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Enactment of a geoscience curriculum by using
innovative curriculum materials - an explorato-
ry case study

Henning Hansen/Sylke Hlawatsch/Markus Liicken

Summary

Trying to implement interdisciplinary geo-science curriculum materials in geogra-
phy and science education we asked how they fit into teachers’ existing practices,
their needs for support and strategies to plan instruction. The focus of our case
study has been the identification of the goals teachers pursue with the materials,
of strategies for customizing and using them in the classroom and of the features
of the local context that help to enact an interdisciplinary geoscience curriculum.
The study made use of three independent data sources: the results of a workshop
questionnaire, the written outcomes of enactment scenarios and the transcripts
of telephone interviews. In section 1 the theoretical background is presented that
includes ideas on lesson planning, the customization of curriculum materials and
the relationship between implementation and local enactment. Section 2 describes
the case study approach and section 3 the outcomes, starting with the goals teach-
ers plan to pursue with the curriculum materials and the enactment strategies that
indicate how they use the materials (3.1). Section 3.2 presents details on support-
ive and hindering conditions for local enactment and 3.3 selected data about the
practical realization of the scenarios in the classroom.

We found that the term “quarry” is a metaphor that allows describing the strategy
of most practitioners to deal with innovative curriculum materials. Moreover, our
study has shown the central role of modular curriculum materials for the imple-
mentation of geoscience education combined with opportunities to learn through
well structured in-service workshops. Based on these outcomes, summary chapter
4 presents suggestions for a successful local enactment of geoscience curriculum
materials.

1. Theoretical background and
research questions

Even though geoscience topics are
discussed a lot in the media, they
do not have a firm place in the Ger-
man school curriculum (HiawaTscH &
Hansen 2004). Both geography and
science education tend to neglect
physical geography. The project
“Research dialogue: System Earth”

(HiawatscH et al 2003) was a col-
laborative effort of Earth scientists,
educational researchers, geography
and science teachers for an Earth
science curriculum (called “System
Earth” ) based on a variety of teach-
ing materials. It was influenced by
the scientific literacy framework of
the PISA study that includes knowl-
edge of the Earth’s sub-systems,
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changes in Earth systems and other
geoscience topics (NAEP 2004).
The geosciences and thus System
Earth have challenged geography
and science education as a truly
interdisciplinary field of learning by
presenting a broad range of subject
matter knowledge and a focus on
interdisciplinary competencies and
system thinking skills. They include
contents and methods that are new
for most German teachers. Based
on this situation, the curriculum
materials became a central tool to
implement a geoscience curriculum
in general education.

We use the term “implementation”
to describe the process by which
a new curriculum is put into action
(Fuuan & PomrreT 1977, SNyDER, Bo-
LN & Zumwalt 1992). “Enactment”,
on the other hand, denotes the re-
alization of a curriculum in the class-
room by close interaction among
teachers, students and subject mat-
ter. In many implementation studies
a “fidelity perspective” is taken that
suggests understanding a new cur-
riculum as a prescriptive guideline to
put the material into practice (FuL-
LAN & PoMmFReT 1977; BoLiN, SNYDER &
ZumwaLt 1992). From an “enactment
perspective”, on the other hand,
teachers have a more active role.
They become instructional design-
ers and coordinators of diverse re-
sources rather than mere executors
of the prescribed curricular reform
(e.g., Brown 2002; BArRAB & LUEHMANN
2003). The enactment perspective
draws its importance from the ob-
servation that teachers ... neces-
sarily select from and adapt mate-
rials to suit their own students” (BALL
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& CoHen 1996, p. 6). They shape
the intended curriculum to become
the enacted curriculum. This per-
spective directs the attention to
the teachers’ knowledge about the
students’ prior experience, the lo-
cal availability of resources and the
educational context.

Even though professional develop-
ment workshops, discourse com-
munities and the administrative
context of a school play an impor-
tant role in educational change (see
Brown 2002, p.12), BaL & CoHen
(1996 p. 6) have directed our focus
to the availability of instructional
materials: “Unlike frameworks, ob-
jectives, assessments, and other
mechanisms that seek to guide cur-
riculum, instructional materials are
concrete and daily. They are the
stuff of lessons and units, of what
teachers and students do.” Fol-
lowing BaLL & CoHen's (1996) argu-
ments, the development group was
asking how teachers and teacher
educators make use of the materials
in their respective fields of practice.
Ben-Peretz  (1990) contends that
teachers usually interpret new cur-
riculum materials in terms of their
potential for classroom use. They
have to tune the new approach to
existing resources or the individual
needs of their students. Other au-
thors describe various forms of lo-
cal customization and adaptation
during curriculum enactment (e.g.
Brown 2002).

