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Abstract 

It is widely recognized that technological future concepts play an important part in 

technology development. However, there is a lack of knowledge about how tech-

nological future concepts actually influence innovation processes and how they 

might be successfully employed to prospectively assess and shape new technolo-

gies. The research program presented in this paper addresses this research gap. It 

does so by focusing on the more detailed ways of envisioning the technological 

future, such as situational scenarios, and their capacity to provide epistemic orien-

tation for technology development and technology assessment.  
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1 Introduction 

 “Sal awakens; she smells coffee. A few 

minutes ago her alarm clock, alerted 

by her restless rolling before waking, 

had quietly asked, ‘Coffee?’ and she 

had mumbled, ‘Yes.’ ‘Yes’ and ‘no’ are 

the only words it knows. […] At break-

fast Sal reads the news. She still pre-

fers the paper form, as do most people. 

She spots an interesting quote from a 

columnist in the business section. She 

wipes her pen over the newspaper’s 

name, date, section and page number 

and then circles the quote. The pen 

sends a message to the paper, which 

transmits the quote to her office. Elec-

tronic mail arrives from the company 

that made her garage door opener. She 

had lost the instruction manual and 

asked them for help. They have sent 

her a new manual and also something 

unexpected – a way to find the old one. 

According to the note, she can press a 

code into the opener and the missing 

manual will find itself. In the garage, 

she tracks a beeping noise to where 

the oil-stained manual had fallen be-

hind some boxes. Sure enough, there 

is the tiny tab the manufacturer had 

affixed in the cover to try to avoid 

Email requests like her own. On the 

way to work Sal glances in the fore-

view mirror to check the traffic. […] 

Once Sal arrives at work, the foreview 

helps her find a parking spot quickly. 

As she walks into the building, the 

machines in her office prepare to log 

her in but do not complete the se-

quence until she actually enters her 

office. […] Sal picks up a tab and 

‘waves’ it to her friend Jo in the design 

group, with whom she has a joint as-

signment. They are sharing a virtual 

office for a few weeks. The sharing can 

take many forms – in this case, the two 

have given each other access to their 

location detectors and to each other’s 

screen contents and location. […] A 

blank tab on Sal’s desk beeps and dis-

plays the word ‘Joe’ on it. She picks it 

up and gestures with it toward her live 

board. Joe wants to discuss a docu-

ment with her; and now it shows up on 

the wall as she hears Joe’s voice: ‘I’ve 

been wrestling with this third para-

graph all morning; and it still has the 

wrong tone. Would you mind reading 

it?’” (Weiser 1991: 74f.) 

The preceding paragraph is neither 

part of a science fiction novel nor is its 

author a writer. In fact, it stems from a 

scientific article published in a major 

popular science magazine and its au-

thor is a scientist: Mark Weiser, at that 

time head of the Computer Science 

Laboratory at the Xerox Palo Alto Re-

search Center, presenting his research 

group’s ideas about a new and revolu-

tionary way of computing. Additionally, 

it is a rather significant article. It has 

become to be considered as the foun-

dational paper of a key future technol-

ogy, called “ubiquitous computing”, 

which has attracted a large amount of 

research money and research activities 

within the last decade. 

Imaginations of the future are essen-

tial for all future-directed activities. 

Without people thinking about how the 

future might or should differ from the 

present, innovations would never or 

only incidentally occur. The im-

portance of technological future con-

cepts for technology development and 

prospective technology assessment 

has become widely recognized in the 

relevant literature. However, there is a 

lack of secure knowledge about how 

technological future concepts influ-

ence innovation processes. This paper 

outlines a research program which 

addresses this research gap. Generally 

speaking, it is based on two sugges-

tions: (1) to study not only the techno-

logical visions, that is the general and 

far-reaching pictures of the future, but 

the more detailed ways to depict the 

technological future, such as the Sal 

scenario presented above, as well; (2) 

to take into account not only the social 

and rhetorical effects and uses of 

technological future concepts but their 

factual and epistemic effects and uses 

as well. 
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2 Visions: the future concepts of 

radical innovations 

Processes of technological innovation 

strive to bring about a reality, which 

for now exists only in imagination: the 

reality of future technology. Hence, 

innovation efforts rely on conceptions 

of the future. The future concepts of 

radical innovations are different from 

those that govern incremental innova-

tions. The different character of the 

respective conceptions of future tech-

nology distinguishes incremental from 

radical innovation. Incremental inno-

vations are efforts to improve and ad-

vance existing technology. Thus, in the 

case of incremental innovation the 

characteristics and features of the en-

visioned future technology are to a 

large part derived from the past: as 

solutions for the shortcomings and 

weaknesses existing technology has 

shown (cf. Rosenberg 1976: 125; Nel-

son/Winter 1977: 57; Dosi 1982: 152; 

Hughes 1987: 73f.). In this way, it is 

possible to arrive at detailed and high-

ly concrete conceptions of the techno-

logical future. To extrapolate future 

technology from past developments 

thus has the effect to narrow down the 

considered paths of technology devel-

opment (cf. David 1986; Arthur 1989).1 

In contrast, radical innovation is char-

acterized by discontinuity (cf. Free-

man/Perez 1988: 46; Van de Ven et al. 

1999: 63). Processes of radical innova-

tion aim at future technology (and/or 

future uses) for which the past and the 

present do not provide technological 

(and/or cultural) precursors that may 

serve as example. For this reason, the 

technological futures radical innova-

                                                        

1 The orientation of the semiconductor 
development at Moore’s law and related 
past development trends exemplifies this 
point. From these past developments the 
semiconductor industry derives detailed 
roadmaps for future research and devel-
opment. Cf. in particular the ITRS 
roadmaps (International Technology 
Roadmap for Semiconductors); 
www.itrs.net. 

tive activities try to bring about, cannot 

or only slightly be extrapolated from 

existing knowledge. Consequently, 

these future concepts typically are 

vague in their specifications of the 

technical features and the forms of use 

of the envisioned technology. It has 

become common use in technology-

related discourses to call future con-

cepts of this kind “visions”.2 Especially 

the fields of technology, which cur-

rently are (or lately have been) consid-

ered as key future technologies, are 

highly affected by visions. Often, the 

names of these technologies are al-

ready “vision statements”: Artificial 

intelligence, genetic engineering, nan-

otechnology, ubiquitous computing 

etc.  

3 Effects and uses of visions in the 

innovation process 

Previous research indicates that vi-

sions may have specific effects in in-

novation processes and specific uses 

in processes of technology assess-

ment. Research on technology devel-

opment analyses visions with respect 

to their empirically observable impact 

on innovative efforts. Research on 

technology assessment, rather, is in-

terested in possible uses of visions as 

tools for assessing and shaping tech-

nologies of the future. Above all, the 

literature highlights the following 

three aspects: 

3.1 Mobilizing and coordinating ac-

tors, interests, and resources 

Many studies confirm that visions act 

as a means of mobilizing and coordi-

nating innovation-related actors, in-

terests, and resources (cf. Dierkes et 

al. 1992: 100ff.; van Lente 1993: 93ff., 

125ff.; van Lente/Rip 1998b; Van de 

Ven et al. 1999: 30ff., 82f., 203; Bender 

                                                        

2 There are some similar terms in use in 
innovation research like „guiding vision“ 
(„Leitbild“), expectation structure“ or 
„promising technology“ which – including 
additional conceptual connotations – also 
denote future concepts of radical innova-
tions. 
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2005: 178ff.). Visions seem to have a 

specific “appeal” (Dierkes/Marz 1992: 

52) and rhetorical power (Rammert 

1994: 16f.; Schulz-Schaeffer 1996: 

118). Being “expectations of potential” 

(van Lente/Rip 1998b: 222) they attract 

and thereby mobilize actors to invest 

time, money and career chances in 

efforts to realize them.  

