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s This paper describes a mini-project developed &@thgrade Portuguese students where, by using an
experimental activity involving the use of natudgks to colour wool, students acquired a better
understanding on the concepts and relations bete@enr, the electromagnetic spectrum, and chemical
bonding. As demonstrated by the results of a laboyactivity interest survey, the interdiscipligar
nature of the mini-project contributed to raisedstut awareness to the existing relations betweencz,

10 culture and daily life, promoting their overall énést in scientific topics.

Keywords: Traditional dyeing, education in chemistry, chesthizonding

Introduction

Natural dyes have become part of human life frommeti
1s immemorial. The alchemy of colours started its fusm an early

time (Alamet al, 2007), with the textile dyeing industry being in

existence for more than 4,000 years. For all beifakt 150 years,
dyes were obtained from natural sources such adsplichens,
insects and shellfish. These compounds can be faitir

20 directly in the crude extracts or gain colour fraemtracted
colourless precursors as a result of reactiond) aschydrolysis,
oxidation, condensation, etc. Nevertheless, notyegbade is
available directly from a natural source. The ranfjeolour can
be greatly extended by overdyeing the major compisnehich

»s have blue, red and yellow hues. Nowadays, in advésll of
colour produced by bright, fast, inexpensive sytithdyes, it is
hard to imagine a time when a good quality dye amsaluable
as gold or silver (Ferreirat al, 2004 and Surowieet al, 2003).
However, nowadays the increasing use of naturals diye

30 coloration of textile materials and other purpose just a
consequence of the greater environmental awareses® they
exhibit better biodegradability, have better coriipétly with the
environment and possess lower toxicity and allemgiactions
than synthetic dyes (Alaet al, 2007).

s But what is a dye? Dyes are generally organic camgs that
are soluble in a solvent. Colour is obtained by wpgl a
chemical compound called a chromophore, sometlhiagkrings
or creates colour. When used as a textile dyeckinemophore
must also be captured as strongly as possible timtofibres

40 (Melo, 2009). The vast majority of natural red aredlow dyes
are mordant dyes. Textiles have been treated fotudes with

these inorganic-based solutions of metal salts. Jdlation is
absorbed by the fibre allowing the metal ion to dmee
complexed to appropriate functional groups in tiecsure of the
4s fibre. The mordant, attaching to receptor sitesha surface of
the fibres, makes a chemical bridge between thstdifeand the
fibre. The mordant ensures the brightness and \iasthess of
the dye and also has great influence on the fiolluc obtained.
The most common mordant was alum (KAI@@2H,0); iron
so Or copper salts (e.g. Feg@r CuSQ) were also employed as
mordants for the dyes. For different cultures aretiquls,
different mordanting systems and procedures wered u®
produce a wide variety of hues (Dussubieux and RBAll2004;
Ferreiraet al, 2004; Joosteat al, 2006).
55
From an educational point of view, several adggitwhich
intend to show the potentialities of natural dyasexplaining
concepts that are taught at secondary school oergratiuate
university levels have been proposed. Terci & R{802) used
eo fruit extracts containing anthocyanins as pH inttice Natural
dyes present in different plants and vegetable® a0 used to
identify acid and basic solutions and to discussdtbncept of pH
equilibrium and pH indicator (Diast al, 2003; Marconatet al,
2004; Ramo=t al, 2000; Soarest al.,2001). The influence of
es the mordant in the resulting colour and fastnesshef dyed
fabrics was evaluated in several studies proposedtudents
(Editorial JCE, 1999; Mihalick and Donnelly, 2006daf007).
Some aspects of spectrophotometric concepts anlicatigms
and its relation with colour were also studied @veral works
70 (Couto et al, 1998; Ekramiet al, 2011). Paixacet al. (2006)
developed a project that incorporates local arstony, and
industry into the curriculum, which are relevantréal life, thus
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making the chemistry of dyeing more meaningfulttaents.
These types of activities may play a fundamendéd in the
learning process of students, since informal aedtore learning

fruitful interactive activity where students take active part and
60 contribute to its evaluation, being at the samestewaluated in
the context of the activity.

contexts may provide the necessary space for nagter

s fundamental concepts in the classroom. In factomiog to
Walkeret al. (2011), learning is influenced by several facttins:
information that students retain and what theynatte® depends
on existing knowledge and beliefs; knowledge is raot
abstraction that can be transferred readily fromw itas learned

10 in the classroom to how it needs to be used outsidehool, that
is why classroom activities need to be designedhsy mirror
real-world situations and afford students oppotiesito share,
support, and revise their ideas; and, finally, eghand culture
affect learning and students often learn best bling and

15 collaborating with others in addition to more expeced adults.

