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Choice over Uncertainty and Ambiguity in Technical

Problem Solving^
Stephan Schrader, William M. Riggs and Robert

P.

Smith

Technical problems are solved under uncertainty and ambiguity.
empirical research in technical problem solving has two characteristics in

Most

common: no

between uncertainty and ambiguity is made, and the degree of
is considered exogenous to the problem-solving process.
This paper argues, first, that uncertainty and ambiguity are dissimilar concepts,
thereby following ideas proposed by the recent literature. Problem solving under
ambiguity involves fundamentally different tasks than problem solving under
uncertainty. Consequently, different organizational structures are appropriate and
differentiation

uncertainty or ambiguity

Second, it is argued that levels of uncertainty
and ambiguity are not exogenously given but rather are determined in the problemframing process. In this process, problem solvers select explicitly or implicitly
specific levels of uncertainty and ambiguity. This choice is contingent on context
characteristics such as prior problem-solving experiences, organizational context, and
available resources. It is proposed that the efficiency of the problem-solving process
and the outcome of the process depends on the fit between the levels of uncertainty
and ambiguity chosen and the context characteristics. Implications of the proposed
framework for research on communication gatekeepers and on the role of top
managers in technical change are discussed.
different types of resources needed.

KEYWORDS:

Problem solving, problem framing, technology management,
uncertainty, ambiguity

INTRODUCTION
Research on problem solving, especially on technical problem solving, has
addressed the effects of ambiguity and /or uncertainty on the problem-solving
process (Marples 1961; Sutherland 1977), the interplay between
uncertainty/ambiguity and organization structure (Marquis and Straight 1965;
Lawrence and Lorsch 1969; Larson and Gobeli 1988), and the need for different
communication channels under different uncertainty/ambiguity conditions
(Tushman 1978; Tushman and Nadler 1980; Allen 1984). Most empirical work on
technical problem solving has two characteristics in common. First, no explicit
distinction between uncertainty and ambiguity is made; the two concepts are used as
if they were interchangeable although the literature provides several frameworks to
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distinguish between them. Second, uncertainty and ambiguity are considered
exogenously given variables, variables managers must react to.
In this paper, we argue that uncertainty and ambiguity are dissimilar

concepts^ and that technical problem solving may involve both uncertainty and
ambiguity. Recognizing the difference between uncertainty and ambiguity is
important since the two concepts relate to different problem-solving processes,
requiring different kinds of organizational support. In addition, we propose that
viewing uncertainty and ambiguity as exogenously given variables is a
misrepresentation of the problem-solving process. We argue that one core task in
problem solving is the choice of the problem's uncertainty and ambiguity levels in
the process of problem framing. Thus, levels of uncertainty and ambiguity are not
exogenously given, but are the results of explicit or implicit choice. This choice is at
least partly contingent on the situational context. We propose that the efficiency of
the problem-solving process and the outcome of this process depends on the fit
between the uncertainty and ambiguity levels chosen, the resources available, and
the organizational context.

Technical problem solving is central to the management of technology and
innovation. The notion that uncertainty and ambiguity are selected in the problem-

framing process affects our understanding of such problem solving.

It is

important

on this selection process, since this is the p)oint at which the nature
the subsequent problem-solving process as well as its potential outcome are

to focus attention

of

determined

to a great extent.

By viev^ng uncertainty and ambiguity

as exogeneously given, a crucial

A notion underlying most current
towards technical problem solving is that both the problem and the set of
possible solutions are always in flux thus contradicting the assumption of the
objectively correct problem definition. It is more and more taken for granted that any
given technical solution is not the "final" solution, but that improvements are always
feasible. This requires a continued willingness of problem solvers to question current
assumptions and solutions thereby reintroducing ambiguity and uncertainty into
aspect of the problem solving process

is

neglected.

strategies

—

—

the process.

Individuals and companies vary widely in

how

they approach apparently

similar technical problems, suggesting that there are indeed dimensions of choice in
the framing of these problems

outcomes also

(Bums and

Stalker 1966;

Qement

1989).

The

fact that

differ greatly implies that framing choices matter.

UNCERTAINTY AND AMBIGUITY
The concepts

ways

of uncertainty

and ambiguity have been defined in a number of
depending on the nature of the research

in the organizational literature,

question being addressed.

In this section

Similar arguments are

made by,

Einhom and Hogarth

1986; Martin

for

we

will briefly

review these definitions.

example, March 1978; McCaskey 1982;

and Meyerson

1988.

which we find appropriate for discussing problem solving
environment.
Traditionally, both information theory and decision theory have viewed

and then

offer definitions

in a technological

uncertainty as a characteristic of situations where the set of possible future outcomes
is identified, but where the related probability distributions are unknown, or at best

known

subjectively (e.g. Luce

and

Raiffa 1957;

Gamer 1%2; Owen

1982).

y

(Decision

theory also defines the concept of risk as a special case of uncertainty; that is,
uncertainty with known probabilities, e.g. Shubik 1982. We cirgue below that in
technical problem solving no situations with objectively known probability
distributions exist.)

Organization researchers have built on the above definitions, broadening

them

to

fit

the organizational context. Galbraith (1973) defines uncertainty as the

difference between the information an organization has

and

the ir\formation

it

needs.

This coincides with early definitions of uncertainty provided by researchers on the
psychology of problem solving (e.g. Miller and Frick 1949), as derived from the
mathematical theory of communication (Shannon and Weaver 1949). In both lines of
research, uncertainty is viewed as stemming from a paucity of information.
In an effort to develop specific measures of uncertainty in the context of
organization research,

Duncan

(1972) operationalizes uncertainty as containing three

components:

"(1) the lack of

information regarding environmental factors associated with

knowing the outcome of a specific
organization
would lose if the decision
how much the
were incorrect, and (3) inability to assign probabilities with any degree of

a given decision-making situation, (2) not

decision in terms of

confidence with regard to how environmental factors are going to affect the
success or failure of the decision unit in performing its function."

