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Аннотация

This paper revisits the discussion about the objectives of scientific

literacy-oriented chemistry teaching, its connection to the German

concept  of  Allgemeinbildung,  and  the  debate  of  science  through

education  vs.  education  through science.  About  10  years  ago  the

sociocritical  and problem-oriented approach to chemistry teaching

was suggested using these starting points. In this paper its central

assumptions and criteria for structuring lesson plans are presented

as they have been refined along a series of lesson plans developed by

participatory  action  research  in  recent  years.  The  summarized

teaching approach intends to more thoroughly promote reflection on

scientific questions in the framework of their socioeconomical and

ecological  consequences.  This  is  done  by  inserting  authentic  and

controversial  debates  on  socioscientific  issues  into  chemistry

teaching,  which  provoke  and  allow  for  open  discussions  and

individual  decision  making  processes.  After  discussing  the

framework,  we  present  one  example  which  deals  with  musk

fragrances used in cosmetic products, and we give an overview of

different respective issues. From experience gained in applying the

different examples, the potential of this teaching approach is then

reflected upon as a source for promoting the process-oriented skills

of  evaluation  and  communication  as  essential  parts  of  a

welldeveloped scientific literacy.
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Introduction and Legitimation of a New

Approach to Chemistry Teaching, Or:

Scientific Literacy, Allgemeinbildung, and

‘Education through Science’

Chemistry  classes  at  the  secondary  level  are  unpopular  among

students  in  Germany  (Gräber,  2002),  just  as  they  are  in  other

European  countries  and  the  USA  (Black  &  Atkin,  1996;  Osborne

2003).  Added to  its  unpopularity,  German chemistry  teaching  has

quite often been characterized as ineffective in promoting higher-

order cognitive skills, such as students’ skills in communication or in

evaluating socioscientific issues (Gräber, 2002; Fischer et al., 2005).

One  reason  for  this  unpopularity,  and  the  low  success  rates  in

achieving high-order cognitive skills, is believed to be the fact that

most chemistry lessons use an overly content-driven approach.

This  approach  appears  to  be  too  oriented  towards  the  inner

systematics  of  chemistry  (Gräber,  2002).  In  the students’  opinion,

such chemistry classes lack personal relevance for them, which leads

to both low levels of motivation and also a general lack of interest in

chemistry  (Morell  &  Lederman,  1998;  Osborne,  2007;  Osborne,

Driver & Simon, 1998). German chemistry teaching is not sufficiently

oriented towards problem-solving and practical applications (Stanat

et al., 2002). Therefore, chemistry teaching does not focus enough

on the interplay of science, technology and society with regard to

local  issues,  public  policy-making  and  global  problems  (Gräber,

2002; Eilks, 2000; Eilks, Marks & Feierabend, 2008). This remains

the case, despite science educators repeatedly indicating the need to

make students competent in socioscientific reasoning and to prepare

young  people  to  participate  in  socioscientific  controversies.  Such

changes must occur if  teaching is to focus on the development of

scientific literacy in its learners (e.g.,  Bybee, 1997; Driver, Leach,

Millar & Scott, 1996; Eilks, 2000; Holbrook, 2003; Osborne, 2007;

Pedretti & Hodson, 1995). Holbrook and Rannikmäe (2007, p. 1347)

comment thus:

Science  education  should  be  regarded  as  “education

through  science”,  rather  than  “science  through

education”.  (...)  This  encompasses  an  understanding  of

the  nature  of  science  [education],  with  links  to

achievement of  goals in the personal  domain,  stressing
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intellectual and communication skill development, as well

as the promotion of character and positive attitudes, plus

achievement  of  goals  in  the  social  education  domain,

stressing  cooperative  learning  and  socio-scientific

decision-making.  [...]  the  over-riding  target  for  science

teaching in school, as an aspect of relevant education, is

seen  in  responsible  citizenry,  based  on  enhancing

scientific and technological literacy.