As Carriazo (2011) refers, several approaches Hmen
proposed to teach science in the laboratory, beitctioperative
construction of knowledge may perhaps be reachedugi
developing mini-projects. In these, students sp@kral weeks

20 (more than 4-5 weeks with 3-5 h laboratory sesyiadiagng
practical work for accomplishing a proposed tofibe project-
based learning allows introducing the students tecientific
literature context, which exposes them to the diseiplinary
nature of modern chemical research.

25

At the same time, the teachers’ role in the lemynirocess of
students is fundamental. Teachers themselves ndel/e a solid
knowledge of the subject under study in order tarioee capable
of helping his/her

30 understanding of the matter (Even, 1990). Accordm@heung
(2009), citing Abell (2007), three types of knowded are
required for teaching of a particular topic in s@e: subject
matter knowledge, pedagogical knowledge, and kndgdeof
context. Subject matter knowledge is indispensablgeaching,

3s however, and according to Even (1990), it is ongpmponent of
the knowledge of a well prepared teacher, neversisel an
important one.

Being so, Portuguese school teachers usually irvdarge
deal of effort in up grading their skills and inegening their

40 knowledge of the different matters they teach. Addally, they
invest long time, alone or in groups, sometimes witipport of
university professors, in designing activities tican help their
students to achieve a better comprehension of tingcelum
concepts.

45

Project aims

This paper describes the design and implementafi@anmini-
project about colour and dyeing procedures invgvia
Portuguese high school chemistry teacher and Hegtile (15—

s0 16 years old) students and the University of Evdiize aim of
the project was, in a teaching and learning consexhewhat
different from than that students were used tolamphe basis of
the chemical bonding, develop a better understandih the
chemistry involved in dyeing processes, explorergiationship
ss between the nature of dyes and mordants and tloercobtained
for the dyed fibres, and relate colour with thec&lemagnetic
spectrum. Additionally, the project intended to rpoie the
relationship between science, culture and dailg, libeing a

Integrating the activity into the secondary schooturriculum

The Portuguese educational system at secondaryolsdénel

s comprises three years of high school {1fb 12" grade).
Chemistry is only taught as separate subject at #igrade.

Physics and Chemistry are combined into a singlgest)

called Physics and Chemistry, at the™1@nd 11" grades.
Chemistry is taught during half of the school yead ®hysics is

70 studied during the other half. The curriculum is game for all
schools in the country, but teachers from eachactiwoose the
text books to be used.

Part of the teaching objectives on the chemisBy grade

7s National Curriculum (15-16 years old) is the studf the
electromagnetic spectrum, particularly, the visili@t spectrum
and the energy associated to it. Matter and enamy the
interactions between the two is another topic, dpeiansidered
subtopics as the formation of ions and ionizatiorergy. The
so covalent bonding model is a particularly importémpic and its
study includes bond energy, bond length and bomteaas well
as molecular geometry. No d-splitting is consideaethis level.
For these topics of the Portuguese National Cuwioyl
particularly, for chemical bonding, no experimerdaativities are
ss adopted to support the theoretical teaching. ltespi enormous

students achieve a more completeefforts, the teaching of chemical bonding goes eimd a very

complex event. Many students find it dull and urcgehing.
In this project, besides the chemical bonding ecthjother
topics may be discussed. The preparation of a alatiye bath is
90 an activity in daily life and also in a chemistiass, since during
the procedure, organic compounds are extracted &substrate,
in this case vegetal ones, and form a colouredTtea.analysis of
the structures of the chromophore molecules carudes to
introduce students into organic chemistry topias accompany a
o5 discussion on the impressive array of chemicaldyced by
plants. The absorption of visible light by the ahaphore
solutions and its relationship with the electrongtgnspectrum
are topics for a lesson on spectroscopy. Finallg, interaction
between mordant ions and the chromophore moleardsthe
100 textile fibres can be used to explain chemical lgénd metal
complexes formation.

Project Design

Participants
105 The project was undertaken by a class of fifteeff geade
physics and chemistry students (15-16 years oltdg 3Jtudents
were divided in five groups during lab periods.
Students and their families were informed aboet riésearch
project and its general objectives and design b&fond. Parents
10 were asked to provide a signed consent form beffaie children
were allowed to participate in the study.