VuuJl3,,^lf.,

two of these components focus on the lack of information, in a manner
similar to the broad definition of (^Ibraith (1973). The third component is similar to
the narrower definitions such as proposed by information theorists and decision
theorists, but emphasizes that participants assign probabilities to outcomes
subjectively, leaving doubt as to the accuracy of these probabilities.

The

first

A common

is that in each case
problem solvers wish to

thread running through these definitions

uncertainty relates to a lack of information. Consequently,

if

reduce uncertainty, they must gather information about variables that are known to
them.
Several authors, however, argue that models of decision making under
uncertainty frequently do not describe adequately real world decision making (e.g.
Conrath 1967; March 1978; McCaskey 1982; Daft and Lengel 1986; Einhom and
Hogarth 1986; Gimpl 1986; Martin and Meyerson 1988). They propose that often
fX5Ssible future outcomes are not identified or well defined, and that there may be
conflict with regard to what these will or should be. These authors maintain that
decision making and problem solving are often carried out under conditions of
ambiguity, rather than uncertainty, where ambiguity is defined as lack of clarity

.^

regarding the relevant variables and their functional relationships (Martin and

Meyerson

1988, p. 112).3

Mental Models and the Distinction Between Uncertainty and Ambiguity

What

is

different

between

a situation that

is

characterized by a lack of

information (uncertainty) and a situation characterized by a lack of clarity
(ambiguity)? We propose that the differences in the mental models used by problem
solvers can help to distinguish more clearly betv^reen ambiguity and uncertainty and
to determine organizational consequences of this distinction. The availability and
precision of the mental models is greater under uncertainty than under ambiguity.
This difference has considerable ramifications for how problems are solved and for
how to manage the problem-solving process.
Mental models guide individuals' behaviors, especially their problemsolving behavior (Mintzberg 1976; Brief and

Downey

1983;

Simon

1987;

Clement

use their information to build mental
1989).^ "In effect, managers (like
apprehensions of how their
synthesized
models of their world, which are implicit
whenever an action is
Then,
function.
organizations and environments

everyone

else)

contemplated, the manager can simulate the outcome using his implicit model"
Mental models determine what is relevant for
(Mintzberg 1976, p. 54).
understanding a specific phenomenon or for solving a problem. A well-defined
mental model implicitly predetermines the relevant solution space for a problem

(Qement

1989).

problem solvers might feel that they know what to
do, what specific information to look for, and what results to strive for. In this case,
the problem solvers have mental models available to them that they consider
adequate for the problem. This model demarcates the boundaries of the problem and

When

facing a problem,

identifies the spiecific tasks necessary to solve the problem.

Alternatively,

problem solvers might think they do not yet have a "good

grip" on the problem. This would imply an inability to decide on the problem scope,
to define the tasks involved, to discriminate relevant from irrelevant inputs, or to

words, problem solvers perceive no adequate
model of the problem structure to be available. They must find or create an
appropriate model as part of the problem-solving process.
identify desired outcomes.

In other

problem solving under uncertainty The
uncertainty is created by the problem solver not yet knowing the precise
characteristics of the outcome of the problem-solving process. If the outcome were
known a priori, this would not be a case of problem solving. But the problem solver
has, in his or her view, a sufficiently dear understanding of the problem structure;

The

first

situation characterizes

.

Ambiguity relates directly to Daft and Lengel's (1986) notion of equivocality,
which they define as "...ambiguity, the existence of multiple and conflicting
interpretations about an organizational situation."
Other terms for the same concepts are frames (Goofman 1974), interpretive
schemes (Giddens 1984; Gash and Olikowski 1991) and cognitive maps (Bougon,
Weick and Binkhorst 1977).

he or she possesses a mental model that guides the problem-solving process. The
problem-solving process involves specifying the precise values of the variables of the
mental model. The informational needs are well defined.
i.e.

The second situation characterizes problem solving under ambiguity
Ambiguity exists because the problem solver is not yet satisfied with his or her
understanding of the structure of the problem and consequently of the problemsolving process. The problem solver does not have a mental model available that is
considered adequate to guide problem solving behavior. If the problem solver
.

perceives such a lack of understanding, first steps of the problem-solving process will
relate to the determination of a mental model to guide problem solving activity.

Two

levels of ambiguity can be demarcated. The first level refers to a
which the problem solver takes the set of relevant variables as given.
However, he or she perceives ambiguity in regard to the relationship between the
variables and the problem solving algorithm. The second level refers to a situation in
which not only the functional relationships and problem solving algorithms but also
the relevant variables are seen as in need of determination. Thus, uncertainty and

situation in

ambiguity can be distinguished
Uncertainty:

Ambiguity

level

way:

Characteristic of a situation in which the problem solver
considers the structure of the problem (including the set of
relevant variables) as given, but is dissatisfied with his or her
knowledge of the value of these variables.
1:

which the problem solver
considers the set of potentially relevant variables as given.
The relationships between the variables and the problem
Characteristic of a situation in

solving

Ambiguity

in the following

al gorithm

are perceived as in need of determination.

level 2: Characteristic of a situation in

which the set of relevant
variables as well as their functional relationship and the

problem

solving

algorithm are seen as

in

need of

determination.^

The Difference Between Uncertainty Reduction and Ambiguity Reduction
Problem solving is frequently characterized as a process of uncertainty
and /or ambiguity reduction (e.g. Sutherland 1977). It follows from the definitions of
uncertainty and ambiguity provided above that the processes of uncertainty
reduction and ambiguity reduction must be distinct and qualitatively different in
structure, content and approach.
Uncertainty reduction is the process of gathering information relevant to the
variables defined wathin one's mental model. The problem solver has a model that he
or she considers adequate to the problem. This model corresponds to an integrated

The

set of assumed relationships between variables reflects the problem solver's
understanding of the structure of the problem. The problem-solving algorithm
relates to how this understanding is to be used for problem solving.

