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This paper concerns an empirical study carried out with a group of high school physics teachers engaged in
the Module on relativity of a Master course on the teaching of modern physics. The study is framed within the
general research issue of how to promote innovation in school via teachers’ education and how to foster fruitful
interactions between research and school practice via the construction of networks of researchers and teachers.
In the paper, the problems related to innovation are addressed by focusing on the phase during which teachers
analyze an innovative teaching proposal in the perspective of designing their own paths for the class work. The
proposal analyzed in this study is Taylor and Wheeler’s approach for teaching special relativity. The paper aims
to show that the roots of problems known in the research literature about teachers’ difficulties in coping with
innovative proposals, and usually related to the implementation process, can be found and addressed already
when teachers approach the proposal and try to appropriate it. The study is heuristic and has been carried out
in order to trace the “appropriation path,” followed by the group of teachers, in terms of the main steps and
factors triggering the progressive evolution of teachers’ attitudes and competences.
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I. INTRODUCTION

An important reference for science education research in
Europe is the so called “Rocard Report,” recently published
in �2007� �1�. The report illustrates the results of the work of
the European Commission aimed at analyzing a selection of
the ongoing collaborative science education initiatives within
the EU and draws from this analysis a reduced set of con-
crete policy recommendations. The Report clearly highlights
to what extent research in science education has proved to be
a relevant source of innovative proposals concerning the
choice and organization of teaching or communication con-
tents and methodologies both on science teaching and sci-
ence teacher education. Nevertheless, it declares also that
most of effective innovative proposals have been imple-
mented only in local school contexts. The key players in the
renewal of science education and the dissemination of “best
practices” are said to be the teachers, and, among other meth-
ods, the Report suggests that being part of a network allows
them to improve the quality of their teaching and supports
their motivation.

The general research issue of this paper addresses some of
the Rocard Report recommendations inasmuch as it concerns
the problem of how to promote innovation in school via
teachers’ education and how to foster fruitful interactions
between research and school practice via the construction of
networks of researchers and teachers.

Research in physics education has produced and is still
producing materials explicitly targeted at teachers and de-
voted to innovate the teaching or learning physics: from the
design of teaching learning sequences to long-term proposals
�for example, Advancing Physics by Ogborn and Whitehouse
�2��.

As research products, innovative materials, also when
they refer to specific topics �like Teaching Learning Se-
quences�, are designed to take into account research results

and they are generally based on hypotheses and experiences
of the designers, usually different the ones from the others
but at the same time potentially correlated in their common
aim of substantially changing the traditional teaching-
learning process.

Recent researches have however shown how the imple-
mentation of research products in the classroom is a prob-
lematic task for the teachers.

For example, the STTIS �Science Teacher Training in an
Information Society� European Project �1997–2001� �3�,
aimed at detecting and analyzing transformations between
what was expected by implementing a research-based se-
quence and what is observed when teachers put an innova-
tion into practice, produced very important research results
on this issue. In particular it shows that implementation often
implies a transformation of the original proposals, sometimes
with the loss of important aspects of innovation.

More specifically, many examples of “lethal transforma-
tions” �4�, distortions and/or specific problems in implemen-
tations are known within the research literature. Many of
them can be seen as variations of the same tendency among
teachers of accepting or refusing the whole proposal on the
basis of personal or local criteria and of the same difficulty in
moving from a global scale to a local one �and vice versa�:

�i� Fragmentation of the holistic view:

“Teachers often restrict themselves to giving a detailed
presentation of the topic one step at a time, where it
was hoped that they would try to help students grasp
the overall scope and nature of the topic. That is, ques-
tions about the issues that a given concept addresses,
about how the various concepts are linked, and about
the overall goal of a given task are not on the agenda”
�5�.

�ii� Underestimation of the importance of the links be-
tween “critical details” and global rationale: “�…� “critical
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details” are not always disregarded by teachers because their
grasp of the global rationale is superficial. It may result from
a lack of training as to a connection between details and
global rationale” �6�.

�iii� Modulation of the cognitive complexity of the tasks
offered to students:

“Oversimplifying tasks thus could be an important �al-
though not necessarily lethal� mutation for many
Learning Sciences-based approaches; it could reduce
the students’ opportunities for rich cognitive engage-
ment” �4�.

As Pierson points out, the alternative local or global in
teachers’ vision of a proposal is a crucial point since it can
influence the feature that mainly distinguishes good teachers:
the “prospectiveness” of their actions. “�Good teachers�, in-
stead of an evaluation �e.g., “good” or “that’s right”� that
ends the sequence, use the slot to encourage students to
elaborate or extend their thinking. A “prospective” move
uses the student response to drive the discussion forward—it
anticipates that students are capable of more extended argu-
mentation and deeper thinking” �7�.

As well as the tendency of being trapped in a local vision,
other common attitudes of teachers toward new approaches
have been pointed out:

�i� the tendency of transforming and “tuning” the proposal
on their own style to obtain intellectual and professional sat-
isfaction �including mixing new with the old� �6�;

�ii� the tendency of accepting the challenge of going deep
into the proposal if it represents an answer to disciplinary
problems recognized as crucial by the teachers �8�.

In this paper, the problems related to innovation are ad-
dressed focusing on the phase during which teachers analyze
an innovative proposal in the perspective of designing their
own teaching paths. The results obtained in the study allow
us to argue that problems known in the research literature
and usually related to the implementation process can be
found already when teachers approach the proposal and try
to appropriate it. The paper intends to demonstrate that by
focusing on the “appropriation process” �9� it becomes pos-
sible to provide arguments to support that, while the first
tendency �being trapped in a local vision� represents a real
obstacle for innovation, the last two tendencies can be trans-
formed into productive resources, if “properly” �in the suit-
able moments and ways� activated.