Design and development
To reach the project objectives, a set of four nesluvith
us theoretical, laboratory and discussion sessionse wseheduled.
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.’2L Three of the modules include both a theoretica¢®0 min),  Materials and reagents
3 yvhere _the t_)a3|c chemistry conce_pts under study Sreat Copper (Il) sulphate pentahydrate was purchased fiomedia
4 integration with the Iaboratgry experiments thatevearried out « Laboratories, alum (aluminium potassium sulphate
5 on that module.were explained by the teapher; atabqatory dodecahydrate), maddeRybia tinctorumL.) and logwood
6 s session (135 m|n) whgre the students garr|ed mgﬁperlmgnts (Haematoxylum campechianum) pieces were obtained from
7 .(two of the sessions involve wool dyeing and thiedtisession Kremer Pigmente. Standards alizarin and haemateére w
8 involve the use of a spectrometer to measure th&/Id\spectra purchased from Fluka, quercetin was obtained frogms and
9 of chromophore stand.ards and mordant solutlonsa..cTzhs.ses of & purpurin was purchased from Eastman Organic Chesniddbol
10 the fourth module (3 tlme§ 90 mln) were used tqlms with the was obtained from Aljarraiolos. Yellow onion skinsere
11 10 students .the results qbtalned in the Iabqratorylses, .always collected by the students. Deionized water was useall the
12 encourgglng them .to mteg.rate the expenmentallusesmth the experiments.
theoretical information provided before each labamasession.
ii Another 90 min class was used for the student®taplete an ,, «  Lab periods 1 and 2 — Wool dyeing
15 anonymous individual interest survey provided bg teacher.  To be previously prepared for the laboratory attivstudents
16 1s Beforehand, the teacher read the survey aloud, @imgveny  were asked to build an organogram (Figure 1) cointgiall steps
questions the students might have regarding thesgpafter that  inyolved in the dyeing procedures.
ig period, the students individually answered it.
19 Evaluation procedures mp miD
20 20 In order to evaluate the success of the projettioaway process e l o
21 was devised: an evaluation by the teacher in charg¢he [aaeii |
22 activities, and an evaluation by the students whictiertake the _
23 activities.
24 The teacher evaluates the experimental activityignlearning
25 25 outcomes based on seven parameters (Table 3). flldenss
26 evaluation is based on an interest survey with tal tof 34
27 questions divided in 5 groups: group A, evaluates teaching el I i Ficume of o s esched.
28 methodologies; group B, evaluates the attractivenes the
29 laboratory activities and groups C, D and E, evalsithe success N“:"’dw:"fl - N:“";“:*;"‘j
30 a0 of the activity as a vehicle to teach some of thedives of the
31 chemistry 18 grade National Curriculum (Table 4).
32 The parameters in the teacher evaluation form weade by
33 the project team members and were based on tRegidde
34 chemistry and physics curriculum goals. The stusleinterest
35 35 survey was designed by the project team members.
36 . Ry g ok ot e
37 . Fig. 1 Example of an organogram built by the students and containing all
38 Experlmental steps involved in the dyeing procedures at the laboratory
Zg Methodology followed in the activity
41 A set of three experimental protocols for dyeinghwinadder, In the first lab period, all dyeing procedures ev@erformed
42 s o0nion skins and logwood, according to two differadyieing s using alum as mordant while copper (Il) sulphats wlaosen for
43 procedures, was prepared. Each protocol includedistorical the second lab period. Madder, logwood and yellovomw skins
44 introduction to the dyestuff and its usage, thenubel structures ~ were used as dyeing sources. Two groups of studesesl
45 of the main chromophores present on each dyesh&fgoals of ~madder as the dyeing source, two other groups e with
46 the activity, the materials and reagents, the enpmertal onion skins and the fifth group used logwood. Twetimds were
47 45 procedure and a set of questions to be answere¢debstudents. e employed for wool dyeing, which included a pre-narting
48 Supplementary material was also prepared and iedledtended procedure (MD procedure) and a simultaneous moirggnt
49 texts about natural dyes, textiles and fibres, ébainbonding and  procedure (M+D procedure):
50 interaction of light and matter. A fourth proto@m spectroscopy
51 was used to obtain the absorption spectra for ¢heisns of the ~ - MD procedure _
50 so different chromophores of the dyes used. 9% Fou_r_mordant _solutlons (50 dmwere prepared according to
53 At the end of each experimental session and inesoiasses traditional recelpts_(Ekrarmt al, 2011;_ Manhitaet al, 2011_):
54 dedicated to it, students presented and discudsedresults, a";m at concentraottlons of 0.0030 mol dand 0.0085 mol drh
55 establishing a broad discussion on chemical coscepth as (7% Wt and Zof/(‘; O\A(;tlsmor??ﬁhm? ;‘%docggperl(é% Szlitphat
56 those already referred: chemical bonding, metal piexes, cogc:gg/ratlons Od 25 1h T]O A nd 0.0400 mo o ( /;)]Wt'
57 ss organic structures, spectroscopy, and electrommgspectrum, % ?n o WL. morlac:lt, t fe Igl est conczntratg?e/mz;s.c osehn
58 among others. They also elaborated a report andesed an  '°F Cc;rr?nparlso.n.). -0 'g of wool was mordanted fomd@ In eac
59 interest survey on laboratory activity and the gctj 50 cnr of boiling mordant solution, covered. Afterwardbge
60
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wool was removed and rinsed with cool water. The tgths
were prepared with 2.0 g of dye immersed in 5G twiling