The use of new curriculum mate-
rials puts teachers back into the
position of a learner who has to
change proved practices or to ac-
quire new ones. Lesson planning
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that is based on the new materials
can foster change as it involves the
coordination of pedagogy, content
knowledge and various material or
non-material resources. While pre-
service teachers usually plan by
making a linear list of activities and
assignments, experienced teachers
tend to employ a more open strat-
egy. They prefer ad-hoc decisions
in the classroom that allow them to
react flexibly on the students’ needs
while working with new curriculum
materials (Jonn 2006). We assume,
however, that these teachers em-
ploy explicit planning strategies if
they try to put a new approach into
practice.

Brown (2002) distinguishes “offload”,
“adaptation”, and “improvisation”
as teachers’ strategies to interpret
and use new curriculum materials.
He regards them as “markers” on a
scale that extends from total fidelity
to the developer’s intention to total
disregard. Offload is preferred by
teachers who rely on existing mate-
rial to prepare their lessons. They
may be unfamiliar or feel uncomfort-
able with the new approach, have
little time to develop a personal per-
spective, or want to provide an ex-
ample of what happens if the new
approach is enacted as prescribed.
Curricular improvisation is selected
by teachers who use the new ma-
terials as a starting point to follow
their own path of instruction. Very
often these teachers believe that
good educators tailor their own
materials rather than using existing
ones. Adaptation and customization
seem to be the most frequently
used strategies. Teachers who fol-

low them anticipate the culture of
their school and try to balance the
innovative materials with routines
or practices that have been mean-
ingful for them in the past.

Considering the importance of ad-
aptation and customization, Brown
(2002) suggests understanding
teachers’ strategies as a “design
process”, a process of perception,
interpretation and coordination of
material and non-material resourc-
es. This process creates variation
in the classroom rather than fidelity
and it can be described as a mutual
adaptation in which both the reform
and the local educational setting
change in order to accommodate
curricular change (Brown 2002, p.
5). Variation in the enactment pro-
cess is regarded as necessary as
the fidelity approach often produces
resistance. It can be perceived as a
form of “remote control” that does
not sufficiently consider teachers’
routines and experiences, local syl-
labi, resources and competencies.
Local customization of curriculum
material, on the other hand, can
produce outcomes that contradict
the developer’s ideas with respect
to subject matter knowledge, edu-
cational objectives or teaching
methods. However, Brown (2002)
and Baras & Luenmann (2003) argue
that customization is necessary to
make a curricular innovation sus-
tainable. The dissemination of the
curriculum materials of the project
System Earth follows this argument
by encouraging German teachers
to integrate the approach into ge-
ography or science teaching and
into the culture of German schools.
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Looking at the curriculum materi-
als of System Earth as a resource
for enacting a geo-science curricu-
lum, we wished to know how they
fit into teachers’ existing practices,
their needs and strategies to plan
instruction. Our questions concern-
ing these issues were:

- How do the participants of in-ser-
vice workshops perceive the role
of the workshop experience, the
curriculum materials and the local
context for classroom enactment?
What are features of System Earth
that foster curriculum customiza-
tion and local enactment? What
makes enactment difficult? What
is missing in the curriculum that
might improve local enactment?

- How do the workshop participants
use and adapt the scenarios that
they developed during the in-
service workshop? What kind of
problems do they encounter dur-
ing local enactment?

- How do practitioners envisage the
enactment of System Earth? How
do they plan to align this approach
and its materials with proven rou-
tines and with the resources of
their school? How do they cus-
tomize the materials?

2. Research design and sam-
pling

To answer these questions we con-
ducted a case study of a series of
in-service workshops. We asked
the participants to write scenarios
about their approach to local en-
actment and conducted interviews
about the realization of the sce-
narios after the workshops. The
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workshops combined expert lec-
tures on geoscience topics, an in-
troduction to the new curriculum
and its experimental materials and
work groups on “implementation
scenarios” in which the participants
wrote plans for a local enactment of
the new approach. The materials of
the project are composed of work
sheets, animations, hypertexts, im-
ages and experiments and devel-
oped with upper-secondary science
and geography students in mind. It
is structured in 11 modules to sup-
port flexible use in the classroom
and in the diverse contexts of the
German educational landscape and
included instructions for teachers
that help them employ the materi-
als in the classroom. A version on
CD-ROM was prepared that allows
creation of individual student ver-
sions without teacher instructions.
Important modules are: “System
Earth - an introduction”, “The rock
cycle”, “Earthquakes and waves”,
“Convection”, “Matter cycles”, “Plate
tectonics and volcanism” and “Cli-
mate change”. Relationships among
the geoscience topics are empha-
sized in the materials to support an
interdisciplinary approach to teach-
ing and learning.

The workshops were hosted by the
in-service institutes of the respective
federal state that also selected the
participants and provided a place
for the meetings. The participants
were primarily “multiplicators”, e.g.
enthusiastic teachers or teacher
educators who planned to develop
local courses on geoscientific is-
sues or who wished to convey their
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knowledge to others. Representa-
tives from the school authorities
also participated. The group work
during the workshops provided
time for planning, collaborate learn-
ing and reflection. The workshop
participants discussed the problems
of teaching a new field and wrote
scenarios on the transfer of System
Earth into their respective field of
practice.

