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T he  C ha lle nge s  in  Te a c hing A bout  I nte l l ige nt  B uilding Te c hnology
J oa c him  Dittric h a nd L udge r De itm e r

This article is based on a paper entitled “ Bridging the Gap—E xperiences and a Concept in Technology E ducation, Networks, and Regional
Innovation in the Field of Intelligent Building Technology”  presented at the International Conference of Scholars on Technology E ducation at the
Technical University of Braunschweig, Germany, September 24-27, 2000.

A u t o m a t io n  T e c h n o lo g ie s  in

B u i ld in g s —B e n e f i t s  a n d

O ppo r t u n it ie s

T he term automation technologies in

buildings, or building automation (BA),

refers to a continuum of applications

involving buildings, information, and

automation technologies implemented in

buildings. T his article starts with com-

mercially used buildings, where the 

technologies are implemented for the 

following purposes: to reduce operating

costs in terms of resource consumption; to

centralize control of lighting, heating,

ventilation, air conditioning, and the like;

to conform with supplier contracts in

terms of peak energy consumption; to

ensure reliable operation of the systems;

and to meet security needs with respect to

operating hazards, break-in, f ire, or flood-

ing. I t also discusses private homes, where

comfort, security issues, probable energy

savings, and the integration of alternative

energies are matters of concern. 

A s indicated, modern information

and automation technologies can con-

tribute to the reduction of personnel costs

to run a building, enhance the operational

security of buildings, increase comfort,

and ensure that limits on conditions such

as temperature, air quality, and peak ener-

gy consumption are met. To a certain

extent, modern information and automa-

tion technologies can also contribute to

reducing the consumption of natural

resources such as fresh water and energy

by switching off lights when no one is in

the room, by reducing energy input

through solar radiation, and by coordinat-

ing heating, ventilation, and air condi-

tioning systems. (In the building we work

in, for example, we identif ied energy sav-

ings of around 30% for lighting thanks to

automation using brightness sensors and

motion detectors.)

R ecent developments in the construc-

tion sector, namely the statutory 

restrictions (at least in Germany) of engery

consumption for heating, have led to the

emergence of so-called low energy 

buildings. Very little heat is lost through

the enclosure, which is beneficial in win-

ter. In summer, however, solar radiation

penetrates the building through the 

windows, heating it up and making it 

necessary to provide for cooling since

there is no heat transfer through the walls

at night. Ventilation systems have to be

installed because the impervious enclosure

does not permit natural air exchange.

R enewable energy sources are used to 

provide the small amount of energy needed

for such things as hot water. However, solar

energy is also used for heating and cooling

(e.g., by means of adsorption machines).

All these processes have to be coordinated.

Photovoltaic systems produce electrical

energy in a decentralized manner on the

roofs of buildings, thus helping to avoid

the use of nuclear or fossil fuel to operate

power stations. They have to be coupled to

the power net in terms of frequency and

phase, and there must be a data capture

system installed. Automation technology is

frequently required to perform these func-

tions in addition to the above-mentioned

heat management. In these cases, some

tasks cannot be performed by people

because they would put too heavy a burden

                                                          



standard (International Organization for

Standardization, 2003), will most likely

defuse part of this problem.

Furthermore, there is little knowledge on

the issue of amortization of investment

in the new technologies. The key issue,

however, is that in the past, planners in

the sector comprising small buildings

seldom advised their customers to 

buy and use modern BA technologies;4

as far as we know, the same conditions

exist today.

Another obstacle is the manner in

which innovation and learning take place

in the craft trades, especially in the  con-

struction sector. Here learning is 

incremental, linear, reactive, and by no

means theory driven, as pointed out by

Gann (1996) or specifically for the

German situation by Brüggemann and

Riehle (1996). This topic is discussed in

detail in the following section.

Networking and Reflexive
Innovation in and for
Technology Education in
Building Technology

Installation engineering is carried
out after the innovation process itself
takes place elsewhere. Innovations are
implemented by the system developers
of the building technology vendors (new
supply technologies and new building
management system [BMS] and building
control system [BCS] products).
Innovation is therefore disseminated fol-
lowing a linear model. Small enterprises
in the electrical and the heating and
plumbing trades have a more or less
reactive role in the production chain.
They receive much less formal 
technology training and education than
the supplying system industry. They are
organized in small workshops with little
planning capacity and strong informal
learning attitudes. Many new scientific
and engineering methods have not yet
diffused across the entire sector. Know-
how continues to be transmitted through
methods of apprenticeship, on-the-job
peer group learning, or the study of
examples found in existing buildings.

