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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), havinghim 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 t he constructed microscope on a notebook with
ZdyzZ 1tn¢ Gldzévdda 1N 1N 100667 ¢T 1 NGUIUd
putting down their notes on paper, they studied a relevant extract from the classic
text of Hooke, adequately transformed and adjusted f or 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.qT Zdu- ZV dh (GZz¢1 d& hiucdnD 1 NGAEZG- ¢6
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
exchangedin class their notes and observations, within a framework of
investigations about the developm ent and functions of plants and insects. The

TN NhG1 G 68/ ¢TI NEgudn_ G N6z2aCé661 G 111G dyUd¢Zd
an authentic environment (inquiry -based teaching and learning approach),

GiIZi 1 n 1 HuUImdGéuUl 68 Ndidéalhg with an infedtiondlN Z 1 H1 ¢
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 academ ic 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 (approxi mate
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 m icroscope 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 soo  n, 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 devel opment of this educational scenario, the
microscope studies were linked to a classic scientific book on microscope
GZz¢1 dld-" Z1 1 Z Micrograplad (1665).\Pieded ofitextiand drawings
have been selected from the book to be added to worksheets, in order to
a6 frecd 1 RGUIGT Zir 6N TNE hziE€iNEd 26
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 observatio ns 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 Janssenhimself,

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 Janssensand 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


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

magnifying images approximately three times when fully closed and up to ten
times whe n 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(15741629) 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).

***x* §s con
Di vi ni-shapecCampani 0s imicroscope,
microscope monocular microscope manufactured in

London for R. Hooke

Microscope studies began during the course of the 17th century with Federico
Cesi (1585 1630) andFrancesco Stelluti (15771651) in theApiarium (Rome,
1625).Melissographia = T NG 6° T OUdT U1 NDhe wdkitsgad'&l i G671 GO U
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", asBacon criticized.
Later, Giovanni Battista Hodierna (15971660) published, in L'occhio della
mosca (Palermo, 1644), a text dedicated to the anatomy of insects, a mas terly
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 inve ntion 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, whi ch
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 -« » 6 hui N ¢6¢é1 dZh 6H ¢
Improvin h- x 1T Zz u1 N pwhishGudsdirditiallg 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,

G6°-7d Cdéind zid _7zui1z6u 6# AYUdOGIrmndnNnza, .
microscopical studies, and the Royal Society recognizing the importance of this

new branch of study, encouraged this endea vor. 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 « Cd1 Ph 1N 172 dfduh
mi ¢u6Gdc6U01 ¢T N & C ({(Rradifuiy,ZL963) dHooké fZithfiNl &/ tainglied

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, t he spider, the ant and various types of hairs. All these
observations and many others besides were published in 1665 under the long

title - w1 ¢U6hUGT UT 17 . 60 G6nd U7V hidG1 6N6h1 ¢T N &d
magnifying glasses with observationsanding Z 1 G 1 dd .Z7 dudé N«
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Schem. xx

MicRrROGRAPHI A. 203

Obferv. XLIX. Of an Ant or Pifmire.

His was a creature, more woublefom to be drawn, then any of the
I relt, for [ could not, for & pood while, thiok of 4 way 1o makeit
fuler its body to ly quictin n natural poltures bue whil'lt it was alive,
ifits fect were fetrer'd in W 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 folitele, thae | did often fpoilethe flape of i, before I
eould throughly viesvic: for thisfs the nature of thefe minute Bodies,
that 8 {00n,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 alfo is the rea-
fon of the variations int dsof wild  Oats, and in thofe of Mufke
grafs feed, that their bodies, bein exceeding fmall, thofe finall variations
which are made in the furficcs oF:H budies, almolt upon every change
of Alr, efpecially if the body be porous, do here beenme ferdib , where
thewhole body'is fo fimall, that it is almalt 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
fbodies being nuch the fame,, thofe bodies become moft fenfible of ity
Which tiave the Teaft proportion of body to their furface.  $o kit alio
With Animal fabftances ; the dead body of an Ant, or fuch fittle Srcature,
dots almolt inftantly dirivel and dry, and yourobje&@ fhall be quitean-
tehier thing, b'.furr?mu canhalf delineate ie, which proceedsnotfrom the
extruordinary exhalation, but from the fall propartion of body and jui-
§tto theufial drying of bodicy in the Air, pecially if varoy . |
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 pirit of Wine,thist found would pre fently difparchi,
uhy.:cvt, the Avimal, and being taken out of it, nn{ lav'd ona paper,
|| the fpirit of Wine would immediately flyaway, and leavethe Animal
| dryloies natural pofture, or ar Jeaft, in & conflicution, that it might eafi-

