Calculations exercises in applied chemistry

Calculations exercises in applied chemistry
Ejercicios de calculos en quimica aplicada

Liviaa TomiNaL, AIRA KRUMINAL, AlVARS LASMANIS?

!Faculty of ChemistnyFaculty of Education and Psychology, University of Latvia,
19 Raina Blvd., Riga LV 1586, Latvia
livijatomina@inbox.lv, aira.krumina@lu.lv, aivars.lasmanis@Iu.lv
Abstract

Research shows that during the last 10 — 13 years the number of students who dlgnstudent’s own questions: why am | doing this? How will | be able to
to enjoy solving chemistry exercises has decreased by almost one fifth. One way to @gkdy this in my life? Essential to a chemistry education paradigm
chemistry exercises more interesting for students is to relate the content to real igNntered on the development of a scientifically literate personality
situations. This article presents a conceptual approach to include practical elemefifoLbserP& TooTs, 2003), (specifically a chemically literate personality),

in chemistry exercises. Based on this concept, we have devised an educational nisdéhe desire on behalf of the student to learn with interest and
for effectively relating real life to the content of chemistry exercises. The didacti®iderstanding (Bown & ReveLes & KEeLLy, 2005), customizing the
objective of the model is to ensure a link between the student’s real life experiences@itdiculum to suit his or her needsHf@&noBeLskaya, 2000). Much research

the chemistry exercise — to include this practical aspect in the exercise and, in th@s been done on the changes in the chemistry learning process form
increase the chances that the student will apply what is learned in the exercise latepéfering knowledge to acquiring learning skills, from scientific

in life. Trialling of the model shows that student interest increases if they perceive kizowledge and algorithms to the student’s own discoveries
exercise as useful, but students still find it difficult to relate their personal experieng®BD-EL-KHALICH & LEpErMAN, 2000; @LL & TAvLOR, 2003; dng, 2005).

to chemistry exercises and chemistry in general. This research has uncovered numerous problems, inconsistencies and
trends and has led to continued studyMddNE, 2002; dnG, 2006; WATERS

Abawms, & LEDERMAN, 2006). It is only by making a connection with the
curriculum and real life that it is possible to actualize the student’s
Resumen personal experiences g®NsoN& Ross, 2004; LAMANAUSKAS &

La investigacién muestra que durante los Gltimos 10-13 afios el niimero de estudia\\@i@'ﬂj\”cs 2005; Rnikmae , Rannikmae & HoLerook, 2006), thus making

Key wordschemistry education, calculations exercise in chemistry, practical life.

que afirman disfrutar de ejercicios practicos de quimica se ha reducido en casi at I1s !earned_ relevant to many and V.a”ed S_Ituatlo_ns_. The ISEC and
quinta parte. Una manera de hacer con la quimica ejercicios mas interesantes para; F prOJEthur”CUIum development and in-service training of teachers
estudiantes, es relacionar el contenido con las situaciones de la vida real. E4e SCI€NCe, mathemat_lc_s and _technolog&()05-2008) _played a
articulo, presenta un enfoque conceptual, para incluir elementos practicos enﬁ;;:qerabl_e role in raising the importance of the applied aspect of
ejercicios de quimica. Basado en el concepto, hemos ideado un modelo de educati 'Stry (I't' 11)' The aim of our StUO_'V was to determine how and if
para la vida real de manera eficaz, en relacion con el contenido de los ejercicios'a reasing t_he applied aspec_t of chemistry h?'ps the student understand
quimica. El objetivo didactico de este modelo es garantizar el vinculo entre §&1at 1S going on around him and helps him better understand the

experiencias de la vida real del estudiante y el ejercicio de quimica — para incluir e oretical aspects chemistry.
aspecto practico en el ejercicio y, a su vez, garantizar que el alumno aplicaréMETHODOLOGY

aprendido en el ejercicio mas tarde en la vida. La aprobacién del modelo, muestra que . . . . .
aumenta el interés del estudiante, si perciben que el ejercicio es til, pero a losBackground. Not only have various international studies pointed out

estudiantes atin les resulta dificil relacionar su experiencia personal con los ejercici€ need to develop the student’s ability to use what he has learned at
de quimica y la quimica en general. school in real life situations. Our research results also show that during
the last 10-13 years in Latvia the number of students who claim they
like doing chemistry exercises has fallen by one fifth
(Tomina & KRuMINA, 2008).

