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Abstract

One of the main problems in science education nowadays, and especially in chemical ed-
ucation, is that the students usually cannot perceive the relevance of what they learn in
their classes. There have been some efforts to improve the student interest and motiva-
tion without diminishing the understanding of the chemistry concepts. The context-based
methodologies allow the students to see the relevance and applicability of what they learn
in the chemistry classes, connecting the canonical science with their lives, interests and
previous knowledge. One of these methodologies, Chemie im Kontext (Chemistry in Con-
text in German), was developed in Germany to improve chemistry teaching in secondary
education. Its main features include the use of contexts throughout the whole teaching
unit and the effort to foster student self-learning. At present, there is an ongoing project,
supported by the German Academic Exchange Service (DAAD), to assess the use of a
German context-based methodology, Chemie im Kontext (ChiK in the following) in four
secondary schools in the Madrid region (Spain). Based on a collaboration with the Uni-
versity of Buenos Aires (Argentina) this case study has been accompanied by a second
one carried out in Buenos Aires during 2015 and 2016. The main goal of this project is to
identify which changes students and teachers perceive when comparing a ChiK teaching
unit to the traditional teaching approach. This article focuses on the students’ opinions
concerning the use of a ChiK methodology in chemistry classes in Spain and Argentina
and therefore allows a first insight into possible effects of this teaching approach.

Key words: context based chemistry teaching, students’ motivation, case study.

Chemie im Kontext: Pohled studenti
na uplatnéni tohoto pojeti ve Spanélsku
a Argentiné — dvé pripadové studie
Abstrakt

Jednim z hlavnich problému piirodovédného, a obzvlasté chemického, vzdélavani je v sou-
casnosti vnimana nizké relevance vzdélavaciho obsahu. V minulosti probéhly pokusy zvysit
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zéjem zakl a motivovat je, aniz by doslo ke snizeni jejich porozuméni chemickym kon-
ceptim. Na kontextu zalozené (context-based) metodologie umozinuji zakim vidét rele-
vantnost a aplikovatelnost uciva chemie, spojuje kanonické prirodni védy s zZivoty zakt,
zdjmy a predchozimi znalostmi. Jedna z téchto metodologii, Chemie im Kontext (chemie
v kontextu, z némdéiny), byla vyvinuta v Némecku za tc¢elem vylepSeni vyuky chemie
na stfednich skolach. Jeji hlavni prvky zahrnuji vyuzivani kontextt v celé vyukové jed-
notce a klade diraz na utvareni schopnosti zékt ucit se (self-learning). V soucasnosti
je realizovan projekt podporovany némeckou agenturou DAAD, ktery mé za cil hod-
notit némeckou metodologii context-based pristupu. Projekt Chemie im Kontext (ChiK)
probihal na étyfech stiednich skolach v madridském regionu (Spanélsko).

V predkladané pripadové studii je zminény projekt doplnén druhym, realizovanym ve
spolupraci s University of Buenos Aires (Argentina) mezi lety 2015 a 2016. Hlavnim
cilem tohoto projektu bylo identifikovat zmény, které zaci a ucitelé vnimali mezi ChiK
a tradiénim pojeti vyuky. Tento prispévek se zaméfuje na nazory zaku k vyuziti ChiK
ve vjuce chemie ve Spanélsku a Argenting, ¢imz umozniuje prvni ndhled na mozny efekt
tohoto pristupu k vyuce.

Kliéova slova: vyuka chemie zaloZend na kontextech, motivace zaku, pfipadova studie.

During the last decades, a remarkable number of studies have reported worrying
results regarding secondary science education. Besides unsatisfying results in the
field of content knowledge it seems that affective aspects, such as feelings, moti-
vation, attitudes and interest are often neglected in science teaching (Osborne et
al., 2003). In order to foster students’ interest, motivation and attitudes towards
chemistry, context-based learning approaches, which are being developed for round
about thirty years now (Nentwig & Waddington, 2005), try to connect chemistry
concepts with the students’ everyday lives and previous knowledge, thereby linking
their cognitive and affective learning. The use of contexts allows the students to see
the relevance and applicability of what they learn, so the newly acquired concepts
can be related to their previous knowledge, ideas and interests, allowing a successful
learning process (De Jong, 2006). The students can perceive what they learn as rel-
evant to their lives, being able to construct coherent “mental maps” of the subject
(Gilbert, 2006).