As better specified later on, the term “appropriation”
means the process of entering the proposal deeply—and
extensively—enough to see the teaching of that topic in a
different way. Such a process implies one to be able to iden-
tify the basic presuppositions on which the proposal itself
has been designed as “educational reconstruction” of the
topic �10�.

II. STUDY

The study regards an analysis of the process the teachers
go through in order to appropriate the approach to relativity
proposed in the text “Spacetime Physics” by Taylor and
Wheeler and to compare it with more traditional ones in the

perspective of designing their own path for the class activi-
ties at the secondary school level.

The work started almost by chance. We decided to col-
laborate to a web course on the section about Relativity be-
cause we had previous experience on this topic. At the be-
ginning we considered it mostly as a new teaching
experience, not a real research opportunity. Teachers’ reac-
tion and their active participation was a surprise that solicited
us to inquire more systematically on teachers’ responses and
to analyze the data “naturally” collected during the work.

A. Context

The context of the study is a Master course organized by
the University of Udine �director Marisa Michelini� with the
collaboration of researchers working in eight Italian Univer-
sities. The course dealt with the teaching of modern physics
in high school and special relativity was one of the topics.

The course was organized as a web course based on a site,
allowing an easy exchange of materials, a forum and the
possibility of collaborative writing of documents. Two work-
shops were held in Udine with the participations both of the
teachers attending the course and the researchers.

The Module on relativity was designed and implemented
with the aim of giving the teachers cultural and professional
tools to recognize the peculiar features of Taylor and Wheel-
er’s proposal and its being the expression of an interpretation
of the theory and of its teaching �11�.

Twenty teachers were actively engaged in the activities.
Their previous experience on the topic was as following:

�i� one teacher had never studied relativity in university
courses and her knowledge relied on high school textbook
presentations;

�ii� one teacher had studied relativity in a course of the
Postgraduate School aimed at certifying secondary school
Physics and Maths&Physics teachers;

�iii� the others studied relativity as part of introductory
physics courses or of more advanced courses on theoretical
physics �among those teachers, seven of them attended also a
specific course on relativity in their university studies�.

To favor the appropriation of Taylor and Wheeler’s pro-
posal, teachers were guided to compare it with Resnick’s
proposal �12�, up until now the main reference for school
teachers and textbook authors �13�, and with the results of
physics education research on relativity �14�.

B. Different approaches to special relativity

Since the 1960s two different approaches to the teaching
of special relativity have been available as prototypes for
teachers: Resnick’s and Taylor and Wheeler’s approaches.

They had different diffusion, at least in Italy, with
Resnick’s approach more popular in the university courses
and in the textbooks for high school students. Taylor and
Wheeler’s approach is followed only by an elite group of
teachers, even though the 1992 version of Taylor and Wheel-
er’s book was conceived to be used by a wide population of
students and teachers.

The two textbooks focus on different concepts �the rela-
tivistic effects or the invariant quantities and relations� use
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different languages and reflect different conceptions of the
theories before and after special relativity.

Resnick’s proposal presents the theory by going over the
historical evolution and in coherence with the operational
approach ascribed to the original papers of Einstein �15,16�.
The proposal holds the thesis that relativity is “a theory of
measurement” and such a thesis is argued by focusing on
Lorentz transformations, by using algebraic representations
predominantly and by illustrating the physics meaning of the
relativistic effects �relativity of simultaneity, length contrac-
tion and time delay� by means of the Einstein’s thought ex-
periments. Particular attention is paid on the experimental
results that led to—and corroborated—the need of revising
the conceptual bases of classical kinematics and dynamics.

The success of Resnick’s proposal is probably due, be-
sides to the clearness and coherence of the presentation, to
the choice of going over some steps of the historical evolu-
tion, usually conceived as an effective teaching strategy for
softening the impact of a theory that requires space and time
views to be deeply revised �17�. Moreover the operational
approach, although criticized by many physicists and phi-
losophers as simplistic form of empiricism, has a great per-
suasive power because of the image of concreteness that
seems to give.

The main criticisms addressed to Resnick’s approach con-
cern the limits shown by the algebraic-operational language
for paving the way to general relativity and for highlighting
the formal four-dimensional structure according to which
new relations among the dynamical concepts of mass, energy
and momentum must be redefined.

More innovative proposals �like Taylor & Wheeler’s one�
rely heavily on a geometrical or Minkowskian formulation of
special relativity. This approach, which strongly emphasizes
the concepts of event, of inertial reference frames, of space-
time interval, of moment-energy, and of invariance, poten-
tially offers an elegant and conceptually transparent nonhis-
torical reconstruction of the theory. One of its main
advantages is paving the way to contemporary physics, in-
cluding particle physics and general relativity.

Unlike the traditional approach, the authors make the
“puzzling” choice of presenting, from the beginning, special
relativity as a theory holding in absence of gravitation and,
according to the equivalence principle, the inertial reference
frames as free-floating systems �18�.

Despite its cultural relevance and conceptual transpar-
ency, the proposal has some problems of implementation at
the secondary school level. The main sources of problems
are the “length” of the outlined path �with respect to the time
that can be scheduled for relativity within the whole physics
curriculum in high school� and its being so unfamiliar that
teachers may find it difficult to compare it with the paths
they followed as students or present in textbooks. As a result,
the approach tends to be oversimplified when implemented.
Such oversimplification can lead to the lose of the innovative
aspects characterizing the whole proposal and, even worse,
to create short circuits that prevent students from overcom-
ing difficulties well-known in literature �19�.