water for 30 min, covered. The solution was allowedool and
after simple filtration of the plant material, wateas added until

s a final volume of 50 cfhwas reached. The previously mordanted

wool was added to the dye solution bath and bdideB0 min,
covered. Dyed wool was removed, rinsed with wated air
dried. Wool final colours were registered.

10 - M+D procedure
Dye baths were prepared as described for the M2epiare.
After plant material filtration, the different amats of mordant
salts were added (same amounts that were calculatptepare
the mordant solutions in the MD procedure) to eaohution.
15 When the mordant salts were dissolved, 1.0 g of |lweas
immersed in each solution that was boiled for 30.nifter the
dyeing procedure, all wool samples were thorougimiged with
ultrapure water and left to air drying. The obtairelours were
registered.
20
e Lab period 3 — Spectrophotometry
Solutions of the dye standards alizarin and purp@madder
dye), quercetin (onion skins) and haematein (log¥yowere
prepared at a concentration of 0.00005 moldrim water.
25 Aqueous solutions of the mordants alum and coppesylphate
were prepared at a concentration of 0.0002 maf.dm
The absorption spectrum of each dye standard isnlutas
recorded. Solutions of the dye standards combiniga @ach of
the mordants (1:1, v/v) were also prepared and Hpectra were
s recorded. The absorption spectra measurementscaered out
on a Thermo Nicolet Evolution 300 UV/Vis spectrofiitoeter,
using disposable plastic cells of path length 1 cm.

Results and Discussion

A wide range of colours and hues for the dyed fibmas
35 obtained under the experimental conditions usedying from
orange to red, green, brown, purple and black.

Students could observe that the mordant metal tlemmordant

bath concentration and the dyeing procedure havengst

influence on the wool fibre hue. Different metal ngdex

40 structures were formed accordingly to the dyeingditions used,
leading to the colours observed in the dyed wool.

At this time, students remembered the electrontagne
spectrum in the region of UV/Visible and that lessergy
corresponds to a lower frequency (longer wavelgngthlight

45 being absorbed. Light consisting of rays in thegga880—-430 nm
looks violet to us, 430-490 nm looks blue, 490540 green,

540-580 nm yellow, 580-650 nm orange, and 650—700ed.

This is the case when seeing light emitted frorglat Isource. It

is different when we see a coloured object, sifee dffect of
s0 coloration is based on taking away colour (certaavelengths),

removing one or more of the colours of white ligabllinger,

1999). Students were then taught that the absorpiiolight

energy by an organic dye causes an electron todmeqgted into a

higher energy level, thus bringing the dye moleci® an
ss ‘excited’ state. As the excitation of an electragcbmes easier,

the required spectral energy moves from the inl@silitraviolet
into the longer wavelengths of visible spectrumgéimells,

1993).

Being so, the reddish colours correspond to coneglexith

eo larger energy gaps, while bluish colours are duedmplexes
with shorter energy gaps, and in between are toketveolours

(Brisdon, 2000). Students recorded the differenbwa obtained

for the dyed wool in Table 1 and interpreted theeoadingly.

