

We observe that the head of the needle has a very strange shape and it is full

of scratches.
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The point of the needle does not look at all as we see it with the human eye.
At its edge it is very broad and very fat, not thin as it looks to us. With the
microscope all things appear different, as the point of the needle does. Here,
that is, through the microscope, it is not at all spiked, whereas when we
touch it can spike us through.
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The point of the needle we all know that it can spike us through. At the
microscope it appears to be like a steep cliff and it looks like a slant
mountain or a volcano. It has a lot of scratches and it some attritions. I has

something black which is something like dirt. We also see it coming out
from the right, whereas we have put it from the left




on the study of a dot
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The dots appear totally different under the microscope than with the naked
eye. It has a gray-black colour and it looks like a hairy fur ball or with a

splash. It has a strange and uneven shape which looks like the surface of the
sun. At some points it appears that small sticky points are edging out of the

dot.
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The shape of the dot, as Hooke had said, is not as we see it on paper. We see
that it is like a hairy sphere (ball) with some bumps and some scratches. For
example, at the point AB we see a bump, whereas in point AA we see a
scratch with a concaved shape. Moreover at point XM we see, as in all of the
dot, that some curly pieces of hair are formed, all around the dot. In the end
we observe that although a very small dot how many imperfections it has or
that its shape is totally different under the microscope.
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A dot of mine

Now we observe a dot drawn with a blue pen by myself under the
microscope and from what we see it has a difference from the printed ones.
For example, we observe that although with the naked eye it appears a total
one we see that in the middle it is white because it has not been painted
(point B).




@x%cf(?ot) ; .(/)m /u uc /50
oo o Mok
«')[)Ck/\ ZoV Va m‘C C a n
KQ JY .l(.go\ ( S [/,',‘) (\} i lfvxg ‘K/I‘{a

Qﬁlﬁc?i’;m Yono\fon impl sy Wl clloy,.
(g I\v;;g’xu-x PN X1 AR A

Sila, %,(\ o NIe _d\N })_‘a'r’";/‘;w:g
2’@ CTWM\ [o txsl swe IV 720

wawvm\ t)f\)ﬂl\nC‘}B T I Nf o

r €iyge CNVxo N fWesg

J U
i Kmxcww roly Sug Nody 2o uln ey LS XA ey
| : J F’T’(_.‘- T & c*
A ;o\/f c:igi\ﬂ ro [llceee vedzn Mo £f0% Yooy da
_ SN | VOV,} A5 5(J05 [ 2 Rm s D% 5[ o
e . ) . /[ TRA 5 U J 7
gL /\Qi(\* O"‘(’-t/ﬂ‘(.\b:_\/i Cecig La \%j:\l r/!«'g‘y‘Ff,.)J [(/a‘-r\( =

We see a small dot like Hooke. But, the dot looks like a sphpere used and
rusty. Moreover, at point A it is a bit more lightcloured. At point B it has a
small bump. Also at point I it is a bit picky.

The bigger dot is very round and big, because it covers all the microscope. A
medium-sized dot is normal in magnitude and a little round and it has ups
and downs. But it looks all right.



on the study of cloth
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The cloth looks like small cactus or small bamboos. They have a very
peculiar, messed up and complex shape. It does not have many empty spaces
in between. These small threads appear to be cut off. The shape does not
change under the microscope. It looks as if it has a lot of spikes and as if it
has been tied many times. The pieces of the cloth appear to have been

formed by many small squares.
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In the aside drawing we observe that although in reality it is a whole piece
of cloth, we see that through the microscope there are big gaps in betwwen
the treads. We can say that it looks like the straw-mat of an old wooden
chair or a straw-woven basket.



constructing the microscope

A sequence of transparencies is presented below, depicting the phases of
construction of the microscope under study. Initially, the microscope was
constructed with two lenses, an objective and an eye piece.