We totally agree with this position. In our opinion, one promising

way  to  help  students  close  the  gap  between  school  science,

applications of science and technology and their critical evaluation

can  be  brought  about  by  designing  chemistry  lessons  to  include

societal  issues  and  discussions  involving  science  and  technology

(Albe, 2008; Holbrook, 1998; Ratcliffe, 1998). However, the selection

of such everyday-life contexts of  chemistry and technology should

not be arbitrary. Issues should be chosen which are authentic and

truly relevant for students’ lives. Numerous arguments support this

idea.  Many  of  these  stem  from  viewing  science  education  more

thoroughly  from  the  perspective  of  activity  theory  (Roth  &  Lee,

2004; Van Aalsvoort,  2004a, 2004b).  Activity theory demands that

science education be oriented towards students’ personal needs and

interests in order to increase the relevance of science education in

the eyes of the students (Fensham, 2004; Holbrook & Rannikmäe,

2007). This must, however, be accomplished without neglecting the

attainment of  a basic understanding of  relevant science concepts.

Such understanding is necessary both for identifying key scientific

issues and also for engaging students in appropriate socioscientific

discussions  based  on  well-grounded  knowledge  (Lewis  &  Leach,

2006).

The  same  legitimation  also  can  be  obtained  from  the  German

teaching tradition, which defines the main objective of schooling as

achieving a high level of Allgemeinbildung (general education). This

word  encompasses  several  main  goals  of  education,  namely  the

development of competency in: 1) self-determination (Selbstbestim

mungsfähigkeit),  meaning  that  the  individual  learns  how  to  both

accept  responsibility  for  and  successfully  represent  his/her  own

interests  within  society,  2)  active  engagement  in  the  positive

development of a democratic society through consensus (Mitbestim

ungsfähigkeit), and 3) showing solidarity with others (Solidaritätsfä

higkeit) (see e.g., Klafki, 2000). Roth and Lee (2004) and Elmose and

Roth (2005) presented the German Allgemeinbildung-tradition in an

international forum on the focus of education. They characterised Al
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lgemeinbildung as a readiness for both life and participation

in  a  modern  society.  With  regard  to  education,  we  must

unequivocally state that such societies are strongly based on science

and technology. It is clear that such an approach focuses - aside from

learning scientific concepts, facts and applications - very strongly on

the general goals of education. In a nutshell, the idea is not only to

promote  the  learning  of  science  in  the  sense  of  ‘science  through

education’,  but  also  to  promote  ‘education  through  science’  as

reported above in the quote from Holbrook and Rannikmäe (2007).

Such  an  understanding  of  education  through  science  demands

structures which promote communication and evaluation skills that

can  be  applied  within  science,  but  also  beyond,  from  chemistry

education.  These  skills  are  necessary  to  reflect  the  interplay  of

science  and  technology  with  society,  ecology,  economy,  and  with

learners'  own desires,  needs and interests (e.g.,  Aikenhead, 2007;

Bybee, 1987; Fensham, 2004; Gräber, 2002; Solomon & Aikenhead,

1994).

Such reforms in science teaching have been repeatedly demanded

by various groups and individuals.  Science education should both

promote a broader view of science, while simultaneously helping to

foster an appreciation for science and its usefulness to society (e.g.,

Bybee 1987; Solomon & Aikenhead, 1994; Osborne, Driver & Simon,

1998;  Osborne,  2001;  Millar,  2006;  Roberts,  2007;  Holbrook  &

Rannikmäe,  2007).  Moreover,  Bybee (1997,  p.  61)  described such

interactions as the core issue for well-developed, multidimensional

scientific  literacy:  “The  learner  makes  connections  within  the

science disciplines,  between science and technology,  and between

science and technology and larger social problems and aspirations.”

Before, during and after Bybee’s well-recognized contributions in

the  1980s  and  1990s  (see  e.g.,  Bybee,  1987,  1997)  there  were

extensive  discussions  of  such  aspects  as:  How  to  make  science

teaching more relevant to students, how to promote competency in

evaluating  socio-scientific  issues  as  a  central  objective  of  science

lessons,  and how to teach students about the inter-relatedness of

science,  technology  and  society.  Actual  overviews  of  the  STS-

movement are given in Sadler’s review (2004) or in the framework of

the critical discussion of its origins and the development of the terms

scientific literacy and science literacy by Roberts (2007).