—

conception of all relevant factors and their functional relationships. Problem solving
involves gathering information relevant to this model and integrating this
information according to the assumed functional relationships.
Reduction of ambiguity is the process by which a model considered to be
appropriate to the problem is found or developed. Ambiguity, as we have seen, is
the state in which the problem solver feels that he or she does not know what the
relevant variables

and

their functional relationships are.

It is

lack of clarity in a

Constructing a model to specify the relevant variables and the
relationships between them is a creative process requiring rethinking of inputs,
processes, and outputs. Thus, ambiguity reduction is inherently less structured and
less predictable than uncertainty reduction.

problem

situation.

The difference between these two processes implies
different tasks.

In the case of uncertainty reduction the

that they involve

key tasks are information

gathering and integration. In the case of ambiguity reduction, the tasks are model
building, negotiation, problem framing, evaluating and reframing, and

model

testing.

THE CHOICE OF UNCERTAINTY AND AMBIGUITY LEVELS

We

suggest that no a priori criterion exists for determining the degrees of
is contrary to most
of the discussion of uncertainty and ambiguity found in the literature, where it is
uncertainty and ambiguity of a specific problem. This proposition

assumed

that the levels of uncertainty and/or ambiguity in a given situation are
exogenously given. We propose that, contrary to this assumption, uncertainty and
ambiguity are not exogenous to the problem solver, but rather that the relevant levels
of uncertainty and ambiguity are determined in the problem-framing process. In
addition, we argue that since uncertainty and ambiguity refer to different attributes
of a problem solver's framing of a situation, the two concepts cannot be placed on a
single continuum.

Subjective Determination of Uncertainty and Ambiguity

The proposition that no externally given, ex ante definable levels of
uncertainty and ambiguity exist will be developed and illustrated using the
prediction of heads or tails in a coin toss. The problem of tossing a coin and
predicting the outcome is usually regarded as a problem of known risk, i.e. of a

known

is this necessarily the case? The person tossing a
assume that heads and tails are equally likely, following the tradition of
most textbooks on statistics. Nobody, however, can know this with certainty at
least if one subscribes to a theory of knowledge following the tradition of critical
rationalism as laid out by Popper (1968; 1972). Another possibility is that the person
assumes heads and tails occur in a fixed but still unknown ratio and may decide to

probability distribution. But

coin might

use Bayes' theorem to reach a better estimate of this ratio. In this case, the problem
solver would frame the problem as one of uncertainty. He has decided on what
variables to consider relevant (i.e. occurrences of head and tails in trial tosses) and

has

and

made assumptions

regarding their general functional characteristic

(i.e.

heads

an independently set ratio) and thus can collect information
regarding these variables. However, another alternative exists as well: the player
tails

occur

at

may reject the propositions that the game is fair or that the ratio is constant. He
could decide to attempt to determine factors that affect the outcome distribution. He
therefore might strive to determine variables likely to influence the outcome. In this
case, the player creates ambiguity regarding the problem structure.
He may
investigate whether the coin

is bent or has any physical defect which produces a bias.
exj^eriment to determine whether the way the coin is thrown has an
influence on the outcome. Or he may consider the possibility that the coin might
sometimes land on its edge, thus introducing another outcome possibility. In other
words, the player (or problem solver) must choose the scof>e of the problem and
thereby the levels of uncertainty and ambiguity involved.

He may

Two conclusions
The

can be drawn from

this

example:

(known probability distribution)
and uncertainty (unknown or subjective probability distribution) is not helpful in the
context of problem solving. The problem solver never knows with certainty if an
objective probability distribution exists and what the precise characteristics of this
(1)

distribution are.
to decide

/

*^

traditional distinction

He can

on what

between

risk

at best estimate those characteristics— in other

words, he has

to consider a useful representation of reality.

(2) The scope of the problem and the range of potential outcomes are selected
problem-framing process. This conflicts with the traditional view that the
levels of uncertainty and ambiguity are objective characteristics of a given problem.
As the example shows, the problem solver has control over what elements of the
problem to consider uncertain and what as ambiguous. (However, the example also
shows that frequently problems are predefined by our conventional understanding.
Most of us will have learned in school to see tossing a coin as a problem of known
risk 50:50. And in most cases, this assumption serves us well. Some well-trained
gamblers, however, might be more careful, either considering the distribution as
uncertain or even assuming that the tosser of the coin can influence the outcome.
And again, this different approach to framing the problem might serve them well.)
The second conclusion has particular relevance in technological problem
solving, since the technical scope and the characteristics to expect of the outcome (for
example, which technologies to use in development and what pjerformance to expect

in the

—

new

product) are not known a priori. The organizational context frequently
induce its members to frame problems as problems in uncertainty rather
than ambiguity, thereby limiting the possible solutions to the ones that fit within
existing mental models (Schon 1967; Henderson and Clark 1990). Conversely, some
R&D environments appear to provide little incentive to reduce ambiguity, thus
fostering technical wandering and corresponding missed schedules as well as high
development cost (McDonough and Leifer 1986). Thus, it is of central importance to
understand and manage the process of choosing the levels of uncertainty and
ambiguity in technological development.
of a

seems

to

v

8

The Uncertainty/Ambiguity Matrix

We suggest that a problem solver decides in the problem-franung process on
both the level of ambiguity and the level of uncertainty involved. In other words,
ambiguity and uncertainty are not concepts on the same dimension. Ambiguity
reduction and uncertainty reduction relate to different aspects of the problem-solving
process. Whereas uncertainty reduction refers to the deternunation of the value of
variables, ambiguity reduction relates to the determination of the set of relevant
and of underlying relationships.
problem may be framed so that it contains, for example, a high degree of
uncertainty and a low degree of ambiguity. But it is also conceivable to frame a
problem such that it contains a low degree of uncertainty and a relatively high degree
of ambiguity. The following figure 1 illustrates the di^erent imcertainty-ambiguity
combinations. (Since it is not pwssible to have certainty about the variable values
without knowing which variables are or might be relevant, the combination of low
uncertainty and level 2 ambiguity does not exist.)
The following discussion illustrates how the same problem may be framed
using different combinations of uncertainty and ambiguity. For this example it is
assumed that a production manager (the problem solver) is faced with the problem
of planning the production program for a semiconductor manufacturer. Suppose
variables

A

that over the past year the process for the production of

specific plant

semiconductor chips

in this

had an average yield of approximately 507o (not uncommon

for a

complex microchip product requiring many precision steps in its manufacture), with
weekly values from as low as 40% to as high as 60%. The production manager can
frame his task in many ways, thereby placing it in different positions on the
uncertainty-ambiguity matrix.