Construction of a simple microscope (materials)




Black carton inside the plastic body-tube




Constructing the objective (lens & diaphragm)

Completing the eye piece and support base construction




Adjusting the microscope body-tube on the base

e
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The digital
photography
set up

The initial construction of the microscope was with two lenses (objective and



eye piece), as described above. The idea from the Istituto e Museo di
Storia Della Scienza is presented on the left, whereas the alternations and
additions to the microscope from the Science Laboratory for Primary
Education are presented on the right (see trasparency that follows).

The microscope with 2 lenses ...

anoraioryv

. Istituto e Museo di Storia T . ‘
Della Scienza Primary Education

After a while, an additional middle lens (field lens) was suggested to be put in
between the two. An extra piece for joining pipes (a conjunction or extension
part) was used as a junction piece, on top of the microscope pipe, to seperate
the field lens from the eye piece. Another problem to be resolved was the
stabilization of the microscope at a particular place for image refinement and
observation. After a few alternative attempts (see trasparencies below), we
ended up with a plastic cable tie fastener to hold the microscope pipe in place,
inside the niche fromulated by two other pieces of pipe glued appropriately
on its support base (see below).



Addition of the third lens to the microscope

Istituto e Museo
Della Scienza




Alternative attempts of stabilizing the microscope

Alferna'rlve aﬂempts of stabilizing the microscope




microscope construction worksheet

The worksheet used with pupils to construct the first version of the
microscope with two lenses (objective and eye piece) is presented below.
The language of the worksheet is Greek.

EpyacTtijpio ®Pucik®v Eniothpov Pe8upvou
© Nektapiog ToayAlwTng & ApIGTOTEANG OE0dWPAKNG
e-mail: ntsag@edc.uoc.ar & ekfepe@gmail.com

KATAOKEUNR EVOC HIKPOGKOMioU ME anAd UAIKa

—— daiveTal OTI TO NPWTO HIKpookoMIo ATav Bacika évag owARvag e HId HIKPER
NAGKa OTN pia HEPIA YIa Thv TONOBETNON TOU AVTIKEIYEVOU Kal HE Eva pakd oTnv
AMn pepId, o onoiog PeyeBuve To avTikeipevo kard 10 QopES ) kal AyoTepo. To
1597 o OAAavd6G enioThpovag Zaccharias Jansseen kal o yiog Tou Han Jansseen
kabax nepapariorav pe didpopous Gakols nou €Ralav PEoa oe €va owARva
Bprikav OT1 0 guvdUao oG BUO PAKUV HE VA GUYKEKPIKEVO TPOMO £3IVE KAAUTEPC
anoTeAéoUaTa OTn HEYEBUVON Twv avTIKeIpévwy. Karaokelaoav €701 pia NpwTn
€kBOXN TOU GUVOETOU WIKPOTKOMIOU e £va Npoco@BdApio (akd and Tn pia pepid
Kal éva avTiKelPevikd @akd and Tnv AN, o onoiog nAnciale oTo UNO HEAETN
avTikeipevo. MioTeleTal OTI n 13€a Toug auTth e Toug dUo (akolg oTnpiloTav
navw oTnv avTioTpo®n 1I56a ThG JIATAENG TWV QAKWVY TOU THAETKOMIOU, yI' auTd
AMWOTE Kal Ol NPWTEG TOUG KATACKEUES €ixav WRKOG mepinou 60 ek. kal Frav
apketd  Bapiég.  AvappiBoAa Opwg ATav ol NpwTEPYAaTeq Tou oUVOETOU
o HIKpogkoniou, To onoio apydTepa TeAelonoinge o Robert Hooke yUpw oTa 1665
alileo g 2 . . . . . .
Microscope (npPA. Micrographia). EikaleTar oT1 kal o TaAlAaiog €iYe KATAOKEUACE! NAPOUOIO
(cirea late 1600s) ;1 pogkdMIO OTIG APXEG Tou 17° aiwva (BA. Binavr ewroypapia).