Palabras claveensefianza de la quimica, célculos en la quimica, la vida préactica.

INTRODUCTION

Historically we have seen that along with changes in social and
economic conditions, education paradigms change as well. During { ]
transition to a humanitarian pedagogic paradigm, a teacher’s way |20 youlike laboratory
thinking changes in favor of the development of each student ®ermens?

89,0

individuality and away from the purely academic and stereotypical. @ 2008

chemistry too, the emphasis is being placed on student activitig_ . .

. . s . . . you like chemistry W 2005

increasing the student’s desire to know and developing experimen ~° - - 1005

and problem solving skills ¢@&Ttusevica, 2004). In the natural sciences 56,0 8 :

the explanatory-illustrative learning model is being replaced by tH 3 3 3 : \

student activity-oriented model @k, 2002; p. 11). As a result the 0 20 40 60 80 100

chemistry curriculum content and chemistry exercises are more related ] ] ] ] ]
to real life. Thus, the goal of doing chemistry exercises also changggure 1. Changes in _Latv1an student attitudes toward chgmls_try exercises
The goal is not only to learn how to solve certain types of problems, d laboratory experiments from 1995 to 2008, (confirming answers,
also to understand the significance of the problem and to help answefcentage).
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If in 1995 56% (N=282) claimed to like doing chemistry exercisedt is important that students do not solve problems and exercises simply
then in 2005 (N=389) and 2008 (N=364) the number has fallen for the sake of solving them, but rather learn the methods that will help
about 37%. It must be noted that the number of students who like to th@m understand other exercises of this type (step 1). The cognitive
laboratory experiments has fallen as well. In general, however, twiespect, of course, exists; the students like the exercise, they have learned
as many students would rather do laboratory experiments than chesamething new and their personal experience was necessary for them
istry exercises. One way to make learning chemistry more interestitgsolve it. Step 2 involves the student understanding how the exercise
and exciting is to relate laboratory experiments and chemistry exeelates to specific theoretical issues in chemistry. It is evident that the
cises to real life situations along with experimental visualization oftudent has gained not only knowledge of the process itself, but also the
the essence of the exercise in classmiia & BarTusevica, 2006). In  skills to apply what he has learned. The ability to use the knowledge,
chemistry, as in mathematics, a single exercise can be used in vakills and experiences gained in chemistry in other subjects, especially
ous ways either restructuring it or using it as a research topic mmathematics and the natural sciences, is step 3.
progress. A research type exercise involves a certain problem whichThis process of solving problems based in everyday experience
helps the student learn how to make assumptions and how to resdhedps the student to develop his ability to thinkoegnitionis followed by
the given problem. This type of exercise helps develop the student®nsiderationwhich in turn is followed byunderstanding/behaviowhich
subjective experience which is important in the discovery and unddeads toliteracy. In our case, this refers not only to scientific literacy and
standing of new concepts. One of the significant aspects of our studpecifically, chemical literacy but also fiteracy for life. Of course, the
which was conducted between 1995 and 2008, was to analyze #Hmount of information in exercises and current life experience is not
students’ interest in and understanding of the significance of the agufficient for this growth to occur. If thenowledge, skills, and experi-

plied aspect in chemistry exercises. ence(Figure 2) concept is developed further to include the conscious
and purposeful use of knowledge, skills and experience in everyday

RESULTS AND DISCUSSION situations, chemistry studies reflettte science education for life

Elaboration and approbation of the methodology (Broks, 2007) concept espoused by the nature sciences and helps per-