Many context-based approaches refer to six central process characteristics de-
rived from a constructivist view on learning (Mandl & Kopp, 2005): Learning. ..

1. ...is an active construction process, where the learner must take an active
participation in the learning process.

2. ...is a constructive process, where knowledge is built into already existing
knowledge structures.

3. ...is an emotional process, where positive emotions from the learner are needed.

4. ...is aself-directed process, where the learner must control his/her own learning
process.

5. ...is a social process, and the interaction with others is needed.

6. ...is a situated process, where the knowledge acquisition takes place in a con-

text or specific learning environment.
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There are a number of reports that claim positive effects on students’ interest

and motivation when these context-based approaches are used (Parchmann et al.,
2006, Bennett et al., 2005, 2007).

1 THE CONCEPT OF Chemie im Kontext

One of these context-based approaches is Chemie im Kontext (Chemistry in Context
in German, ChiK in the following). ChiK was originally developed in Germany
between 1999 and 2008, with the support of the German Ministry of Education
and Research (BMBF) and implemented by “learning communities” (Parchmann et
al., 2006) of university researchers and teachers. It aims at improving chemistry
teaching in 8th—13th grades (12- to 17-year-old pupils) in the German education
system. It provides the teachers with guidance, suggestions on possible contexts
and collections of material, that they can use to build their own teaching units.

In the ChiK-units the six constructivist characteristics of learning are represented
by three major foci (Parchmann et al., 2006):

1. Contexts: Learning environments are considered “in context”, where learners
acquire knowledge and competence on a need-to-know-basis in dealing with an
issue relevant for them, starting with their questions and ideas.

2. Development of basic concepts: To develop a basic knowledge foundation that
can be applied to new contexts and situations, the main principles of chem-
istry must be derived and abstracted from the contexts. These principles are
described as “basic concepts” and they structure and summarize the content
knowledge.

3. Variety of teaching and learning methods: A variety of teaching and learning
methods is one of the key elements for a successful chemistry education: a) be-
cause it considers the diversity of interests, pre-knowledge, capabilities and
learning styles and b) because it offers the students situations in which they

can develop and apply competencies in all areas as demanded by each National
Standards (Parchmann, 2009).

In order to promote the students’ self-concept and autonomy the structure of
the teaching units has to combine these three theoretical foci of ChiK in a way that
enables the pupils to follow their own questions and to use a variety of activities
(research, lab work, discussions, team work) to achieve answers. Therefore, an ideal
ChiK teaching unit consists of four phases (Nentwig, 2007):

1. Phase of contact
Here the context is presented to the students with a special focus on its con-
nection to their everyday life and living environment, and different aspects of
the usually quite complex contexts can be discovered by the students them-
selves. Thus their previous knowledge of the subject is activated. There is a
formulation of questions on the subject, as a basis for the development of the
subsequent phases.

2. Phase of curiosity and planning
The students bring out questions on the context. Together with the teacher they
discuss which of the questions they will subsequently follow, and they develop
research strategies to explore the subject in order to answer their questions.
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Hypotheses are formulated, and the research work is planned in a way that
students always see how their activities in the subsequent phases help answering
their questions.
3. Phase of elaboration

The students conduct the research, individually or in groups. Their results
are presented, the previously raised hypotheses are checked and most of the
questions answered. Due to motivational reasons a special emphasis is given
on methods that allow for an active learning experience (Kekule et al., 2017).

4. Phase of deepening and connecting

In this phase, special interests or questions can be focused or some of the find-
ings of the previous phase can be discussed in greater depth, before the con-
tents of the unit are related with other contexts, connecting the newly acquired
knowledge with the previous knowledge of the students.

Focusing on the three abovementioned foci and arranging a ChiK-unit into the
four phases outlined, different competencies can be developed, as it is exemplarily
shown in fig. 1 for the German National Standards.