H Baoikr 13€a, Aoindv, autou Tou OXediou epyaciag eival n Karackeur evog anAol HIKPOTKOMIoU HeE UAIKG
oUyypovd, aueca JIaBETINA Kal avaKUKAWOIHA 1) €0TW HE UAIKA Mou Pnopolv va €xouv kal JeUTePN Xpron.
Enixeipeital €701 pia €10aywyIKh NPOCEYYION TWV eKNAIBEUTIKLV KAl TWV HaBnTwv oTO evOIAQEPOV auUTO
DIDAKTIKO QVTIKEIUEVO, HE EACIOTO KOOTOG A [E NPpocwnikf SUPROAR aTn dnpioupyia kal oTn Siepelivnon.

Aq &) > .
Effj YAixd wou xpeialduacTe

v 2 @akoUC and QuToYPAPIKEC UNXAVEC HIag
xpiong

v 1 owAfva NAAoTIKG, ECWTEPIKAC dlapéTpou 16
YINOOTWV Kal pikoug 16,5 ek.

v 2 podeAeC HETAMAIKES, UE EEWTEPIKR DIANET PO 2
€K. Kal eowTEPIKA 1 €K.

v 1 podéAa AacTixEvia nou Xpnolponoleital yia va
OUYKPATEI Ta KAPPIA OTIC OKEMEG HE EEWTEPIKNA
didpeTpo 12 xiA. ka1 ecwTepIKA 2 XIA.

v 1 palpo kouTdki and @IAY TPUNNUEVO KUKAIKA
otn Bdon Tou (To KOPOWE NPOCEKTIKA HE KOMIOI
kai T BonBeia evog evijhika)

v 1 palpo napahnAdypappo Koppari xaptovi 15 X
5 ex.

v UepIKA IKPA AaoTixdkia

v koMwdn nAacTeAivn, Tinou “blue tack”

v 1 KOPHaT NAacoTIkO nAekTpoAoyikd cwAnva,
eEwTEPIKAC DiapéTpou 20 XINOCTWV Kal PRKOUG
17 ex.

v 2 KOPHATIa and nAacTikd NAEKTpoAoYIKO CwArva
dlapérpou 15 xihiooTwv Kai pnkoug 10 ek.

v "Eva KoppaTi okAnpd xaptovi and xapTokouTa
nepinou 15 X 10 ex.

v TlioTdh BeppuooiNikdvng

v' Wakidl, oeydki, konidl, Xapaka, HoAUPI 1} oTUAd

* AuTo To oxedio epyaoiag (project) exnoviBnke oTo nhaicio TG NTuyiakng epyaciag Tou ApioTotéAn Geodwpdkn oTo
NTAE Tou Mavermornuiou KpAtng (Iouviog 2008), pe enénTtpia Tng epyaciag Thv enikoupn kabnyAtpia Maprdvva
Kalait(ddxn kal ouvenonm Tov kabnynm| Awora Tlavakn kal oe ouvepyaoia pe To Epyaompio Quoikav Eniotnudov
yia Tnv npwToPdBuia eknfon Tou Nopou PeBlpvng, Maxng Kpritng 33, Micipia, 74100 PeBupvo (ekfepe@gmail.com).
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Epyaomipio duoikev Emompav PeBipvou
© NexTapiog ToayhaTng & ApioToTéAng Oeodwpdkng
e-mail: ntsag@edc.uoc.ar & ekfepe@gmail.com

Q Ac¢ 1o @rigéouue

Tu)\iyoups To palpo KO]J}JCITI
Xaptovi  yupw  and  €va
KUAIVOPIKO ~ owAfva  kal  To
OMPWYVOULE HEGA OTO GWANVA
TOU MIKPOOKOMIOU. _

2 KoAdype e “blue tack” Toug
@akoUG OTIG HETAMIKEG
POBEAEG, MPOTEXOVTAG VA WNV
kaAUnTovTal ol pakoi ano
autd To UAIKO. 3TN OUVEXEIQ
TOUG TOMoBETOUNE ONWG eival
oTIG dKPIEG TOU GWARVA
UAKoug 16,5 ek. NpooBETovVTag
nahi “blue tack” onou
Xpeialeral.