To answer the questions of the pre-
vious section we conducted a case
study. Yin (1984, p. 23) defined a
case study as an empirical inquiry
that “investigates a contemporary
phenomenon within its real-life con-
text when the boundaries between
phenomenon and context are not
clearly evident and in which mul-
tiple sources of evidence are used”.
Case studies are appropriate when
the researchers primarily ask “how"
questions about a contemporary set
of events over which they have little
or no control and when it is impos-
sible to separate the phenomenon’s
variables from their context.

Our case study was based on the
dissemination of the curriculum
materials during well-planned in-
service workshops. The “case” was
the series of seven workshops in
six German federal states with each
single workshop as a sub-unit. They
were conducted in close collabora-
tion with geoscience institutes, the
teacher training institutes of the
states and the project staff that had
developed the teaching materials
and conducted research activities.
The teacher training institutes se-
lected the workshops participants

and hosted the meetings. One third
of the participants piloted their sce-
narios after the workshop. The case
study made use of different kinds of
instruments for data collection dur-
ing and after the in-service work-
shops that are described in the sec-
tions 3.1 (scenario worksheets), 3.2
(workshop questionnaire) and 3.3
(follow-up interviews) to facilitate
the interpretation of the outcomes.
They were used to document the
experience of the workshop partici-
pants and the succeeding enactment
of the scenarios in their respective
field of work. Figure 1 shows how
we connected the in-service work-
shops and the case study research.

The case study was based on a
purposive sample (Merriam 1988,
p. 48f.) of workshops and partici-
pants. The respective in-service in-
stitution and the development team
selected the participants by focus-
ing on “multiplicators”, i.e. partici-
pants who planned to disseminate
the workshop experience in a local
setting. When not enough multipli-
cators were found active teachers
were also allowed to participate
in the workshops. The achieved
sample! comprised 61 male and 47
female participants. All of the 108
participants had prior teaching ex-
perience. About 90% were engaged
both on the upper and lower sec-
ondary school level and 22% ad-
ditionally named teacher education
as their field of work. With respect
to subject area, 59 of the partici-

1 These numbers are outcomes of the
“workshop questionnaire®™ (see below).
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pants had a background in geogra-
phy teaching, followed by biology,
chemistry, mathematics, physics
and a variety of other subjects.
About one fifth of the participants
had combined geography with at
least one of the sciences. 16 of the
108 participants said that they had
known the materials and concepts
of the project System Earth before
the in-service workshop.

The status as teacher educators was
one of the features that qualified
the participant as “multiplicator”,
the primary addressees of the
workshops. About 20% of the par-
ticipants spent most of their time in
teacher in-service education, while
48% were occasionally involved in
various kinds of teacher education
activities. The number of teacher
students or in-service teachers they
reached varied between 2 to 400
per year. The other participants had
engaged themselves for geoscience
instruction as headmasters or policy
makers.

3. Results and significance of
findings

The results of the study are pre-
sented in three sections. In 3.1 we
discuss the workshop participants’
implementation scenarios with re-
spect to the goals they want to
pursue with the materials and the
strategies they plan to integrate it
into their teaching practice. In 3.2
we analyze the contribution of the
in-service workshops, the curricu-
lum materials and the local educa-
tional context to enactment. In 3.3
we analyze telephone interviews

with 52 of the participants that
were conducted after the work-
shops to find out how many of
them had been able to realize the
enactment scenarios and why some
of them failed. Each subsection is
introduced with some paragraphs
on the respective approach to data
collection.

3.1 Enactment of System Earth
by using innovative curriculum
materials

3.1.1 Data collection

Brown (2002) suggests understand-
ing teachers as curriculum design-
ers rather than mere executors of
a curricular reform. Based on this
understanding we will ask how the
workshop participants align the ap-
proach of System Earth with their
own resources and local context,
assuming various forms of adapta-
tion or customization. Data about
the customization process were
mainly collected by “implementa-
tion scenarios” that the participants
wrote during the workshops.

A scenario is a story about a future
event that allows planning and as-
sessing alternative actions. In our
study, the actions were represented
by the participants’ plans to use
the materials that were introduced
during the workshops. The partici-
pants started by documenting their
choice for a module, building block
or theme of System Earth that they
wished to teach during the forth-
coming months. Then they devel-
oped a learning sequence based on
the concept and the new materials.
Most of the participants selected
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the “stone cycle”, the “carbon cycle”
and various special issues connect-
ed to these modules.
To collect the scenarios in a stan-
dardized way we developed a tem-
plate-like worksheet. It allowed
documenting the design for a teach-
ing-learning sequence in a system-
atic manner. During the first work-
shops, we handed the worksheet to
each participant individually. Later,
3-6 teachers with different subject
backgrounds were asked to collab-
oratively write a scenario. These
groups were composed of partici-
pants with different subject affilia-
tion who were focusing on learners
of similar grade level. While design-
ing the scenario the participants
were asked to reflect the ...