According to well-known considera-

tions from the Constructive Technolo-

gy Assessment approach, the mobiliz-

ing and coordinating effect relies on 

the “performative role” (Geels/Smit 

2000: 867. 882) of technological vi-

sions: “expectations are performative: 

they do something” (van Lente 2012: 

772). These authors argue that the 

promise of a “promising technology” 

(van Lente 1993) at first is not much 

more than rhetorics (cf. van Lente/Rip 

1998b: 224, 246). But it may give rise 

to a social dynamic “from rhetorics to 

social reality” (van Lente/Rip 1998b: 

221): Scientists, research funding insti-

tutions, and enterprises become at-

tracted by the vision’s promises. They 

bring their interests, competences, and 

preferences into play, and, on this 

ground, articulate their particular ex-

pectations with respect to the envi-

sioned technology. In this way the 

vision as a rhetorical entity triggers a 

social process of “mutual positioning” 

(ibid.: 224), a process in which “actors 

take up positions and make linkages” 

(ibid.: 235). Mutual positioning neces-

sarily implies that the expectations 

become more specific, allowing to de-

rive more specific requirements for the 

development of the new technology 

(followed by again more specific ex-

pectations, and so on). This leads to a 

process of agenda building, and what 

has been mainly rhetorics at first, 

more and more becomes social reality 

(cf. van Lente/Rip 1998a; van Lente/Rip 

1998b). 

Some authors hold that not only rhet-

orics is responsible for the mobilizing 

and coordinating effect of visions but 

that additionally an epistemic dimen-

sion should be taken into account. 

Especially the guiding vision (“Leit-

bild”) approach (cf. Dierkes et al. 1992) 

has stressed this aspect. The approach 

claims to explain the mobilizing and 

coordinating effect by the visions’ 

character as patterns of orientation. 

The argument goes as follows: by serv-

ing as commonly shared vanishing 

points of thought and action visions 

shape the perceptions and assess-

ments of the involved actors (cf. ibid.: 

45ff., 100ff.). By influencing the actors 

in such a way, the visions have the 

effect of coordinating actors and guid-

ing innovation-related decisions (cf. 

Marz/Dierkes 1992: 36f.). According to 

this strand of argument, decisions to 

pursue and to fund projects of tech-

nology development are influenced the 

more by visions, the less the result of 

the innovative activities can be antici-

pated. Thus, visions are of major influ-

ence especially in the case of radical 

innovations (cf. Dierkes 1993: 269).  

3.2 Guiding research and develop-

ment activities 

As discussed in the previous section, 

there is little doubt that visions do 

have an impact on initiating programs 

and projects of technology develop-

ment. A different question is whether 

visions act as patterns of orientation 

for the ongoing research and develop-

ment activities of innovation process-

es. This is a controversial matter. The 

guiding vision approach argues in fa-

vor of this assumption (cf. e.g. Dierkes 

1993: 268ff.). Referring to own histori-

cal reconstructive case studies, its 

proponents claim to have shown that 

visions influence the actual research 

and development activities of innova-

tors and thus do have an impact on the 

features of new technologies and on 

the paths of their development (cf. 

Marz/Dierkes 1994: 42ff.; Dierkes et al. 

1992: 59ff.). However, it is to be sus-

pected that this finding is an artifact of 

retrospective analysis (cf. Grunwald 

2004: 56), especially since other stud-

ies do not confirm such an immediate 

effect of visions on technology devel-

opment (cf. Rammert et al. 1998; Berk-
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hout et al. 2003: 12; Hellige 1996a: 

25f.). 

Yet, one should not easily dismiss the 

assumption that the content of techno-

logical future concepts exerts an influ-

ence on technological research and 

development. Social dynamics are not 

enough to explain how technological 

future concepts are transformed into 

research agendas. For the dynamic 

from rhetoric to social reality to occur, 

actors’ need clues to evaluate whether 

or not it is of interest to them to en-

gage in the development of the pro-

posed technology. At least to some 

extent they need to know which com-

petencies and resources might be use-

ful for realizing the vision, which aca-

demic or economic aims and ambi-

tions thereby might be pursued, etc. 

Otherwise, there is little reason why 

(and how) actors’ should position 

themselves within such an endeavor. 

Since these questions refer to the im-

agined reality of technological future 

concepts the clues for answering them 

are not to be found anywhere else than 

in these future concepts. Consequent-

ly, the factual content of technological 

future concepts should play a part in 

the process of mutual positioning and 

agenda building. In line with this ar-

gument, van Lente and Rip agree that 

visions are not purely rhetorical: „ex-

pectation statements contain a ‚script’, 

indicating promising lines of research 

and technical development to be un-

dertaken by the enunciator of the 

statement and/or by others. Thus they 

mobilize support in specific ways.“ 

(van Lente/Rip 1998a: 218) It thus 

seems plausible to assume that future 

concepts provide orientation in inno-

vation processes. Yet, this does not 

imply that visions have the capability 

to directly guide specific research and 

development activities (cf. Rammert 

1994; Rammert et al. 1998). 

3.3 Prospective technology assess-

ment 

Without sufficiently reliable assess-

ments of the societal (i.e. economic, 

political, legal, social, and cultural) 

and ecological risks and benefits of 

future technologies there is little 

chance of influencing innovative activi-

ties with the objective to advance de-

sirable technological developments 

and to discourage undesirable ones. In 

the case of radical innovations, the 

present knowledge about the future 

reality of the envisioned technology is 

more or less restricted to what can be 

derived from the future concepts. 

Thus, technology assessment in this 

case has little options but to refer to 

these concepts. Some authors take 

account of this fact by suggesting to 

develop methods for “guiding vision 

assessment” ("Leitbild-Assessment", cf. 

Dierkes 1991; Hellige 1996b) or “vision 

assessment” (Grunwald 2004; 

Grin/Grunwald 2000). The basic idea is 

to assess the technological future as 

envisioned by these future concepts, 

that is to assess the risks and benefits 

to be expected if the visions’ future 

would come true. 

The idea to employ visions as tool of 

prospective technology assessment 

plays an important part in the guiding 

vision approach (cf. Dierkes 1991; 

Dierkes 1993; Marz/Dierkes 1994). As 

mentioned before, the authors of this 

approach hold the view that visions 

are effective in guiding research and 

development activities. Accordingly, 

they assume that the future the re-

searchers and engineers are about to 

realize will be not too different from 

the future as pictured by these visions. 

Consequently, it makes sense to use 

the visions employed in innovative 

activities for assessing these activities’ 

future outcomes. Additionally, it be-

comes a promising idea to try to pro-

spectively shape technological change 

by shaping the visions to which the 

researchers and engineers refer to in 

their innovative activities. 