Besides formal initial vocational train-
ing, the learning opportunities are very
limited because of learning through
practice. This “learning by doing” can be
described as a process of repetition and
continuous improvement on the job at
the building site. Knowing that construc-
tion is a project-based activity, which
produces the previously mentioned prod-
ucts—which are individual and hardly
standardized, firms build their compe-
tencies on the provision of specialized
and often quite narrow skills5 and on
resources that rely on expertise accumu-
lated over many years. 

Learning at the workplace and in the
organization is therefore usually infor-
mal with many breaks and little feedback
in the highly complex construction busi-
ness process. Tasks often vary from proj-
ect to project, and the site environment
does not correspond to that in factories;
examples include the seasonal nature of
the work and building regulations that
vary by region. The use of information
technology in buildings (intelligent
buildings) makes it clear that this sys-
temic technological concept conflicts
with professionalization, codes of prac-
tice, and the traditional craft trade
demarcation lines upheld by trade unions
and  employees. On the one hand, we
have an all-encompassing systemic tech-
nology that integrates all craft trades and
on the other we have a “locked system”
(Nam & Tantum, 1988), which has
severe difficulties in coping with radical
technical changes in construction.
Traditional approaches to the transfer of
know-how assume linear continuity of
learning with minor changes and adapta-
tions. However, continuity and linear
models of technology education in voca-
tional education and training (VET)
institutions and in companies are called
into question when radical changes
occur, as was experienced with the need
to install digital microelectronic tech-
nologies in buildings during the 1980s
(Deitmer, Ritzenhoff, & Sproten, 1998).
New competencies are required to
exploit such technological opportunities.
But construction firms in the craft trades
are unable to respond by means of tradi-

tional, informal processes of innovation.
The companies in the electronics and
telecommunications sector have to move
into the construction arena to fill the gap
and, as argued here, in close cooperation
and collaboration with the traditional
construction firms. A networked
approach is needed to strengthen both
informal and formal processes of change
and learning. Changes occur very fre-
quently at interfaces between the specific
craft trades. Therefore, a narrowing to a
particular sector (such as solely for elec-
tricians) might be a mistake. Greater flu-
idity in the transfer of know-how between
one business process activity and another
is required. 

Organizational changes have to be
looked at and learned because many of the
important innovations developed in the
construction sector have taken place in
organization rather than in technology
(fast-track construction process manage-
ment techniques, overlapping design and
construction phases, and learning for each
actor involved in the building construction
process). Despite competition, the role and
function of cooperation is found in the
modern construction industry, especially in
building up a learning culture facing new
challenges of the market. This necessitates
a re-consideration of companies as learning
institutions (Lundvall & Borras, 1998).
Craft trade institutions have to view them-
selves as learning organizations character-
ized by a capability of systemic reflexive
learning. This refers to the ability of the
company employees to reflect on core val-
ues of the organization and operate on the
basis of cybernetic thinking and an organi-
zational paradigm changing hierarchy to
heterogeneity, which can provide multiple
skills and experiences to cope with a prob-
lem. Such innovative learning behavior has
to be enhanced by an innovative production
cluster (Porter, 1990). These clusters
encompass building users/investors, archi-
tects, technology planners and engineers,
and system developers and providers, from
software houses to technology component
firms, construction companies, craft trade
companies and their associated organiza-
tions such as chambers and craft trade
guilds, regional R&D institutes, higher
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on the user; other tasks are carried out

through automation for greater overall 

convenience.