Such STS-oriented chemistry lessons include a reflective overview

of  chemistry,  its  industrial  applications  and  its  ecological  and

socioeconomic impacts. STS education is considered as necessary, if

education is understood as a process of creating literate citizens who
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are  able  to  play  an  active  and  responsible  role  in  democratic

decision-making processes, and also participate in discussions about

developments based on science and technology and their potential

impacts  (e.g.,  Holbrook  &  Rannikmäe,  2007;  Millar,  1996).  In

addition, this approach may also improve students’ interest in and

attitudes towards science lessons (e.g., Lee & Erdogan, 2007; Millar,

2006; Osborne, et al., 1998), aspects which are of great importance

for  learning  achievement  (Simpson,  Koballa,  Oliver  &  Crawley,

1994).

Outline of a New Teaching Concept, Or:

The Sociocritical and Problem-Oriented

Approach to Chemistry Teaching

Taking  the  above-mentioned  framework  into  account,  Eilks

described  a  new  conceptual  approach  to  chemistry  teaching  in

Germany  about  10  years  ago  (see  e.g.,  Eilks,  2000,  2002a).  His

example was based on the ecological evaluation of biodiesel usage,

and the approach was titled A Sociocritical  and Problem-Oriented

Approach to Chemistry Teaching. More detailed descriptions of the

approach  were  discussed  step-by-step  and  refined  in  a  series  of

earlier papers in the German or English language (e.g., Eilks, 2002a,

Marks, Bertram & Eilks,  2008, Eilks,  Marks & Feierabend, 2008).

Our current conceptual framework was developed side by

side  with  this  and  contains  many  parallels  to  the  Scientific  and

Technological  Literacy  for  All  (STL) approach  as  outlined  by

Holbrook from the late 1990s (e.g., Holbrook, 1998, 2003).

The  sociocritical  and  problem-oriented  approach  to  chemistry

teaching  aims  at  promoting  students’  motivation,  bettering  their

attitudes towards chemistry and chemistry teaching and achieving a

broad range of educational goals (e.g., Eilks, Marks & Feierabend,

2008). The main foci of different approaches to chemistry teaching

were defined in the beginning as follows:

to increase students’ interest in science and technology and to

reveal  the  relevance  of  science  in  societal  discussions  and

decision-making;

to  make  students  aware  of  their  own  personal  interest  and

motivate them to promote and protect their self-interest (either

as consumers or within political decision-making processes); to

• 

• 
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provoke  and  develop  decision-making  processes  within  the

individual;

to promote students’ skills in the critical use of information and

increase  their  selfreflection  on  why,  when and  how science-

related information is used by effected groups and/or for public

purposes; and

to promote student-active science learning which is motivated

using relevant, current and controversial socio-scientific issues.

By  developing  various  examples  we  subsumed  several  key

elements  of  our  socio-critical  and problem-oriented  approach into

chemistry lesson planning and created a common structure for the

lesson  plans  (e.g.,  Eilks,  Marks  &  Feierabend,  2008):  Potentially

useful socio- scientific issues must meet specific criteria to fulfill our

teaching intentions.  Our lesson plans always start  with authentic,

current  and  controversial  problems  being  debated  within  society.