Case

The production manager can choose

1:

to regard this yield as

an

may consider appropriate, for example, a
rule such as always producing twice as much as needed.

inherent characteristic of the process and he

simple production planning
In this case, the

manager considers

all

variables necessary for solving the

problem

to

has a clear understanding of what procedure to apply to perform
the task. Thus low ambiguity and low uncertainty prevail in his problem framing.
Once the problem is framed in this way, he needs only to apply the chosen algorithm.
Case 2: Alternatively, the production manager may have, in his own view, a

be

known and he

sufficiently

good understanding

of

what drives production

yield. In other

words, he

considers the relevant variables (but not their values) to be known and their
functional relationship as satisfactorily well understood. However, as long as he
does not know the value of these variables, he faces a problem of high uncertainty
and low ambiguity. Instead of taking the 50% average yield as the only relevant
information, he may, for example, gather information on the quality of the
photoresist from various suppliers, on the technical complexity of the semiconductor

chips to be produced, and on

who

will

be running the production line

9
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investigating these relationships and of finding appropriate algorithms that can be
employed to predict future yield and to plan production runs accordingly.
Case 4: Here the production manager thinks he knows sufficiently well
which variables are important, but the understanding of the functional relationships
between these variables and of the variable values is not considered adequate. In our
example, adequate measures of photoresist quality, chip complexity and operator
skill must be found in addition to determining the relationship between these
variables and output yield.
Case 5: As the final alternative, the production manager may decide that he
does not have an adequate understanding of the underlying problem structure, that
his task is to identify the relevant variables as well as the functional relationships. In

addition to resist quality, chip complexity and operator skill, he might search broadly
for other variables influencing yield, considering, for example, room temperature,
particulate levels, humidity, or other factors.
their values are also

Because the variables are unknown,
This type of problem

unknown and must be determined.

solving requires both ambiguity and uncertainty reduction.

As

example shows, several alternatives can exist for framing a problem,
it in a different iX)sition on the uncertainty-ambiguity matrix.
Ex
ante, no inherently right way can be determined. Ex p>ost, it might be possible to
determine that one way yielded a more desirable outcome than another.
As implied by the arrows on Figure 1, the position of a problem does not
remain fixed on the matrix during the process of problem formulation and solution.
Instead, it will move as the problem solution is developed. For example, the problem
solver may see a problem as ambiguous, and address it by first formulating a rough
model (Einhom and Hogarth 1986; Clement 1989). He or she may then test this
model with a limited data to see if it is helpful. If not, it will be discarded and a new
model tried. If so, the model may be refined and tested further via more detailed
data gathering. In this process the problem's position on the matrix works its way
upward as ambiguity is reduced to a low level by formation of a more and more
satisfactory model, and to the left as data are systematically gathered to reduce
this

each time placing

uncertainty about anticipated outcomes.

Although the position of a problem on the uncertainty-ambiguity matrix is
determined in the problem-framing process, this process does not occur
unconstrained. Rather, as

on the

we

will

argue in the next section, the choice

is

contingent

and the organizational
of uncertainty and ambiguity and the
of the problem solving process and the

situational context, especially the available resources

context.

The

fit

between the chosen

levels

situational context affects both the efficiency
characteristics of the

outcome.

CONTINGENCY OF THE CHOICE
Throughout the earlier sections of this article, the argument has been put
forward that a task is not characterized ex ante by specific levels of uncertainty and
ambiguity, but that problem solvers decide in the problem-solving process on the
uncertainty-ambiguity levels. In this section, we propose that this decision is
contingent on the problem solver's prior problem solving experiences, on the

11

organizational context, and on the available resources. We suggest testable
propositions which illustrate how the choice of uncertainty and ambiguity levels
affect and are affected by the problem-solving process.

Prior

Problem Solving Experiences

Problem solving behavior

is

strongly influenced by past experiences.

Successful problem solving leads to a reinforcement of the models used and to a

reduced likelihood of challenging these models (Schon 1%7; Nelson and Winter 1982;
Hannan and Freeman 1984). Failure, on the other hand, encourages reconsideration
of the models being used (Hedberg 1981; Tushman and Anderson 1986; Anderson
and Tushman 1990). To challenge a model used previously for solving an apparently
similar problem implies that the problem solver introduces ambiguity into the
problem-solving process by questioning existing assumptions about which variables
are important and about how they relate to each other.
In the context of investigating organizational learning, Levitt

and March

(1988) argue in a similar vein that organizational routines change in an incremental

response to feedback about how the outcomes of these routines compare
Consequently, prior problem-solving success with
problems that are pierceived as isomorphic or related in nature will lead to problem
framing that involves little ambiguity.

manner

in

to the actors' levels of aspiration.

Proposition 1

a:

Problems will be framed with low ambiguity if the problem
solver has successfully solved apparently isomorphic or
related problems previously.

At the same time, prior success reducing uncertainty regarding core variables
an apparently similar problem reconfirms the belief that such uncertainty is
reducible, thus favoring a problem understanding that involves uncertainty with
respect to the same or similar variables. For example, assume the semiconductor
plant production manager in the illustration above had, on a previous job
assignment, improved the precision of a production forecasting model by including
and measuring worker experience, product complexity and photoresist quality.
Given these circumstances, when facing an apparently like problem he will be more
inclined to simply reuse the model (i.e. little ambiguity) and to concentrate on
in

determining the variables as precisely as pxjssible (i.e. high uncertainty). In other
words, his prior problem solving success will predispose him to seek more detailed
values for the variables than if he had not measured them successfully in the past.