3 =zmov QVTIKEIPEVIKO (PAKO TOU
Hikpookoniou (ekeivov nou Ba
BpiokeTal oTnV KATW WEPIA),
NPoCAPUOTIOULE TN AACTIKEVIC
POBEAQ GTEPEVOVTAG Kal MAAI
Je “blue tack” €ral, WoTeE N
or TNG va BpickeTal oTo
KEVTPO TOU PakoU.

4 MpocapuoZoupE TO KOUTAKI
TOU QIAM OTO NAVW HEPOG TOU
OWARva.

Oupiloupe OTI and To KOUTAKI
TOU QPIAM £XOUNE APAIPETE LE
Konidl éva KUkAIkS dioko and
ToV NATO TOU, OTIG JIA0TACEIG
TOU GWARVa Hag.

5 Metou UnoAoINOUG TPEIG
OWARVEG KATATKEUAZOUE TN
Bdaon oTrpIEng Tou
HIKpookoniou Jag.

KoAAdpe, dnAadn, dinka-dinka
Toug dUo HikpoUGg endvw oTo
peyaAUTepo owARva Kkal Enera
oAOKANPN TN Bdon endvw oTo
XapTovl, e BEPUOTIAIKOVN.




EpyaoTtnpio ®uoik®v EmoTnuav Pe8ipvou
© NekTapiog ToayAidTnG & ApIoTOTEANG O£0dWPAKNG
e-mail: ntsag@edc.uoc.gr & ekfepe@gmail.com
[ Mepvape dUo A Tpia AaoTixakia
oTn Bdon oTAPIENG Kal UoTepa
TonoBeToUNE Kal To
HIKPOOKOMIO, MPOCEXOVTAG
apxika n anoéoTacn
QvTIKEIUEVIKOU (pakou Kal
xapToviouU va sival nepirou 4
£KATOOTA.

7 To HIKPOOKOMNIO Hag gival
TOpPAa £ToIpo!!!
Ma va pnopgcoups va doUue
S1Gpopa avTIKEIPEVA ONWG
PUAAa aven kAn. Ba npénel va
PWTICOUPE KAAd To
QVTIKEIMEVO HE £va Pakd
akopa KaAUTEPA e €va HIKPO
NAekTPIKO NpoBoAsa, dnAadn
€va OnoTaKl.
Ma va oTdos To JIKPOoKOnIo
Hag Ba npénel va To KIVACOUKE
MPOCEKTIKA NAVW KATW Kal
W€oa oThv €00XH Nnou
oxnuHarifouv ol dUo HIKPOI
owARVeG TG Baone. Ta
AaoTixakia pag BonBoulv pe
TNV TPIRM Toug oTN
oTabgponoinon Tou cwAnva
TOU HIKpoOKomiou.

Me Aiyn unopovn Kal AenTeg
KIVAOEIG yia Tnv €oTiaon 6a
Hropécoupe va dolpe
avTikeideva 20 QopeEG
HeyaAUTepa 1 alInG pe
MeygBuvon 20 X.

8 Kortagre, yia napadsiyua,
noéoo peyaAn gaiveral n PoTn
£vOG MOAU pIKpoU pUANOU Kal
AenTopuépsia ano pididia
naTarag os PWTOyPAPnon HE
wn@iakn pnxavn (BA. kaTw)

AenTopépeieg
anoé nolunouAo
& KAwoTH



Epyaoctipio Puoikwv Emornpov PeBopvou
® Nexrapiog Toayhwomng & ApioTtoTéAng @zodwpaxng
e-mail: ntsag@edc.uoc.gr & ekfepe@gmail.com

E_‘ Xpriowes oUBOUAEG ...