These topics must be present in different media sources,  such as

newspaper  articles,  brochures  from  pressure  groups,

advertisements,  reports  on  TV,  and  so  on,  which  are  used  to

introduce the lesson plan and provoke a first round of questions and

discussions.  Only  issues  allowing  authentic  differences  of  opinion

which  have  been  expressed  in  public  debate  by  different

stakeholders  or  pressure  groups  are  chosen.  Inappropriate  issues

are those which allow only one-sided solutions or those which would

be viewed as unacceptable due to scientific, ethical, or sociological

reasons by a majority of the class, teachers or parents. Additionally,

only  issues  which  allow  open  decision-making  processes  are

selected. The teaching activities challenge students to make up their

own minds and express their opinions in an open forum. This method

ensures  that  learners  can  express  their  personal  points-of-view

without judgment, censorship or condemnation as outsiders by the

rest  of  the  group  or  the  teacher.  Nevertheless,  all  lesson  plans

include  and  teach  basic  chemistry  theory.  They  are  built  on  a

foundation  of  student  lab-work  and  the  use  of  open  methods  of

learner-centered instruction, such as cooperative learning forms like

the ‘jigsaw’ classroom (e.g., Marks, Bertram & Eilks, 2008) or the

‘learning  at  stations’  method  (e.g.,  Eilks,  2002b).  Discussion

techniques are used to draw out different points of view, to recognize

how  contrary  these  can  be,  and  to  see  how  such  opinions  are

presented, promoted and manipulated within society at large. Figure

1 gives a conceptual overview of the teaching approach.

• 

• 
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In short, the teaching approach must start with societally-relevant,

current,  authentic  and  controversial  issues  from  within  society.

These topics must have the potential to allow the learning of basic

chemistry  content  knowledge,  while  simultaneously  opening  up

group discussions and promoting open decision-making processes.

This is in line with Sadler (2004, p.

523), who described the most fruitful settings for science education

as: “those which encourage personal connections between students

and the issues discussed, explicitly address the value of justifying

claims  and  expose  the  importance  of  attending  to  contradictory

opinions.”

An Example from the Classroom, Or:

Reflecting About Musk Fragrances in

Shower Gels

The following example illustrates how relevant issues can be found

and how a socio-critical and problem-oriented chemistry lesson plan

is structured. A highly-controversial topic which is currently being

debated at various levels of society is the use of specific fragrances,

namely synthetic musks, in cosmetic products (Marks, Witte & Eilks,

2007; Marks & Eilks, 2008c). Bester (2007) gives a concise overview
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of synthetic musk fragrances and their presence in and effects on the

environment. The main problem causing the present dilemma is that

synthetic musk fragrances are produced as high volume chemicals in

volumes of over 2,000 tons a year in Western Europe (EU). They are

used as perfumes in a wide range of cosmetic products. Synthetic

musk fragrances are cheap to produce and are indispensable for the

body  care  and  detergent/soap  industries,  since  they  easily  attach

themselves  to  the  surface  of  the  skin.  We  divide  synthetic  musk

fragrances  into  three  different  groups:  nitro,  polycyclic  and

macrocyclic musk fragrances. In recent years the suspected cancer-

causing  nitromusks  have  been  almost  completely  replaced  by

polycyclic compounds. The commercially most important polycyclic

musks are HHCB and AHTN (trade names Galaxolide and Tonalide)

which,  when taken together,  control  a  market  percentage of  over

95%.  But  these  compounds  are  not  unproblematic  for  the

environment.  Synthetic  musk  fragrances  are  funneled  into

wastewater  systems  in  great  volumes  via  private  homes  and

industrial concerns, thanks to widespread use of cleaners and body

care products (Artola-Garicano, Borknent, Kennens & Vaes, 2003). А

large amount of  these substances pass through sewage treatment

plants  largely  chemically  unaltered,  before  they  are  discharged

(largely  intact)  into  streams,  rivers  and  lakes  (Simonich,  et  al.,

2002). Therefore, the concentration of synthetic musk fragrances is

noticeably  high  near  discharge  points  of  municipal  water

clarification  plants  (Eilks  & Bester,  2003).  Furthermore,  synthetic

polycyclic  musks  are  easily  stored  in  the  fatty  tissues  of  aquatic

organisms due to their lipophilic nature, especially in the tissues of

oily  fishes (Eschke,  Dibowski  & Traud,  1995a;  Ga-  terman,  et  al.,

2002;  Hajslova  Gregor,  Chadlova  &  Alterova,  1998).  This  is

problematic  because  both  of  the  most  important  fragrances,

Galaxolide and Tonalide, have shown hormone- activating effects and

may  lead  to  falling  levels  of  fertility  in  male  fish  (Bester,  2007;

Seinen, Lemmen, Pieters, Verbruggen & van der Burg, 1999). This

effect has not yet been documented in humans. But synthetic musks

have  already  been detected  stored  in  human tissue  samples  and,

maybe even more problematically, in human breast milk (Duedahl-

Olesen, Cederberg, Pedersen & Hojgard, 2005; Eschke, Dibowski &

Traud, 1995b). Researchers fear that these fragrances might have

similar effects in the human body (Müller, Schmidt & Shlatter, 1996).