These are the benefits, along with the

necessities, of introducing automation

technologies in buildings. Now we come

to the opportunities. Instead of a lengthy

discussion of added value concerning

rental or sale, we wish to focus on region-

al markets, regional development, and

employment. In these areas, BA technolo-

gies have the potential to supersede tradi-

tional electrical installations.The latter

are normally supplied by regional small-

and medium-sized enterprises (SMEs), at

least in small- and medium-scale proj-

ects. But BA still is the domain of indus-

trial suppliers, since work tends to be

expensive and is therefore often subject to

rationalization efforts. As we know from

the construction sector as well as from

process industries, calls for tender are

published nationwide or even throughout

Europe, thus removing economic poten-

tial from regional markets. If BA compe-

tencies existed at the regional level and if

there were BA networks providing all the

necessary services from planning and

installation to operation and maintenance,

a large share of the economic activities

could be retained in the region. This could

stabilize employment in the electrical

trades, which nowadays suffer from

declining orders as well as from falling

prices in the construction sector

(Deitmer, 1992). 

Additional opportunities include:

The competencies needed and acquired in

the BA sector, which are of a systemic

nature, may help to increase innovation

potential in the building trades by

demanding systematic and abstract learn-

ing processes and also by crossing the

boundaries between trades. The compe-

tencies acquired and the structures gener-

ated in BA can support Agenda 21

processes (United Nations, 1999) because

they require the same type of competen-

cies and interactions between the actors

to achieve extensive results. In public 

buildings and residential housing, energy 

conservation and reduction of CO2
necessitate both a systemic view along

with concerted action in building and

housing projects that roughly account for

30% of the energy consumption1 in

Germany. 

Obstacles to Technology
Implementation

Several facts and attitudes have 

hindered development in BA applica-

tions. Some of them are described here to

provide a clearer view of the concept 

presented in the following sections of this

article. 

Even managers of major providers of

BA systems admit that the development

of BA components and systems has not

been sufficiently targeted to customer

needs (Schneider, 2000). The same often

applies to the planning and implementa-

tion processes that are insufficiently

adapted to end-user requirements

(Dittrich & Ritzenhoff, 2000). Further

reasons for the stagnation of the market

are seen in high prices, few benefits for

the customer, an almost exclusively ven-

dor-driven market, few service providers,

and, hence, little competition in develop-

ing services. Schneider (2000) stated that

now the time has come for a rapid devel-

opment of BA markets: Users are well

acquainted with information technolo-

gies; producers, vendors, and service

providers have discovered the customer;

the technologies can now provide surplus

value by integrating various technical

services; and the opening of the energy

market brings in additional players (the

energy industry), resulting in augmented

competition in the BA service market and

thus higher quality and lower prices.

But there is another reason that keeps

small enterprises, such as craft trade busi-

nesses, away from the BA 

market. As we learned from several 

discussions with SMEs, there is a certain

disinclination on the part of SMEs

towards cooperation with large industrial

firms, which still dominate the market of

BA applications and installations.

Indepe-ndence being one of the key 

values in the craft trade, small firms are

afraid of becoming dependent on the

large global players. As a consequence,

there is little cooperation between large

companies and the craft trades. Small

firms are rarely engaged in carrying out

large-scale BA projects,2 a significant

number of which are carried out for large

commercial facilities, so the small enter-

prises are unable to gain experience and

know-how in this sector. Therefore, it is

difficult for them to become familiar with

the technologies in order to offer them in

smaller scale projects, such as for private

homes or small commercial buildings.

However, small firms could be competi-

tive because of their proximity to the end

user along with the lack of interest of

large companies in small orders.

The same pattern applies to archi-

tects and technical planners involved in

standard, smaller sized buildings.

Because of lack of experience with the

new technologies, they tend to advise

their customers to order the proven, tradi-

tional technologies in the knowledge that

they are less expensive and because they

cannot assess the potential added value

provided by modern automation tech-

nologies. Insufficient experiences might

also cause uncertainty concerning guar-

antee issues as well as potential future

customer satisfaction. In addition, it is

still difficult, even for experts in the field,

to give advice on a specific system that

must also meet future requirements, be it

European Installation Bus (EIB),

Building Automation Control Network

(BACnet), Local Operating Network

(LON), European Home System Bus

(EHS), or one of the DDC solutions.3 The

“convergence” initiative, which brings

EIB, BACnet, and EHS together

(Penczynski, 2000), the Process Field Bus

(PROFIBUS) standard, which has been

adopted by the majority of DDC manu-

facturers, as well as the new ISO 16484-5
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analyzed to allow energy management,

and these systems are the basis for

technical facility management. 