C. Methods and data sources

The work has been developed with the teachers along
three phases:

Phase 1. Analysis of “Space Time Physics” by Taylor and
Wheeler in the 1994 Italian version, in order to reconsider
basic knowledge about special relativity from an educational
perspective and to study the peculiar aspects of an “innova-
tive” approach.

Phase 2. Analysis of Einstein’s paper “On the Electrody-
namics of Moving Bodies” and of Minkowski’s “Space and
time,” as historical-philosophical roots of, respectively, the
approach by Resnick and that by Taylor and Wheeler, in
order to reflect on the epistemological implications of differ-
ent teaching perspectives.

Phase 3. Reflection, carried out by teachers, organized in
groups, on problems stemmed by previous work and identi-
fication of criteria for designing teaching proposals �20�.

In each Phase the work was organized in a similar way:
�i� Analysis of materials carried out by the teachers on the

basis of grids prepared by us. Materials examined were the
chapters of Taylor and Wheeler’s book, Einstein’s and
Minkowski’s original papers, as well as documents com-
menting the original papers, and research articles about
teaching or learning special relativity �21�;

�ii� Production by each teacher of a document reporting
the results of the analysis in terms of questions they wanted
to share in the forum;

�iii� Production by two volunteer teachers of a report
where the questions were collected, reorganized and, in case,
selected;

�iv� Discussion on a forum triggered by the questions col-
lected in the report.

After Phase 1 and Phase 2 were completed, the teachers
filled in a questionnaire aimed at collecting their reflections
on the activities carried out and at orienting the following
work.

Teachers’ initial reaction to the analysis of Spacetime
Physics was so lively and multifaceted that it appeared evi-
dent, since the beginning, that the appropriation of the pro-
posal would have required the teachers to collectively man-
age a complex, long, demanding as well as stimulating
process. Given the reaction, we decided to observe the phe-
nomenon from a research perspective. At the beginning the
research questions were essentially practical: how could the
teacher’s approach to innovation be interpreted in the light of
research results known in literature? How might we, as in-
structors, manage the process as best as possible?

The research questions progressively evolved toward
more and more theoretical ones: How the whole teachers’
process of appropriation of an innovative proposal can be
modeled �reconstructed�? What general elements could be
pointed out from such a rather specific context in order to
explain how and why appropriation is hindered or favored by
specific features of the training environment?

The considerable amount of qualitative data used for the
analysis come from

�i� teachers’ reports containing the analysis of the material
proposed to them;

�ii� written messages in the forum discussions;
�iii� questionnaires;
�iv� documents produced by the teachers during Phase 3.
The data have been analyzed through a qualitative �22�,

“phenomenological” �23� methodology.
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According to the research questions and the chosen meth-
odology, the reconstruction of the “appropriation path” has
been carried out at two levels: a mainly descriptive one,
aimed at modeling the process in terms of main steps fol-
lowed by the teachers �what happened�; a more interpretative
one, aimed at pointing out the factors that triggered the pro-
gressive evolution of teachers’ attitudes and competence
�what made it happen; why and how it happened�.

III. RECONSTRUCTION OF THE APPROPRIATION PATH

For modeling the appropriation path, three steps have
been identified:

�i� Accepting the game, i.e., constructing a common way
of looking at the problem;

�ii� Playing a common game, i.e., constructing criteria to
go deep into Taylor and Wheeler’s proposal;

�iii� Exploring the off stage of the game, i.e., how to find
the appropriate ground to compare the innovative approach
chosen with others.

In the following sections the three steps are described.

A. Accepting the game

This first step was accomplished approximately during the
analysis of chapter 1 and 2 of Spacetime Physics. A shift was
observed in teachers’ attitudes: Teachers passed from an ini-
tial tendency to consider the proposal very locally, to com-
pare it step by step with one’s personal experience �as teach-
ers and as students�, and to impatiently propose new
solutions, up to the consciousness of key problems in the
content structure, problems that do not admit local and im-
mediate solutions.

Let us look at examples of the “local” and “reluctant”
initial attitude:

“The first question I asked myself when I finished to
reading Chapter 1 was about the starting point: in a
normal class it is better to start from a real problem, for
example from M&M �Michelson & Morley� experi-
ment, otherwise I think that a lot of confusion can be
generated, in particular among the less motivated stu-
dents…” �Daniele� �24�

“It would be interesting to develop “real” teaching se-
quences, single modules where durations, age of stu-
dents, and other details are clarified because these
things limit greatly what we can do…” �Federica�

The teachers’ initial impact with the proposal, character-
ized by a widespread resistance to be personally engaged in a
long range reflection, appears as a general tendency to use
very local evaluation criteria and the willingness of finding
immediate alternatives to Taylor and Wheeler’s approach.

At first the most important mentioned criteria were stu-
dents and personal experience. The reference to presumed
student difficulties was for the teachers the greatest point to
distinguish “what works and what does not work.”

“I have another problem, i.e., the student’s age and
their confidence with Physics. I often prefer to intro-

duce relativity in the last year after electromagnetism,
not only because I was interested to follow an histori-
cal path, but also because we are talking of students
who are approaching physics the first time, its method
and its way of investigating nature. In my opinion it is
dangerous to introduce Special relativity too early, af-
ter the study of classical mechanics, specially if one
wants to connect it to General Relativity as T&W �Tay-
lor and Wheeler� do.” �Ada�

Another shared concern was the effectiveness or necessity
of an historical approach that sounded more familiar to them:

“I can appreciate T&W’s geometrical approach, but I
would prefer to start with an historical introduction to
focus on the problems and the experiments that led to
the construction of the theory…” �Nadia�

In this step a sensible change occurred in the ways in
which teachers refer to students and their personal experi-
ence as criteria for evaluating a proposal.