4. Phase of deepening and connecting
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concepts
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Fig. 1: Phases of a ChiK teaching unit and developed competencies (Demuth et al., 2007)

The results obtained in the evaluations of the ChiK program in Germany were
mostly positive: Among the various aspects evaluated, focusing on the effects on
students the following results are especially important:

e Students’ motivation increases when using this methodology (Parchmann, 2006).
e The use of teacher centered methods decreases (Fussangel, 2008).
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e The use of a variety of teaching methods increases (Fussangel, 2008).

e No significant gender differences could be found when comparing the results
obtained by boys and girls (Nentwig, 2007).

e The awareness of the students that they are immersed in self-learning processes
increases (Di Fuccia, 2007).

e Unlike expected by the teachers, the use of ChiK does not lead to lower content
knowledge (Di Fuccia et al., 2005).

But also, problematic aspects could be found regarding the implementation of ChiK:

o It turned out that students tend to lose interest if the context-units are too
long (Di Fuccia et al., 2005).

e It is important to make sure that the context is really relevant for students
instead of only being felt relevant by the teachers (Di Fuccia et al., 2005).

e As the context do not follow the curricula it is hard to arrange them in a way
that the context is treated seriously, and the curriculum is covered as well (Di
Fuccia et al., 2005).

e Compared to teaching content traditionally teaching context-based is more
time-consuming — especially when isolated context-units are used within a
traditional course (Sanchez Diaz & Di Fuccia, 2018).

e There is a danger that students struggling with chemistry can get lost during
dealing with a context as learning is not as straight forward as in traditional
settings and they may be unable to extract the important information and
to clearly understand their relationship and meaning (Di Fuccia et al., 2005;
Parchmann et al., 2006).

But as the effects of ChiK could depend on the living environment of the pupils
as well as on the education system, there is a need to find out which aspects differ
when using this teaching strategy in different regions.

2 RESEARCH OBJECTIVE AND METHODOLOGY

The overall aim of our project is: To what extent can the positive effects of the
German implementation of ChiK be found when this teaching concept is used in a
setting where students have a different living environment? In order to answer this
question, we are conducting two case studies, one in Madrid (Spain) since 2014, and
one in Buenos Aires (Argentina) in 2015 and 2016. The reason for this double-case-
study approach is to use this methodology in the very different school and living
conditions in Spain and Argentina and to allow an insight into the following aspects:

1. How can the concept of ChiK be adapted to the respective educational system?

2. How can material be developed so that it can be used by teachers in these cities
for teaching chemistry in a context-based way?

3. Which effects does the use of the adapted concept and the respective teaching
material have?

It is worth mentioning that in both countries the students using the ChiK
methodology usually follow a traditional chemistry teaching that uses little or none
contexts at all.

In both countries the implementation started by providing translated German
ChiK-material and adapting it concerning the teaching situation and the curricula.
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In both cases this was done by learning communities following a participatory ac-
tion research process (Di Fuccia et al., 2007), in which phases of development are
alternated with phases of evaluation and revision.

As one of the German members of our group was part of the team that originally
developed and implemented ChiK in Germany, it could be assured that the ChiK-
characteristics were still fulfilled in the adapted material. The nature of the changes
will be described in detail for every case study in the following. In general, it can
be stated that the material was mainly adapted concerning:

1. the phase of contact, as it had to be oriented to the students’ everyday life.
2. the content, in order to make it fit to the respective curricula.

3. the methodology — this was mostly done to make the material fit to the lab
resources, the length of the lessons and the number of students in class and
mostly applies to the phase of elaboration.

4. the supporting material for the teachers, as their preparation for teaching
context-based differed considerably between the countries involved (see below).

In order to obtain data and results that are comparable between Spain, Ar-
gentina and Germany and at the same time being open for adaption to the special
circumstances of the implementation in Spain and Argentina, we are following a
mixed-methods approach, which is based on the instruments developed, evaluated
and used for evaluating ChiK in Germany (Schellenbach-Zell et al., 2008). There-
fore, the dimensions used for evaluation in Spain and Argentina were those obtained
by the evaluation in Germany, even if the methods used were different due to the dif-
ferent circumstances — like time available for the evaluation or research tradition —
in both countries.