• Additional aims include improvements

in several aspects of building security,

thus enhancing user   comfort. 

Overall the activities are targeted at
enhancing the skill base of SMEs in the
installation and engineering sector in
three dimensions. 

1. The business dimension addresses the

following competencies:

• To design, install, and apply technology

for customer benefits. 

• To handle quality standards for installa-

tion and design work. 

• To manage the technology based on

contractual cooperation with planners,

building construction, and other trades.

• To create efficient management servic-

es for public and private buildings.

• To assess the potential of buildings

concerning the optimal utilization of

technology and actively offer advisory

services to potential customers.

2. The technical dimension addresses the

functional and practical aspects for

competent technology design, imple-

mentation, and service. Key subjects

include the following:

• Sensors and actuators, function, han-

dling, and integration. 

• Signal transmission, bus systems, and

related tools.

• Management, control, and analysis

software.

• BA system setup and control software.

• Technical equipment of buildings,

function, handling, and integration. 

• Systemic behavior of buildings, includ-

ing overall and subsystem dynamics.

3. The work-oriented dimension focuses

on work processes going on in craft

trade enterprises. The central aim is to

enable company personnel to interact

with each other, with the customer, and

with other trades and also to undertake

various work activities to guarantee

maximum appropriateness during

technology implementation. Learning

in the work process is an important

issue and should be supported.

The methodological approach to

training should be based on the follow-

ing principles:

• The actual system is always the subject

of the learning and innovation process.

• Learning situations are placed at differ-

ent locations: regional demonstration

houses as examples of good practice,

regional competence and demonstra-

tion centers, and the company itself.

• The learner is instructed in taking

planned autonomous action (selecting,

applying, and reflecting on information).

• Projects are used to structure learning

and teaching processes.

• Cooperative teamwork is supported

through supervision and advice.

The tasks of the regional compe-

tence and demonstration centers include:

1. The networking of relevant local bodies

and SMEs to provide research and

development facilities and to encourage

cooperative approaches to market

development.

2. The provision of business information,

cost benefit analyses, case studies on

improved environmental benefits, and

technical demonstrations.

3. The initiation of further development

of technology and systems in direct

contact with developers, planners,

installers, and end users.

4. The development of new training pro-

grams for skilled workers in close

cooperation with the regional actors

from the BA field.

5. The development of learning material

and concepts for different learning loca-

tions (center, work, home, Internet).

6. The provision of consulting services

for individual small- and medium-

sized enterprises and for consortia of

companies in order to install adapted

work systems that can perform these

new tasks.

7. The provision of detailed marketing

information material. 

8. Promotion and awareness raising of

SMEs, local authorities, and customers

through planning and execution of pro-

motional activities (e.g., exhibitions,

seminars, regional trade fairs, and con-

ferences in the partner regions). 

9. Development of transnational net-

works (including SMEs) in order to

stimulate technology transfer, know-

how exchange visits, and cross-fertil-

ization of ideas, including the publica-

tion, distribution, and dissemination of

project results among European coun-

tries and regional enterprise networks.

The aim of the centers is to enable
the regional craft trades to develop a new
service infrastructure in the building
management technology field. The proj-
ect will encompass the whole range of
activities related to the innovation
process including human resource devel-
opment, training, marketing, and the
development of innovation centers.

Joachim Dittrich is a senior

researcher at the Institute Technology

and Education (ITB) at the University of

Bremen, Germany.

Ludger Deitmer is a senior

researcher at the Institute Technology

and Education (ITB) at the University of

Bremen, Germany.
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educational institutions such as polytech-
nics and universities that educate building
engineers, and—last but not least—the
vocational education institutions, both in
initial and further training. For this reason
an analysis of the production chain6 is
important to understand how technology
education and training have to be based and 
initiated.

The structures described above are
based on more hierarchical relation-
ships. The point here is to develop het-
erogeneous structures in which regional 
networks act as loosely coupled infor-
mation and dialogue-based networks.
The relationships are based on trust,
reciprocity, openness to learning, relia-
bility, and a behavior that is  inclusive
and empowering rather than exclusive
and disempowering. Obviously, these
networks have to be moderated and 
somehow initiated by moderators and
promoters. In our example, we argue in
favor of the VET institutions, formerly
known as competence and demonstra-
tion centers, as agents for this.