However, it has soon been criticized to 

be an exaggerated claim that by ana-

lyzing visions it would be possible to 

recognize the consequences of tech-

nologies while they are still under de-
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velopment (cf. Hellige 1993: 196; 

1996a: 29). Such a concept of prospec-

tive technology assessment underes-

timates the fact that innovation, and 

especially radical innovation, “involves 

uncertainty in an essential way” (Nel-

son/Winter 1977: 47), so that the “out-

comes of innovative efforts can hardly 

be known ex ante” (Dosi 1988: 222). 

Additionally, given the current state of 

research there is little support to the 

claim that visions exert an immediate 

influence on research and develop-

mental activities. As Grunwald states, 

„their promised use for shaping tech-

nology in a prospective sense […] has 

not been realised“ (Grunwald 2004: 56; 

cf. Grunwald 2002: 149f.). This opinion 

is shared by many other researchers 

(cf. e.g. Schot/Rip 1997: 260; Rammert 

1994: 16f.). 

Nevertheless, even the above-

mentioned critics do not entirely dis-

miss the idea of using future concepts 

as means for prospective technology 

assessment. Hellige suggests an atten-

uated version of vision assessment (cf. 

Hellige 1996a: 29). Following his line 

of argument, Grunwald proposes an 

elaborated concept of vision assess-

ment. The cornerstone of his argument 

is that technological future concepts 

because of their mobilizing effects ac-

tually influence innovative efforts (cf. 

Grunwald 2006: 69ff.; Grunwald 2004: 

57). For visions to play a part in inno-

vative efforts, it is not necessary that 

they are blueprints of future technolo-

gies, which they are not. It is enough 

that visions affect decisions concern-

ing the establishment and funding of 

innovative efforts. Vision assessment, 

then, is the task to analyze the visions’ 

influence on innovation-related deci-

sions and to evaluate whether this 

influence leads to decisions that are 

desirable from the point of view of 

society (cf. Grunwald 2009; Karafyllis 

2009; Ferrari et al. 2012).  

The idea to prospectively shape future 

technology by establishing visions of 

desirable techno-social futures re-

mains highly attractive as well – in 

spite of the above-mentioned objec-

tions. The technology policy approach 

of transition management may serve 

as an example. According to this ap-

proach, sustainability visions should 

be employed to formulate desirable 

objectives of technology development, 

such as “cleaner cars” or “clean coal”, 

from which policies to attain the vi-

sions’ goals systematically should be 

derived. „The long-term visions of sus-

tainability should be used as a guide to 

formulate programmes and policies 

and the setting of short-term and long-

term objectives.“ (Kemp/Rotmans 

2004: 147; cf. Kemp/Loorbach 2005). 

Here again it is implied that visions 

may not only rhetorically but also fac-

tually structure technology develop-

ment. 

4 Integrative capacity and lack of 

concreteness 

Several well-known concepts of tech-

nology assessment in one or another 

way adhere to the idea of employing 

visions as means of prospective tech-

nology assessment and of prospective 

shaping of technology. Given the ra-

ther discouraging performance visions 

according to many researchers have 

shown in this respect, this is quite re-

markable. Scholars adhere to this idea 

because if visions could be used in this 

way, a crucial problem of technology 

assessment could be solved: the prob-

lem of overcoming the „dichotomy 

between promotion and control of new 

technology“ (Rip 2002: 14; cf. Schot/ 

Rip 1997: 264). Most distinctly, the 

guiding vision approach embodies this 

hope. According to this approach, the 

visions on the one hand significantly 

govern technology development efforts 

(“Leitbildprägung”). On the other 

hand, they can be used to prospective-

ly control technology development by 

taking care that innovation processes 

are based on desirable visions (“Leit-

bildgestaltung”) (cf. Marz/Dierkes 

1994: 35). 

The main obstacle for using this inte-

grative potential of visions lies in the 
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fact that, though visions undoubtedly 

affect public and private decisions to 

engage in technology development, 

they do not provide pictures of the 

future detailed enough to guide specif-

ic research and development activities. 

Visions are rough sketches rather than 

detailed drawings of the technological 

future they focus on. They do not 

elaborate on the complexity of the 

future reality in sufficient detail to de-

termine definite steps for realizing this 

future. For the same reason they do 

not provide a sound basis for evaluat-

ing the risks and benefits of the envi-

sioned technological future. Thus, 

shaping technology by shaping visions 

does maybe work in the context of 

research and technology policy but not 

in the context of actual research and 

development activities. The question, 

then, is whether there are forms to 

express concepts of technological fu-

ture, which may compensate for the 

visions’ lack of concreteness. 

5 Scenarios: specified conceptions 

of technological future 

The scenario as a tool for future re-

search, from the outset has been a 

means of concretizing and specifying 

future concepts. Scenarios created for 

this purpose try to take into account a 

plurality of factors and circumstances, 

which might affect the reality of the 

future technology and its forms of use, 

in order to describe this possible fu-

ture as a complex of specified cause-

effect-relationships. Scenarios concre-

tize visions by focusing on the interde-

pendences that are (or might be) con-

stitutive for the actual reality of the 

envisioned future. This does not mean 

that scenarios are or that they could 

claim to be forecasts. Just as visions, 

they are not. Scenarios no more than 

visions provide a solution to the prob-

lem of fundamental uncertainty of in-

novative activities. Like visions, sce-

narios rely on assumptions about the 

future, which result at best from in-

formed guess. Rather, scenarios con-

cretize visions by spelling out the im-

plications of the visions’ assumptions. 

Scenarios exemplify how the envi-

sioned future actually might look like 

by specifying for certain situations the 

relevant entities and events involved, 

the relations and interactions between 

them, the relevant circumstances, and 

so on. According to Herman Kahn and 

Anthony J. Wiener, the pioneers of sce-

nario research, scenarios “are hypo-

thetical sequences of events construct-

ed for the purpose of focusing atten-

tion to causal processes and decision 

points” (Kahn/Wiener 1967: 6). In a 

more encompassing sense they con-

sider the scenario to be an “aid to 

thinking” (ibid.: 262) because the sce-

nario is a means to go ahead from the 

visions’ overall pictures of the future to 

descriptions of the specific reality of 

possible futures. 

For scenarios to become useful tools 

for describing hypothetic future reali-

ties in a most realistic and plausible 

way, the scholarly literature stresses 

the importance of the following quality 

criteria: First, scenarios should be 

credible (cf. Wilson 1978) and con-

sistent (cf. Godet 1986: 135). They 

should provide a coherent and con-

sistent picture and derive it plausibly 

from the underlying assumptions 

about the imagined future. Second, the 

scenarios should be exhaustive (cf. 

Steinmüller 2003: 15f.) or holistic (cf. 

ibid.: 7; Steinmüller 1997: 52), meaning 

that they should include all the aspects 

of the imagined future reality that 

might be of importance. And third, the 

underlying assumptions from which 

the scenarios are derived should be 

made explicit (cf. Amara 1991). 