Table 1 Observed colours of wool dyed with madder, onkinsor logwood and mordanted with alum or coppiers@llphate using simultaneous

65 mordanting (M+D) and pre-mordanting (MD) dyeing gedures

Madder Onion skins Logwood
Mordant Mordant salt bath
metal ion concentration (mol dm®) M+D MD M+D MD M+D MD
rocedure procedure procedure procedure procedure
0.0085
NES Yellow Orange Dark purple Brown-black
0.0030 _
& 4
Yellow Dark purple Brown-black
0.0400
Cu2+
0.0016
Brown Yellow-brown Black Black

This journal is © The Royal Society of Chemistry [year]
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1
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17
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32 Fig. 2 UV/Visible absorption spectra for the chromophores alizarin, purpurin, quercetin and haematein

22

23

24 s Afterwards, students considered that a dyestuff momplex  complementary colour, resulting from the mixing opall the
25 mixture of more than one chromophore; being so,oélthe 2 other wavelengths (Zollinger, 1999). In Table 2 dstts
26 chromophores that are present contribute to the fime of the  registered the observed colour for the solutiorepared and the
27 dyed fibre. Students then used the UV/Vis specotpheter to  colour that was absorbed according to the corretipgn
28 measure the absorption spectra of coloured sokitioh the spectrum. Then they checked and confirmed theioakttip of
29 10 chromophores alizarin and purpurin (madder dye)ercgtin complementarity between these two colours.

30 (onion skins) and haematein (logwood), alone oultieg from s  This step encouraged students to discuss theieriexental
31 the addition of the metal salts (mordants) alumcopper (l1) observations and related them with the theorefitfrmation
32 sulphate. They also registered the wavelength okimam they were supplied with. An extended discussion uabo
33 absorption (Fig. 2). electromagnetic spectrum and colour was underta®envell as
34 15 A fruitful discussion about the structures of ttempounds  metal complexes formation and chemical bonding.

35 and the absorption spectra was undertaken and emthathe 35 Students concluded that, for the same chromophtire,
36 understanding of the students about the absorbddurso  addition of a mordant salt displaces the valuehefwavelength
37 Students were then introduced with the idea of dempntary  of maximum absorption in a different way, dependom the
38 colours and the possibility of getting some enkgimhent about  mordant used, being the chemical bonding thattabéshed the
39 20 the colour they see. Colours directly opposite eattier on the  responsible for that. Each chromophore has a diffeabsorption
40 colour wheel are said complementary. The mixturetwd 0 spectrum since they all differ in their chemicalustures. The
41 complementary colours of light will result in whitght. If a absorbed colours (wavelengths) of the solutions arc
42 particular colour is absorbed from white light, onél see its complementary of the observed colours.

43

44

45 45 Table 2 Observed and absorbed colours of the dye’s chrboreg standards in water and in aqueous solutioaisim or copper (Il) sulphate

jg H0 HO + Alum H,0 + Copper (ll) sulphate

48 Chromophore Observed Absorbed Observed Absorbed Observed Absorbed

49 colour colour colour colour colour colour

50 Alizarin Orange Blue Orange Blue-Green Light yellow-Orangish Blue

51

gg Purpurin Orange Blue Rose G rggjrﬁ-\((;erlfoevrv‘i’ sh Light orange Violet-Blue

54 ) . ) )

55 Quercetin Light yellow UV(Violet) Yellow Violet-Blue Yellow \olet

gs Haematein Dark yellow Blue Purple Yellow-Green Violet YelloGreen

58

59

60
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Table 3 Evaluation parameters of students’ laboratoryayti

# Parameter

# Parameter

P1  The student is autonomous and follows the experiah@notocol

P5 The student is familiarised with the experimentatkwobjectives

The student cooperates with the colleagues andstiss work
progress

P2

P6 The student take notes of the experimental obsensénd results

P3  The student selects and properly handles the lebgraaterial

P7 The student makes self- and hetero-evaluation

P4 The student complies with safety rules and follavegructions

s The teacher created a qualitative evaluation grégk (n Table 3
and in more detail in the appendix) to evaluate
behaviour/degree of interest of the students in [#imratory.
Each parameter is subdivided into three indicatdrieh evaluate