Proposition lb:

High uncertainty will be accepted if the problem solver has
successfully reduced uncertainty in apparently isomorphic
problems previously.

12

Organizational Context

Empirical evidence suggests that the organizational context greatly
influences problem perception and problem framing.

example, have described
ability to pierceive

literature

how

problems

Bums and

Stalker (1966), for

different organization structures foster or hinder the
in a

on the management

new

light

and to generate fresh solutions. The
and the literature on organizational

of technology

change provide evidence for the impact of contingency variables such as
organization structure (Marquis and Straight 1965; Allen and Hauptman 1987), rules,

norms and work patterns (Nelson and Winter 1982; Levitt and March 1988, Levinthal
1992), and status and political systems (Bums and Stalker 1966) on the ability of
organization members to frame problems in new ways. As long as the organizational
system is such that it exerts considerable control over the models individuals are
willing or able to use, problems are more likely to be framed as uncertain rather than
as ambiguous. Such control can be explicit, for example through rules governing the
problem-solving process, or it can be implicit through such characteristics as a strong
socialization process inducing individuals to perceive and solve problems in a
predetermined way. Broadly, it can be argued that an organic organization structure
as described by Bums and Stalker exerts less control and thereby induces individuals
to frame problems with a relatively high level of ambiguity.

Proposition

2.1:

Organizational environments that exert considerable control

over their members favor problem framing with

little

ambiguity.

Such a directional proposition cannot be put forward for the relationship
between organizational control and the accepted levels of uncertainty. It can be
proposed, however, that problem solvers have less discretion regarding problem
framing in environments that exert considerable control over participants or
outcomes. For example, in the context of a research contract, the contracting agency
might prespecify certain variables. This externally imposed problem definition
restricts the researcher's latitude to choose the problem structure. Similarly, one
individual's framing choices may also be affected by framing choices of other
members of the organization especially if several pjersons are assigned to work on
the same or on supposedly interdependent problems.
The existence of apparently conflicting and irreconcilable information is
frequently at the root of an ambiguous problem framing (Kosnik 1986; Meyerson and
Martin 1987).
However, organizations have the tendency to prevent such
information from disseminating freely. Information filters often inhibit the flow of
information that contradicts existing expectations (Henderson and Clark 1990). In
addition, even if conflicting information is available within an organization, the
struchire of the existing information channels may not link the problem solver to this
information. For example, an engineer working in one R&D group might not learn
about recent discoveries by another R&D group that would impact the way she
frames her problem. Already Bums and Stalker (1966) provided evidence showing
how lateral communication networks foster the communication of information that is

—

13

Consequently,
outside the direct realm of the problem solver's expertise.
communication networks that provide problem solvers with only a few linkages and
that do not link different areas of expertise through horizontal linkages will inhibit
individuals from receiving conflicting information and thereby will favor problem
solving within the boundaries of accepted models.

Proposition 2.2 aKTommunication networks that provide few horizontal
communication linkages inhibit the reception by the problem
solver of apparently conflicting information. Such a lack of
conflicting information will foster problem framing that
involves

The structure

of

little

ambigiiity.

communication networks serves as an indicator

difficulty of acquiring different types of information (Yates 1989).

may be

Some

for the

information

Problem solvers will tend to concentrate their
on those areas in which information is attainable, as long as
they consider the problem's solvability in the problem framing process. If, for
example, existing communication networks in an engineering group provide
engineers with ready access to specific kinds of information (i.e. computer links to
technical databases) they will tend to frame their problems so that the available
easier to access than other.

problem solving

efforts

information can be of help.

Proposition 2.2 b:

High uncertainty will be accepted primarily in those areas in
which existing communication networks support the
acquisition of information.

Resources

Problem solving requires resources including
and material resources. These resources have

time,

human

problem-solving

(Zhi the one
hand, they are prerequisite for the problem-framing process and the subsequent
processes of uncertainty and ambiguity reduction. On the other hand, they may limit
the amount of ambiguity problem solvers are willing and/or able to inject into the
problem-solving process, especially if the value of some resources depends on the
problem solver's choosing a specific problenvsolving approach.
Resources can differ greatly in the extent to which they favor specific
problem-solving approaches. Some resources esp>ecially time and money are by
themselves not solution-specific. Other resources, however, lose their value if they
are not used in the context of a specific problem-solving approach. These resources
we characterize as solution-specific. For example, in the semiconductor process
illustration, an analytical instrument for measurement of the quality of the
photoresist may be specific to that particular material and not usable for other

skills,

—

a double nature.

—
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(The distinction between solution-specific and non-solution sf)edfic
isomorphic with Teece's (1985) notion of spiecialized and generic assets).

applications.

resources

is

The

amount
body of

and resources impacts both the
and the degree of uncertainty framed into a problem. A large
on decision making suggests that decision makers tend to prefer

availability of solution-specific skills

of ambiguity
literature

solutions that utilize existing assets or continue pjast investment patterns

—even

if

the

outcome is to be suboptimal (i.e. Staw 1976; Fox and Staw 1979; Samuelson
and Zeckhauser 1988). Building on this stream of research, the following general
tendency can be postulated regarding problem framing.
resulting

Proposition

The availability of solution-specific problem-solving skills
and resources biases problem solvers toward framing the
problem so that these skills and resources can be employed

3.1:

in the problem-solving process.

The existence of solution-specific skills will hinder most individuals from
framing problems with such a degree of ambiguity that their existing skill set might
not be applicable. Academic disciplines, for example, provide solution-specific skills
which may prevent those trained in these disciplines from considering knowledge
acquired by other fields as relevant to their problems or even from questioning the
assumptions of their own field (Kuhn, 1962; Latour, 1987). A similar argument holds
for the availability of other solution-specific resources. For example, a chemical
research laboratory that has invested in a supercomputer will be likely to favor
molecular modeling using the computer over considering more extensive laboratory
bench experimentation. The availability of specialized resources limits greatly the
degree of ambiguity problem solvers are willing to accept. Ways of framing the
problem which will lead to solution strategies that do not utilize the available
specialized resources are likely to be neglected.