- specific theme or module of Sys-
tem Earth that they wished to
teach,

- meaning of the theme for them-
selves and for their students,

- teacher and student activities that
support learning,

- context factors that foster or hinder
classroom enactment, and the

- envisaged time frame for teaching
the selected theme.

The scenarios developed by the
groups turned out to be more sa-
lient with respect to detail and elab-
oration than those that had been
designed individually. 28 scenarios
were selected for analysis.

Almost all of the group members

had a background in pre-service or

in-service teacher education. How-
ever, only 13 of the 28 scenario
groups designed a scenario for this
field. Many of the members were
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simultaneously teaching in schools.
This may have stimulated them to
start by designing a scenario for
their own class and afterwards plan-
ning an in-service course. Only two
of the scenarios focused on curricu-
lum development. In the next sec-
tions we discuss the workshop par-
ticipants’ implementation scenarios
with respect to the goals they can
reach with the materials and the
strategies they use to integrate
them into their teaching practice.

3.1.2 Outcomes with respect to
goals and relevance of the materi-
als for teachers and students

The curriculum materials for System
Earth were developed to implement
an interdisciplinary geoscience cur-
riculum in science and geography
education. Considering the differ-
ences among the educational sys-
tems in the German federal states
and the variety of the teachers’
needs, we knew that the materi-
als would be used in many different
ways. Wishing to learn more about
this variety we asked the workshop
participants to reflect the meaning
of the materials for themselves as
educators and for the students be-
fore they started their scenario.
The inspection of these data yielded
seven types of goals that the partic-
ipants planned to pursue with their
respective module or theme (Table
1). Most of them planned to foster
teaching or learning methods, fol-
lowed by subject matter knowledge.
The focus on methods is in tune with
the intentions of the developers.
However, “system thinking” was not
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Table 1: Goals that the participants planned to pursue with the curriculum materials

Category |Count | Example
Supporting 27 - experimental work; learning by experimentation; learning to conduct
teaching experiments; understanding similarities by simple experiments;
and learning experiments related to subject matter
methods - measuring methods and analysis of diagrams
- use of the Internet; use of the instructional CD-ROM
- opportunities to work with materials; students can encounter real
objects; real application of waves; significance for everyday life
- presentation of autonomous work; documentation of results
- introducing “stones” by building on students’ preconceptions
- jigsaw; self-organized learning; fostering student collaboration;
discovery learning
Teaching 21 - elaboration of theoretical backgrounds; role of gas hydrates in the
subject matter carbon cycle; introduction to evolution; elaboration of the lithosphere;
knowledge global warming; development of stones, understanding the stone cycle
Raising 12 - careful handling of combustibles and the environment; developing a
environmental feeling for nature; critical reflection of global warming
and social - considering the human impact; sensitization based on system thinking;
awareness considering oneself as part of System Earth; rethinking the impact on
local conditions; recognition of the role of men in the carbon cycle
Improving the | 10 - a starting point for interdisciplinary work; relation among subjects;
curriculum interdisciplinary teaching
- adaptation to in-service events
- replacement of the official syllabus on waves
- emphasis on science aspects in geography
Developing 9 - competencies; methodological competencies; training of methods;
practical competencies for team work
competencies - practical abilities; developing practical abilities; developing
experimental abilities
Cognitive 5 - system thinking; understanding the Earth as a system; the carbon
development & cycle as a system
system thin- - support of cognitive abilities
king
Raising 5 - motivation; motivating students; motivation by practical activities
motives or - motivating teachers for System Earth; motivating them to illustrate
interest physical subject matter
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mentioned very often even though
it was a central feature of System
Earth. The participants primarily re-
ferred to this goal when they wished
to raise the students’ social and en-
vironmental awareness.

Table 1 indicates that System Earth’s
curriculum materials is primarily used
to foster new teaching and learning
methods in close connection with
geoscientific subject matter. Many
teachers also seem to be motivated
by opportunities to raise the envi-
ronmental and social awareness that
is part of a sustainable development
of System Earth.