6 Types of scenarios 

One type of scenarios can be expected 

to be especially suited to serve as a 

means of concretizing visions: the 

qualitative normative situational sce-

nario. While there are scenario typolo-

gies that include more than ten dimen-

sions (cf. e.g. van Notten et al. 2003) it 

is enough to include the following 
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three dimensions in order to charac-

terize this type of scenario: 

Projective vs. normative scenarios: 

Scenarios that are obtained by ex-

trapolating the future from the past 

and the present are called projective or 

explorative scenarios. Normative sce-

narios, in contrast, are based on as-

sumptions, which are not derived from 

current trends. Normative scenarios 

focus on change and not on continua-

tion. They are conceptions of desirable 

or undesirable future states. Since vi-

sions also focus on discontinuity, sce-

narios that concretize technological 

visions basically are normative scenar-

ios. However, it should not be neglect-

ed that even radical innovations are 

discontinuous developments only in 

certain respects and in other respects 

(as in the case of incremental innova-

tion) recombinations of already exist-

ing elements (cf. Edquist 1997: 1; Van 

de Ven et al. 1999: 9). This means that 

visions – and the corresponding sce-

narios – usually include projective 

components as well (cf. Steinmüller 

1997: 53f.; Steinmüller 2003: 9f.). 

Situational vs. developmental scenari-

os: A scenario’s description of the in-

terdependencies between components 

and relations may either address a 

possible future state of affairs or a 

possible future development. Scenari-

os of the first kind are called situation-

al scenarios or snapshot scenarios, 

those of the second kind are called 

developmental scenarios or chain sce-

narios (cf. Steinmüller 2003: 11; van 

Asselt et al. 2010: 26f.). Technological 

visions are conceptions of desirable (or 

undesirable) future states of affairs. 

The scenarios putting these visions 

into concrete thus are situational sce-

narios. Both types of scenarios refer to 

each other. In a kind of forecasting, it 

is possible to derive situational scenar-

ios from developmental scenarios. Vice 

versa, in a kind of backcasting, it is 

possible to derive developmental sce-

narios from situational scenarios. This 

can be done by asking which steps of 

development are necessary to realize 

(or to prevent) the future reality as 

described by a situational scenario (cf. 

Steinmüller 1997: 55). The pictures-of-

the-future process as developed by 

Siemens AG calls this strategy “retro-

polation” (cf. Eberl 2001: 5). 

Quantitative vs. qualitative scenarios: 

To describe in quantitative terms the 

elements and relations to be taken into 

account within a scenario, it is neces-

sary to derive the assumed figures 

from actual trends, which already have 

been measured quantitatively. Purely 

quantitative scenario, thus, tend to be 

mere extrapolations. To a certain de-

gree all assumptions about technolog-

ical future states are affected by uncer-

tainty and the possible ways there are 

characterized by discontinuity. To deal 

with such complexities, scenario con-

struction has to rely on qualitative 

processes of reasoning about more or 

less probable, feasible and desirable 

(or undesirable) future developments 

and future states and on verbal de-

scriptions thereof (cf. Schwartz 1993: 

34; Steinmüller 2003: 45f.). For this 

reason, scenarios differ from forecasts 

by a certain amount of qualitative ar-

gumentation (cf. Ropohl 1997: 193). It 

is the proportion of projective or nor-

mative components that gives a sce-

nario a more quantitative or a more 

qualitative character. Scenarios with a 

predominantly qualitative orientation 

usually take the form of narratives, in 

most cases in textual form but some-

times as cartoons or film sequences. A 

way to further increase the concrete-

ness and the realism of qualitative 

scenarios is the so-called narrative 

scenario, a form of narration that in-

troduces fictional persons as the sto-

ry’s protagonists (cf. Steinmüller 2003: 

36). The above quoted Sal scenario (cf. 

Weiser 1991: 74f.) is an example of a 

narrative scenario. 

Considering all three dimensions, it 

can be theorized that the qualitative 

normative situational scenario should 

be empirically observable as the most 

appropriate type of scenarios for con-

cretizing and specifying the technolog-
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ical visions of radical innovations. Fur-

thermore, it is to expect that scenarios 

of this kind that additionally take the 

form of narrative episodes – should 

serve this purpose especially well. 

7 Visions und Scenarios in Ubiqui-

tous Computing and Nanotech-

nology 

In his foundational paper Weiser envi-

sions a technological future in which 

computers become “an integral, invisi-

ble part of people’s lives” (Weiser 

1991: 66). According to this vision, a 

myriad of interconnected computing 

units embedded within the users’ eve-

ryday environment will constitute a 

constant background presence, a 

ubiquitous informational infrastructure 

that is intuitively usable based on eve-

ryday knowledge. In this paper, Weiser 

coins the term “ubiquitous computing” 

to denote this vision. 

As of the turn of the millennium, this 

vision has had a considerable impact 

on research policy (cf. Friedewald/ 

Raabe 2011: 56). In 2001, the U.S. Na-

tional Research Council publishes a 

research policy paper, which proposes 

the vision of embedded computer-

networks. It states the aim “to develop 

a research agenda that could guide 

federal programs related to computing 

research and inform the research 

community (in industry, universities, 

and government) about the challeng-

ing needs of this emerging research 

area“ (NRC 2001: VIII). At the same 

time, the Nomura Research Institute, 

that is influential in the Japanese re-

search policy, publishes a series of 

research reports proclaiming “Ubiqui-

tous Networking” as the new paradigm 

of information technology (cf. Mura-

kami/Fujinuma 2000; Murakami 2001; 

2003). The Japanese national research 

policy soon adopted this idea. In a 

White Paper of the Ministry of Tele-

communications a strategy for realiz-

ing a „Ubiquitous Network Society“ (cf. 

MPMHAPT 2004) is suggested. Similar 

research policy activities are taking 

place in Europe. Already in 1999, the 

Information Society Technologies Ad-

visory Group (ISTAG) – a panel of ex-

perts providing advice for the Europe-

an research policy in the field of in-

formation technology – proposes the 

vision of ambient intelligence (cf. 

ISTAG 1999: 2), thus creating an own 

label for research policy in the emerg-

ing field of ubiquitous computing. In a 

subsequent report this vision is char-

acterized as follows: „People are sur-

rounded by intelligent intuitive inter-

faces that are embedded in all kinds of 

objects and an environment that is 

capable of recognising and responding 

to the presence of different individuals 

in a seamless, unobtrusive and often 

invisible way.“ (ISTAG 2001: 1). 

It is noticeable that these “vision 

statements” nearly always are accom-

panied by scenarios, which in more or 

less detail spell out for a variety of 

domains of application how the future 

reality of ubiquitous computing3 possi-

bly will look like. Weiser’s Sal scenario 

describes the use of ubicomp technol-

ogies at home, during commuting, and 

at work in the bureau. The ISTAG re-

port „Scenarios for Ambient Intelli-

gence in 2010“ provides four narrative 

scenarios covering the domains of 

shopping, traveling, health care, mo-

bile communication, recreational activ-

ities, and education (cf. ISTAG 2001: 

4ff., 26ff.). The respective Japanese 

research policy papers include scenar-

ios with similar topics. They are often 

presented as cartoons (cf. Mobile IT 

Forum 2003: 1ff.; MPMHAPT 2004: 19). 

The U.S. research agenda “Embedded, 

everywhere” also provides scenarios, 

though with a different thematic focus: 

mobility, warfare, and agriculture (cf. 

NRC 2001: 16ff.)  