At the end of the analysis and discussion on the second
chapter, indeed, the problem of students’ understanding or
nonunderstanding assumed another meaning: It became the
motivation to reflect on the content structure and to recon-
sider it from a new perspective, where attention is paid more
to a global, cultural students’ development than to the local
acquisition of single concepts.

“How to propose Modern Physics to students? Which
experiments, real or mental, which paradoxes, math-
ematical argumentations, stories, is it convenient to
choose to help students understand and construct a rea-
sonable idea of Physics and of its methods?”
�Francesco�

A number of statements show how students’ needs are
now for the teachers a source of questions that solicit reflec-
tion and no more a reason for cutting discussions. On the
other hand, if initially their own personal experience was the
main reference to decide that the history could have a soft-
ening and motivating role, while Michelson and Morley’s
experiment could be a promising beginning, the discussion
on chapter 2 produced a new way of looking at one’s per-
sonal experience: this appeared now problematic and limited,
with local incoherence and discontinuity. Teachers realized
that a new perspective from which to look at relativity and its
role within the whole discipline was necessary for fixing the
specific problems come out.

“Someone �I do not remember who� posed the follow-
ing problem: if we have always taught the students that
in classical physics �see Amaldi �25�� an accelerated
system is not inertial, how can we make them under-
stand that a free-falling elevator is equivalent to an
inertial reference? If I define this room an inertial ref-
erence, how can I tell the boys that the falling elevator
is an inertial frame too? Of course it is obvious for a
space ship far from any gravitational interaction. The
elevator feels the gravitational attraction, then �the stu-
dents would say� why doesn’t a little sphere released in
it fall? It is difficult to explain our ideas in this context,
but I hope that someone understand what I mean”
�Ada�.
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“I definitely need to clarify to myself the problem of
the Newtonian approach �first law and inertial systems�
and free floating inertial systems. I did not well under-
stand and I do not want to drop the problem without
having compared our opinions. I come to the question:
how are the two approaches related? Is Newton how-
ever a premise of the discourse or does the “free-
falling system” approach allow somehow such a set-
ting up to be, I don’t say replaced, but overcome?”
�Mario�.

Discussion shows how the analysis of the two first chap-
ters of Spacetime Physics led the teachers to positively
evaluate the increase of complexity of the thematic area, due
to the appearance of new puzzling elements �in particular the
new definition of inertial frames� and to consider this as a
chance, rather than an obstacle, for their own and students’
understanding.

A further point of discussion concerned the narrative style
used in the first two chapters �for example in the story “A
trip from the Earth to the Moon” that introduces the problem
of the free-floating frames�: the perplexity of some teachers
toward the use of analogies and tales, considered as too light
and not rigorous enough, clashed mainly with the strong en-
gagement of socially committed teachers who were looking
for renewed languages and styles to communicate an image
of physics as social construction.

“In short, through the parable many messages are con-
veyed to students �she mentions, for example, “the in-
troduction of the invariant as solution or negotiation of
the conflict between different ideas and methods, with-
out making one idea prevail on the other”� which con-
tribute to construct an idea of science as CONSTRUC-
TION or INTERPRETATION. For me it is very
interesting!” �Paola�

From a more interpretative point of view, four factors
have been singled out for explaining why and how the shift
occurred, from the initial distrust to the willingness to ana-
lyze the text in more detail. Two of them �a, b� regard some
characteristics of the approach and two �c, d� some peculiari-
ties of the group dynamics favored by the web or by specific
mediation strategies. More specifically, they are:

�a� The early presentation of the crucial physical concepts
on which the educational reconstruction is based �invariance
of the space-time interval, free-falling inertial frame, the
problem of the continuity with general relativity, the problem
of the clock synchronization in a latticework of clocks�. This
element represented initially a cause of distrust because of
the teachers’ tendency, known in literature, of tuning the pro-
posal to their own experience. But it turned to be a produc-
tive resource as soon as the teachers recognized weaknesses
and inconsistencies in their disciplinary knowledge that
could not be solved by local interventions, but that required a
wider reconstruction or even a change of perspective. In co-
herence with other researches on teacher education �8�, local
elements belonging to the plan of teachers’ disciplinary con-
tent knowledge proved to be crucial for triggering a more
general change in the teaching perspective. They seemed to
play the role of “critical details” �6�.

�b� The use, in the text, of new communication strategies
�like analogies and tales� for introducing new ways of look-
ing at known phenomena. This point acted on some teachers
as intuitive and emotion-laden factor for recognizing the pro-
posal as original and innovative. The presence of socially
committed teachers provided a new key that allowed the
sceptical teachers to reconsider the role of the tales from a
more sounded cultural perspective.

�c� The presence of different and complementary voices in
the discussion, corresponding to at least three different roles
played by the teachers in the group: The free and external
observer �free from specific studies on relativity and of pre-
vious experiences in teaching it at school�; the supporter of
new and original positions; the experienced and skeptical
observer always trying to anchor the reflection to known
class situations. The natural “role game” stemmed from the
discussion not only stimulated the reflection but allowed also
the creation of nonequilibrium situations with explicit auto-
regulative mechanisms producing both a personal and a col-
lective growth.

�d� The mediation strategies we enacted for triggering and
supporting the discussion. We chose to limit our intervention
just to give pace to the discussion and to separate problems
of immediate solution from others requiring a long-term re-
flection and new contributions from the analysis. In particu-
lar an important role was played by: the grids of analysis
prepared for each chapter; the threads for discussion we pro-
posed in the forum as a synthesis of the main problems iden-
tified in our analysis of the teachers’ reports; the documents
we elaborated after the discussions on the forum for record-
ing the problems remained unsettled. These tools, indeed,
appeared to be effective not only for establishing shared
points on which tuning the different positions, but also for
outlining a frame able to time the various topics of discus-
sion by distinguishing short-, medium- and long-term prob-
lems as well as problems lying on different plans �concep-
tual, curricular, philosophical or didactical�.