3.1.3 Enactment strategies

The groups that wrote their sce-
narios about the enactment of Sys-
tem Earth for a student classroom
differed from those who planned to
use the curriculum for in-service or
pre-service teacher education. In
spite of these differences, there was
a considerable overlap between the
scenarios of these two groups as
many teacher educators planned to
start piloting the approach in their
own classroom and later to dissemi-
nate their experiences in teacher
education courses. The analysis of
the written scenarios yielded three
enactment strategies of the work-
shop participants that resembled the
strategies found by Brown (2002)
(see section 1.).

e Short term exploration and long-
term dissemination of the materi-
als

Teacher educators often started de-
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signing a scenario for their own class
rather than for an in-service course.
For example, a group of three par-
ticipants from Hamburg suggested
using System Earth as an introduc-
tion to the theme “evolution”. In the
context of this theme the members
wished to foster students’ indepen-
dent and practical work. They criti-
cally discussed the constraints of
the obligatory syllabus and of the
available time, finally proposing to
use a selection of the available cur-
riculum materials. As a long-term
perspective they suggested intro-
ducing System Earth into a school
program for grades 10-13 that in-
tegrates geography and the natural
sciences, and to also develop school
based in-service courses.

Another scenario group from
Hamburg followed a similar strat-
egy. First, its members planned an
analysis of the obligatory syllabus
for physics education of upper sec-
ondary students to find a space for
teaching System Earth. After this
step they wished to select parts of
the curriculum materials for use in
physics classes. At the same time
they planned to integrate chemistry,
biology and geography education
and to employ the curriculum mate-
rials in their own classes or eventu-
ally in those of their colleagues. Af-
ter an evaluation of this experience
they wished to edit the materials
and to conduct teacher education
courses.

An interdisciplinary group of teach-
ers from Mecklenburg Pommerian,
also pursued a two-step strategy.
First, they wished to design an
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exemplary lesson, integrating per-
spectives from geography, physics,
biology and chemistry. Based on
this model, teachers with different
subject backgrounds were expected
to align their plans for the following
lessons. After the planning period
they would teach four lesson pe-
riods, have students present their
results in front of all subject teach-
ers and discuss the respective is-
sues. On a second level, the group
planned to transfer their model to
social subjects by elaborating topics
like sustainability, choice of location
of industry, etc.

e Use of System Earth as a quarry
A second strategy that emerged
from the analysis of the scenarios
was using the curriculum materials
as a quarry. This strategy is tempt-
ing as it leaves open many possibili-
ties. However, it can come down to
an arbitrary selection of materials
for a lesson or a teaching sequence.
To avoid arbitrariness, most of the
participants were applying criteria
like compatibility with the obligatory
syllabi of the federal state, availabil-
ity of local resources, collaboration
among teachers, individual teach-
ings style or prior knowledge of Sys-
tem Earth. It should be noted that
the quarry strategy played a central
role for all participants.

A workshop participant from Ham-
burg described his individual sce-
nario as a ‘“selective coming to
terms with distinctive segments of
the material” to indicate that he was
looking for the “bricks” of System
Earth that he would like to select

for his class. A teacher group from
Brandenburg planned a scenario for
students from two school types, a
Gymnasium and a comprehensive
school. In both cases they were fo-
cusing on the carbon cycle with a
perspective on gas hydrates. The
group members argued that they
were able to follow the suggestions
of the curriculum materials in most
respects. However, they would pre-
fer to shorten the materials and to
tune them with the obligatory syl-
labus and time constraints. On the
background of these constraints
they took the respective module
and critically went through every
building block. They suggested re-
placing the module’s introduction to
the “carbon cycle” with their own
one, the discussion of a spectacular
geoscience event. The consecutive
building block of the module was
accepted and allotted a one-hour
lesson. Furthermore, the group
planned to present this block in a
simplified manner after considering
that many of their students have
problems interpreting diagrams and
reading complex texts. Changes in
another building block were sug-
gested to consider the current dis-
cussion about global warming and
allowed two lesson hours. Two
building blocks were totally exclud-
ed from their selection.

A group of geography, mathemat-
ics, physics and biology educators
planned a unit on climate change
by freely mixing their own material
with parts of System Earth. They
envisaged introducing students to
the topic “climate change” by pre-
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senting parts of a spectacular mov-
ie (Crash 2030) and then wished
to continue with the first building
block of the module. For the third
lesson hour they wished to use con-
cept maps on the spheres.

e Curricular improvisation: System
Earth as a stimulus for an indi-
vidual course concept

Indicators for the improvisation

strategy in the scenarios were a

lack of explicit references to Sys-

tem Earth or scenarios that built
upon self-developed experiments.

For instance, a scenario from Baden

Wirttemberg suggested the module

“carbon cycle” as a starting point,

and organized instruction around

experiments that had been devel-
oped by two active teachers in that
group.

Why did some of the participants

choose improvisation? We assume

that they might have not had enough
opportunities during the workshop to
clearly recognize the ideas and pos-
sibilities of the new curriculum ma-
terials. They would need more time
to work through the texts or the CD-
ROM and to pilot the suggested ex-
periments. An alternative explanation
would be that these participants’
ideas of “good teaching” demands
developing individual material rath-
er than employing existing ones.