                                                        

3 The different terms „ubiquitous compu-
ting“, ubiquitous networking“, „embedded 
systems“, „ambient intelligence“, or „per-
vasive computing“ are basically referring to 
the same technological vision. They differ 
from each other only slightly. To simplify 
matters I am using only the term ubiqui-
tous computing and it’s often used abbre-
viation “ubicomp”. 
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Technology assessment studies of 

ubiquitous computing also rely heavily 

on scenarios. The EU project “SWAMI – 

Safeguards in a World of Ambient In-

telligence” has set standards for the 

use of scenarios for assessing ubicomp 

technology. Here, four so-called “dark 

scenarios” build the basis for as-

sessing the new technology – narrative 

worst-case scenarios devised to shed 

light on social and societal risks of 

future ubiquitous technology applica-

tions (cf. Punie et al. 2006).  

With respect to the visions of nano-

technology, it is useful to distinguish 

between so-called futuristic or utopian 

visions and so-called realistic visions. 

K. Eric Drexler, to whom the author-

ship of the term “nanotechnology” 

usually is credited,4 is the most out-

standing proponent of the futuristic-

utopian discourse. His pivotal vision is 

the future existence of molecular as-

semblers: nanoscale machines able to 

assemble designated structures from 

individual molecules or atoms. Thus 

being able to assemble the structure 

they themselves consist of, molecular 

assemblers additionally are self-

replicative machines. Drexler affiliates 

far-reaching expectations for the fu-

ture to this basic vision, which are 

quite futuristic visions as well: the col-

onization of the universe; the prolon-

gation of the human life span, even up 

to immortality; a revolution of indus-

trial production resulting in an ex-

tremely cost-efficient and resource-

saving mode of production (cf. Drexler 

1986; Drexler/Peterson 1991). 

Futuristic visions play an important 

part in the public debate on nanotech-

nology, as for example the Bill Joy de-

bate5 has shown (cf. Schirrmacher 

2001). Within the scientific discourse, 

however, the prevailing opinion is that 

popular visions of this kind are mere 

                                                        

4 However, he was not the first to use 
this term to describe nanoscale production 
technology (cf. Schaper-Rinkel 2006: 475). 
5 Cf. http://www.wired.com/wired/archive/ 
8.04/joy.html (last access: 2011/11/01). 

science fiction while it should be the 

task of serious scientific endeavor to 

elaborate more realistic and less fanci-

ful future conceptions. The research 

policy papers concerned with nano-

technology largely express a very simi-

lar view towards nanotechnological 

visions (cf. NSTC 1999: 8; Royal Society 

2004: 5). Nevertheless, the expecta-

tions regarding nanotechnology are 

not necessarily more modest within 

this discourse and the conceptions 

that count as realistic visions are not 

always less far-reaching than those 

within the futuristic discourse.  

Most influential for nanotechnology to 

be set on the agenda of research fund-

ing agencies and policymakers are the 

research policy papers that have been 

worked out in the context of the 

emerging U.S. National Nanotechnolo-

gy Initiative. According to an expecta-

tion prominent in these papers, “nano-

technology will have a major impact 

on the health, wealth and security of 

the world’s people that will be at least 

as significant in this century [the 21st 

century; ISS] as antibiotics, the inte-

grated circuit, and manmade poly-

mers” (NSTC 1999: 2) have been for 

the 20th century. The overall vision of 

the National Nanotechnology Initiative 

pictures a future, „in which the ability 

to understand and control matter on 

the nanoscale leads to a revolution in 

technology and industry“ (NSTC 2004: 

1). This overall vision includes a multi-

tude of visions for different domains of 

application: lighter and more durable 

materials, which will make production 

and transportation more energy-

efficient; improved healthcare that will 

prolong life and improve its quality; 

dramatic reduction of waste and pollu-

tion through nanotechnological 

means, to name only a few of them (cf. 

NSF 2001: 3-10). 

In contrast to ubiquitous computing, 

the use of normative situational sce-

narios is rather seldom in nanotech-

nology. While there is a constant and 

systematic use of scenarios as means 

to substantiate visions in research 
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policy as well as in technology as-

sessment activities concerned with 

ubiquitous computing, a similar use of 

scenarios in nanotechnology occurs 

only occasional and if so mostly in a 

less elaborated manner (cf. Aschen-

brenner 2003; BMBF 2006: 28). Some 

nanotechnology studies employ devel-

opmental scenarios for purposes of 

prospective technology assessment, 

but the parameter structuring these 

scenarios often remain rather abstract 

(cf. High Level Expert Group “Fore-

sighting the New Technology Wave” 

2004; Nanologue 2006; 11ff.; 

Renn/Roco 2006: 52ff.). Overall, in the 

field of nanotechnology neither the 

research policy papers nor the tech-

nology assessment systematically uses 

normative situational scenarios or 

scenarios at all. Most times, when the 

term “scenario” is used, it is used to 

designate visions (cf. Roco/Bainbridge 

2002: 4-6; Brune et al. 2006: 382ff.; 

Grunwald 2006: 51ff.). 

8 Effects and uses of scenarios in 

the innovation process 

8.1 Mobilizing and coordinating ac-

tors, interests, and resources 

To understand the relevance of scenar-

ios as means of mobilizing and coor-

dinating actors, interests, and re-

sources, the comparison with the re-

spective relevance of visions is helpful. 

This comparison reveals remarkable 

differences in how future conceptions 

are used in ubicomp and in nanotech-

nology research policy. As described 

above, there is considerable empirical 

evidence that the relevance of techno-

logical visions largely results from 

their rhetorical power. According to 

these findings, visions are especially 

well suited to attract the attention and 

to mobilize the support of research 

policy bodies, policy-makers, and or-

ganizational decision-makers, which is 

necessary to set up the respective re-

search programs and research pro-

jects. The relevant literature largely 

agrees that technological visions may 

and do exercise this rhetorical power 

even when they are of no use as means 

of orienting and guiding the actual 

research and development of the envi-

sioned technologies. The visions of 

nanotechnology confirm this (cf. 

Fiedeler 2010). Quite a few of them 

propose ideas far away (if not princi-

pally distinct) from what will be tech-

nically feasible for decades to come, 

and thus are completely unsuitable for 

orienting specific research activities 

(cf. Lösch 2006a; 2006b). Nevertheless, 

many studies observe a considerable 

actual significance of futuristic visions 

at the interface between science on the 

one hand and politics and the public 

on the other hand (cf. Grunwald 2006: 

70). This holds especially in the field of 

nanotechnology (cf. Deutscher Bun-

destag 2004: 145, 153; Coenen 2003: 

8f.; 2010; Brune et al. 2006: 388f.; Salin 

2007; Rip/Van Amerom 2010: 136ff.). 

The visions that have been influential 

for establishing nanotechnology as a 

key future technology seem to differ 

from those of other new technologies 

in that they are only loosely coupled 

with the emerging scientific founda-

tions of nanotechnology or with ques-

tions concerning the technical feasibil-

ity and usefulness of possible applica-

tions (cf. Woyke 2010: 53). It is in line 

with this observation that the use of 

situational scenarios – that is the use 

of more concrete and application-

oriented future concepts – as means of 

attracting attention and mobilizing 

resources is rather seldom in the con-

text of nanotechnology. 