Just to give an example, after the lively and messy forum
on Chapter 1—where Taylor and Wheeler give an overview
of the entire proposal—we elaborated a document where the
main problems and conflicting points arisen in the discussion
were reported. Instead of giving in to the temptation of pro-
viding quick—and necessarily partial—answers, we repre-
sented the agenda of the whole Module, indicating where the
questions would have found, in our opinion, their “natural”
moment for discussion. In more detail, we proposed an
agenda where we split: �i� problems concerning conceptual
difficulties well known in the research literature �to be dis-
cussed in short-medium terms during the scheduled activity
devoted to the analysis of specific research articles�; �ii� per-
plexities concerning basic choices of the proposal �to be dis-
cussed in medium-long term and, in particular, at the end of
Phase 1 and during Phase 2�; �iii� problems concerning the
implementation in class �to be discussed in long term and, in
particular, during Phase 3�. We made this choice mainly as
surviving strategy in front of the avalanche of questions to
which we could not practically answer because of the time
and ways imposed by the web communication. A posteriori it
revealed a choice that changed the general attitude of the
teachers’ group and of ourselves: the web-communication
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and the necessity of communicating through written texts
allowed all of us to keep track of the problems and of the
whole process. This awareness contributed to overcoming
the attitude of “all-now-fast-and-easy” and to create a more
relaxed atmosphere where also different learning rhythms
could have room. Moreover it contributed to give the first
and strong signal that an appropriation process is a long,
complex and multidimensional process.

The main results of the first step can be summarized by
saying that, in approaching an innovative proposal, teachers
have to first evaluate their reliance on it.

The group of teachers arrived at sharing the conviction
that to examine in depth the proposal was worthwhile, since:

�i� the mix between new and old �6� pointed out disciplin-
ary problems, intellectually stimulating, that did not admit
trivial and local solutions;

�ii� the confidence of finding, along the whole course,
both the time and the ways to develop the many problems
stemmed from the first analysis produced a shared willing-
ness of a medium-long term effort.

B. Game and its rules

The second step �that required about five weeks� was ac-
complished while the analysis of Space Time Physics was
being carried out and completed, and it is characterized by
teachers’ efforts to find parameters to “measure” the proposal
as a whole.

The idea of a student as an ideal unit to measure the
validity of a proposal was abandoned together with other
generic criteria such as the level of abstraction of the pro-
posal compared with the traditional ones. Teachers discussed
what is concrete and what is abstract starting from a com-
parison of real and thought experiments and found a sensible
disagreement in their positions. They wondered what kind of
abstraction is necessary to understand physics and what are
useless complications that discourage students.

“We do not agree completely; �two of us� think that
thought experiments are generally more difficult to un-
derstand than the “real” ones because they require not
only to develop an abstract logical-deductive reasoning
�usually�, but also to see the contradictions that the
reasoning produces., �On the contrary another one�
thinks that thought experiments are understandable just
like the real ones. However it is necessary to stress that
even real experiments in SR can be only described and
not “personally” carried out in the laboratory. At the
end they have to be accepted as an act of faith.” �Na-
dia, Andrea, Barbara�

“I agree �…�, it is hard for students to understand
“thought experiments” both because they are not used
to go deep in the meaning of the text, and because
some of them lack abstract logical-deductive skills. I
am convinced of the educational value of the real ex-
periments and I think that if the students are familiar
with real experiments from the very beginning of the
physics studies, it is possible, perhaps, to let them re-
flect on thought experiments.” �Simonetta�

“As far as abstraction is concerned, I think that for
topics such as relativity, it is not clear if thought ex-
periments are more difficult to understand than experi-
ments on flying �-mesons. However, the educational
value of the two �kinds of experiments� are different: I
personally think that students should be educated to
mental reasoning so that they can imagine and visual-
ize situations that can help them to construct mean-
ings.” �Michela�

The discussion led them to confront the complexity of this
issue �with the surprise of some teachers� and the uselessness
of the opposition concrete or abstract as unproblematic cri-
terion to judge the quality of different proposals.

Meanwhile another criterion was stemming from teach-
ers’ debate: the coherence of a proposal. In particular, teach-
ers’ discussion focused on the following questions:

What does it mean to design and to implement a coherent
teaching sequence? What are the characteristics of such pro-
posals? What is the reference respect to which one can evalu-
ate its coherence?

These questions are the result of a debate which showed
the difficulty of finding a match between the contents of a
traditional physics curriculum and an innovative proposal.
From this debate the necessity of a coherent path, designed
as such since the beginning, was put forward and a reflection
on what coherence means was started.

“I think that the main difficulty a student would find in
T&W’s approach to special relativity is that many,
many concepts they have already learned before are
now presented in a radically different way; the student
has to make a big effort in order to re-adjust and reor-
ganize their knowledge in the light of the new ap-
proach; we can not expect that such a revolution be
accepted without difficulties and resistances. How to
cope with this problem? Perhaps by getting the stu-
dents used to looking at the things by different per-
spectives, to reasoning without rigid framework, to re-
vise their knowledge according to alternative reading
keys. Of course this objective requires much time and
energy, but it could be worthwhile to try.” �Simonetta�

“The problem of coherence would disappear if we re-
define all the physics concepts, since the first one, ac-
cording to T&W’s perspective. It would be necessary
to define the inertial frame as a free floating frame �…�
since when we introduce the Newton’s laws �…�. But
what is the price?” �Nadia, Andrea, Barbara�

“This is my idea: in the first three chapters T&W seem
to set the stage for a future “squaring of the circle.” In
chapter 4 they “open the discourse” by telling the story
of the trip to Canopus so that one can see some con-
sequences of what was previously introduced. Then
problems of coherence are in the initial construction
phase. They can be solved only at the end of the whole
path.” �Mario�

Different positions were expressed by the teachers about
the coherence of a sequence:

�i� coherence as logical development of a path from clas-
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sical to modern physics, as a result of a radical reconstruc-
tion process of the physics contents. �This does not mean that
gaps and differences are not dramatically highlighted as for
example in the Parable of the Surveyors at the beginning of
Taylor and Wheeler’s book�;

�ii� coherence as historical development of a path, where
conceptual discontinuity between the different theories his-
torically developed are underlined;

�iii� coherence as systematic use of the experimental
method characteristic of physics inquiry

�“I think that the problem of coherence is a fundamen-
tal one, but at the same time it is insoluble…Hence I
think that a real coherence can be found only in the
“EXPERIMENTAL METHOD,” the pivot around
which different descriptions can rotate, all COHER-
ENT with the method itself.” �Matteo��

�iv� coherence as reconstruction of the physics contents
starting from fundamental concepts and categories such as
the space-time description, causality, determinism.

A shared opinion stemmed from this debate:

“In order to grasp the coherence of an approach it is
necessary to internalize the meaning of a theory far
beyond its formal aspects. It implies to go deep, to
analyze its implications, to acquire different perspec-
tives and interpretations. It means to know both the
origin of the hypotheses and their consequences. The
task is not easy for a teacher.” �Michela�

The discussion about coherence has been crucial both for
the teachers and for us:

�i� for the teachers, the discovery of the plurality of per-
spectives among them opened new interest for investigating
the specific kind of coherence that could characterize the
unusual Taylor and Wheeler’s proposal �26�;

�ii� for us, the discussion was a clear signal that the initial
attitude of distrust and resistance was changed, since they
were no longer stuck on very small local aspects, but they
were ready for a medium-term, patient and resolute, analysis
up to the critical point where it was possible not only to
discover the details, but also to attain a global perspective on
the proposal.

The main factor supporting the process has been the lively
dynamics that allowed the maturation of a shared conviction
that global evaluation criteria are needed for justifying local
choices.

Other crucial factors have been:
�i� the growing awareness that physical problems, specifi-

cally addressed by this proposal, were not solved clearly in a
traditional approach. This is the case of the idea of inertial
frame, of the new relation connecting momentum, energy
and mass as well as the perspective view on general relativ-
ity. About the concept of mass, for example, Vincenzo pro-
posed for the collective discussion the following point:

“I would like to discuss the concept of “relativistic
mass.” It is true, often in the textbooks the “relativistic
mass” is introduced as mrel=m�. It depends, by defini-
tion, on the velocity and one pretends to give it an
independent meaning. �…� But its interpretation is an-

other problem. It is enlightening what Whitaker writes
in his paper �27�: “The most important criticism of the
relativistic mass approach is that it gives the impres-
sion that the effects of relativity are due to ‘something
happening’ to the particle, whereas they are of course
due to the properties of space-time.” �Vincenzo�

�ii� The acknowledgment of specific problems of continu-
ity or discontinuity with classical physics, that progressively
made the teachers more and more willing to rethink about
teaching or learning classical physics:

“Usually one thinks that using the classical or the rela-
tivistic mechanics is a matter of velocity of the bodies
involved. Don’t you think that these two chapters well
emphasize that the relativistic theory not only de-
scribes the high speed boundary cases, but also gives
explanations not achievable with classical mechanics?
Take for example the rest energy of a body. It is not
correct to affirm, as some textbooks—particularly the
eldest ones—do, that the relativistic theory includes
the classical mechanics without falsifying it.”
�Vincenzo�

At the end of the work, teachers agreed on the reliance
and relevance of the proposal as the following comments
show:

“I was shocked by T&W’s ability in dealing with Rela-
tivity, free themselves from traditional approaches, in
particular the historical one…” �Pietro�

“One of the most important contributions of this ap-
proach is to revise the theory in a coherent and well
structured frame so that it does not reduce to the ex-
travagance of the relativistic effects” �Lucia�.

“The book gives a geometrical vision of the special
relativity and this vision allowed me to “perceive” the
possible lines of development of the general relativity.
I think it is very important because I was solicited to
continue the study toward general relativity, as a nec-
essary development of the special relativity �which
otherwise can be trivialized�.” �Matteo�

Nevertheless the teachers expressed the need to go deep
into specific topics, particularly the ones where a discontinu-
ity was perceived between the new approach and more tra-
ditional ones.

They also pointed out that Taylor and Wheeler’s proposal
is based on implicit hypothesis and views �didactic and epis-
temological� and that, if preliminary assumptions are not
clarified, the comparison with other proposals becomes dif-
ficult and the teachers are forced to follow a unique reason-
ing strand.

“The proposal appears somehow as unilateral. �…� I
feel however a kind of mistrust �perhaps only intuitive�
toward the question. As we were in front of a sort of
situation forced by �the need of� searching for an ex-
cessive intelligibility in the relations between the
physical quantities” �Mario�.

“I would like to focus on the hypotheses at the basis of

HOW PHYSICS TEACHERS APPROACH INNOVATION: AN… PHYS. REV. ST PHYS. EDUC. RES. 6, 020107 �2010�

020107-7



T&W’s approach: I feel that there are non explicit hy-
potheses or that I got lost along the path… I would like
to improve my understanding of the whole proposal
and be able to compare it with others around” �Anna�.