More research would be needed to

clearly identify the motives of those

who use System Earth as a stimulus
for their individual ideas.
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3.2 Supportive and hindering
conditions for putting System
Earth into practice

3.2.1 The approach to data collec-
tion

In the scenario worksheets (see
3.1), the participants were asked to
reflect expected problems of a local
enactment and likewise supportive
conditions. Some of the supportive
conditions were the availability of
material or non-material resources
needed for teaching System Earth,
e.g., an appropriate obligatory syl-
labus, a stone collection in school
or small class sizes. Hindering con-
ditions were, for instance, an inap-
propriate local syllabus, too little
time or the lack of a classroom for
geo-science instruction.

In this section we want to explore
supportive and hindering conditions
for local enactment in more depth
by using a “Workshop Question-
naire” that combined demographic
data of the participants with their
ratings of prior knowledge about
System Earth, various features of the
in-service workshops, the materials
and the local educational context.
FuLan (2001) argues that five char-
acteristics of a curricular innovation
determine its success: relevance,
complexity, quality, practicality and
clarity. Rocers (1995) points to the
relative advantage of an innovation
over the approach it supersedes,
the compatibility with existing rou-
tines and the needs of the adopters.
These variables also indicate a pos-
sible impact of the characteristics of
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System Earth on classroom enact-
ment.

The participants filled out the ques-
tionnaire at the end of each work-
shop. The instrument was iterative-
ly improved over the seven work-
shops, making use of the experi-
ences of the prior workshop for the
questionnaire that was employed in
the consecutive one. As a result, we
can only compare the rating data
of 30 to 50 of the 108 participants,
depending on the respective items,
while the demographic data and
background variables are available
for all participants.

A central part of the questionnaire
was composed of a collection of
rating items about the participants’
professional learning during the
workshop. The workshop partici-
pants rated statements about their

understanding of the goals, the
modular structure of the materials
of the project System Earth above
average. The statement “The goals
of the materials became evident”
received the highest rating, fol-
lowed by “I better understand the
materials’ modular structure”. The
latter is a central feature of project
System Earth that can help to fos-
ter local enactment. Apart from the
participants’ learning experience we
wished to know if the workshop had
stimulated the use of the curriculum
materials.

3.2.2 Contribution of the in-service
workshops

The participants were presented six
items to assess the significance of
the workshop experience for class-
room enactment. The ratings are

interdisciplinaryinstruction

class

materialin my class

material

The workshop helpedusingthe materialin my class

The workshop has shown howto conduct

The demos helpedimplementingthe materialin my
The exchange with colleagueshelps to employ the
Now | am able to convince colleagues usingthe

Thework groups for lesson planning had been
important forthe practical enactment ofthe material I

Mean (0=doesnotapply ... 3=totally applies; N=50)

I |

H
Bl
=
5
1
=
0.0 fjﬂ 2.0

3.0

Figure 2: Which of the following statements describes the just finished in-service work-

shop?
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sorted by mean value (Figure 2):
All of the items were rated above
average. The general statement
“The workshop helped using the
materials in my class” was rated
most highly. This result and the
above average ratings for the other
items indicate that the workshops
had contributed to teacher readi-
ness to put the new curriculum into
practice and thus supported the im-
portant role of in-service education
for the implementation of System
Earth.

3.2.3 Curriculum materials
In the workshop questionnaire we
asked “Which of the following fea-

tures of System Earth support local
enactment in your field of work?”
The features of the materials were
presented by 15 items. Figure 3
shows the results sorted by mean
values (again, the bars present the
standard errors of the mean):

Ten of the features received a rating
of two and above with “Availability
on CD-ROM” on the top and “Didac-
tical hints”, "Assessment” and “Op-
portunities for the ... curriculum” at
the lower end. The item “Availability
on the Internet” was also not rated
very positive. We assume that the
teachers can easily handle material
on a CD-ROM while downloading
texts and images from the Internet

Mean (O=does not apply ... 3=totally applies; N=50)

Opportunities forthe physics curriculum
Opportunities for the chemistry curriculum
Opportunities for out of school learning
Opportunities for the biology curriculum
Assignmenst for student assessment
Didacticaltips

Availability in the Internet

Interdisciplinary approach

The suggested experiments
Geo-scientific applications for science ed
The materials' modular structure
Emphasis on system thinking

The scientific quality of subject matter

Availability on CD-ROM

Opportunities for the geography..

R —

—t—

——
——
=
=
[
=

0.0

|
l
|
l
l
|
]
|

2.0 3.0

Figure 3: Features of System Earth that support to local enactment
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can become time-consuming with
a slow service provider. The posi-
tive rating of the materials’ modular
structure indicates that the partici-
pants appreciate a material that can
easily be customized to their needs
(see also section 3.1.). Considering
the standard errors of the mean
that are indicated by error bars in
Figure 3, participants with a back-
ground in teacher education rated
this item significantly better (mean
value=2.61) than those without
(mean value=2.04).