3 THE SPANISH EXPERIENCE

3.1 IMPLEMENTATION

In Spain, the project began in 2014. Meetings with teachers and principals of
several schools were held in order to present the methodology and characteristics of
the research project. Positive responses were received from four schools in Madrid
region, two private and two public schools. Initially eight science teachers agreed
to use the ChiK methodology in their chemistry classes. The contexts of “alcohols”
and “acids and bases in everyday life” were chosen to develop the first teaching
units.

During the first half of the 2014-2015 school year, regular visits were made to
the schools and the four teachers who finally took part in the project. At the end
of that school year, the teachers used the ChiK material and methodology during
3-4 weeks in ten different high school classes: four classes of 3™ of ESO (equivalent
to Grade 9 in the US school system) and six classes of 4™ of ESO (equivalent to
Grade 10 in the US). Due to the close collaboration between researcher and teacher
in adapting the units to the Spanish situation we were able to avoid some of the
above-mentioned problems, especially those concerning the length, the topic of the
contexts and their relation to the curriculum.
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3.2 METHODOLOGY OF EVALUATING THE EFFECTS

In order to assess the effects of using these teaching units in a way that the results
could be compared to the German implementation, a slightly shortened version of
the pre-test and post-test questionnaires that were used in Germany were used in
Spain as well, in addition 22 students from different schools were interviewed.

The questionnaires, following a Likert scale, consist of a series of statements,
where the person completing it should indicate to what extent he/she agrees with
it. Thus, a value of 4 indicates “I strongly agree” and a value of 1 means “I strongly
disagree”.

The student pre-test questionnaire contains questions about their feeling on the
quality of their current chemistry classes, the type of knowledge acquired, and which
features they consider a good chemistry teaching must have. The post-test question-
naire asks for the changes they perceived when the teacher used a ChiK methodology
compared with the rest of the year.

As in the German evaluation the items of the questionnaires were summed up
in three dimensions:

e Motivation. There are 7 items which focus on whether the classes have been
interesting and how their attitude towards the subject has been. For example:
“Time flew for me in these latter classes.”

e Interdisciplinarity and context-based teaching. Here there are 5 items that
measure the relation of what the students have seen in class with their daily
life and with the content of other subjects. For example: “I learned how to
explain things from daily life with the content that we have seen in the latter
classes.”

e Self-directed learning and changes in the way the students work in chemistry
classes. The 8 items in this dimension are related to how the teacher leads
the chemistry class and the promotion of self-directed learning of students. An
example of these items is: “I prefer a chemistry class in which the teacher tells
me exactly how he wants us to solve a particular exercise.”

In total, 166 students from the 10 different classes filled both questionnaires.

In addition to the questionnaires, 22 of the students were interviewed the week
after they used the ChiK teaching unit. The interviews were used to clarify some
of the results of the questionnaire study answers and to confirm the results of the
questionnaires, as well as to gather information that we could not measure with
them.

3.3 RESULTS AND DISCUSSION

Students’ answers in the questionnaires show an increase of the value in the post-test
mean, when comparing with the pre-test mean, for all the three dimensions, which
means a positive change for the three categories (tab. 1, fig. 2).

Pre-Test Post-Test
Category Items M SD Reliability [] M  SD Reliability [o]
Motivation 7 2.68 0.56 0.81 3.04 0.53 0.78
Context-based structure ) 2.62 0.54 0.71 2.79 049 0.62
Self-directed learning 8 247 0.36 0.55 2.87 0.37 0.62

Tab. 1: Results obtained by the students in the pre-test and post-test questionnaires
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Fig. 2: Comparison of Pre-Test and Post-Test results of the students

In order to calculate the p-values, a Saphiro-Wilk test for each dimension of the
students’ pre- and post-test questionnaires was used. The calculation was made
with Stata data analysis software, and the results corroborated that each group of
data have a normal distribution.

As all the variables have a normal distribution, the pre- and post-test samples
were compared using a T-Student paired data analysis, also with the Stata software.
Differences in values of pre-test and post-test for all the three dimensions were
statistically significant (T-Student’s paired data, p < 0.05).