each student individual and relational skills. Q@thesearchers

1

o

considering adoption of this observation schedileull first
investigate its validity and reliability in theirwm research
context. The teacher’s results of the qualitatival@ation grid
are presented in Figure 3. Based on the subjectipeession of
the teacher, the students’ general behaviour inldberatory
15 improved. They became more autonomous and worktdrhbe
group and they understood the importance of takiates for
experimental work. Additionally, they developed sciousness
about security rules and self- and hetero-evalnatidhe
evaluation revealed that at least 80% of the stisderre given
20 the qualitative assessment of always or frequeirly the
indicators of the different parameters (see Fiq)re
Students were then invited to evaluate the prajacdt express
their feelings about it by answering a laborataetivity interest
survey. The parameters referring to the interesvesu are
25 presented in Table 4. Students are asked to aeaehsindividual
question (group A-E) considering the evaluation edch
parameter under those questions for which they hiue
possibilities of answer: low, medium, good and vgood. The
answers gave by the students are presented ineMgur
30

15
4
4
3 5 ] —
10 ~ I
10 S
15
| 1 [ — .
5 - 9 . 10
7
4
P1 P2 P3 P4 PS P6 P7

‘ OAlways @ Frequently m Sometimes lNever‘

Fig. 3 Evaluation of students’ laboratory activity by the teacher

The answers to the interest survey showed thdents clearly
35 enjoy running a laboratory activity to consolid#te topics they
learn at the theoretical classes, since this proeednotivates

them, improves cooperation and development of diffe types
of skills (answers to Groups A and B). Students aly®ed that

thethe project was successful in reaching its differgoals,

40 especially those related to chemical bonding anibucoand
electromagnetic spectrum (answers to Groups C and D)
Additionally, according to the students, the atyiviwas
particularly useful for acquiring skills in somehet general
topics present in the 10 grade Physics and Chemistry

4s curriculum, such as reading graphics, distinguisganic and
inorganic compounds, handling laboratory equipmetd
materials, and making calculations to determinectirecentration
of solutions (answers to Group E).This was in falgserved in
the results obtained for their final exams when jgarad to the

so students from the three previous school years fuattahown).

Both the evaluation of the students by their teneimel their
own evaluation of the project are entirely encoimgglIn fact,
students were in general quite motivated to lelwese topics
included in the 1% grade of secondary school chemistry

ss Portuguese  National ~ Curriculum,  usually  considered
uninteresting, when using the innovative approadlowed in
this project. In the evaluation of the topics rethto chemical
bonding and electromagnetic spectrum, all the stisdevhich
undertook the practical laboratory experiment pdigkem, 80%

0 Of them with a grade of very good or excellent, dastrating the
importance of the implemented project in their hé@g process.
During the former three school years, and using tegh similar
difficulty, only an average of 15% of the studeattained the
very good and excellent marks, and around 40% efsthdents