Another outcome of Figure 4 is that
most respondents rated the curricu-
lum materials as more useful for the
geography curriculum than for the
science curriculum. However, they
rate the item “Geoscientific applica-
tion for science education” higher
than both the “Opportunities for the
geography curriculum” and “Oppor-
tunities for the science curriculum”.
This result indicates that the in-ser-
vice workshop had helped to clarify
the opportunities of geoscientific
topics for geography and science
education. However, many partici-
pants assume restraining effects of
the obligatory science curricula for
the innovative approach.

Apart from comparing the mean
values of the 15 features for the
whole sample, we also compared
subgroups. The ratings of the “in-
terdisciplinary approach” by sci-
ence teachers were more positive
than those of the geography teach-
ers (mean value of 2.21 vs. 1.81).
The difference between participants
without prior knowledge of System
Earth and those with prior knowl-

edge was even larger (mean value=
2.56 vs. 1.53). The above average
ratings for the interdisciplinary ap-
proach indicate that the in-service
workshops helped develop an idea
of the interdisciplinary nature of
System Earth for participants with a
science background and experience
in teacher education.

3.2.4 The role of the local context
and resources

Having analyzed the impact of in-
service and features of the materials
on local enactment we also wished
to know how the participants rated
the local context by asking “Which
of the following features support
the enactment of System Earth in
your field of work?” The term “con-
text” is understood here in a broad
sense. It includes material and non-
material resources that the partici-
pants can work with in their local
settings. Many of the resources
are not under direct control of the
teachers. The questionnaire allowed
negative, neutral and supportive re-
sponses. Wishing to present the dif-
ferent qualities of the participants’
responses, a stacked bar graph of
the three item categories was cal-
culated for each of the 13 items.
To facilitate the interpretation the
items were sorted by the frequency
of the “supportive” category (Figure
4).

For the upper three items (“Internet
access”, “Places for out of school
learning”, “Public discourse”) the
supportive ratings dominate, fol-
lowed by two items with high neu-
tral and supportive ratings combined
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Internet access NS 12 30
Places for out of school learning  INGEN 15 ey e
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Seniors .. 27 [EE—
Geoscience institutions .- 19 e
Computer equipment ._ 16 e | P
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Software equipment .“ 15 S
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Figure 4: Supportive, neutral and negative effects of context variables on the local
enactment of System Earth (stacked bar graph; items are sorted by “supportive")

with very low negative ratings (“Se-
niors”, “Geoscience institutions”).
For seven items the negative, neu-
tral and supportive are rather similar
("Computer equipment”, “Beamer
equipment”, “Software equipment”,
“Teaching staff”, “Teachers’ prior
knowledge of System Earth”, “Sylla-
bi of the federal states”, “Structure
of teacher education”). Only for the
item “Educational administration”
are the supportive ratings extremely
low and the negative very high.

The supportive ratings for “Public
discourse”, “Places for out of school
learning” and “Internet access” in-
dicate that German teachers con-
sider these resources as available
and helpful to enact System Earth.
Moreover, teachers appreciate that
the materials offer a variety of op-
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portunities to make learning mean-
ingful for students. Internet access
is a technical resource that most par-
ticipants rated as “supportive”. We
assume that many German teach-
ers have learned to access geo-
science knowledge and additional
educational resources on the Inter-
net and to engage their students in
Internet searches. It should not be
overlooked that the item “seniors”
also received a high proportion of
supportive counts. This result is not
amazing since most participants
were sent to the workshops by their
seniors.

Other technical resources like
“Beamer equipment” and “Com-
puter equipment” seem to divide
the participants: there are almost
as many counts for “negative” as
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for “supportive™ with an equal pro-
portion of “neutral”. A closer look
shows a gender difference: men
rate the contribution of these re-
sources to local enactment as more
supportive than women (however,
due to the small sample these dif-
ferences are not statistically sig-
nificant). For the items "“software
equipment”, “teaching staff” and
“teachers’ prior knowledge” Figure
4 shows a high proportion of raw
counts for “neutral”. The impact of
these resources on local enactment
seems to depend on other variables
that had not been collected in our
exploratory case study.

While the impact of “"Beamer equip-
ment”, "Computer equipment”, “Syl-
labi of the Federal State and “Struc-
ture of teacher education” received
many negative ratings, they only
dominate for the item “Educational
administration” that also received
only 3 supportive ratings, a result
that indicates that the workshop
participants expected the least sup-
port from educational administra-
tors.

3.3 The telephone interviews:
an outlook on practical realiza-
tion

In the scenario worksheets and
workshop questionnaires we had
asked about the role of various fac-
tors for the local enactment of Sys-
tem Earth. The answers reflect the
ideas and expectations that arose
during the in-service workshops.
Wishing to know what happened
with the scenarios in the school or
the teacher seminar and why the

plans often could not be carried
out, we conducted telephone inter-
views with 57 of the 108 workshop
participants 12-24 months after the
workshops. The interviewees came
from four federal states and repre-
sented a variety of educational set-
tings. We asked them whether they
had been able to enact the work-
shop scenarios in their context, how
they had structured their lessons,
how the students had responded,
what kind of other resources they
had used and finally, why some of
them had not been able to enact
the scenarios. The results present-
ed here are based on a qualitative
analysis of the participants’ verbal
responses.