Aside from an accumulation problem via nature and the food chain, a

second problem stems from the processing of the sludge produced

by  wastewater  facilities,  since  this  sludge  is  not  infrequently
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contaminated  with  synthetic  musk  fragrances.  It  is  used  in

agriculture  and is  therefore  introduced directly  into  our  personal

environments (Simonich et al., 2002). At present macrocyclic musk

fragrances, which are allegedly more environmentally friendly, are

being introduced into the market. However, there have not yet been

sufficient analytical tests performed upon these substances to prove

or disprove these claims (e.g., Bester, 2007). Until now there have

been  almost  no  legislative  regulations  concerning  the  use  of

synthetic musk fragrances. There is no way for consumers to discern

whether  the  products  they  purchase  contain  synthetic  musk

fragrances (and which type) or not, because lists of detailed product

ingredients  are  optional  and  normally  not  a  legal  requirement.

However,  consumer  tests  of  different  products  can  clarify  this

question for  perspective  buyers.  For  example  the  German journal

Ökotest, a magazine testing consumer products with respect to their

health  and  environmental  effects,  used  the  presence  of  synthetic

musk fragrances as a ‘weed-out factor’ in its testing of shower gels.

Products  containing such substances cannot  receive scores  rating

them ‘good’ or better (Ökotest, 2004).

The synthetic fragrance scenario was used to develop a lesson plan

for German 10th grade (age-range 15-16) chemistry lessons (Marks,

Witte & Eilks, 2007) within a project of participatory action research

(Eilks & Ralle, 2002; Eilks, Marks & Feierabend, 2008). The lesson

plan  consisted  of  8-10  forty-five  minute  classroom  periods.  The

embedded  basic  chemistry  knowledge  about  detergents  and  their

function is part of the official governmental syllabus in Germany for

this grade level.

In the initial lesson of this lesson plan project, various shower gels

are presented to the pupils. The products should retain their price

tags and include supermarket items, products from discounters or

‘dollar  stores’,  brand-name and  generic  articles,  and  examples  of

shower  products  without  fragrances  and/or  preservatives.  The

students are challenged to select one of the products to use and list

their reasoning on slips of paper. The reasons are then clustered on

the blackboard into groupings containing similar arguments. In each

testing cycle of this introductory lesson (either with student teachers

at the university or with students in school), a vast majority of the

groups mentioned the smell of the product as the leading criterion

for their choice. This selection criterion is always followed by the

image of the product and the appearance of the packaging. Reasons

mentioning good functionality as a detergent, skin care ingredients

or other reasons (e.g., pH-neutrality/hypoallergenic) are only rarely
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mentioned. The criteria of the students are compared to an authentic

text taken from a consumer test magazine (Ökotest, 2004), leading

to  a  discussion  about  the  major  components  of  shower  gels

(detergents,  skin  care  ingredients,  fragrances,  dyestuffs  and

preserving  agents).  Then  comes  questions  about  which  of  these

substances are actually necessary for a shower gel to carry out the

tasks to clean and care for the skin, which ones are added for other

reasons, and which may be accounted for when evaluating a product.

The text makes clear that especially the latter groups of substances

(fragrances, dyestuffs and preserving agents) differentiate between

the various products and are of primary importance for evaluating

products  concerning  their  health  or  environmental  effects  (see

above).

The explanation of the basic chemistry behind the function of a

shower  gel  and its  ingredients  takes  place  through a  learning-at-

stations setting (e.g., Eilks, 2003). Within this leam- ing-at-stations

approach, the learners work for 2-3 classroom periods (each of 45

min. duration) to finish a total of eight learning stations and their

content.  The  stations  are  offered  in  the  classroom  and  contain

different  activities,  such  as  experiments,  texts  or  modeling  tasks.