The teachers’ debate shows, hence, the following crucial
point: Understanding the content is not enough to grasp the
general meaning of a proposal and to feel comfortable with
it; teachers manifest the need to have tools for disassembling
and reassembling it, for going deep into its epistemological
and cognitive assumptions �to what image of physics and
physics teaching it is related�, for comparing it with others
�especially the typical textbook ones�, and for adapting it to
one’s teaching or learning attitudes and constraints. These
problems were tackled in Phases 2 and 3 of the Module,
which were carried out in parallel.

C. Exploring the off stage

The problem of how to foster the appropriation process of
Taylor and Wheeler’s approach became, at this point, how to
answer to the teachers’ requirements about:

�i� deepening the study of particular aspects of the content
matter, in particular the idea of inertial reference frame and
relativistic dynamics;

�ii� investigating the basic assumptions of the approach so
that to make it comparable to more familiar approaches.

The first requirement was addressed in Phase 3 where
teachers, by working in groups, reflected on the topics pre-
viously identified as crucial and started to sketch possible
teaching paths, as a kind of “design exercise” �28�.

The second requirement triggered the third step of the
appropriation process, during which the “off stage” of Taylor
and Wheeler’s proposal has been analyzed and the perceived
distance between this proposal and the more familiar ap-
proach by Resnick has been interpreted.

With the help of materials prepared by one of the authors
�OL� and by other researchers of the Bologna group �29�,
teachers examined passages from Newton’s Principia and the
criticism to them by Leibniz and Mach. Then the work has
been focused on the analysis of the original memories of
Einstein �“On the Electrodynamics of Moving Bodies,”
1905� and of Minkowski �“Space and time,” 1908�, carried
out in order to find the historical roots of the main teaching
proposals. The leading thread of the analysis has been the
debate on the concepts of space and time in Physics, and the
different interpretations of relativity proposed by Einstein
and Minkowski have been reread as contributions to such a
debate �30�.

The aim of this phase was to show the coexistence of
different representations of the theory at the beginning, but
the development of just one of them �Resnick’s one� for
teaching purposes �starting from university teaching�.

The discussion with the teachers, based on the materials
given to them, pointed out to what extent the choice of fo-
cusing, in the educational tradition, on only one approach
strongly influenced the proposal itself: The choice indeed
triggered a sterilization process that progressively, from one
generation of students to another, led to forget the basic cul-

tural features of the proposal and its specificities with respect
to other possible approaches.

The progressive loss of the interpretative dimension pro-
duced a sterilized dominant approach �in this case grounded
on Resnick’s proposal� and the implicit formulation of crite-
ria for evaluating the other approaches in terms of “distance
from” the proposal assumed, often out of habit or by trust, as
the “best” �or the most “natural”� �31�.

“I think that “sterilization” is not only a limitation, but
an epistemological choice: It is the consequence of the
idea that Physics must be unproblematic, to have no
different points of view, different images of the world.
This seems possible only for the research frontier, but
for the other questions just one world image can be
handed down… This is also happening for relativity
since it is already more than 100 year old.” �Carlo�.

One of the key factors that led the teachers’ group to see
as worthwhile a critical reflection on the process that made
one approach become dominant over the other has been the
acknowledgment of the effectiveness of Taylor and Wheel-
er’s approach in favoring a deep understanding, of its inner
global coherence as well as of its potential in paving the way
to understanding Wheeler’s geometrodynamic interpretation
of general relativity.

The second factor triggering the process has been the
analysis of the off stage of the two reference proposals, i.e.,
the reconstruction of their cultural bases. This analysis al-
lowed the teachers to put the proposals on the same ground
and to compare them as different choices of content recon-
struction, inspired by different global views of the theory and
of its teaching, thus overcoming the tendency of evaluating
them as “orthodox or heterodox” alternatives.

This awareness guided teachers to critically review not
only textbook proposals, but also their own teaching ways,
by removing the absolute value they often assume.

The overall outcome of the work carried out during
Phases 1 and 2 is summarized by a piece of evidence that
struck us and one teacher stressed in the final questionnaire:

“I was surprised by the “harmony” of the discussion on
epistemological issues. Generally these discussions re-
veal very rigid points of view and irreducible convic-
tions…” �Mario�.

As well as the high quality of the written tasks and dis-
cussions, indeed, the tone used during the opinions’ ex-
change was evidence of something interesting that was hap-
pening to the group as a whole, since they naturally
confronted one other in a passionate way, without arriving at
irreducible positions.

“I think that the communication system contributed to
the harmony: When you write you have to reflect, to
revise, to adjust, while if you speak ‘verba volant’”
�Francesca�.

But we think that the tone of the discussion was due
also—or mainly—to the growing awareness of the complex-
ity of the problems one has to overcome in order to innovate
the teaching of modern physics:

“Confrontation with the others has been often very
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useful for clarifying one’s own position, or for stimu-
lating a personal reflection on a new issue. Perhaps the
very quiet tone depends on the complexity of the prob-
lems on which it is difficult to have a conclusive opin-
ion” �Pietro�.

At the end of the whole work, many teachers felt the need
of expressing their satisfaction by revealing a strong personal
involvement stimulated by the discussions occurred. The
complexity of the cognitive, cultural, and social dynamics
triggered by the multidimensional analysis of a physical
topic, as well as the confrontation with open-ended ques-
tions, became a new perspective for them from which to look
also at the motivational problems they have to address �as
they said� in their teaching.