There are reports that indicate that the acceptable values of Cronbach’s alpha
range from 0.70 to 0.95 (Nunnally et. al, 1994; Bland et al., 1997; DeVellis et al.,
2003). Other reports state that high values of alpha (> 0.90) point out redundancy
among the items (Tavakol et al., 2011; Streiner, 2003). In other studies, it is stated
that figures of alpha values below the conventionally set benchmark of 0.70 can be
accepted (Spiliotopoulou, 2009) and that alpha values of 0.50-0.70 indicate moderate
reliability (Hinton et al., 2004). According to this, all alpha values obtained show
at least a moderate reliability, with three of them showing a high reliability.

Thus, in the “motivation” dimension, items such as “Time flew for me in these
latter classes” (value was +0.68 higher in post-test) or “I think that the last chem-
istry classes were very interesting” (+0.53 higher in post-test) show that the students
prefer the classes in which the ChiK methodology was used.

In the “self-directed learning and participation” dimension there are striking
answers, like “In these chemistry classes we were able to gather information on a
particular subject on our own” (40.39 higher in post-test) or “In these latter chem-
istry classes we have been able to plan experiments and activities independently”
(+1.14 higher in post-test).

As for the “Context-based structure and interdisciplinarity” dimension, there
is one item with an especially interesting difference between pre-test and post-test
values. The item “If chemistry classes throughout the course were as in the last
weeks, I would better understand some of the problems that affect society” has in
the post-test a value +0.55 higher. The change in the mean value is not as big as
in the “motivation” and “self-direct learning and participation” dimensions, but it
is still statistically significant.
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Personal interviews are in line with the results of the questionnaires. Several
students define the classes, in which a ChiK methodology is used as “more dynamic”.
Others point out that “They are not so easily distracted”. When they must study
for an exam, “It was easier to remember what we have seen in chemistry class” after
using the ChiK teaching unit. Also, they “Feel motivated if the teacher does not
direct them so much”. Almost all students find “the increase of lab work sessions”
very positive. In addition to that we couldn’t find any hints indicating that this
approach was especially problematic for low-achieving students as could be expected
based on the German experience. Nevertheless, upon being interviewed themselves,
all teachers stated that, under the current conditions in Spain, it is difficult to use
a methodology like ChiK in a continuous way during the whole course as it turned
out to be very time-consuming. (Sanchez Diaz & Di Fuccia, 2018)

4 'THE ARGENTINE EXPERIENCE

4.1 THE ARGENTINE SITUATION

In the following, one has to keep in mind that the educational system in Argentina
is quite different from the European one. First, the time to teach chemistry is
comparably lower, as there only is one mandatory science course of two hours per
week for two years, covering all natural sciences and one additional course in those
schools that are natural-science oriented. This forces chemistry teachers to teach
only selected topics and not to go into detail too much despite a very large suggested
syllabus.

Second, the workload of the teachers is extraordinary high. They have to teach
up to 40 hours per week, often in different schools, so that they have to travel
between the schools. These travel times are neither recognized for their workload
nor paid, so that the teachers only have very little resources for preparing lessons.
This is made worse by the economic situation of Argentina which is characterized
by a high inflation and great cuts in public spending especially for education.

4.2 IMPLEMENTATION

In order to adapt the ChiK methodology to the above mentioned Argentine situa-
tion, special material covering the context “oil” has been prepared by the researchers
in Argentina, supported by the German colleagues.

The ‘Oil in Context’ material consist of a quiz for the students and an e-text
with explanations for the teachers and students.

The quiz features ten sections with interdisciplinary contents related to the con-
text ‘oil’ and therefore brings the scope of this context into the students’ attention.
Those sections are: 1) Can oil erupt spontaneously?, 2) Was there oil in ancient
times?, 3) Black gold or dangerous disaster?, 4) How has Petroleum been formed?,
5) How is oil extracted? 6) Fracking, innovation or danger?, 7) Oil price and de-
mand, 8) Oil distillation and refinement, 9) Uses of petroleum: fuels, 10) Other uses
of petroleum: plastics and other products.