Regional networks are needed to
define the training requirements, based
on information from their members. Here
we advocate a responsive and more inter-
active innovation model in which the spe-
cific conditions of these small enterprises
are taken into account. In this respect 
qualified training and research institu-
tions face the challenge of assuming their
role as regional innovation and know-how
centers and act as moderators between
large building technology vendors (e.g.,
Landis & Staefa, Johnson Controls,
Honeywell) and the many small enter-
prises in the installation engineering busi-
ness. Sectoral innovation centers as part
of these networks can furnish colleges
with analytical background information
on new developments and their energy
effects on buildings. For more interactive
innovation processes, which are very nec-
essary for the successful implementation
of BMS, the regional competence centers
must create learning networks and 
innovative structures with their local 
companies.

In summary, we pointed out that

companies still have great difficulties
with these technologies because they are
used to increment change and have prob-
lems coping with radical changes as those
introduced with these new building 
technologies. They lack a comprehensive
technical learning concept that helps
them to adapt their view of their business.
Raising awareness through information
and demonstration of possibilities, as well
as advice-oriented training models, is
missing. Vendors offer scattered courses
on specific technical problems or even
courses on areas such as marketing, but
integrative concepts that lead the firms
directly out of their traditional learning
situation do not exist. A modular training
course concept that encompasses all the
stages for full establishment of this tech-
nology in business is needed. Companies
concentrate on the installation of new
systems with little attention paid to the
provision of services such as maintenance
or to integration between design, system
installation, and operation. Viewed from
the standpoint of an existing craft trade
company, the following requirements
should be met:

• Determine potential/advantages/ cost

benefits of building management serv-

ices and facilities.

• Provide technical know-how on the new

systems from a comprehensive vendor-

independent view and thus the ability to

combine and develop new skills among the

employees in an installation enterprise.

• Establish competency guidelines for

these companies in establishing a new

service organization.

A Programmatic Concept for
Technology Education and
Implementation

Small enterprises, in particular local
craft trades, have great difficulties in devel-
oping innovation despite the advantages of
flat hierarchies and barely formalized com-
munication structures. They suffer from lit-
tle know-how regarding new building tech-
nologies, restrictions in terms of time and
finances, and lack of business and market
information, which impedes the diversifi-
cation of products and processes as well as

the necessary adaptation of organizational
structures. To overcome the above-
described deficits within the construction
sector, it is necessary to provide specifical-
ly designed programs for technical educa-
tion and develop cooperative approaches.
In northern Germany some of the ideas are
conceptualized in several competence and
demonstration centers.7 They are aimed at
bridging the gap between technology
developers/vendors and users from the con-
struction trades. The central focus of these
regional initiatives are network-like part-
nerships between craft trade enterprises
and research and vocational institutions
(Deitmer et al., 1995; Ritzenhoff &
Deitmer, 1999). These regional initiatives
use the support provided by regional,
national, and European development and
demonstration projects. All these projects8

deal with specific problems concerning
effective utilization of new technologies
within buildings. The goals pursued by
such projects can be summarized as
follows:

• To build up new training infrastructures

within selected regions in Europe in

order to address know-how deficits and

to remove innovation barriers erected by

technical and social challenges. Product

and process innovations in SMEs rely

heavily on organizational and technical

conditions and on the competence of

managers and employees. 

• To provide an environmentally sound

technology. Minimizing use of energy

and water resources in buildings, for

example, should help to protect the envi-

ronment through reduction of CO2
emissions. 

• To provide perspectives for new

employment. The introduction of

BCS/BMS systems offers a significant

new area of work for the craft trades and

for SMEs throughout the European

Union. These companies are of particu-

lar importance for generating new

employment opportunities in regional

economies. Monitoring of buildings

offers new perspectives in addition to

classical installation work. BCS/BMS

systems can provide data that may be
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Notes
1In 1997 German energy consumption of households amounted to 30%; trade, commerce, and service consumed another 15.8% (BMWi, 1999),

but not all of it was used for heating, lighting, and ventilation.
2Small electrical companies usually perform the cabling and installation of traditional electric devices as subcontractors, but they are rarely

involved in planning and programming a BA system.
3DDC: Direct Digital Control. These are powerful, freely programmable automation units that are available from various manufacturers. A

drawback is that they are largely based on proprietary standards and therefore interoperability with systems of other manufacturers may not be
ensured.