es failed their exams

Conclusions

The use of natural dyes in the chemistry classeroishew
(Barrocas Diaset al, 2013, Paixacet al, 2006; Soareet al,
2001), and has already proved to help convey ctemancepts
70t0 students. However, it was never used in thehiagcof
chemical bonding and the relation of colour withe th
electromagnetic spectrum.
This project was done with a group of studentoked in a
10" grade physics and chemistry class and highlighis t
7s importance of using creative methodologies in thaching of
chemistry. Based on the student’s interest survey @m the
teacher evaluation, one can conclude that the gir@jetivities
proved to be an effective way to convey some oftdipéics of the
10" grade chemistry National Curriculum, namely, therical
so bonding, general fundamentals of absorption spsobmmy and an
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> introduction to organic chemistry. parameter in a chemistry course. The importanceusihg
3 The project also enabled students to relate difélyssues and 1s laboratory experiments and the use of daily lifeaaapts in the
4 activities with scientific facts and concepts. . improvement of the students’ learning process oleskin this
5 The project design based on theoretical classgmratory  project has already been proved in other studBsrdcas Dias
6 5 sessions and classes dedicated to open discusgiontagration et al, 2013; Bopegedera, 2011; Paiétal, 2006; Soarest al,
7 of the laboratory results, enabled a more interadititude of the  2001).
students towards their own learning process. Ektelys 20 The project received a very positive evaluatioonfr the
g discussing their doubts and conclusions with theileagues and  students, as the results of the interest survesated. This comes
10 the teacher provided a better and more compretensivin agreement with the general comments the studedsmade
11 w0 understanding of the basic concepts as demonstiayethe during the laboratory and discussion sessions, evtiery vocally
5 students’ self-evaluation. expressed their excitement about the experimeriteybearried
1 Additionally, the laboratory sessions positivepntributed for 2s out and how they were helping them understand ¢hihgt are
ﬁ, the development of practical students’ skills, anpartant usually considered quite dull and unwelcoming.
15
16 Table 4 Parameters evaluated in the laboratory activitgrest survey
17
18 # Parameter # Parameter
= >
= I ; - £
19 2 A Listening to the teacher's lesson and complemetht wi g8 C1 The activity was easy to run
20 o home study -
[
21 § A2 Solving exercises é qi § C2 The activity was interesting
22 g_ A3 Running a laboratory activity helps understandhn t é% § c3 The activity stimulated the curiosity about cherhica
23 § subjects '(-% 5w phenomena in everyday life
S SE g — -
gg’ § é A4 Running a laboratory activity in groups of 2 or 3 g2 i C4 zpcehlzr?]ciléz}oggn%cgéttﬁrf(leedlr;r?dc':rslgggstand|ng thecept
<38 )53
26 £ = ‘i%‘ b The laboratory activity helped understanding thatien
27 .8-% A5 Running a laboratory activity individually 3 '§ C5 between the concept of chemical bond lectured in
55 0] theoretical classes and its application in evenjday
28 ge ~
29 ﬁ A6 Planning a laboratory activity and carry it out 3 D1 Distinguish between covalent and ionic bonds
g ] - - - - -
30 < . - . . = Verify the existence of colour in solutions conta
31 i A7 E%TQ&? a laboratory activity guided by an experitaé f D2 organic molecules (chromophores), which exhibit
s 5 conjugated covalent double bonds
32 § A8 Listening to the teacher's lesson together with ; D3 Explain colour phenomenon through energy absorption
33 % demonstrations and questions = the visible region of the electromagnetic spectrum
34 = . . E Interpreting the absorption spectrum of chemicatgs
35 g B1 They make classes more interesting § D4 in coloured solutions
> b4 . .
36 £ B2 Motivation to scientific subjects is improved % D5 I?]elatlng the wavelengtfi) of the absorbed colour with
37 g < the observed colour
38 ﬁ B3 They enable to relate theory and practice DQ D6 E:A?gg%ﬁﬁi?}rbance with different concentratiofithe
(o] =3
= o
39 T B4 They contribute to better understand the theoretica I0) D7 Check for different colours/hues in solutions dfetient
40 % subjects concentrations
j; % B5 Cooperation habits are promoted ‘% g g E E1 Handling laboratory equipment and safety rules
R
43 § B6 Development of the handling skills of laboratory f‘;% % ‘g E2 Make calculations for determining the concentrattbn
@ equipment s o2l solutions
jg § B7 Classes are more motivating § z ﬁ é ig E23 Prepare solutions
I} o5 =0
o i th| O L =5 ®
46 @ B8 ;heet:?ebo(;reiitg;)llIzgtrilirr]\(;d results are usually comstsith uE S 32 E4 Distinguish between organic and inorganic materials
47 o o83¢
i i i EG . .
48 8 B9 SEL\Jlsjreygzy life subjects are related with the leadure 8 g 58 E5 Interpretation of graphics
49
50
51 80
52
53
54
55
56 s
57
58
59
60
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Group A - Which teaching methodologies provide a better Group B - Reasons why students enjoy laboratory

learning process?

15
10 ~
5
5 +
5
Al A2 A3 A4 AS A6 A7

activities:

15
10 -
5 +
Bl B2 B3 B4 BS B6 B7 B8 B9

A8

Group C - Regarding the laboratory activity "Traditional Group D - Activity goals that were achieved:

dyeing — an educational approach™:

15 - 15 1
10 10 -
s s H
| _ RIS 2 2
a o« o o« cs D1 D2 D3 D4 05 06

0 0
D7
Group E - Concerning the 10% grade Physics and
Chemistry curriculum, classify what was learned with this
laboratory activity:

15 +
10 -+

5

0 :

31 £2 3 £4 5
Olow @mMedium mGood mVeryGood
Fig. 4 Students’ answers to the laboratory activity interest survey
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Class:

Activity:

High School Padre Antonio Macedo

Laboratory Session Evaluation Grid

Year :

2010/2011

Date:

Table A.1Parameters evaluated in the laboratory session

The student is

The student

The student

The student

The student is

The student

- selects and . . o The student
autonomous cooperates with roperly complies with familiarised take notes of the makes self- and
Student || @nd follows the the colleagues hg ndles the safety rules and with the experimental hetero-
name experimental and discusses laboratory follows experimental observations evaluation
protocol work progress material instructions work objectives and results
alb| c|Pscjla|b| c|Pscffa|b| c|Pscffa|b|c|Psclla|b| c|Pscffa]| b| c|Pscffa|b]| c|Psc

The individuallndicators (see next page) are scored according to the foitpacale:

A —Always (3 points)

F — Frequently (2 points)

Semetimes (1 point)

N — Never (0 points

EachParameteris scored (Psc) calculating the average, rounaléaket units, obtained with the scores for the thimdevidual indicators:

A —Always (3 points)

F — Frequently (2 points)

Semetimes (1 point)

N — Never (0 points

Teacher
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Table A.2 Individual indicators for each of the seven parearse

Chemistry Education Research and Practice

Three periods of 135 min are used for the laboyaaetivities.

In each period, the teacher should give detailedructions
orally, or on the board for 10 min. Students uramlatthe
practical activity following the organogram prevaby

constructed, the protocol previously supplied ahd totes
obtained during the previous theoretical class whéne

integration of the practical activity has alreadeb done.

The teacher observes each student for a periodafta8 min,

either individually or in his/her relationship withe rest of the
group, and takes notes, following the evaluatidd gresented
above. Whenever necessary, the teacher interroptprbcess
to answer a question or to clarify some aspectsefvork. The
process is repeated in the three laboratory classes an
average score for each of the three individualcaiirs of each
of the seven parameters is obtained by the teacher.

Indicators Indicators
S a. Uses the spectrophotometer after reading|the 2 « In the beginning of the class the student present,
28 = instructions on how to use the equipment. @ Z g the requested activity organogram.
E 0 g € 5| b. Consults the activity organogram previous:lyg *g = 3 During the laboratory experiment, the student
S g 2 g o] built. SotC % evaluates the results obtained.
% 635 ©| c. Coordinates the activities: 1 — Simultanequds _8 E% Critically evaluates the obtained laboratory results
2 5 o g9 preparation of the mordent and dyeing baths; & § 5 ©° taking into account the theoretical concepts
F3 © — Filtration of the dyeing baths; 3 — Wopl—= g & learned.
dyeing (procedures MD and M+D). g
@ a. Divides the tasks with the colleaguds, 5 Makgs a r(_eco_rd of the laboratory observatl_ ns
s T X o L e made: qualitative record of the colour of dyeing
~c S5 optimizing team effort S 0T S . .
cx © - . 8 bath solutions, dyed wool, dyeing standard
o S, 3 @| b. Analyses and discusses with the colleagues fheE € @ L :
TS0 9w d . IS 6 €8 solutions; data from absorption spectra.
Sa 3502 laboratory experiment procedure, taking ngo 83 - .
509D . . Y - Makes the required calculations to prepare [the
R~ 2e) consideration their opinion. ER IS .
2-035 . =2 3c & laboratory solutions.
=8 c. Together with the colleagues, cleans rﬁao Sao
oo .2 . cS3 @ Whenever needed, the student presents the |data
© 0T laboratory bench, storing away reagents afid Q - S ) |
Q . o using the rules for the significant figures with
© laboratory materials used. .
associated errors.
2 3 0
8 % a. Selects the adequate laboratory materials|for® & Assumes and self-evaluates his/her attitudes |anc.
?, g %_ the laboratory procedure, taking special carec & ¢ responsibilities.
s i ® i with the handling of the glass materials. = 28 Self-evaluates his/her cooperation with his/her
2% 3 % b. Carefully uses the balance and the 3T 5 colleagues
% 58 ¢ spectrophotometer. % © g Evaluates the attitudes and responsibilities| of
o o.g c. Is able to autonomous prepare the solutions ofy G o his/her colleagues.
= T‘% the mordent. Ev
%‘ " a. Recognizes and obeys the laboratory ovefrall
E“g g " safety rules, and recognises the warning
S c 355 symbols in the labels of the chemical reaggnts
R used.
g @ & 2 | b. Uses the hot plate in an adequate manner.
£3 g2 |c Atthe end of the laboratory session uses |the
g E - adequate procedure to discard unused reagents
o and materials.
Methodology used by the teacher in the students’
assessment