Proposition

3.1

a:

The
skills

availability of solution-specific problem-solving

and resources induces problem solvers

to restrict

the range of acceptable ambiguity.

Uncertainty reduction, on the other hand, frequently requires solutionand resources, such as specific measurement instruments. The
availability of such resources implies that problem solvers will tend to be familiar
with the specific methods of obtaining information and that they will tend to know
how to value and use this information based on prior experience. Consequently,
they have an incentive to frame problems in such a way that uncertainty can be
reduced substantially by use of these resources. Allen (1966), for example, describes
a case in which a research team's solution strategy is greatly influenced by the
specific skills

availability of a specific

measurement resource,

in this case a

wind

tunnel.
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The

Proposition 3.1 b:

availability of solution-specific problem-solving

skills

and resources induces problem solvers

to accept

greater uncertainty in those areas in which uncertainty

can be reduced by applying these

skills

and resources.

The availability of non-solution-spiedfic resources and skills is a prerequisite
pursuing problem-solving approaches novel to the problem solver. In the
absence of sufficient non-solution-specific resources, problem solvers may refrain
from framing problems such that a need for ambiguity reduction exists. For
example, the above described manager of the semiconductor manufacturing process
may accept the historic yield data as a good predictor for future yield data simply
because he does not have the time to explore the yield problem further. On the other
hand, the provision of unrestricted research funding is often stimulus enough to
challenge p>ast convictions. This is, for example, one of the underlying assumptions
behind unrestricted grants such as the MacArthur Fellowships in academia. Similar
logic underlies the 3M Corporation's well-known policy of allowing researchers up to
15% of their time to pursue problems outside their officially assigned research
program.
for

Proposition

3.2:

The

may

availability of non-solution specific skills

and resources

induce problem solvers to frame a problem as

containing reducible ambiguity.

Finally, the personalities of the

problem solvers themselves can be viewed as

Empirical evidence exists suggesting that individuals differ greatly in
their pjersonal disposition to accept ambiguity in the problem-solving process (e.g.
Kirton 1976; Foxall and Payne 1989). Kirton states, "...it has been observed that
among managers advocating particular changes are some men who 'fail to see
a resource.

marked as 'men of ideas,'
implemented" (Kirton 1976, p.
628). Such differences in the personal predisposition of problem solvers will also
influence their choices of uncertainty and ambiguity levels.
possibilities outside the accepted pattern' while others are

who

fail to

exhibit a knack for getting their notions

Proposition

3.3:

Given the same organizational context and similar prior
exjjeriences and skill sets, individuals nevertheless differ in
how much ambiguity and uncertainty they allow to enter
into their problem-solving processes.

EFHCIENCY AND OUTCOMES OF PROBLEM SOLVING
So

far

of uncertainty

we have argued

problem is not characterized by inherent levels
and ambiguity, but that the problem solver chooses the uncertainty
that a
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This choice, we have
we suggest that the fit
between the situational context and the choice of uncertainty and ambiguity levels
has predictable consequences for the efficiency and nature of outcomes of the
process. This results from uncertainty and ambiguity reduction being different
processes and thus placing different requirements on the organizational context and
on the necessary resources.

and ambiguity
proposed,

is

levels in the

embedded

problem-framing process.

in a situational context.

In this section

Efficiency

Problem solving under uncertainty

is characterized by the availability of
problem. These mental models specify the
relevant variables and their functional relationships. Problem solving consists of
gathering and integrating information required by the models. In other words, the
models determine which information is needed and how to integrate it.
Consequently, the problem-solving process can be specified a priori. The
problem-solving task can be decomposed into well defined subtasks, using such rules
as minimizing interdependence between separate tasks (Hippel 1990). Smith and
Eppinger (1991) demonstrate that the Design Structure Matrix can be used to
structure a well-understood design task consisting of several interdependent
subtasks so that an optimal task parritioning and ordering can be determined ex ante.
In other words, the efficiency of the problem-solving process can be increased by a
content-spedfic organizarion of tasks. Content-specific means that the tasks to be
accomplished are described, complete with spjecifications for the tangible results
desired and the inputs needed. In our earlier illustration of the improvement of a
semiconductor producfion process, for example, in case two (uncertainty reducrion),

mental models considered adequate

to the

the manager would be able to specify a program wherein photoresist quality, chip
complexity and operator skill would be systemafically measured and used within his
model to improve his prediction of weekly output.
Since the tasks are definable in situahons of uncertainty, it is possible to
describe precisely the content of specific roles that need to be fulfilled in order to
complete the problem-solving task. Job descriptions that define the content of tasks
associated with the job are possible. In the illustration above, the manager knows
precisely what to measure, and can construct a detailed project plan and assign welldefined tasks to his staff and specify expjected outputs. Sinnilarly, connmunicafion
networks can be structured that support the problem-solving process. Project
boundaries can be defined and interfaces specified. Consequently, it is possible to
control the content of the problem-solving process using measures that can be
defined before the actual problem solving commences. In short, the problem-solving
process can be structured and controlled by employing well established approaches
such as described in Frank (1971) and in Newman (1973). An appropriate
organizafional structure for this kind of activity will tend to show the characterisfics
of a mechanistic organization as described by Burns and Stalker (1966). It is
interesting to note that this holds true even if the variance of future states of the
world is high (i.e. low predictability in a statistical sense) as long as there is clarity
about the information needed and how to use the information.
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Proposition 4.1

a:

Uncertainty reduction
structure

is

best supported

by

content-specific

and control measures.