Students are allowed to divide the time at their disposal among the

different  stations  using  their  own  judgment  and  to  decide  the

sequence  of  visiting  the  different  stations  while  working  in  small

groups of 3 to 4 students. Of a total of eight stations, three deal with

detergents as a main ingredient of functional compounds in a shower

gel. Three others deal with fragrances. Two further stations clarify

‘other’ ingredients and include the making of a shower gel by the

students themselves. Five of the eight stations include easy hands-on

experiments, one uses graphic animation, one is text-based and one

is  model-based.  For especially-talented or rapidly working groups,

two  extra  stations  with  in-depth  information  on  detergent  types

(detergent types (structures and classification of  anionic,  cationic,

zwitterionic,  or  nonionic  surfactants)  ,and  the  synthesis  of

fragrances are offered (Marks & Eilks, 2008c; Marks, Witte & Eilks,

2007).

In  order  to  link  newly-learned  chemistry  knowledge  with  the

problematics  of  using  synthetic  musks,  an  overview  of  how

fragrances  are  extracted  and  then  used  by  perfume  makers  is

provided in a film or text. Also, the initial text from the consumer

test magazine is revisited. In order to introduce controversy through

different  and/or  partially  contradictory  views  on  the  topic,  the

students are asked to produce a news report on the issue as if they
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were  journalists  working  for  a  television  program.  The  students

receive various news tickers as a source of information, much like

journalists  would  take  their  information  from  news  agencies'

summaries. Within each of the various news tickers, a set of short

messages  is  offered  which  discuss  the  issue  from  different

perspectives  using  different  kinds  of  resources  (e.g.,  from

companies,  pressure  groups,  and  scientists).  The  different  news

tickers cover the viewpoints of 1) consumer protection agencies (i.e.,

concerns about human contact with potentially hormone- activating

and  allergenic  substances),  2)  the  cosmetics  industry  (i.e.,

production  and  marketing  of  a  competitive  product),  3)

environmental  protection  groups  (i.e.,  effects  of  synthetic  musk

fragrances  in/on  nature),  and  4)  the  waste  water  treatment

community  (i.e.,  problems  and  costs  for  proper  wastewater

treatment  and  clarification)  (Marks  &  Eilks,  2008b). Two

independent groups of 2-3 pupils are assigned to each perspective to

ensure  that  all  four  perspectives  are  covered  by  two  teams.  The

purpose here is to sensitize the students to the fact that information

taken from the exact same sources can be presented differently by

two different ‘journalists’, and also to show how varied the resulting

news can be. The students should also be made aware of the role

that a journalist’s subject knowledge plays when writing a report on

a scientific  evaluation of  a  product.  Pupils  must  also  be creative.

They  must  carefully  evaluate  and  choose  journalistic  reporting

‘tricks’ which are necessary to attract large audiences to the news,

how much information can effectively be presented in one minute

and how much less- important or background information is needed -

and often is used by journalists - for reporting on a complex topic.

Finally,  the  freshly-created  news  clips  are  presented  to  and

evaluated  by  the  entire  class  as  to  their  comprehensibility,

presentation and content information. A metadiscussion at the end of

the lesson reveals the differences in the perspectives, including their

relevance and connections to the interests of different shareholder

groups  in  society,  and  reflects  upon  how  complex  such  a  simple

question like, Which shower gel should I buy or use? can become.

Similar lesson plans have been developed for a variety of issues.

All  of them start from an authentic and controversial issue within

society, which allows for an open discussion. In every case, different

fields are touched upon where societal decisions are identified for

discussion.  Different  units,  for  example,  deal  with  the  role  of

pressure groups in society, journalistic work, the practices of public

relations figureheads and advertising experts, or decision-making at
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the parliamentary level. But all of the issues also reveal questions

about  an  individual's  decisions  and  when  they  are  necessary  for

using very common products in everyday life. In addition to learning

about the controversy normally associated with science in society, all

lesson  plans  embed  essential  science  content  learning  based  on

experiments as well as various approaches to co-operative learning.