“If one had here presented physics to us as “something
ready,” it would not have had the same flower. Well,
there is an effort, research and study behind this disci-
pline, there are paths taken up and never finished, oth-
ers dropped because of “prejudices,” why ignore all of
this and not let them be part of teaching?” �Anna�

“In my opinion the depersonalization of scientific
knowledge is a “choice” consolidated, by now, within
Physics teaching. I was very glad to reflect on these
issues, since it allowed me to think about teaching
from a perspective almost never used. I would answer
in such a way: according to our way of approaching
the discipline �also by considering the previous teach-
ing� we are pretty sure of making physics comprehen-
sible to students; nevertheless we have the big problem
of creating motivations and “passion” for the disci-
pline: from this point of view, perhaps, a more “per-
sonalized” approach can help us” �Lucia�.

IV. CONCLUSIONS

This paper concerns a study carried out on data “natu-
rally” collected within an online teacher training Master
course. The data seemed to be particular suitable to docu-
ment the evident evolution of teachers’ attitude toward an
innovative teaching proposal: From an initial hesitation and
distrust toward single aspects of the proposal, in conflict with
the traditional approach, to the acceptance of the challenge of
going deep into the analysis to understand the origins and the
meaning of the differences with respect to other approaches.

Because of such evidence we decided to carry out a quali-
tative analysis of data aimed at reconstructing that collective
process we called “appropriation path.” The reconstruction
has been developed at a descriptive and interpretative level,
respectively in terms of steps followed by the teachers �what
happened� and of factors that triggered the progressive evo-
lution of teachers’ attitudes and competencies �what made it
happen; why and how it happened�.

While the three steps individuated �accepting the game
after an explicit or implicit evaluation of its authoritative-
ness; playing the game by tuning local and global aspects;
exploring the off-stage of the game, by comparing the nov-
elties with previous knowledge and experience� are quite

general and can be maybe related to every process of appro-
priation, the factors triggering the process are at a different
level of specificity. In particular, the study allowed us to find
out:

�i� what made the proposal authoritative for these teachers
�for example, the early introduction of disciplinary crucial
problems that could not be solved by local changes in a
traditional approach or the use of tales and analogies�;

�ii� what global criteria teachers collectively discussed
and problematized also for a local evaluation of the proposal
�for example, the discussion on coherence and on the di-
chotomy abstract or concrete or the “comparability” of the
proposal with more traditional ones�;

�iii� what supported the evolution of teachers’ attitude �for
example, the role game in the group dynamics and specific
mediation strategies�.

The study can be framed in the big issue of how to foster
innovation via teacher education, and our findings fit in with
�can be triangulated with� the ones known in literature and
usually related to the implementation of innovation. We in-
deed observed the well-known tendency of transforming and
tuning the proposal on one’s own style to obtain intellectual
and professional satisfaction �6�, as well as the tendency of
accepting the challenge of going deep into the proposal if it
represents an answer to disciplinary problems recognized as
crucial by the teachers �8�. But also, the positive potential of
these tendencies in triggering the appropriation process ap-
peared very clearly from the data, as described in Sec. III A,
particularly in points �a� and �c�.

As already mentioned in the introduction, the notion of
“critical details” has been defined, by Viennot, so as to stress
the difficulties met by teachers in tuning the global rationale
of a proposal and its local features. It is also argued that
teachers’ disregarding of critical details may be the conse-
quence of not suitable training �6�. The experience reported
here is not only an example of how the local-global issue has
been collectively and positively faced during training activi-
ties, but it also provides advancement in the analysis of what
can foster or hinder the move for attaining a global perspec-
tive. The dynamics of the discussions about “abstract vs con-
crete” and “coherence,” for example, shows how wide-
spread is the belief that univocal and unquestionable ways do
exist for defining general criteria like those. The collective
discovery of their problematic nature has been, in our expe-
rience, a fundamental moment for putting the teachers in the
mood for investigating new and unexpected possibilities of
building an unusual global rationale and of reconsidering the
details according to new global lenses.

Moreover, the study showed that appropriation is not only
a game of tuning global and local aspects but also a game of
making a proposal “comparable” with others. This finding
represents a real challenge not only for teachers, but also for
teacher trainers and researchers. The process of making ex-
plicit the elements needed for making innovative proposals
comparable with the more familiar ones requires indeed con-
sistently manage a proposal at different levels �details, ratio-
nale, behind presuppositions�, coordinate different dimen-
sions of knowledge �disciplinary, cognitive, philosophical
and educational� and, at the same time, interpret and exploit
the different styles and needs of the people involved in the
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community of work. For addressing such a complexity, it has
been fundamental for us to manage the whole module of
relativity in collaboration, as well as to share some comple-
mentary competences we had: The expertise of the first au-
thor �ADA� in Taylor & Wheeler approach and the experi-
ences matured by the second author �OL� in exploiting
historical materials for teaching.

To conclude, we mention two specific research issues that
remain unsolved and that could provide new relevant contri-
butions to the analysis presented here:

�i� what personal trajectories �32� teachers followed
within the collective discussion and what possible connec-
tions between individual and collective growth can be
pointed out;

�ii� how the appropriation process affects the implemen-
tation of the proposal in classroom or, more in general, how

the description or interpretation of the appropriation process
we have obtained can be checked in its reliability.

The first questions are part of our current research agenda
as further level of analysis of the data already available. The
second ones deserve, instead, the design of further experi-
ments and new data collection.
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and in the Resnick’s text �12� disappear in the textbooks were
the operational approach becomes a series of statements un-
questionable and apparently neutral.

�32� J. Confrey, in The Cambridge Handbook of The Learning Sci-
ences, edited by K. Sawyer, �Cambridge University Press,
Cambridge, England, 2006�, pp. 135–152; O. Levrini and P.
Fantini, B. Pecori, M. Gagliardi, M. T. Scarongella, and G.
Tasquier, A Longitudinal Approach to Appropriation of Sci-
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namics, Proceedings 9th International Conference of the
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