This situation differs strongly from problem solving under ambiguity.
Problem solving under ambiguity involves the construction and validation of
models. The individual tasks are not known a priori, although the process for
finding a solution (such as the basic scientific method) may be well understood
(Simon 1978; Simon 1979). Consequently, only the process and not the content of the
problem-solving task can be managed. The inability to define the problem-solving
content becomes apparent when one investigates the task definitions of projects that
are seen as involving a high degree of ambiguity. Typical task descriptions are
"understand market needs", "define desirable product characteristics", "develop a
conceptual design", and "design and test prototype". These descriptions, although

meaningful, do not allow identification of the content of what is being develojjed.
refer to the process and not to the substance of the task.
Because ambiguity implies that it is still unclear what the content of the
problem-solving tasks will be, roles can be described in general terms only. Roberts
and Fusfeld (1981), for example, define the roles needed for new-product

They

development projects as idea generating, championing, project leading, gatekeeping,
and sponsoring. Again, these roles refer to the problem-solving process and not to
the problem-solving content. Tight managerial control of the problem- solving
process in regard to content issues is not possible. Only the process by which the
problem solver searches for an answer to the problem and the functionality of the

outcome (i.e. market success) can be planned and measured. Management tasks will
be primarily to facilitate both communication and creativity while providing an
overall context to assure that solutions are compatible with organization goals
(McDonough and Leifer 1986). In sum, a common characteristic of the above-

described measures for managing this typ>e of problem-solving activity is that they
are to an important degree independent of the problem-solving content. We
consequently characterize them as content-independent, and offer the following
proposition:

Proposition 4.1b: Ambiguity reduction is best supported by contentindependent structure and control measures.

In sum, organizational characteristics and measures that best support
uncertainty reduction are different from those which best support ambiguity
reduction. An environment that is conducive to uncertainty reduction is not

necessarily suitable for a process geared for ambiguity reduction, and vice versa.
This implies that either the problem framing should be matched to the organizational
environment or the organizational environment adjusted to the type of problem

framing desired. Without such an adjustment an inefficient problem-solving process
is

likely to result.

In addition to the fit between organizational context and problem framing,
the resources available for the problem-solving process need to be compatible with
the way the problem is framed. To frame a problem as calling for uncertainty
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reduction implies that resources will be needed that are probably similar to the ones
that

have been used

for previous problem-solving activities.

These previous

experiences are frequently at the root of solving a problem along well established
paths (i.e. of reducing uncertainty) rather than of trying to find new paths (i.e.

ambiguity reduction).

Proposition 4.2

a:

For an uncertainty-reduction process to be efficient, the
problem solver will need resources of a type that tends to be
already available in the organization.

Consequently, the resources needed will either tend to be available within
the organization or they can be obtained relatively easily using existing acquisition

channels and

skills to

access them.

if the problem is framed to include ambiguity, resources
be needed that have not been employed in the past. For example, the problem
solver might want to see whether a chemical process can achieve what has previously
been accomplished mechanically. Consequently, chemical skills would be needed in
addition to the mechanical skills that have been brought to bear in the past. To
supply the problem solver with resources and capabilities that are outside the
organization's previous exp>erience may pose a challenge. New access channels and
skills for evaluating the properties of such resources and for acquiring them might be

(Dn the other hand,

may

required.

Proposition 4.2 b:For an ambiguity-reduction process to be efficient, the
problem solver will need resources of a type that tends not
yet to be available in the organization.

If

the resources available to the problem solver

do not match

way

problem

and the organizational

framed, the problem-solving process is
likely to be inefficient. If ambiguity is created that cannot be reduced, confusion and
frustration may result. Similarly, if uncertainty is generated without the problem
solver having available sufficient resources to provide the possibility to reduce this
uncertainty, costs wall be incurred due to the prolongation of the problem-solving
process. Thus, the fit between resources, organizational context and the chosen levels

context

of uncertainty

Outcome

the

and ambiguity

the

is

is

a prerequisite for efficient problem solving.

Characteristics

Problem framing not only has consequences for the efficiency of the
subsequent problem-solving process, but also strongly influences the characteristics
of the problem-solving outcome. Recent detailed studies on technological change
demonstrate how radical and architectural innovation require new approaches
towards solving apparently similar problems (i.e. Henderson and Clark 1990). If the
problem framing allows only for uncertainty and not for ambiguity reduction, then
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outcome will be similar to outcomes of past processes.
problem as ambiguous will increase the likelihood of generating

the problem-solving
Similarly, framing a

fundamentally different solutions.

Proposition 5

Problem framing that allows only uncertainty results
primarily in problem-solving outcomes that are similar in
type to fjast problem-solving outcomes.

a:

Proposition 5 b: Problem framing that allows ambiguity may result in
outcomes that are dissimilar in type to past outcomes.

In sumnnary, this section has argued that the levels of uncertainty and
ambiguity chosen in the framing stage of the problem-solving process have
important consequences for subsequent problem-solving activity. To the extent that
appropriate resources are provided, the process will be more efficient. The likelihood
that those resources or the appropriate channels and skills for acquiring them will
already be available in the organization is greater when the levels of ambiguity
included in the problem framing are low. On the other hand, the nature of the
problem solving outcome will more likely differ significantly from past outcomes if
the framing of the problem includes higher levels of ambiguity.

CONCLUSION
'

^

1/

first, that uncertainty and ambiguity are dissimilar
has been proposed that problems are not characterized by
inherent levels of uncertainty and ambiguity, but that problem solvers choose these
levels in the problem-framing process. Finally, it was argued that this choice is

This paper has argued,

c^J
"

—^

concepts.

Second,

it

context-contingent and that the fit between context and the choice of levels of
uncertainty and ambiguity has consequences for both the efficiency of the problemsolving process and for the characteristics of the problem-solving outcome. These
relationships are

summarized

P3, representing propositions

relationships P4

and P5

characteristics of the

in Figure 2. In the figure, the relationships PI,
1,

2

and

3, refer to

P2 and

the contingency perspective, while

relate to the efficiency of problem-solving

and the

outcome.