O1 akoi nou Ba npénsl va BpoUus yia TNV KATAOKEUR Tou pIKpookoniou Bpioxovral ot
XPNOILONOINUEVEC GWTOYPAPIKEC WIAg XpRong. Av kai dev anoTeAouv Lia TOOO OIKOAOYIKN
NPOgEyyIon yia TN AQWn QwToypa@iwy, evToUToi pPe Tn OelTEpn XOAON GOKGOV Kal
efapTnudTwy Toug evOEXeTal va anoBoluv NEPICOOTEDD XPAOIUEG YIO £XNAIBEUTIKOUC
okonoUg ané OTI sixav apyxixd oxedidos o1 KaTaoxsuaoTeg Toug. O1 dUo @axkoi nou
HUNopoUpE va NAPOUNE and TO UNPOOTA PEPOC TOUC Eival KUPTOi LE E0TIOKA anooTaon
nepinou 35 yiAlooTwv. Mnopouv va xpnoigonoinBolv w¢ npoco@BaAuiol gpakoi ato navw
HEPOC TOU OWANMVA TOU LIKPOOKONIOU GAAG KOI (G QVTIKEILEVIKOI (aKOi OTO KATW LEPOC TOU
(npBA. napakdTw gwToypawia).

MoAAéC @OopEC oI @axkoi auToi, ONwg
Ha Toug NAPETE anNd TIC PNXAVEG EVOC
@IAIKoU gag pwToypawsiou, Ha npEnel
va «xafopioTouv and Oxovn  Kal
oxoumdaxia, yio va £xouv KaAUuTepn
cukpivela. Eniong, ©Ha npénar va
npoogfoupe xata Tn  Oiadikacia
OTEPEWONG TWV QOKWY NAvw OTo
owArva va XPNOILONOINCOUPE
NPOCEKTIKA  KaTGAANAN  nocdTtnTa
"blue tack” woTe va unv xpUWoupE
PEPOC TOU ©AOKOU KaI aKOpa va pnv
Tov Aspwooupe Eava. Eidika aTov
QVTIKEIUEVIKO (aKO OTO KATW MEPOG
TOUu OWAAVa TOU PIKpooKoniou Ba npénel va npootfoups va s@appoCoUpE 000 YiveTal
kaAUTepa TO owAnva, Tn PeTarAikr podEia kal Tn AaaTixévia podela.

01 AaoTixévieg auTég podEAEC XONOILONOIOUVTA! YIa VO CUYKPATOUV Ta Kappid
N Tic Bidec KaTG TNV KATAOKEUN OKENWV PE naved. Aoxiudoaps Tpeig
OI0EOPETIKEG DIAOTATEIC Nou gixaue DIaBECIPEG PE E0WTEPIKEG DIATOUEG 2, 6
Kar 8 xihiooTda kai Bprikape 0TI TO pikpooxkonio «doulslsr» Le GAEC av xal pia
evdiauson didoTaon onng yupw ota 4 xIAOOTA @aiveTal va sival n KaAUTeEpN
OE OYEON WUE TN QWTEVOTNTA TOU QVTIKEIUEVOU kal To £0po¢ Tou nediou
napaTipnone.

EminAgov, évag onuavTikog napdyovracg nou ennpedalsl Tnv TeAIKA €1Kova eival
. N ©WTEVOTNTA TOU QVTIKEIUEVOU Npog napatrnpnon. ®wTilovrdg To pe €va

onoTakl f éva Aaunatép ypageiou, aufavoupe xaTtd noAd Tnv SUKpivEId Tou

c1dmAou and OTI av TO QWTIOOUPE PE £va KOO (akd Xeipdg. Axoua, sival

Baoiké katd Tnv nNapaThipnon va néETEl 600 To duvaTov AiyoTEPO QWC OTO
Ham anod Tov nepiBailovTa Xwpo, yI' auTO XpNoIJonoioUPE Kal TO palpo KouTi and @iAd.

BiBAioypamia
Vannoni M., Buah-Bassuah P. K. & Molesini G. (2007). Making a microscope with readily
available materials. Physics Education, 42(4): 385-390.
Vannoni M. & Molesini G. (2006), Constructing @ microscope. Instituto e Museo di Storia della
Scienza, Florence, Italy.
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Bradbury, S. (1967). The Evolution ofthe M/aoscope. Pergamon Press Ltd, Oxford, London.
Hooke, R. (1665). Micrographia. Royal Society, London.
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microscopes construction in class

The construction of the first version of microscopes with two lenses was
conducted in class in a two-hour period with the materials readily available
to children. The chidlern were supervised by the teacher and the 4 student-
teachers involved in the project. The adition of the third, extra lens (field lens)
took about one more teaching hour. Some indicative snapshots of the process
are presented in the transparencies below.