In devising methodology for studying applied exercises in chenteive science as part Gfe experience for life )
istry, we relied on didactic models in use in Latvia today. They are To continue, we will look specifically at the content of applied chem-
the Society-Nature-Technologies modelagBusevica & Cepere D.,  istry exercises. In devising the appropriate methodology, certain con-
2004) and the curriculum conceptual model for the natural sciencegpts were noted={gure 3). In pedagogic practice, these concepts are
Society-Technologies-Environment (10). During this process wexpressed in concrete didactic metholem simple to more complex
separated out those chemistry exercises that created student ingédfrom the known to the unknown _
est and encouraged them to think and work independently. Interest,Even prior to doing a specific exercise, the student already has basic
as we know, is the phase in the educational process involving sgkills that prepare him to solve the problem in one way or another, to
dent initiative and motivation, will and cognitive activity. In order torecord the acquired information in a certain order and to find the neces-
make the chemistry exercises interesting to the students, the exgary formulae. If the subject of the exercise is not interesting, then the
cises have to make the student understand the importance of ch@fiecess truly becomes an exercise in futility. But anything unexpected
istry in various professions, they have to create an interest in the new makes the student study and ponder the problem in greater
students to pursue chemistry as part of their future plans, they shodrpth. This can act as a stimulus for the student to seek additional
provide the students with the knowledge, skills and abilities that wilelated information and to use the information not only in chemistry, but
serve them well at university and they should be useful in theif other subjects as well (Figure 3).
everyday life. _ _ Similarly, reading through the text of the exercise, if the student sees

The philosophical and conceptual basis of bladel for the effective something familiar he tends to feel that the solution will not be that
connection of real life and chemistrgxercises is presented in Figure 2.difficult to find. Visualizing the desired results also is easier if there is

Cognition | | Consideration || Behavior | _,| Literacy
Calculations
EXERCISES in l l l
CHEMISTRY \ for using
3 for obtaining for better obtained
\ Sk'llsmzto've —> ““fdefaf.‘gng —> kr:f:{('.‘laldge Figure 2. A model for the
LIFE / gfgrccrisé of chemisiry O?Eer s;bjilcr:s effective connection of real
EXPERIENCE life and chemistry.
Obtaining Knowledge, Processing Knowledge, Using Knowledge,
Skillsand s Skills and » Skillsand
Experience Experience Experience
IN PRACTICE
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g?gg;gg‘éss . 1. Exercise as 2. A stimulus 3. A background I
CHEMISTR\;n ™A asource of » foradditional __ for usageof
information information information in ) )
findings Chemistry and Figure 3.A model for the effective
4. Daly other subjects connection of real life and chemistry
v well-known 5. Visualization 6. An advised / — didactical solution and results.
LIFE P4 substances —» of the content —» u.sage of
EXPERIENCE and of chemistry substancesin
materials exercise practical life I
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in the STUDY PROCESS > Skills and Experience in LIFE
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this aspect of subject familiarity. It follows that chemical substancedirectly linked to that which the student is familiar with. Therefore, it is

will be applied and used in real life. What might the result of such\atal that the teacher knows and uses methods that make problem solving

method be? The efficacy of the model was projected by compariig chemistry more useful and meaningful for the student. In teaching

student and expert opinions on the following questions: practical application of information in the exercise, it is important that

« Can the student use the skills gained by using this method to use thig student also understands that he can use it not only in chemistry, but
existing and newly acquired experience in chemistry and in oth#t other subjects as well — biology, physics, mathematics, geography,

subjects? medicine and others.
« Can the student relate the knowledge, skills and experience gainedxa@mples of exercises: o _ _
during work on the exercises with practical usefulness? e An ampoule containing 10ml liquid chlorine (density 1.6g/ml) broke

The final evaluation of the efficacy of the model was performed at iln t_ft1e Iaboratory.t The votlunt1r<]e of the _Iabor_e;tory Iks 87f3 tC”biC n;e:_ers.

- - s it necessary to vacate the premises if work safety regulations
the end Of approbat.lon (see result ana'IyS|s). ] allow a chlorine concentration of 0.003 mg/l in the air? Calculate
The chemistry exercise as a source of information the volume of chlorine that leaked out in the laboratory.