In the field of ubiquitous computing 

this is markedly different. As men-

tioned above, from the outset the vi-

sions of ubiquitous computing are 

accompanied by scenarios as a means 

of specifying the overall future con-

cepts of the new technology and its 

possible uses. In itself, this finding of 

course does not imply that these sce-

narios are employed as means of mo-

bilizing resources and support for 

technology development. However, 

there is evidence that ubicomp scenar-

ios indeed serve as rhetorical means to 
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this end. Qualitative normative situa-

tional scenarios are prominently 

placed within the research policy pa-

pers, which are written to promote and 

to initiate ubicomp-related research 

programs. Additionally, it is obvious 

that these scenarios are deliberately 

designed to emphasize the benefits of 

a future reality of ubiquitous compu-

ting (cf. Friedewald et al. 2005: 23; 

Punie et al. 2006: 7). It is hard to imag-

ine that this scenarios’ rhetorical 

presentation is without the intention 

to win over the policy papers’ address-

ees. 

What might explain the different use of 

scenarios as rhetorical means in these 

both fields of technology? The above 

considerations suggest that scenarios 

– due do their character as more appli-

cation-oriented forms of future con-

cepts – occur only in the context of 

sufficiently realistic visions while fu-

turistic visions do not provide enough 

of a basis to deduce scenarios of this 

kind. An additional hypothesis is that 

the rhetorical use of scenarios in the 

context of research policy serves to 

mobilize actors more directly involved 

in technology development – and thus 

more application-oriented – than the 

visions’ addressees. It fits into this 

picture that the debate on nanotech-

nology in which visions play a major 

part is mainly a public debate. It is a 

debate on the more fundamental is-

sues concerning the promises and 

risks of nanotechnology. In this de-

bate, the visions serve to attain public 

attention for the more fundamental 

research policy positions concerning 

nanotechnology rather than to pro-

mote specific research and develoment 

programs. However, these are only 

preliminary explanations, which re-

main to be substantiated empirically.  

8.2 Guiding research and develop-

ment activities 

One of the position papers aimed at 

establishing and institutionalizing 

ubiquitous computing explicitly states 

that scenarios provide an opportunity 

to concretize ubicomp visions with 

respect to future technological applica-

tions. The Embedded Systems 

Roadmap 2002 (cf. Eggermont 2002) 

presents the following multistage de-

velopment model: An overarching vi-

sion of a desirable technology consti-

tutes the starting point of the process. 

From this vision, domain-specific sce-

narios of promising applications are 

derived. Subsequently, roadmaps are 

worked out, which define the steps of 

development necessary to realize the 

technological components of the ar-

rangements described by the scenarios 

(cf. ibid.: Eggermont 2002f.). In a simi-

lar way, the Information Society Tech-

nologies Advisory Group characterizes 

the ubicomp scenarios they employ as 

“ways to uncover the specific steps 

and challenges in technology […] that 

have to be taken into account when 

anticipating the future. To put it an-

other way, scenario planning is a tool 

to help us invent our future.“ (ISTAG 

2001: 1)  

Statements of this kind suggest that 

scenarios may be effective as patterns 

of orientation in the process of trans-

forming technological visions into re-

search agendas (see also Friedewald et 

al. 2005: 8). This is a rather interesting 

point, especially since the Constructive 

Technology Assessment approach, 

which at present is the probably most 

well-known concept for analyzing 

technological future concepts, consid-

ers the transformation process from 

visions to agendas to be mainly a so-

cial dynamic in which epistemic orien-

tation plays a minor part (cf. above 3.1 

and 3.2). There is some evidence that 

this view applies more to agenda 

building in nanotechnology than in the 

field of ubiquitous computing. Howev-

er, this question is also open to further 

research. 

Whether or not scenarios provide pat-

terns of orientation that are guiding 

actual research and development activ-

ities is another research question that 

to my knowledge has yet not been 

explored in much detail. Kornelia Kon-
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rad (2004: 10, 24, 33, 135, 147; 2006) 

assumes that scenarios are indeed 

effective in such a way. However, nei-

ther her own research nor the actor-

network theory studies she refers to, 

really confirm this assumption. Never-

theless, actor-network theory is a use-

ful reference since it provides a con-

sideration from which it is highly plau-

sible that scenarios should have such a 

capacity: Every successful innovation 

is a new arrangement of coordinated 

roles. The performance of the technical 

components, the behavior of the users, 

the technology-related services of pro-

viders etc. must fit together sufficiently 

well to make a useful and usable tech-

nology (cf. Akrich 1992a; 1992b; Callon 

1986; 1993). Thus, the technical com-

ponents – just as all the other compo-

nents of an innovation – occupy specif-

ic roles within the network of comple-

mentary interrelated roles the innova-

tion consists of. To specify the possible 

roles a new technology may and 

should (or should not) adopt within 

future contexts of application is exactly 

what qualitative normative situational 

scenarios are about. Consequently, 

scenarios of this kind indeed should 

have the capacity to provide guidance 

for innovation-related research and 

development activities. 

8.3 Prospective technology assess-

ment 

It is not clear how important the use of 

scenarios for purposes of technology 

assessment (TA) really is. Some TA 

experts appraise scenarios to have 

become the main device for technolo-

gy-related future assessment (cf. 

Grunwald 2002: 226). Others see them 

as being rather marginal in their use 

for purposes of technology assessment 

(cf. Konrad 2004: 20ff., 259ff.; 

Steinmüller 1999: 670). For prospective 

technology assessment in the field of 

ubiquitous computing, however, sce-

narios definitely are the method of 

choice, whereas in the field of nano-

technology the vision assessment ap-

proach has become important for 

some years. 

Technology assessment meant to pro-

duce knowledge useful for taking ad-

vantage of the benefits of new tech-

nologies and for avoiding the possible 

risks associated with them. Thus, 

technology assessment aims at shap-

ing technology. According to the well-

known anticipation and control di-

lemma of technology assessment it is 

easier adequately to anticipate the 

consequences of a new technology if it 

is already developed to a certain de-

gree, it is easier to influence the direc-

tion of the development process in the 

beginning than in later phases (cf. Col-

lingridge 1980: 16ff.). If to shape tech-

nology, it is thus necessary to assess 

emerging technologies at an early time 

when it is hardly possible to acquire 

sound knowledge of the possible ef-

fects that might be associated with 

them. Some approaches like the Con-

structive Technology Assessment ap-

proach deal with this problem by rede-

fining what technology assessment can 

and should accomplish. Accordingly, 

technology assessment should be 

viewed as a method to enhance reflex-

ivity within the ongoing process of 

technology development rather than as 

an instrument of anticipation and fore-

casting. In this context, Arie Rip explic-

itely refers to scenarios: „if paths are 

created while walking (Garud/Karnøe 

2001), emerging paths can be mapped, 

and the way they emerge can be ana-

lysed […]. Basically, what happens is 

that scenarios are created in which 

impacts can be (speculatively) identi-

fied and assessed […]. Actors always 

work with partial and diffuse versions 

of such scenarios to orient themselves 

– and others. A social-science support-

ed TA might improve the quality of 

their scenarios.“ (Rip 2002: 38) 

Thus, the scenarios used by innovating 

actors as tools to invent the future 

should be employed by TA actors to 

assess the future as envisioned by 

these scenarios and to participate in 

inventing the future by improving 

them. In the field of ubiquitous com-

puting this is a realistic option because 
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there is a considerable similarity be-

tween the scenarios to be found in the 

context of research policy and of re-

search and development and those 

used in TA studies. In contrast, pro-

spective technology assessment in the 

field of nanotechnology cannot rely on 

such a link. Instead, it is largely de-

pendent on visions if to derive assess-

ments from conceptions of the techno-

logical future. These visions, however, 

are primarily rhetorical means for poli-

cy processes and do not provide much 

factual guidance for technology devel-

opment. For this reason, the analysis 

of visions as provided by the vision 

assessment approach is rather a meth-

od of analyzing and assessing policy 

processes than a way to concomitantly 

assess emerging ideas about emerging 

technologies.  