Construction of the microscopes

Breaking the cameras in

pieces for secondary use

of materials, especially
lenses



Construction of a microscope with simple materials

Projection of guidelines and comments for the
construction of the microscope from the Wiki HIPST

Distribution of materials
in each group ...

6 sets of meterials for a
respective number of
groups of four children,
for the construction of 2
microscopes per group



Construction of a microscope with simple materials




Construction of a microscope with simple materials

=2 0




Construction of a microscope with simple materials

Initial “random”
observations .. Just
after the completion of
the first version of the A\
microscopes



study worksheets_en

A set of six+one worksheets have been used in this case for microscope
studies. They are presented in English below.

Pieces of text and drawings form
Robert Hooke's Micrographia (1665)

Of the Point of a sharp small Needle

“We will begin these our Inquiries therefore with the Observations of Bodies of the most simpfe nature first,
and so gradually proceed to those of a more compounded one. In prosecution of which method, we shall
begin with a Phaysical point, of which kind the Point of a Needle is commonly reckoned for one; and is indeed,
for the most part, made so sharp, that the naked eye cannot distinguish any parts of it: It very easily pierces,
and makes its way through all kind of bodies softer then itself ...

But if viewed with a very good Microscope, we may
find that the fop of a Needle (though as to the sense
very sharp) appears a broad, blunt and very jrregular
end; not resembling a Cone, as is imagined, but only
a piece of a tapering body, with a great part of the
top removed, or deficient ...

The image we have here exhibited in the first Figure, was the top of a small and very sharp Needle, whose
point aa nevertheless appeared through the Microscope above a quarter of an inch broad, not round nor flat,
but jrregular and uneven ... The surface of which, though appearing to the naked eye very smooth, could not
nevertheless hide a multitude of holes and scratches and ruggednesses from being discovered by the
Microscope to invest it, several of which inequalities (as A, B, C, seemed Ao/es made by some small specks of
Rust, and D some adventitious body, that stuck very close to it) were casual All the rest that roughen the
surface, were only so many marks of the rudeness and bungling of Art.”

Let us observe the point of a needle under the microscope. Can we make a drawing and write a
description, as Hooke has done?
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Observation of a point, commonly
called, the mark of a full stop, or
period.

“And for this purpose I observed many both prinfed ones and written; and among
multitudes I found few of them more round or reguiar then this which I have delineated in the third figure of
the second Scheme [see below], but very many abundantly more disfigured: and for the most part if they
seemed equally round to the eye ...

But to come again to the point. The Irreguiarities of it
are caused by three or four coadjutors, one of which
is, the uneven surface of the paper, which at best
appears no smother then a very course piece of
shagged cloth, next the Jjrregularity of the Type or
Engraving, and a third is the rough Daubing of the
Printing-Ink that lies upon the instrument that makes
the impression, to all which, add the variation made
by the Different fights and shadows, and you may
have sufficient reason to guess that a poinf may
appear much more ugfy then this, which I have here
presented, which though it appeared through the
Microscope gray, like a great splatch of London dirt,
about three inches over; yet to the naked eye it was
black and no bigger then that in the midst of the
Circle A.”