One way to introduce theoretical concepts in chemistry in a way that Defoliants are substances that cause the loss of leaves. A particular
is interesting to students is to include interesting and informative infor- defoliant contains 21.6% sodium, 33.3% chlorine and 45.1% oxy-
mation in the description of the exerciseu(Ber & PArRcHMANN, 2004). gen. Determine the chemical formula.

In practice, exercises prepared in such a way motivate the student to The human skeleton contains about 80% calcium orthophosphate
quickly and precisely find the correct answer to the problem posed by and 13% calcium carbonate. Calculate the mass of these salts in 1
the exercise. For example, when doing the exercise on the Cullinan kg bone.

diamond, questions always come up about the cost of this diamond, what is the mass of 1 mole of iron on the surface of the moon?
about its location etc. When following the recipe for postal stamp glue,

there are always students who want to try and prepare this type of gitige chemistry exercise as a connection with substances and materials
The didactic objective of the activity has been reached — the studeiné student is familiar with

SO:VES. tr{ﬁ problemf \tl\fl:th ?rgat tlnterest and the results have practicalrye gpiective is to develop the skills necessary to include substances
value lm fe eyes 0‘ e student. that students have contact with when writing the exercises, to include
Examples of exercises: information meaningful to students in the exercises, to provide students

* One of the largest diamonds in the world is the Cullinan. Its mass tise opportunity to search for additional data and facts needed. The
3106 carats (1 carat = 0.2 grams). Calculate the number of carbogesylt is a more creative and interested student.

atoms in this diamond! L
Examples of exercises:

* The isotonic solution used for intravenous injections in medicing . learning how to calculate molecular magsg@ade students

actually is 0.9% sodium chloride solution in water. Calculate the : ;
h ; were asked to name seven substances that can be found in their
mass of water and sodium chloride needed to prepare 2 kg of such kitchen and calculate the molecular mass for three of them. In the

ion! i ion? i N .
a solution! Can tap water be used to prepare this solution? Justify next lesson the students (first in groups of 4, then all together) dis-

! ; :
E:he ansyverf. 1oxi ial st lue is the followina: dissol cussed the following questions:

. e recipe for non-toxic postal stamp glue is the following: dissolv; ;
400 g dextrine in 600 ml water, add 20 g glucose and 5 g anhydroU aﬂgé:rugztr?é]ngt:éiirgmsilgr%?ﬁégngga(r:é%lg?g}ggaewgtg;i,
aluminum sulfate. How will the amount of salt and water change |f ! ' ) ' 7
Al (SO),. 18H07? is used? b) how were the chemical formulae for the selected substances?found

+ Glass has a complex structure. It is common to write the chemidgfudents had asked their parents, brothers and sisters, they found them
formula for glass by showing the ratio of oxide amounts. The melt- 0N labels, chemistry books and the internet).

ing of glass can be represented by the equat8iO, + Na,CO, + The significance of the exercise was not only reinforcing informa-
CaCQ—+Na,0. Ca0. 6SiQ+ 2CQ, Calculate the amount of sand tion and the ability to calculate molecular mass but also emphasizing
(kg) needed to produce 100 kg of glass! the connection between chemistry and substances found in the home,

. . . . " . . the fact that parents and other family members participated and the fact
The chemistry exercise as stimulus for seeking additional information that various sources were searched for chemical formulae.

_In today's changing world with its ever growing amount of informayig,ajization of the content of the chemistry exercise
tion it is becoming more and more difficult for a student to make sense ) ) ) ) o
of all the information, to remember it and use it. It has been shown thatThe literature abounds with various methods of content visualization
a student retains only 10% of what he reads, 20% of what he hears, S@t#rRMAN, 1999; Dwibowitz & Rotinick, 2001). These include schematic
of what he both sees and hears, 80% of what he needs to expressIFings by the student or the teacher on the blackboard or in a note-
opinion on and up to 90% is retained as a result of independent actiW¥§ok; the exercise can be represented graphically in tables or graphs;
by a student (Brke, 2006). It is precisely for this reason that it is impor-2PPropriate laboratory experiments prior to the exercise itself etc. Of-
tant for the student to find the necessary information himself by going &0 @ seemingly insignificant nuance is all it takes to help make the
text books, chemistry handbooks, the internet and other sources.Exgrcise more understandable and interesting. The following are two
order to solve the following exercises the student must know how gxa@mples of the same exercise:
find the chemical composition of dolomite, he must know how to calcu- Class A: the teacher dictates the text of the exercise, students solve
late the number of carats in a piece of jewelry, and he must be able to the problem.
find the chemical formulae for red iron ore and magnetic iron ore. How many moles of aluminum are there in 20 g aluminum?