Table 1 gives an overview for some example units.
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Experiences, Findings and Discussion,

Or: Promoting Scientific Literacy - Or

Not?

The development of the teaching approach and the lesson plans

presented above took place over eight years in a participatory action

research (PAR) project (Bilks, & Ralle, 2002) consisting of a group of

teachers from a variety of schools working on different questions of

curriculum development and classroom research (Bilks, 2003, 2007).

This  approach was  chosen to  sustainably  implement  STS-oriented

teaching in the classroom while simultaneously hindering teachers

from automatically falling back into habitual teaching patterns when

confronted  by  new strategies  in  an  in-service  course  design  only

(Pedretti  &  Hodson,  1995;  Rannikmäe,  2006).  In  PAR  projects,

practicing  teachers  and  university  researchers  in  chemistry

education  jointly  develop  lesson  plans,  teaching  methods  and

materials.  From  a  systematic  analysis  of  different  sources  of

information  (i.e.,  research  reports,  personal  experiences  of  the

teachers, didactical and methodological analysis, or reflections about

the  chemistry  content  structure),  first-draft  lesson  plans  are

negotiated within the action research group. This continues until all

practitioners agree that the new lesson plan can potentially help to

improve  teaching  practice.  Through  subsequent  cycles  of

development, testing, evaluation and reflection/revision, the lesson

plans  are  improved  step-by-step.  Accompanying  the  process  of

development,  different kinds of  evaluation data are collected as a

baseline for better understanding the effects of the lesson plan and

the implemented changes.  From these studies  (e.g.,  Bilks,  2002a;

Bilks,  Marks  & Feierabend,  2008;  Marks  & Bilks,  2008a)  a  huge

body of information is available covering teachers’ reflections in the

action research group meetings, classroom observations, students’

feedback  questionnaires,  and  different  studies  based  on  group

discussions.

Some careful conclusions about successfully promoting scientific

literacy  can  be  drawn  from  the  various  studies  based  on  the

sociocritical,  problem-oriented  approach  to  chemistry  teaching:

Teachers and students consistently described the teaching situation

as  very  motivating  and  intense.  It  was  observed  that  the  intense

discussion of socioscientific issues often didn’t stop at the end of the

classroom period  and  often  stretched  into  the  students'  personal

breaks between classes. Students repeatedly mentioned that, for the
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first  time  ever,  they  had  perceived  school  chemistry  as  being

relevant to them and that it was connected to their everyday lives as

well  as  to  other  school  subjects  and  disciplines.  Changes  in  the

attitudes and opinions among some of the students can be found,

although  analyzing  the  discussions  of  students  in  class  and  the

accompanying  group  discussions  is  not  easy  and  is  sometimes

ambiguous (Albe, 2008). The intense discussions, especially due to

their  continuation  after  the  lessons  were  over,  indicate  that  the

students  accepted  all  the  above-listed  topics  as  interesting  and

relevant.  In  open-ended  questionnaires,  most  students

overwhelmingly characterized the specific examples as being good

starting places from which to teach chemistry (e.g. Marks, Bertram

& Bilks,  2008; Marks & Bilks,  2008a).  Therefore,  the experiences

with  the  different  lesson  plans  support  the  idea  that  involving

authentic  and,  especially,  controversial  debates  on  socio-scientific

issues  has  the  potential  to  promote  students’  interest  in  science

education (Osborne, Driver & Simon, 1998). This includes their skills

in communication and evaluation (Holbrook, 1998; Osborne, Erduran

& Simon,  2004)  and is  not  only  restricted  to  communication  and

evaluation within chemistry as a scientific discipline, but also within

a  framework  of  understanding  chemistry  and  technology  as

important parts of our modern world. Some quotes from students’

reflection about the lessons may illustrate this:

We  have  seen,  (...)  that  all  the  products  have

advantages and disadvantages. Of course, in public the

interest  groups  present  only  the  products’  advantages,

because  that’s  positive  for  themselves,  too.  They  don’t

mention  the  disadvantages.  So  they  are

conveniencebased  ...  we  [the  public  relations  experts]

want to promote sales of the crisps and do not say any

negative things about them. (Issue ‘Light crisps’)

We  learned  about  a  critical  re-thinking  about  issues

where  the  answer  originally  appeared  to  be  so  easy.