20% of the interviewees told us
that they had been able to realize
the workshop scenarios in their lo-
cal context. Two of those not able
to teach the scenario at home an-
swered that they did not find appro-
priate teachers, and 12 of them used
curricular arguments like “the inte-
grated subject “Nature and Technol-
ogy” has not yet been established”,
“the syllabus restricts available time
for geoscience instruction” or “the
physical geography plays a subordi-
nate role in the syllabus”. The sec-
ond most frequently used argument
for not realizing the scenario was
the lack of appropriate teachers and
classes. Some participants explained
that they had been ill for a longer
period, that they had changed their
school subjects or they blamed time
constraints and the current situa-
tion of their students.
Thetelephoneinterviews mainly pro-
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vided insights into the participants
problems when trying to enact their
scenarios in their local context. With
respect to the impact of the local
contexts, the telephone interviews
indicate a hierarchical dependence
of resources: teachers need “core
resources” like curricular support
which enable them to enact a new
curriculum and to combine it with
subordinate resources like Internet
access, texts or stone collections.
The modular structure of System
Earth doubtlessly helped to enact
the workshop scenarios.

4. Summary and conclusions

The focus of our case study has
been on the identification of the
goals teachers pursue with System
Earth in their class, of strategies for
customizing and using the materi-
als and of the features of the local
context that helps to enact an inter-
disciplinary geoscience curriculum.
The study made use of three inde-
pendent data sources: the results
of the workshop questionnaire, the
enactment scenarios and the tele-
phone interviews. Based on the
verbal data of our study, the main
outcomes have been categories and
criteria that help to understand the
enactment of System Earth - rather
than statistically tested differences
among groups of respondents. The
in-service workshops for System
Earth have provided the framework
to explore the enactment process
that included the concepts and ma-
terials of System Earth. The work-
shops comprised lectures on geosci-
ence issues, an introduction into the
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curriculum materials that included
the demonstration of experiments,
and the work groups for the imple-
mentation scenarios. They were
based on the collaboration among a
research and development institute,
the in-service centers of the federal
states, and the Co-ordination Office
Geo-technology in Potsdam/Germa-
ny. We also asked how practitioners
integrate the materials into their
routines and what kind of support
they need.

As a general trend we found that
the workshop participants accepted
the curriculum materials as helpful
for the enactment of System Earth.
There is no doubt that the results
would have been different without
the learning opportunities of the in-
service workshops. They have con-
tributed to their knowledge of sub-
ject matter, to the design of lessons
and to a deliberative use of the in-
terdisciplinary and innovative mate-
rials. However, the case study also
showed that practitioners need ad-
ministrative support, e.g. by the ad-
aptation of existing syllabi or science
standards for geoscience issues.
Moreover, our study has shown that
geoscience instruction needs cur-
ricular resources and that teachers
have to customize them for their lo-
cal context.

On the background of these out-
comes we recommend considering
three aspects for an implementa-
tion of geoscience themes into sci-
ence and geography education:
Goals: While instructional materials
always include ideas about goals
and orientations, teachers should
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clarify and reflect very early not only
what they can do with the materials
in their classroom but also the spe-
cific goals they want to pursue. Our
study has shown that System Earth
materials support innovative teach-
ing and learning methods as well as
new subject matter knowledge.
Strategies to use innovative mate-
rials: Our study has supported the
important role of local customization
for the use of geoscience curriculum
materials. To avoid that the quarry
approach ends up with an arbitrary
selection of ideas, themes or meth-
ods, it should be guided by rules
for the customization and selection
process and a modular structure of
the materials. Some of these rules
have already been incorporated in
the CD-ROM that was finished af-
ter the case study, e.g. by links be-
tween content and methods.

The impact of the local context:
The local context has been one of
the most complex variables of our
case study. It includes the variety
of material and non-material re-
sources the teacher has available
and uses in school. Technology can
be important but also the public
discourse on geoscience topics that
legitimates spending lesson time on
System Earth. Teachers are usually
part of this context and depending
on their own preference or attitude
these factors are either supportive
or prohibitive with respect to curric-
ular change. We suggest carefully
reflecting the local context during
in-service courses or other prepara-
tory activities as a strategy to cir-
cumvent those which may cause

problems and to make use of others
that help to implement a geoscience
curriculum.

Further research can show how these
aspects interact and how further in-
service activities should be planned
to bring System Earth into the
classrooms. This study has provided
data about first trends and research
questions to guide this process.
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