9 Outline of a research program 

Technological innovation processes 

aim at inventing a future that for now 

exists only in imagination. This consti-

tutes – especially in the case of radical 

innovations – the relevance of techno-

logical future concepts. Previous re-

search on the impact of technological 

future concepts on innovation pro-

cesses mainly focuses on visions: (1) 

The Constructive Technology Assess-

ment approach views visions as trig-

gers of a social dynamic of mutual 

positioning of innovating actors. 

Through this social process, the ideas 

about the envisioned future technology 

successively become more and more 

specific. The approach highlights the 

rhetorical function of visions but is not 

very elaborate on epistemic aspects of 

technological future concepts. (2) The 

guiding vision approach as well as-

sumes that visions possess a rhetorical 

power to mobilize actors and re-

sources. Additionally, the proponents 

of this approach are strongly con-

vinced that visions provide guidance 

for research and development activi-

ties. However, the prevailing opinion 

within the relevant literature is that the 

related studies do not give sufficient 

evidence to confirm this point. (3) Ac-

cording to the vision assessment ap-

proach, visions are important because 

of their impact on research and tech-

nology policy discourses. Thus, the 

task of vision assessment is to support 

the development of policies and public 

opinion by reflecting on what these 

visions say and imply. Previous re-

search provides only few considera-

tions on more specific forms of tech-

nological future concepts and there is 

little empirical work concerning the 

question if and how future concepts 

provide epistemic orientation in inno-

vation processes. 

There is a research gap regarding this 

question. While former research dealt 

with it but could not answer it satisfac-

torily with respect to visions, the more 

recent research is primarily interested 

in the rhetorical and political use of 

visions and does not pay much atten-

tion to the epistemic dimension of 

future concepts. As I have argued 

above, there are reasons to believe 

that situational scenarios rather than 

visions include information about the 

components of the envisioned new 

technology, their features, perfor-

mance, and interrelatedness, which all 

can be used to orient research and 

development activities. Against this 

background, the most promising way 

to close the research gap is to study 

the uses and effects of these (and oth-

er) more specific future concepts in 

innovation processes. 

Exploring the epistemic dimension of 

future concepts in innovation process-

es is part of the more general objective 

of developing an approach that con-

ceptually integrates technology and 

innovation studies with prospective 

technology assessment. From the de-

scriptive analytical perspective of tech-

nology and innovation studies, techno-

logical future concepts are factors that 

do or may influence innovation pro-

cesses. From the normative perspec-

tive of technology assessment, techno-

logical future concepts are tools for 

prospective technology assessment. If 

future concepts serve as a common 
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point of reference for both perspec-

tives this could be used to integrate 

both perspectives. This integration 

would require (a) that future concepts 

do indeed exert influence on technolo-

gy development, (b) that the same fu-

ture concepts are used as tools for 

prospective technology assessment, 

and (c) that the recommendations re-

sulting from the assessment process 

find their way back into the domain of 

technology development – for example 

in form of future concepts with more 

desirable or less risk-laden features. As 

argued above, visions are unsuitable to 

bridge the gap between technology 

development and technology assess-

ment but scenarios have this integra-

tive capacity.  

Both objectives – to explore the epis-

temic dimension of scenarios and to 

assess their potential for integrating 

technology development and technol-

ogy assessment – require studying the 

respective uses and effects of scenari-

os in different innovation-related con-

texts: (a) in the research and technolo-

gy policy context of mobilizing actors 

and resources, of mutual positioning 

of the actors involved, of the transfor-

mation of general ideas about the 

technological future into research 

agendas and research programs, and 

of establishing programs supporting 

research and development of the envi-

sioned new technologies, (b) in the 

context of research and development 

of the new technologies, and (c) in the 

context of prospective technology as-

sessment. 

Where situational scenarios occur such 

as in the field of ubiquitous compu-

ting, they do not completely replace 

visions. Rather they complement them 

by spelling out the visions’ overall ide-

as in specific ways. Thus, with the oc-

currence of scenarios visions do not 

become redundant. This implies that 

visions may remain to be relevant for 

innovation processes in certain re-

spects even when there are more spe-

cific ways to express ideas about the 

technological future. Consequently, for 

each of the three contexts just men-

tioned the respective uses and effects 

of scenarios should be analyzed in 

comparison with corresponding uses 

and effects of visions. It should be 

added that the scenarios’ and visions’ 

uses and effects in question not neces-

sarily are intentional ones. Obviously, 

an intentional use should be expected 

when visions are deliberately em-

ployed as rhetorical means or scenari-

os as technology assessment tech-

niques. Yet the ways in which future 

concepts influence processes of re-

search and development are less un-

ambiguous and rhetorical effects do 

not necessarily presuppose corre-

sponding intentions. Thus, research on 

these issues should take in mind that 

unintentional effects of future con-

cepts on innovation processes might 

be as important as those resulting 

from their intentional use. 

The following hypotheses about the 

uses and effects of scenarios in com-

parison to visions within the different 

contexts of the innovation process are 

the main guidelines for the research 

program outlined here. The first and 

second hypotheses address the re-

search and technology policy context:  

H1: Like visions, scenarios are means 

of mobilizing actors and resources. In 

contrast to visions, scenarios attract 

the more application-oriented actors 

in innovation processes. 

H2: Scenarios provide epistemic guid-

ance for the transformation of visions 

into research agendas and research 

programs, while visions in this process 

act as triggers of social dynamics. 

Recent innovation research tends to 

view the formation of research agen-

das and the establishment research 

programs mainly as a social, political, 

and rhetorical process while paying 

less attention to epistemic factors. 

However, the institutionalization of a 

new field of technology is an epistemic 

as well as a social process and thus it 

should be regarded as including a so-

cial and a factual dimension. Estab-
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lishing a new field of technology, a 

new research agenda, or a new re-

search program requires to define the 

subject of the research activities to be 

established. It requires to specify the 

characteristics, features, and problem-

solving capacities of the new technol-

ogy and to identify the respective re-

quirements for research and develop-

ment. This is the factual dimension. 

Mobilizing and mutual positioning of 

actors constitutes social dimension of 

the process. The presupposition of the 

first hypothesis is that visions are of 

major importance with respect to the 

social dynamics of establishing re-

search agendas and research pro-

grams. Additionally, the hypothesis 

assumes that scenarios by mobilizing 

application-oriented actors also act on 

the social dimension of this process. 