(Issue ‘Bio-Ethanol’)

I  learned  a  lot  about  shower  gels,  soaps  and  their

ingredients, which I normally never would have expected.

Additionally,  I  learned that not all  ingredients are good

for  the  environment  and  that  you  have  to  look  at

everything  from  two  perspectives,  for  example,  in  the

case  of  musk fragrances  ...  (Issue  ‘Musk fragrances  in

shower gels’)
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I  think  that  it  is  difficult  to  have  an  opinion  to  this

question. On the one hand, there is the ‘danger’ for the

environment when synthetic musk fragrances are used.

We have to ask ourselves, whether it is more sensible to

find  a  solution  to  the  water  purification  side  of  the

problem,  or  to  continue  research  for  other  ‘healthier’

musk fragrances. On the other hand, natural musks still

exist,  whereby  the  problem  is  that  the  animals  which

produce it are threatened by extinction. We can only hope

that  enough  money  is  dedicated  to  research  efforts.

(Issue ‘Musk fragrances in shower gels’)

I  learned  a  lot  about  the  production,  structure,  use,

advantages  and  disadvantages  of  biodiesel.  Also,  I

consider  it  to  be  important  that  I  learned  about  our

environment and its protection. I especially learned about

how  companies  sell  environmentally  friendly  products

and how naive we can be if there is the syllable “bio” in

it. (Issue ‘Bio-Diesel’)

I have learned about the advantages and disadvantages

of bio-diesel, about interests of pressure groups and how

to evaluate their opinions by considering their particular

interests, and how to develop an opinion and make up my

own mind. (Issue ‘Bio-Diesel’)

From  the  theoretical  side  it  seems  that  chemistry  topics  must

include more than contexts (even if they stem from everyday-life) in

order  to  motivate  student  science  learning  and  stimulate  pupils’

interest  and critical  skill  building (Marks,  Bertram & Eilks,  2008;

Marks & Eilks, 2008b). From our experience we would conclude that

topics must be relevant, authentic, and controversial. Controversy in

the eyes of the students apparently allows chemistry lessons to focus

on  the  general  objectives  of  education  through  science.  The

examples  described  here,  including  that  of  musk  fragrances  in

shower  gels  and  the  evaluation  of  shower  gels  by  consumers  or

consumer test magazines, seem to offer valuable assistance in this

respect.  But  from  the  discussions  we  can  also  recognize  that

essential  science content learning and understanding is  necessary

for students to participate in fruitful,  substantial discussions (e.g.,

Lewis & Leach, 2006; Marks, Bertram & Eilks, 2008). Within such

topics, students should also have enough room to argue their own

opinions.  By  bringing  these  aspects  together  the  above  examples

give  some  slight  indication  that  students  view  chemistry  lessons

differently after such teaching units.
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In  our  view  the  sociocritical  and  problem-oriented  approach  to

chemistry teaching seems promising in respect to promoting higher-

order  cognitive  skills,  that  is,  in  communication,  reflection  and

evaluating  controversial  issues  within  the  STS-framework.  The

students  -  at  least  a  higher  portion  of  them  -  seem  to  profess

recognition  of  a  higher  relevance  of  chemistry  education  to  their

lives.  Within  the  lessons  and  in  the  group  discussions  from  the

accompanying research, passages were recorded that support this

conclusion.  Students  appeared to  become more self-reflective  and

openly critical about the way both society and media deal with such

debates. From the different studies we can reasonably assume that

the approach described can potentially promote the essential skills

of  well-developed scientific literacy among at  least  some students

when discussing and evaluating controversial issues taken from their

everyday lives and society.
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Сноски

1.  The  news-stickers  described  in  this  study  are  available  in

German  and  English  languages  at  www.chemiedidaktik.uni-

bremen.de/material/
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