Let us observe some printed and handwritten dots under the microscope. Can we make a drawing
and write a description, as Hooke has done?
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Of the seeds of Thyme

"These pretty fruits here represented, in the 18. Scheme,
[see drawing aside] are nothing else, but nine several seeds
of Thyme; they are all of them in differing posture, both as
to the eye and the light; nor are they all of them exactly of
the same shape, there being a great variety both in the bulk
and figure of each seed; but they all agreed in this, that
being looked on with a Microscope, they each of them
exactly resembled a Lemmon or Orange dried; and this
both in shape and colour. Some of them are a little rounder,
of the shape of an Orange, as A and B, they have each of
them a very conspicuous part by which they were joined to
their little stalk, and one of them had a little piece of stalk
remaining on; the opposite side of the seed, you may
perceive very plainly by the Figure, is very copped and
prominent, as is very usual in Lemons; which prominences
are expressed in D, E and F. They seemed each of them a
little creased or wrinkled, but E was very conspicuously
furrowed, as if the inward make of this seed had been
somewhat like that of a Lemon” ...

Let us observe some seeds of thyme under the microscope. Can we make a drawing and write a
description, as Hooke has done?
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Observation of petunia
seeds and plants

Let us observe some seeds of petunia under the microscope. Can we make a
drawing and write a description, as Hooke has done?
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Let us observe some parts of the petunia plant (roots, sprout, leaves, flowers etc.) under the

microscope. Can we make a drawing and write a description, as Hooke has done?
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“This was a creature, more troublesome to be
drawn, then any of the rest, for I could not, for a
good while, think of a way to make it suffer its
body to lay quiet in a natural posture; but whilst
it was alive, if its feet were fettered in Wax or
Glue, it would so twist and wind its body, that I
could not any ways get a good view of it; and if
I killed it, its body was so little, that I did often
spoil the shape of it, before I could thoroughly
view it ...

Having ensnared several of these into a small
Box, I made choice of the tallest grown among
them, and separating it from the rest, I gave it a
Gill of Brandy, or Spirit of Wine, which after a
while even knocked him down dead drunk, so
that he became moveless, though at first putting
in he struggled for a pretty while very much, till
at last, certain bubbles issuing out of its mouth,
it ceased to move; this (because I had before
found them quickly to recover again, if they
were taken out presently) I suffered to lay above
an hour in the Spirit; and after I had taken it
out, and put its body and legs into a natural
posture, remained moveless about an hour; but
then, upon a sudden, as if it had been awaken
out of a drunken sleep, it suddenly revived and
ran away ...

This Creature appeared through the Microscope, in the 32 Scheme [see above] ... had a large head AA, at the
upper end of which were two protuberant eyes, pearled like those of a Fly, but smaller BB; out of the Nose, or
foremost part, issued two horns CC, of a shape sufficiently differing from those of a blew Fly, though indeed
they seem to be both the same kind of Organ, and to serve for a kind of smelling; beyond these were two
indented jaws DD, which he opened side-ways, and was able to gape them asunder very wide; and the ends
of them being armed with teeth, which meeting went between each other, it was able to grasp and hold a
heavy body, three or four times the bulk and weight of its own body. It had only six legs, shaped like those of
aFly ..

The third and last part of its body III was bigger and larger then the other two, unto which it was joined by a
very small middle, and had a kind of loose shell, or another distinct part of its body H, which seemed to be
interposed, and to keep the thorax and belly from touching.

The whole body was cased over with a very strong armour, and the belly III was covered likewise with
multitudes of small white shining bristles; the legs, horns, head, and middle parts of its body were bestuck
with hairs also, but smaller and darker.”



Let us observe an ant under the microscope. Can we make a drawing and write a description, as
Hooke has done?
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Observation of a terrestrial
isopod

Let us observe an arthropod, which we commonly find in the
garden and it is called terrestrial isopod, although its
common names are ‘pill-bug” or ‘pill woodlouse”. Its
scientific name is Armadillidium nasatum and it likes to
hide under aark and wet places in the garden. When
threatened, it takes the shape of a small marble and rolls down the ground.

Let us observe it under the microscope. Can we make a drawing and write a
description?

Let us observe the body parts of a terrestrial isopod (head, tail, legs ...) under the microscope.
Can we make a drawing and write a description?
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A free observation study

Let us observe

Let us observe the parts

The above set of sixtone worksheets, which have been used in this case for



microscope studies, can also be downloaded in English as a .pdf file here.
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