The choice of the uncertainty and ambiguity levels is an important step in
finding a solution to a technical problem. This choice will affect the potential
solution space, the resources needed, and the appropriate organizational context. In

and important consequences, this choice is often made
based on problem solvers' mental models of reality stemming from their
personal preferences, educational background and experience, superimposed upon
the capabilities, policies and needs of their organizations.
spite of wide-ranging
implicitly,
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nGURE2
Contingency and Efficiency Perspective on the Choice of Uncertainty and
Ambiguity Levels

Resources
•

Skills

•

Personal

•

predispositions
Material resources

Efficiency of problem-

solving process

•Time

\P3

J-

Prior

Choice of uncertainty
and ambiguity levels

problemsolving

experience

P2

/

x:
Organizational Context
Control system
•• Structure
•• Rules, norms, and
wort<patterns
•• Status system
•

•• Political
••
•

Characteristics of

problem-solving

outcome

system

Beliefs

Communication system

Research on the management of technology and innovation has widely
neglected the problem-framing process. No attention has been paid to the choice of
the uncertainty and ambiguity levels. Research has investigated the notion that the
problem-solving process and its structure is contingent on the degree of uncertainty
and ambiguity involved (e.g. Tushman 1978; Larson and Gobeli 1988). This research
has failed, however, to distinguish clearly between uncertainty and ambiguity and to
conceptualize that the relevant levels of uncertainty and ambiguity are endogenously
determined. In most cases, externally ordained criteria for measurement of the
degree of uncertainty or ambiguity in a given problem-solving situation have been

employed. These measures might not coincide with the way the problem solvers
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themselves frame the problem, i.e. how they determine the levels of uncertainty and
ambiguity. In other cases, ambiguity or uncertainty are measured by the perceptions
of mangers who are located at a different organizational level than those whose
problem-solving behavior is studied, again creating the possibility to misjudge the
degree of uncertainty or ambiguity as determined by the problem solvers.

The framework suggested in this papjer is of relevance to all those issues
addressed by research on the management of technology and innovation that are
related to

problem solving.

Two

distinct research streams, research

on the

gatekeeper function in technology transfer and research on the role of top
management in technological change exemplify how the proposed framework
impacts our understanding of technology management.
Research on the transfer of technical infonnation has demonstrated that
gatekeejjers can play an important role in the technology acquisition and
dissemination process (e.g. Allen 1984; Tushman 1978). It did not, however,
consider how gatekeepers frame problems and how their problem framing is
influenced by contingency factors. Using the proposed framework, it can be
speculated that gatekeepers could react in one of two generic ways when addressing
technical problems. They can frame the problem as one of uncertainty reduction or
as one of ambiguity reduction.
This difference in framing has considerable
consequences for the type of information they will seek, for the appropriateness of
different communication channels, and for the resources needed for the uncertainty
or ambiguity reduction process. It also has implications for how the gatekeepers
should communicate their gained knowledge back into the organization.
Uncertainty reduction primarily requires a translation and transfer of information
whereas ambiguity reduction requires in addition a translation and transfer of
frameworks. Depiendent on how gatekeef>ers frame problems, their impact on the
technical progress in their organizations will be vastly different. If they tend to frame

problems as uncertain,
technologies and

skills;

their activities will build
if

upon and help

as ambiguous, their activities

may

to

improve existing

potentially constitute

challenges to current approaches.

As suggested by the framework proposed, the {personal predisposition of
gatekeepers will influence whether they pierceive problems as ambiguous and/or
uncertain. But their choice over ambiguity and uncertainty will also depend on the
organizational setting and the resources available.
This would imply that
organizations can influence how gatekeepers frame problems and thus how they
fulfill their gatekeeper function through the design of the organizational setting and
the resource mix available to gatekeepers. In other words, the ambiguity-uncertainty
framework can help to identify ways to manage the gatekeeper function.
Study of the role of top managers in technological change provides the
second line of research to briefly demonstrate the usefulness of the framework
suggested. Two roles are frequently attributed to top management: to provide
direction and to provide the injfrastructure for change (e.g. Donaldson and Lorsch
1983; Gioia and Chittipeddi 1991; Virany, Tushman and Romanelli, 1992). Several
researchers have suggested that top managers do not fulfill these roles unconstrained
(e.g. Hambrick and Mason 1984; Miller and Toulouse 1986; Harhoff and Schrader
1992). Rather, their decision making is supposedly shaped by persorul exp>eriences,
personality characteristics, and the organizational environment. However, this
research has not yet systematically investigated the way in which these constructs
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top-management decision making. The proposed ambiguity-uncertainty
framework suggests that the contingency variables discussed affect systematically
the degree to which top managers are inclined to frame ambiguity and uncertainty
into their problem understanding. This observation has consequences for the
selection of top managers and for structuring their decision-making environment. In
addition, the framework suggests that the likelihood of success of different framing
choices can be predicted, using the notion that the choice needs to fit resources and
organizational context. Two avenues are available to reach such a fit: Either
adjusting the choice of ambiguity and uncertainty to the environment or adjusting
the environment to the choice. The framework, however, also indicates that these
avenues lead to different outcomes. The first alternative will favor problem solutions
that are related to past solutions, whereas the second one will favor outcomes that
are pxDtentially a break with the f>ast. In addition, the framework implies that top
management can consciously manage problem-framing by their subordinates
through shaping the relevant organizational context and resource mix available.
In general, the proposed framework suggests that research on the
management of technology would benefit from studying the cognitive processes,
esf)ecially the problem framing processes, involved in technical problem solving.
Recent work (Gash and Orlikowski 1991; Orlikowski 1991; Dougherty 1992) indicates
that such research might require a more involved, case-study oriented methodology
than is typical of the mainstream research on the management of technology. The
richness of the problem appears to require a detail-oriented approach, at least until
affect

relevant concepts are better understood.

Research based on the notion that problem solvers have a choice over
ambiguity and uncertainty promises to greatly enrich our understanding of core
problems faced in the management of technology and innovation. Past research in
this field, however, has overlooked the issue of choosing uncertainty and ambiguity.
Problem-solving processes have been studied intensively without paying attention to
problem framing. Past research has been characterized by the tendency to see a
problem and its fundamental structure as given. However, problems and their levels
of uncertainty and ambiguity are not given, but chosen.
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