Iyivitha pin be plac'd, in what polture >

b rou defired 10 draw i,
Ty would {0 remain, without either rm’winp,, or (hriveling, A‘m!.?ihu':‘:
deale with this Ant, which I have here delineated, which wasone of ma-
9, ofa very large einel, that inhobised under the Rooty of a Tree, from
\hience lhczrwxmld fally our in gecat partics, and make moft pri
Havock of 1 Flowets and Fruits, in the ambient Gurden, and return
hagain very expertly, by the fame wayes and paths they went,
It was more then half the bigoels of an Farwig, of a dark brown, o
Rddl(h:olom, with long legs, onthe hinder o?whkh it would Rnd
Eca up,

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 WAh:at Hooke

saw under the microscope. He claimed that his goal was to use - isincere ha\md,v .
Tne 17 HI G ZT AZN dhd- Z6 dyilni Dld' T.Dé Udéouc
Along with texts of lucid descriptions, Hooke included stunn.mg,, vdeta.lled S
CUT GINhG" 6/ GI T2 Td G471 G zNREdu Zid mi1 cu6déa6U
the boo k. For the first time ever, natural scientists as well as common people

could see a new world around them which they barely knew it ex‘isted (I:%urgavn, ‘ o
2008). His lively drawings of insects made themseem 7T G 1 H Z7 dh Gdud
elephants seen with the nake¢  d, lueicommented. The book was a great 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 presujent of _the Royal
Society. Despite the claim that a recently discovered portrait is considered to _ -

1 non > ”
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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 t he
history artist Rita Greer. Her paintings, based on two detailed written descriptions,aim <~ Z6 Uz Z T i1 n Ciliaédn 1 DZ6
attempt to recreate his face and appearance.

-

"The Fossil Hunter'. Robert Hooke as a ten yeacloild on the Isle of Wight i'Robert Hooke, Engineer'. A memorial portrait by the his
Freshwater BayOil on board byRita Greer 2005 painterRita 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 child adn_ad’
Ni C6uT Z6uh G6ul - NI Miclodgddphia Bee €ectidiy. \ 6 6 I d _

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 diaph ragm (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 carto n 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 reduce  d, 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
obserf di _ G dhd. Cid mié¢ud6iGdc60d Gi G H4tubé NNh H
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 lig ht 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 lens to achieve this. So, by
extendi ng 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 mic roscope 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 a nd 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 th an 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 wri ting
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 p aintings of Rita Greer, the history artist, which helped a lot to
frGzi NI Wd TGdU0ad¢zaG" 6/ \ 66+ d_G Ni#ad ~zZiddd U
URL: http://com _mons.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
TU0Z1rGZr ¢ GF1 NNG Chw ¢6 0t DR UT 1 RZ1rNDhG Td° G1T
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 Westmi DG ZdU" T NRE né6fdeé¢ Z6 ~YHO6UE 1 NI fdul
Ur 1 N6G6EUT hu, - GT 1 ¢T7° 1 NENZEAE ni N CUiNETAG 6
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

I NZdadGzrNDh Z6 T1 fd Ti1n TN6RDhGI ed TG 17 _zZd’
microscope studies. Hence, for the purposes of this inquiry, seven worksheets

have been designed, startingfroma ¢ dUz171 ZdNh' Zui1 RDGNT Zzd¢ Uil déd
and drawings, which turned into hands -on classroom investigations and


http://commons.wikimedia.org/wiki/Category:Paintings_by_Rita_Greer
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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
interes ts to study lots of various different specimens, which were waiting for
them, just outside the Science Laboratory, at the school garden. Thus, they
C6NENzEde Zidiru 6CAdufi Z1r6nNG GIZG6MdZY A& d
UT Z1 ¢z N1 0N hasthet indstedi A Brief Biscussion 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

Cid BRI U0GZ ZG6 (GZz¢Eh G6Ul GT ddziG Gdud NI Dl dg¢-
in Micrographia . The worksheet on the study of the point of the needle is directly
linked with page 1 of Micrographia -~ GT dudd" \ 66Fd ¢6nndNzZ4G Z11 Z
these our Inquiries therefore with the Observations of Bodies of the

most simple nature first;, and so gradually proceed to those of a

more compounded6 Rd .~ _dnUT T G1 G- 1N ZYd" 6041 hi1 DT N,
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 an d rather dimensionless, similar to the

AzZ¢N1 ¢1i1n° U661 NZ, 1N hdéndziuh 64 zi d _ U7 huii
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 obser
under their microscopes

Hookeds drawing of the pc¢
Cid ¢V i1 NegOdn adi ¢ 1 N ¢ Nthelpdint of théneaidlle G, wiicd G ¢ G 1 UZ
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


http://hipstwiki.wikifoundry.com/page/study+worksheets

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.