Each section contains problems/questions with answering options as it is known
from TV quiz shows; Those answering options comprised the correct answer as well
as typical misconceptions or ‘common sense ideas’ about the respective content and
students were allowed to choose more than one of them. The underpinning goal of
the quiz is to present problems which answering options can either generate students’
motivation to know the correct answers or eventually provoke some intellectual
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discomfort by the awareness of the extent of lacking knowledge that they had and
thus lead to additional motivation.

Due to the shortage of time for teaching chemistry in the Argentine schools the
ChiK adaptation used by the teacher consisted of a quick individual answering of
the quiz before teams of students were required to prepare a 10-minute video about
any of the topics of the quiz, in a one month extra class project (Gama & Barroso,
2017). In order to support the teacher and to enable the students to produce their
videos an especially designed e-text was developed which discusses the quiz problems
and orientates the readers about confident websites where more information could
be found. By conducting important parts of the work as an extra class project, the
problems of the length of the unit as well as the feasibility of using such units in
everyday classes could be bypassed. On the other hand, this poses a clear limitation
of implementing context-based science teaching in the current Argentine system.

The context ‘oil’ was selected to work with one chemistry teacher (in the City of
Buenos Aires) after hydrocarbons and combustion contents have been taught. The
‘Oil in Context’ teaching approach was successfully tested during 2015 (Pergola et
al., 2015a; Pergola et al., 2015b; Pergola et al., 2015¢) and a qualitative research was
carried out during May of 2016 involving five courses of one teacher (132 students
in sum). By this it should be ensured that the context is accessible and relevant for
students.

4.3 METHODOLOGY OF EVALUATING THE EFFECTS

A qualitative methodology to measure the students’ motivation, their opinions on
the context-based structure and the interdisciplinarity of the material as well as on
the self-directed learning and participation during the ChiK experience was used,
which was based on the dimensions obtained in Germany and already used in Spain.

It consisted of applying a questionnaire where students were asked to select
words and emoticons representing their feelings on seven aspects of the implemen-
tation: 1. Answering the questionnaire; 2. Using the e-text; 3. Producing the video;
4. Giving an opinion on their own video; 5. Giving an opinion about others’ videos;
6. Receiving others’ opinion on their own video; 7. Being evaluated by the teacher.

Words students could use to express their motivation and their feelings in the
survey were:

Easy — Amazing — Boring — Bad — Enjoying — Unforgettable — Extraor-
dinary — Forgettable — Surprising — inconsequential — Complicated —
Difficult — Incomprehensible — Cool — Ugly — Very nice

In addition to that the students had to choose one of 16 different provided
emoticons to express how they have felt when working with the material. The
method of “words plus emoticon” was used before in Argentina (Pergola et al.,
2014) and chosen as it proofed feasible in the Argentine context to evaluate the
emotions of the students via the emoticons whilst cognitive aspects and reasoning
of the students can be obtained analyzing the chosen words.

Both words and emoticons were classified as positive, negative or neutral (Pergola
et al., 2014) for further analysis of the survey (see tab. 2). In order to learn more
about the reasons for the words and emoticons chosen students had the opportunity
to give free comments, which were characterized as positive, negative or neutral and
analyzed as well.
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Tasks Words Emoticons
positive negative neutral positive negative neutral

Answering the quiz 23 51 26 38 55 7
Using the e-text 36 36 28 52 43 4
Producing the video 66 28 6 66 34 0
Giving an opinion on their 67 15 18 72 17 11
own video

Giving an opinion about 76 12 12 70 18 12
others’ videos

Receiving others’ opinion on 58 12 30 60 25 15
their own video

Being evaluated by the 65 22 13 62 28 10
teacher

Tab. 2: Student’s selection of words and emoticons concerning the seven aspects of the
didactic experience

In addition to that each of the 27 videos produced by the students was evaluated
by the teacher for content as well as for the commitment with which students worked
on it.

4.4 RESULTS AND DISCUSSION

Out of the 132 students taking part in the case study in Buenos Aires, 92 answered
the survey (choosing words and emoticons) about their feelings when working on
the ‘Oil in Context’. Tab. 2 shows the results.