Examples of exercises: + Class B: the teacher shows the class an aluminum spoon and then
e A gold medallion weighs 18.00 grams. How much pure gold is in the reads the exercise.

i i ? . . .
medallion whose hallmark number is 583 . _This teaspoon is made of aluminum. Calculate how many moles of
+ Calculate the calcium and carbon percentage by mass in dolomitguminum this spoon contains.

*  Show by calculation which of the iron ores is richer in iron — redrpe students wanted to know the weight of the spoon. They take turns
iron ore or magnetic iron ore. guessing before the spoon is weighed on an electronic scale (the scale

; : : : .. is described, rules for its use are discussed). The class determines

Enzn?igzr;';;%/ ciﬁzrrcésu%jgztsa basis for the use of information in which student’s guess was closest to the actual weight of the spoon and

o ) then the problem is solved. Needless to say, the experience of Class B
‘Knowledge and skills in chemistry are necessary for anyone to avajglving this simple exercise was one of interest and fun.

mistakes in everyday life. For more than half a century students . —

many countries start to learn about chemistry by learning about Wr#’;wposeful use of substances in daily life

they see and encounter every day. This method has been accepted d$e teacher is neither the only nor the main source of knowledge for

the most apt conceptual approachagBe, 2006). The curriculum is the student, but rather the person who helps the student learn how to
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study at the appropriate level ABey & GarraTT, 2002). According to times (Code 3) while less than one fourth of the students responded
this model, the student structures his own learning; no one can do thiten and very often (Code 4 + Code 5).
for him. Knowledge and skills develop concretely; they are based on
specific processes. The resulting skills and knowledge are develoj
further as the student connects them with previous knowledge 4
skills and uses them in other subjects.
Examples of exercises:
« In order to protect greenhouse tomatoes from fitoftora, it is su
gested to add a 1.5% copper sulfate solution to the soil. How mu
CuSQ 5H,0 is needed to make 100 | of this solution?

« The recipe for cream pie calls for 500g cream, %2 glass sugar, ‘ | ‘ ‘ ‘
glasses milk and ¥ baking soda. Write down the reaction that @ o 20 40 60 80 100
curs with the drinking soda as the pie bakes. What is the purpose—or - - -
adding the drinking soda? How many moles of drinking soda arfdgure 4.Respondents’ answers to questionfd exercises using substances that are
necessary to bake 100 pies? used every day help you understand chemistry Betieer 2Does practical experience help

Success of the teaching process is a two-way process. Both ¥ou better understand how to solve chemistry exerdigesffirming answers, percentage).

teacher and the student need to evaluate the results of the work. O - : ;
method was tested in practice for this very reason. At the end of tggu{-hese responses seem to indicate that at this particular age (15-17)

@ Never
O Yes, sometimes

W Yes, often
O Often
| Very often

. ' bility to think has not yet reached the point where thinking (pro-
experiment the efficacy of the method was evaluated by experts (t apiiih ; : ; o
chemistry teacher in this case) and the students as a self-evaluation ing information) as a process grows into understanding (applica

: ; of processed information).

comparing the two evaluations. Correlation analysis confirms the inadequate relationship between
ANALYSIS OF RESULTS thinking and understanding in the student responses. Correlation coeffi-