¢6-" 1272 Zid dn¢ 6H ¢TI NEUdN_G nié¢ud6déoU0d (27
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 microscopeit « ¢ 6 2 N& NR6Z T1¢d T mnmzNzZi Z
(¢ U1 Z &kchidiwote in his description that the pointof aneedle ~ 1 NZT 6 Z AT~
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 bun U G Another child noted

that < Z7 & Ndd¢Nd 714 TN dé&hd GTi1¢7 N66FG 1 G
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 ce ntre the needle

is more flat than at its point. Under the microscope it reminds me more of the

U611 NZ 6 H Althoughitt2 photbs.of fig. 9 are not very clear, because of the

inappropriate contact of the digital camera lens on the eye piece part of th e
microscope, it appears that the children could observe the point of the needle

N 7T Girmi NT O nThRiHI ETZ1 6N 26" 2V 172 6HR \661 d
6H ¢iTddd-" GiNéd ZTidh dfdn H#6zNE 1T ¢6zUNd 6
points in ea ch class.

Observing the printeddot ,or~ 1 niT Gl &6#H #HZz NNookemméniongdli U
that it had various irregularities and in fact it reminded him <1 hudt Z
1GUNT (7 1 6 A OgebofXiedhldreh widtgthat - Z7 d €6Z2ZG 10U
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

stick v U61 NZG 1 ud d¢ hAndtier child @mpards afiinted do Z «
with a handwritten one and claims that the first 71 G 1 N6Z 68 . Ud1l
To0diadG Nid 7, wBarehs tH@Natter I NGOG Nd~ Ni Fd 17 Ci h
(inéladdalso. G6NdNhe zUin dé¢dd 6H TT1 0 1T0d.H#H6UNAE 1

dui ¢

A digital photo of a printed d'A
under the microscope

childdés dr awi



7.2. Microscope studies on the seeds of thyme and petunias

Moving on with the microscope studies, we  examined the seeds of thymeas

Hooke had also described in Micrographia . He noted that the seeds had a

variety of shapes, whereas « d1 ¢7 6H ZT7 dn dyi1 ¢ZNh udddnCNd
clhrdé- 1NE ZT7 1 G C6 Zand thepweteldiffetbdt framTémmé @N G 7 U «
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 ligh ting 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 « 7 7 f d C 7 'otbhefis hAv&@eaks and they
N66F Nild NdnénRdGd- S6uinNhdd 6Ni fdd T NRE G6énd
Zidn 71 fd G6nd Gni NN CznUG« Z71nNn 6zZidud GI

scratches look like nuts, whereas those with bumps look like the ski n of a rotten

UT Nhd TNE ZTdiru E6N6zuUudG 1 Ud CAdthedchi€ld 6 GN 6
noted down in her worksheet that the seeds of thyme reminded her of lemons

ororangesand - Z7 dhu T 4d T NN 1D 17 &1 HAdJdUdANZ UGG Z1 ¢
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 nak ed eye. Thus, we should never say we see something unless we
gChldufd 1Z Gi1 ZY 627 du nhdZ7The atterfstatendent Z7 d  n i
appears to be an interesting epistemological note.

A chil dobs drawing
Notice the shadows she has observed
drawn, created by the small read
spotlight lamp, which illuminated the ses
from an angle.

A digital photo of seeds of thyme unt
themicroscope

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 happ ened as an extended investigation, following the one

on the seeds of thyme. A child commentedthat « Z7 d ¢6Nézu 6H Zid U
is dark brown. Their shape is round and they have holes and bumps. They look like

small insects. In front they have somethin g like a piece of string hanging out,
Gidudid zZid C1T ¢l ( Anbtier child wiote tBat the peténial ¢ -

seeds- T Ud fdih Gnmi NN 1T NR¢ &1 RAHAHAUANZ Z6 ZTV 60Gd
they look rather big. They remind me of raisins, rotten fruits, cereals, small olives

etc.CT dhu N66F Nikd dGnt NN CznUh niTdCNdid Gi1 z1 C

A digital photo of seeds gfetunia A childdéds drawing

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 - UdZz D1 71 G Tu0d Cdi
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

T NGS6 N&6I 1T CAndtheZahild Rofletthal d-NZi~d 066204 6H UdZz
like hands with fingers sticking out, with some soil on them and short hair. The