Tab. 2 shows that the students liked all activities related to the video most, while
dealing with the quiz and the e-text weren’t their favorites.

The free comments allow a deeper qualitative insight into why the students
answered in this way. Concerning the task “Answering the questionnaire” students
mentioned positively: “I liked it, but I felt ignorant”; “There were things I did not
know”; “Interesting, difficult”; “Long but interesting” whilst the negative comments
were like: “boring”, “unnecessary” and “complicated”. Since each problem of the
questionnaire involved interdisciplinary knowledge, some students perceived it as a
positive challenge, but the awareness of difficulties was a negative issue for others.
The fact of being aware of one’s own cognitive limitations is nevertheless one of
the interesting points highlighted in the approach chosen that promotes the “self-
regulation of learning” (Zimmerman et al., 2009) and it is obviously perceived by
the students.

In addition to that, a number of students commented positive on the e-text
which should help them finding the correct answer to the topic and to enable them
to produce a video with proper content, their comments were: “Very useful and easy
to understand information”; “Well explained, rewarding”; “Accurate and useful”;
“Useful as an introduction to the topic”. Reasons for negative ratings of the e-text
were: “unnecessary”; “endless”, “complex”; “difficult to understand”.

Summing up all the aspects related to the video, reasons for positive students’
ratings were given as “enjoying”; “very amusing task”, “it required a lot of research”;
“difficult but enjoying”; “we could learn more things”; “creative, funny, well done
and interesting outcomes”; “It is another way to learn”. Those who chose negative
words or emoticons on some of the aspects related to the videos commented “tedious
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work”; “oil is not an attracting subject”; “I do not like other people to give opinions
on my work”.

As tab. 2 and the open comments show, students liked producing the video
very much. This result is supported by the teacher’s analysis of the videos and the
process of producing them. The teacher reported that all the students showed great
commitment to the tasks and willingness for teamwork; most of the videos proved
to be ingenious and creative either in contents or technical qualities (Valente et al.,
2016). In addition to that, no evidence was found that this activity posed special
problems for low achieving students.

Summing up, most of the students liked a demanding self-regulated task and
accordingly could make metacognitive reflections about their knowledge. This is
consistent with the finding that students invested a lot of effort in producing their
original videos, with creative animations and spoken texts and searching for infor-
mation and images that had not been mentioned in the e-text (Valente et al., 2016).
The motivation and commitment derived from this type of approach furthermore

demonstrates abilities that there are not usually evaluated in traditional classes
(Zimmerman & Moylan, 2009).

5 (CONCLUSIONS

Although the ChiK methodology was not used in its complete extent (for example,
the Spanish teachers found the 4-steps structure of an ideal ChiK teaching unit too
demanding to implement it directly), the experiences in both case studies show that:

e the concept of ChiK is adaptable to very different situations, school systems
and living environments;

e it is possible to develop material with which it is possible to teach chemistry
following the adapted concept;

e the use of such an adapted ChiK-based approach has shown positive impacts
on the student point of view in both case studies, especially the increase of
motivation and self-directed learning;

e the positive effect on students’ motivation seems to be quite independent from
the school systems and living environment of the students.

In addition to that, in both case studies aspects can be found that can hinder the
ChiK adaptation (for example, the length of the syllabus, the lack of resources for
the lab sessions and the overloaded teaching conditions), but these are more related
to the teacher and the curricular point of view and it could be shown that by using
the experiences from other implementations some of the problems can be prevented.

It has to be stressed that we only conducted two quite limited case studies with
only some special contexts in only two cities. So, there remains a lot to be done, like
e.g. using different contexts and teaching strategies and to focus on the teachers’
perceptions and their preparation during their teacher training, nevertheless, based
on our experiences so far, it seems justified to conclude that:

e the inclusion of more contexts during the chemistry classes, even if they do not
follow the ChiK approach, could be useful from a motivational point of view
and

e the results obtained and the experiences gathered in this project could be en-
couraging and helpful for researchers and teachers in all regions of the world to
start working on including contexts in their chemistry classes.
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