U lusi f the studv. th thodol luated T%(rent “r" is used to rate this relationship between various choices of-

pon conclusion o debsﬁ yI’ edmedo oOlogy was evaluate o d the student. There is a very weak correlation between the two

questionnaire contained both closed and open type questions: ¢ og? ps of responses analyzed above (“r" = 0.174).
questions in order to perform data processing using the data processing
packet SPSS (Statistical Package of the Social Sciences) and open
questions in order to qualitatively (subjectively) substantiate the quan@omparison of student self-evaluations and expert evaluations

tative results. The experimental group consisted df ddd 12 grade In comparing the opinions of two independent groupings, in this case
students, two grades (N=50). The questionnaire was administeredsfifdents and experts (chemistry teachers) (Mann-Whitney test), data
the end of the school year, when the students had been working Wilmparison took place using the Mean Rank and significance indicator
this method for 2 and 3 years, respectively. During the structured integ which rates the significance of the responses of the two groups. If
view students were asked to rate their experience in chemistry lessgiificator “p” is less than 0.05, statistically significant differences exist
and their opinion of the applied chemistry exercises on a scale of 1 tj&ween the opinions of the two groups. The responses to the question
(1 - never; 2 — very seldom; 3 — yes, sometimes; 4 — yes, often; 5 — VB you solve exercises that inclugabstances that are used every
often). The instructor (expert) evaluated each student individually, rgay? show that there is no significant difference in the opinions of the
sulting in two sets of independent opinions (student self-evaluation agglg groups (p=0.0667). A summary of the comparison of student and

the instructor’'s evaluation) to be used for comparing the data.

Analysis of the student self-evaluation

The descriptive data analysis shows whether or not the questions

expert opinions is shown in Table 1.

Table 1

?Hmparison of student self-evaluations and expert evaluations (S - student; E - expert)

the study are reliable. The Kronbach-Alpha test was administeredim Siudent sSf-evauations
order to determine how effectively a specific questionnaire helps an-

swer the questions therein: student interest in and understanding of| apuestion Significance | Expert evaluations
increased emphasis on the applied aspect of chemistry in chemigtry

exercises. The overall reliability of the questionnaire its cultural ard Mode Mean Rank
social propriety was rated with the Kronbach-Alpha coefficient — “a’: -

the propriety of each question was rated with the selectivity coefficight’? Yo solve exercises that M.s Mrs | 45.76
— “s". Since the value of “a” in our case is 0.57, it can be concluded tQatuciude substances that are | 0.067 Mx Mre | 55.24
the questions are appropriate for a student audience. In answer to|the ’

questionDo you find the questions related to real lifeore interesting | “ed every day:

(s=0.433), the frequency analysis shows that 82% (N=41) of the S{UPo you find the questions M Mrs | 49.39
dents (Code 4+Code 5) considered these questions interesting or Very )

interesting. Only 18% (N=9) said they found these questions to be intprélared o real life more | 0.672 M Mre | 5161
esting sometimes. interesting?

Interest in a question is directly linked to understanding the questign
Of note is the students’ ability to glean information from chemistry Do you solving chemisiry M. Mrs [ 47.39
exercises that is useful in their everyday life. In answer to the questioBye,cises it is possible to gain Mz Mes | 5361
Can you gainuseful information by solving chemistry exerciges 0.427
(s=0.300), 90% (N=45) respondgés, ofterandyes, sometime@Code | practically usefil
3+Code 4). Only one student said that he seldom found useful informag, mation?
tion in chemistry exercises.