U66Z4G Tud fduh Gni NN TnRE ZvinNn- CzzZ ~ ¢é1n Gd




A digital photo of the tip of &@ h a i
petunia leaf

7.3. Microscope studies on insects like ants and isopods

A digital photo ofpetunia roots with soll

The next study was an investigation on insects,an -~ 1 R d ¢ Z infa &reativé N «

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 antshe. nt ¢d ¢761¢d 6H 27 d Z
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 p retty while very much, till

T2 NTGZ ¢duzin CzCCNdd 1 GGz NDinentegwas 6 & 1 Z i
able to take the ant under the microscope and study it, although after an hour

orso. 206N 1T Gzeedn- 14 1+ H#H 1 Z 11 éepQguddenyi GT I dn
Udfi1 fdc 1 NEHelrdcddds tha thibusould 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

Zid TnNnZ. ¢6-° Zidh GdnNz 6zzZ 1N zid GET 66N hi
small plastic pots filled with alcohol lotion. They observed that the ants were

. zNDE6NGEr 620G, T HRHZAU * "lotion,ready b ddiputiumderthe d° T NE 6 T
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 th ey were very

thrilled to be able to do so.

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

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



One child mentionsthat « Z7 d T N Z di@eulfifor fmd  draw, since it did

not easily stay in its position. When | took the ant out of the alcohol lotion it was

asleep and | could observe it for a while and | started drawing it, but after 15

minutes it woke up and started moving again. The s hape 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

I NGd¢Z zNEdU Z7d mié¢u6dGd¢ec6U0d 1N 112 GzulOur Gd

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

H60G 1 G6U0U6CG T2zNRZiNDh " 1N Zid hiacédn T NE Zi d
pots filled with alcohol lotion. Similarly to the ants, the isopods were fell

o Zzhnd&n 6z4, #®#6U 1T Gi i Nd-- CzZ Zidn ihii N zid
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, commentsthat ~ 1 Z° 1 G Ni Fd 10 1 RG§d¢Z
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 f ront and a sort of tail at the rear part of its body;

T GZuitNDhd 1 NGAEZ 1 NEdde,



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 exam ine 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

byits« CU1 hT Z 0dg& ¢6N6zu- GYi1¢7 N66FG Nit

yellow horns hanging out of it. Observing them more carefully | found out that
they look like yellow hair magnified by the microsco U d «

q



Photo and drawing of a raspberry witts o
sort of tinny horns

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 increas ed 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
S GérdnNnzirHIE, Gihw TG \V66Fd TT G ¢6nNd. Afdn
CTNNGEZ mild N1 éd hd@XT GININGG , ZT Zi dRcdT f6z0

Gé6mdzZi 1 NDh " 1 NE 72Z2dn0UZ Z6" ¢6nNndNZ 6N 1 Z fdi

It appears that the whole framework of these microscope studies has elements

of authenticity and the children get into the process of cE61 DA Gé1 dN«
Z7 dn { d Nhe dharacter 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

T0U0dT UG Z6" 1 DZub6¢z¢ed Z1 dork of ien#fiz stidWNaddu, ~ 26 1
investigation.



9. Further user profesional develpment

Micrographia full text and high quality drawings in  Project Gutenberg

A site on Robert Hooke

Robert Hooke in wikipedia

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

= =4 —a -
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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 communicati on, 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, rotte  n fruit, cerials, olives etc. They
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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, becaus

"transparent”.

e they are a bit
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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.
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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 par tis 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 t 0 me.
It is a bit brown towards yellow. The roots are very thin, that's why they
appear very clear.
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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, wher
looks big and strong

microscope it

Nektarios Tsagliotis

ntsag@edc.uoc.qr

eas when we put it under the

like the root of a treel!

University of Crete, Department of Primary Education
Science Laboratory for Primary Education at the 9th Primary School of
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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 | 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,
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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 ti  me 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
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Here we see the point a needle, which although in reality
the microscope it is a bit curved and not sharp at all.
At point A it has a slight bump, probably from its bad
there are cracks and small bumps.

and very sharp, under

B . At the rest part of the needle
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it is very straight

use as well as in point
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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 sc ratches 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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OKITOO KaI vVa ypawWoulE [Ia NEPIyPapr, onws Exave kar o Hooke;
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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. | has
something black which is something like dirt. We also see it ¢ oming 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 app ears 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, whe reas in point AAwe seea
scratch with a concaved shape. Moreover at point t ywe 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).
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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 | 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 sh ape. It does not have many empty spaces
in between. These small
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 hav e been

formed by many small squares.

threads appear to be cut off. The shape does not
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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 w ooden

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)