4The situation is likely to change. Building contractors are beginning to offer pre-planned residential buildings equipped with BA systems and
other modern technology, such as solar energy systems.

5Skills are specified in occupational profiles that are centrally defined within the dual German VET system and negotiated between the union
and employer organizations. Problems in this connection are discussed in Heidegger and Rauner (1997), that is, the borderlines of these profiles
that conflict with market flexibilization and dynamism.

6Analysis of the production chain includes the relationship between producers and suppliers and between producers and users, the role played
by the government in setting standards and regulations and sponsoring R&D, and the way in which know-how is acquired through different learn-
ing processes.

7Under the auspices of the Institute Technology and Education, University of Bremen, Germany, several centers have been developed. The
Center for Building Automation (ZGA), Bremen, based in a VET school, is aimed at supplying the Bremen region with training and advice for
regional SMEs to assist them during the introduction of BMS/BCS technologies. They concentrate on initial training in this field. The intention is
to provide vendor independent training in a laboratory that provides facilities from different systems providers. The Center for Energy Management
in Neumünster shows local enterprises and other institutions how to make use of environmentally sound technologies. Similar processes have taken
place in Rostock in the technical training bodies of the Chamber of Craft Trades. All in all a network of different actors from industry (important
vendors of this technology), model demonstration houses, craft trades with building management technology experience, and university technical
education institutes form a network of different institutions interested in opening up the market through a training, education, and innovation 
dialogue. 

8One example of such a national research project is EcoSol: construction and evaluation of a new solar-optimized office and administration
building in Bremen. The demonstration building is evaluated and optimized in terms of energy consumption (Ritzenhoff, Bräuer, Limberg, &
Niemeyer, 1998). Transfer activities are conducted in connection with the local building trade as well as building investors, architects, and house
users/customers. The project is carried out under the BMBF (Federal Ministry for Education and Research) program in solar architecture (see, for
example, http://www.solarbau.de).

T
h

e
 J

o
u

rn
a

l 
o

f 
Te

c
h

n
o

lo
g

y 
S

tu
d

ie
s

115

T
h

e
 J

o
u

rn
a

l 
o

f 
Te

c
h

n
o

lo
g

y 
S

tu
d

ie
s

114

References 
BMWi. (1999). Energiedaten 1999 [Energy data 1999]. Bonn, Germany: German Federal Ministry of Economics and Technology.

Brüggemann, B., & Riehle, R. (1996). Umweltschutz durch Handwerk? [Environmental protection through the craft trade?].
Frankfurt a.M., Germany: Campus.

Deitmer, L. (1992). Intelligent building technology: The search for a new balance between users, craft trades and industry: 
Experiences of a regional work and technology project in Bremen. In P. Brödner and W. Karwoski (Eds.), Ergonomics of hybrid
automated systems, Vol. 3. Amsterdam, The Netherlands: Elsevier. 

Deitmer, L., Gronwald, D., Laars, S.-E., Meyer, R., Niemeyer, H.-J., Roschig, D., & Schlattmann, U. (1995). NBL-40 Projekt: Aufbau 
und Betrieb eines Kompetenz- und Demonstrationszentrums für den Kammerbezirk Rostock im Bereich zukunftsorientierter
Handwerkstechnik unter besonderer Berücksichtigung von Gebäudeleit- und systemtechnik [NBL-40 Project: Setup and opera-
tion of a competence and demonstration center for the region of Rostock for future-oriented craft technology, considering build-
ing control technology]. ITB Arbeitspapiere [ITB Working Paper Series]. Bremen, Germany: Institut Technik & Bildung. 