The positive effect of our didactic approach is demonstrated byDo solving applied chemistry M Mrs | 52.96
student responses to the questdom exercises using substances tha ) *
are used every day help you understand chemistry Befser 0.397). exercises help you undersiand. | 0-360
Almost one half or 40% (N=20) agree that this happens sometimes, putemistry in general?* Mg Mgre | 48.04
60% (N=30) of the respondents feel that this type of exercise helps. - :
them understand chemistry bettgften and very often(Code 4 + Code | Does practical  experience M. Mers | 48.62
5). Use of personal experience to aid in the solution of chemistry eXBlrep you better understand Mz Mrs | 5233
cises presented considerably greater problems. In response to the gues- ) 0491
tion Does practical experience help you better understand how to so v@ow 1o solve a  specific
a specific chemistry exercisg8 = 0.385), 32% (N=16) admit that this | cpemistry exercise?
happens very seldom (Code 2). 44% (N=22) said that it helps some-
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Table 1 show that the student self-evaluation is quite close Brke, H. D., Chemiedidactic: Diagnose und Korrectur von Schiilervorstellungen. Ber-
the expert evaluation. In almost all cases the teacher/expert rated lin: Springer, 324, 2006.
his students slightly higher than the students rated themselv@srrusevica, A., A Contemporary Teaching/Learning Organization of Chemistry in Ba-
Only in response to the questi@oes solving applied chemistry sic EducationAbstract of thesis for acquiring the degree of Doctor in Chemistry

exercises help you understand chemistry in geneneas the stu- Riga: 24, 2004.
dent self-evaluation slightly higher ()|=52.96) than that of the Barrusevica A.; CepereD., Formation of a Contemporary Teaching/Learning Model of
expert. Chemistry in Basic Schoalournal of Baltic Science Educatidn(5), 49-57, 2004.

H If Vl;le ﬁompéire the rgean value of thef responlses gM%de)' We SE&xks, A., Science Education as Life Experience for i IOSTE Symposium. Europe
teat gt ts'tueemscc?cri]e ;xp((ejrts mosftt often g&?gfd_%ee r€SpONSeSgeience and Technology Education in the Central and Eastern Europe: Past, present
yes, someumes — and yes, orten — cowgignt direrences and PerspectiveShiaulai, 26-30, 2007.

Wﬁre .nOtEd betV\_/een eXplfrtd e!”d Istudent evﬁlluat'ons gf how Oft@EbWN, B. A.; ReveLesJ. M.; KeLLy G. J., Scientific Literacy and discursive Identity: a
goﬁnmtlesrt(% i)\(/eerr(;,' S deasy W_lc_’:; a%heTs ngzfn atcc:)tusat\aey tﬁisse Csoun nsetgtnigﬁsaegi-t Theoretical Framework for Understanding Science LearSicignce Educatio9,
' . 779-802, 2005.

mg'(;% (el\i(lEe_r‘t:)l Stg asrll(iﬁg rt]:? Stt#g esrj[hsd éipr?f’ )lj n\évg]ri?aﬁéatlﬁggpe%igzgwc d UNDER, W.; ParcHmANN |., Lehrerarbeit in Lerngemeimshaften. Lernen durch Refleksion

cepts in chemistry. the tpeachers were a bit more critical=@ und Implementation einer innovativen Unterrictkonception: Chemie in Context.
p Y, al= Beitrage zur Lehrerbildung@2 (1), 29-40, 2004.

thu?er;t;g?]rse dti?f?e rzzju 232;5 | g? : )én-l(—jhfh er eriggpms\? asl ut gstr;? trheemraelsn 52?8&*“03&5“‘(’* G., Methods of teaching chemistry in the school. Moscow, Vlados, 336.
http://www.alleng.ru/d/chem/chem41.htm 2000.

correlate nicely. - . )
The propriet)); and suitability of our methodological approach j§HuPAcH, A.; Jrzn-Kurosh D., Problem-Based Learning in Chemistry Education and

reflected by the positive evaluation at the close of the didactic ex- Development of Media Literacy (Critical Thinkinditernational scientific — prac-

periment. The method promotes student interest and creates an un- tical conference Chemistry Education — 20R&ya: Publishing House of University

derstanding of the processes going on in the world around us, motj- ofLatvia, 26-28.2008. , N o _

vating them to seriously study chemistry. The complex approadhiriculum development and in-service training of teachers in science, mathematics and
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acquired gradually, step by step. The steps involved are: gatheribgyowrz, B.; RoLnick, M., Effectiveness of Flow Diagrams as Strategies for Learning

information, pondering the information, understanding the informa- inLaboratoriesAustralian Journal of Education in Chemistby, 19-24, 2001.
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