The presupposition of second hypoth-

esis is that visions possess little poten-

tial for epistemic guidance in the con-

text of research policy. According to 

the second hypothesis, this is what 

should be expected from scenarios. 

H3: In contrast to visions, scenarios 

provide epistemic guidance for actual 

research and development activities. 

Scenarios can be used as tools to in-

vent the future. 

The third hypothesis addresses the 

context of research and development. 

Gaining better knowledge about the 

connections between technological 

future concepts and actual research 

and development of new technologies 

would substantially advance innova-

tion research. Van Lente and Rip char-

acterize the process through which the 

promises of technological visions re-

sult in new technologies as a “prom-

ise-requirement spiral” (van Lente/Rip 

1998a: 223). To realize a technological 

vision it is necessary to translate its 

promises into developmental require-

ments: Which technological problems 

have to be dealt with? Which compe-

tencies and resources are needed? 

Which actors with which competencies 

and resources are already aboard or 

have to be mobilized? etc. According to 

the authors, the promises of a techno-

logical vision become more specific 

through this translation process. For 

example, the actors involved will focus 

on certain domains of application and 

on certain strategies of research and 

development while other possible 

paths will be postponed or remain 

unnoticed. The more specific promises 

allow to define even more specific re-

quirements which in turn lead to even 

more specific promises and so on.  

With scenarios, it would be more ap-

propriate to speak of an expectation-

requirement spiral, because scenarios 

concretize visions by translating their 

overall promises into specific expecta-

tions about the technological future. If 

scenarios act as patterns of orientation 

for research and development activi-

ties, expectation-requirement spirals 

of the following kind should be ob-

servable: Requirements for research 

and development are derived from the 

scenarios’ expectations about the new 

technology’s performance within spe-

cific domains of application. The defi-

nition of these requirements allows to 

further specify the scenarios and in 

turn to define even more specific re-

quirements, etc. The empirical exist-

ence of such expectation-requirement 

spirals would strongly support the 

assumption of the scenarios’ capacity 

to guide actual research and develop-

ment activities. Such a capacity is to be 

expected because scenarios are (if they 

are well-crafted) complexes of consist-

ently specified cause-effect relation-

ships thus providing a particularly 

good basis for translating ideas about 

the technological futures into instruc-

tions about how to reach there. The 

third hypothesis leaves it open wheth-

er the transformation of technological 

future concepts into actual research 

and development activities necessarily 

includes a epistemic dynamic. It is 

open to empirical research to which 

degree social and epistemic dynamics 

might substitute each other in this 

respect and different kinds and uses of 

future concepts such as those in ubiq-
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uitous computing in contrast to those 

in nanotechnology might provide dif-

ferent answers. 

The fourth and fifth hypotheses ad-

dress the context of prospective tech-

nology assessment: 

H4: Scenarios are a way to spell out 

the possible future reality of a new 

technology coherently and in much 

detail for each domain of application 

that might be promising or that is ex-

pected or suspected to emerge. Sce-

narios are useful tools for prospective 

technology assessment because they 

provide realistic descriptions as a basis 

for assessing the future technology’s 

possible risks and benefits. 

H5: If scenarios have the capacity to 

orient research and development, they 

can become useful tools for shaping 

technology. This requires that the sce-

narios used for purposes of prospec-

tive technology assessment are suffi-

ciently similar to the scenarios, which 

are influential in the context of re-

search and development 

When technological future concepts 

are the basis for assessing the risks 

and benefits of new technologies, the 

subject of such prospective technology 

assessment is not the future reality 

(which is unpredictable) but the pre-

sent ideas and assumption about the 

future. In line with considerations of 

the vision assessment approach (see 

3.3), it can be argued that there are 

circumstances under which these pre-

sent ideas about the future neverthe-

less are important for innovation pro-

cesses: If they influence the percep-

tions, thoughts, and actions of the 

actors involved. The fourth hypothesis 

presupposes that the scenarios’ influ-

ence on innovative actors results from 

the realism of their descriptions of 

possible future realities and assumes 

that this realism makes them useful for 

prospective technology assessment. It 

sounds contradictory, at first, that re-

alistic descriptions (plural!) of an un-

predictable future could be given. Yet 

this is exactly what scenario design 

aims at. It becomes an attainable goal 

by starting with hypothetical basic 

assumptions about the future and lim-

iting the task of giving realistic de-

scriptions to the description of the 

consequences following from these 

assumptions. The above mentioned 

quality criteria for scenario design: 

credibility, consistency, coherence, 

completeness, and plausibility with 

reference to the underlying assump-

tions (see 5) all serve this purpose. 

Designed this way, scenarios are real-

istic only in relation to their underlying 

assumptions. Obviously, scenarios 

then can become the more realistic the 

more plausible these basic assump-

tions are. 

Accordingly, with respect to the fourth 

hypothesis there are two main ques-

tions open for empirical research: The 

first question concerns the role of sce-

narios for generating realistic descrip-

tions of the complexes of cause-effect 

relationships of which the alternate 

possible future realities of a new tech-

nology might consist. However, the 

scenarios’ descriptions – even if they 

internally are highly realistic – might 

remain an intellectual game as long as 

their underlying assumptions are 

deemed unrealistic or unsubstantiated. 

Since scenarios by focusing on specific 

future technological applications are 

down-to-earth versions of future con-

cepts this should be helpful for staying 

realistic also with respect to the sce-

narios’ underlying assumptions. Thus, 

the second question concerns the suit-

ability of scenario design for support-

ing the development of well-grounded 

basic assumptions. 

In the case of prospective technology 

assessment, all recommendations for 

shaping technology have to be derived 

from the assessment of the new tech-

nologies as they are pictured by tech-

nological future concepts. Conse-

quently, the quality of the recommen-

dations depends on the quality of the 

future concepts used to develop them. 

Since scenarios allow for realistic and 

coherent descriptions, the fifth hy-



40 STI Studies, Vol. 9, No. 1, September 2013: 23-44  

 

 

pothesis assumes that this form of 

future concepts is especially suitable 

as a basis for arriving at well-founded 

recommendations on the shaping of 

future technology. However, actually 

to shape technology on the basis of 

scenarios is a demanding endeavor. It 

requires not only well-crafted scenari-

os for well-reasoned deliberation. Ad-

ditionally, the relevance of the conclu-

sions drawn from the scenario as-

sessment depends on effectiveness of 

the underlying scenarios as patterns of 

orientation within the context of re-

search and development. As argued 

above, only by influencing the 

thoughts and actions of the actors 

involved technological future concepts 

are of any relevance for innovation 

processes. Consequently, only the as-

sessments of scenarios which are in-

fluential in this way allow to generate 

recommendations of relevance, if the 

aim is to shape technology. Thus, a 

further prerequisite of assessing sce-

narios with the aim of shaping tech-

nology is, as stated in the fifth hypoth-

esis, that there is sufficient similarity 

between the TA scenarios and the sce-

narios of the researchers and engi-

neers. It has to be explored empirically 

under which circumstances scenarios 

or other specific forms of technological 

future concepts provide epistemic ori-

entation both in the context of re-

search and development and in the 

context of prospective technology as-

sessment. The resulting findings might 

show if and how such future concepts 

provide the means to bridge the gap 

between technology development and 

technology assessment. 
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