Deitmer, L., Ritzenhoff, P., & Sproten, H.-P. (1998). Neue Systemanforderungen: Gebäudemanagement. Wärmelieferung. 
Niedrigenergiehaus [New systemic requirements: Building management, heat supply, low energy buildings]. In D. Patt, W.
Gerwin, & M. Hoppe (Eds.), Kooperieren und Qualifizieren im Handwerk - vorgestellt am Beispiel der Versorgungstechnik [To
cooperate and to qualify in the craft trades]. Bielefeld, Germany: Bertelsmann.

Dittrich, J., & Ritzenhoff, P. (2000). Veränderungen in der Arbeitswelt beim Betrieb moderner, automatisierter Gebäude [Changes in 
the world of work when operating modern, automized buildings]. In F. Eicker & W. Petersen (Eds.), “Mensch-Maschine-
Interaktion.” Arbeiten und Lernen in rechnergest¸tzten Arbeitssystemen in Industrie, Handwerk und Dienstleistung [“Man-
machine interaction.” Work and learning in computer-supported work systems in industry, craft trades, and services]. Baden-
Baden, Germany: Nomos.

Gann, D. (1996). Innovation in the construction sector. In M. Dodgson & R. Rothwell (Eds.), The handbook of industrial innovation. 
Cheltenham, UK: Edward Elgar.

Heidegger, G., & Rauner, F. (1997). Vocational education in need of reforms. Düsseldorf, Germany: Ministry of Economics, 
Technology and Transport of North Rhine Westphalia. 

International Organization for Standardization. (2003). ISO 16484-5: Building automation and control systems—Part 5: Data com
munication protocol. Geneva, Switzerland: Author.

Lundvall, B., & Borras, S. (1998). The globalising learning economy: Implications for innovation policy. Luxembourg: Office for 
Official Publications of the European Communities.

Nam, C. H., & Tantum, C. B. (1988). Major characteristics of constructed products and resulting limitations of construction technol
ogy. Construction Management and Economics, 6, 133-148. 

Penczynski, P. (2000). Das standardisierte Installations-Bussystem EIB—Basis für Gebäudeautomation im Wohn- und Zweckbau 
[The standardized installation bus EIB—A basis of building automation in residential and industrial buildings]. In Building per-
formance. Internationaler Congress für Licht und Elektrotechnik, Klimatechnik und Gebäudeautomation, Frankfurt, 20.-
22.3.2000 [International congress on light and electricity, air conditioning, and building automation]. Frankfurt a.M., Germany:
Messe Frankfurt GmbH.

Porter, M. (1990). The competitive advantage of nations. Houndmills, UK: MacMillan.

Ritzenhoff, P., Bräuer, L., Limberg, M., & Niemeyer, H.-J. (1998). EcoSol: Neubau und Evaluation eines solaroptimierten Büro- und 
Verwaltungsgebäudes in Bremen [EcoSol: A new building and evaluation of a solar optimized office and administrative build-
ing]. In Statusseminar solar-optimiertes Bauen des BMB in Freiburg [Seminar on the status of solar optimized construction
organized by the German Federal Ministry of Education and Research in Freiburg]. Jülich, Germany: Projektträger BEO.
Retrieved from http://www.solarbau.de/monitor/doku/proj01/dokuproj/ecosol01.pdf

Ritzenhoff, P., & Deitmer, L. (1999). Gebäudesystemtechnik in der Praxis der Weiterbildung—Bedarf und Konzepte bei der 
Zielgruppe Handwerk [Building automation in further education—Needs and concepts for the target group craft trade]. Lehren
und Lernen, 55, 11-23.

Schneider, G. (2000). Hausautomation—Markt mit Perspektive [Home automation—Market with prospect]. In Building perform-
ance. Internationaler Congress für Licht und Elektrotechnik, Klimatechnik und Gebäudeautomation, Frankfurt, 20.-22.3.2000
[International congress on light and electricity, air conditioning, and building automation]. Frankfurt a. M., Germany: Messe
Frankfurt GmbH.

United Nations. (1999). Agenda 21: Programme of action for sustainable development (Rio declaration on environment and devel-
opment). Final text of agreements negotiated by governments at the United Nations Conference on Environment and
Development (UNCED), June 3-14, 1992, Rio de Janeiro, Brazil. [Reprint. Geneva, Switzerland: United Nations, Department
of Public Information]

                                       


