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Abstract: This paper investigates the iterative process between analytical-and directional solution 
search modes in complex problem-solving. It aims to contribute to the growing stream of re-
search that focuses on the evolution of solution search strategies that underlie the unfolding of 
knowledge-intensive activities in projects. The theoretical departure is the distinction between 
analytical and directional reasoning in solution search. Empirical material is collected from a 
qualitative-case study of design engineering activities in a platform development project at Volvo 
Car Corporation. Personal interviews, project documentation and observations are used to estab-
lish construct and internal validity of findings. Results show that the search for solutions to com-
plex obstacles is more than a monotonic process of representing action-outcome linkages and 
subsequently exploring such beliefs. Synthesized search is discussed as an important mechanism 
for reducing knowledge gaps between errors and their underlying problems, and the subsequent 
discrepance between believed action-outcome linkages. Results are presented through a dynamic 
solution search model illuminating the relationship between three different forms of solution 
search modes: analytical-, directional- and synthesized search.   
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INTRODUCTION 
 

The literature on problem-solving has traditionally conceptualized solution search as a du-

alistic phenomenon (March and Simon, 1958; Cyert and March, 1963; Nelson and Winter, 

1982; Simon, 1991). Various expressions of analytical search modes or directional search 

modes have been “taken-for granted-assumptions” of how to overcome technical, organ-

izational or commercial obstacles in the development of new products or services for in-

stance. Subsequently a dichotomy between “forward-looking forms of intelligence prem-

ised on cognition” and “experiential search and learning offering a form of backward-

looking wisdom” prevails in the literature on problem-solving (Gavetti and Levinthal, 2000 

pp. 113-114). More recently, attempts have been made to nuance and extend this litera-

ture by exploring the relationship between strategy and problem-solving and knowledge-

based activities and innovation capabilities. Nickerson and Zenger (2004) for instance, link 

the choice of problem type to the generation of new knowledge, by arguing that is the 

problem type that determines the type of knowledge interaction required in finding a viable 

solution to a problem. By integrating different types of knowledge, new knowledge can be 

created around the problem to be resolved. Other attempts have been made to nuance 

the concept of problem-solving by making a distinction between problem-framing activities 

and problem-solving activities (see Brusoni, 2005; Vaccaro et al., 2010). Problem-framing 

accordingly, has come to refer to the phase where a problem is interpreted, its basic re-

quirements identified and output goals and evaluation criteria set. Problem-solving is on 

the other hand conceived of as the process involving problem-solvers identification and 

computation of solutions to sub-problems into which the original problem (once framed) 

has been decomposed. Thus the contributions made by prevailing literature have contrib-

uted substantially to the augmentation of understanding of solution search in problem-

solving processes. Nonetheless, they too suffer from a deterministic departure in analyti-

cal and directional search modes as the two dominant approaches towards solution 

search. Consequently the literature still overwhelming covers the phenomenon of solution-

search from a narrow focus. The result is scholarly negligence of theoretical and empirical 

depth of various other expressions of solution-search modes. 

 

An iterative process of solution search drawing upon analytical and directional processes 

is inadequate in problem-solving situations where flexibility, intuition, or improvising is re-

quired (Yakob & Tell, 2009, Yakob 2009). Such contexts are frequently found in the de-

sign and development of complex products or systems, and are characterized by higher 

degrees of uncertainty with regards to designs, technologies or market demands. Com-
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plex artefacts typically showcase emergent complexity (Gershenson, 2002) where a large 

number of elements making up the whole give rise to systemic effects that often are diffi-

cult for problem-solvers to identify, let alone, understand. Consequently the process of de-

veloping complex products or systems has come to be conceived of as a matter of analyz-

ing and resolving problems (e.g. Davis, 2006; Brusoni et al., 2007). Further, problem-

framing and problem-solving activities are rarely studied in conjunction, although these 

two processes are intrinsically intertwined Problem-solving success has been found to be 

dependent on the facilitation of problem-solvers’ ability to understand the detailed linkages 

between possible alternative actions and the possible outcomes derived from such action, 

given the complexity of the problem faced (Gavetti and Levinthal, 2000; Fleming and 

Sorenson, 2004; Nickerson and Zenger, 2004; Gavetti, 2005). It is this search for the un-

derstanding of action-outcome linkages that constitutes the kernel of solution-search. How 

do firms organize solution search in the context of designing and developing complex 

products or systems?  

 

In this paper, the iterative process between analytical search and directional search 

modes used in finding solutions to complex problems is under scrutiny. Focus is on the 

very process by which beliefs about the choice of action and the subsequent impact of 

those actions can reinforce or diminish engagement in further choices of action (c.f Gavetti 

and Levinthal, 2000). This paper aims to contribute to the growing stream of research that 

focuses on the evolution of solution search strategies that underlie the unfolding of knowl-

edge-intensive activities (e.g.Nickerson and Zenger, 2004; Hsieh et al., 2007). It does so 

by taking its point of departure in the distinction between analytical and directional search 

and recent research on the role and influence of abductive reasoning in solution search 

(e.g. Becker and Zirpoli, 2006; Davis, 2006). From these perspectives, solution search fol-

lows an iterative process of theory building (analytical search) and theory testing (direc-

tional search). The paper is organized as follows. First it discusses design as a dyadic 

search for solution alternatives to complex design obstacles. Then, it reports on the em-

pirical data used in this study, the methodology, and the main empirical results. After 

elaborating on the empirical results, the last section presents the results.  

 

DESIGN OPTIONALITY  

 

Herbert Simon (1995) has argued that most of the time spent engaged in design activities 

is geared towards discovering or generating design alternatives. Discovering conse-

quences that will follow when one alternative is chosen over another constitutes a primary 

aspect of this process. As designers, and likewise problem-solvers, become informed of 
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the implications and properties of a chosen alternative, the goals and constraints to be 

satisfied can change as well. This in turn gives rise to new obstacles that require the 

search for new alternative solutions. Consequently, not only alternatives are believed to 

emerge in the course of the design process “but so do the criteria and goals to be fulfilled; 

as goals, constraints and problems are no more fixed elements in design than is anything 

else” (Simon, 1995: 257). The design process also emerges as a process for identifying, 

forming, and solving problems, and a process where all three sub-processes are thor-

oughly intermingled. In this process the choice of final design, i.e. which design solution to 

accept, is in itself made many times, rendering choice a secondary aspect of the design 

process.  

 

By abstracting new knowledge about available solutions through the process of generat-

ing, selecting and combining different design elements, solution to problems can be identi-

fied. In the search for design alternatives, the interplay between given inputs, outputs, 

physical ‘laws’, and the system or product to be created carries particular relevance  

(Davis, 2006). It is this search for combinations of varying variables (input or output pa-

rameters, governing laws, or the system itself) that constitute creating design alternatives. 

All four aspects of search are intermingled to the degree that generating new design alter-

natives unavoidably means generating new goals, criteria, or problems, as discussed by 

Simon. The result is often the unfolding of a number of uncertain constraints that need to 

be managed in the design process. These constraints influence the design task in deep 

and unavoidable ways and have been found to be of both a logical and a physical charac-

ter (Baldwin and Clark, 2000). These constraints in turn make up the backbone of the 

complexity encountered in the design process. The search for solutions to complex design 

problems becomes by definition a non-trivial task.  

 

EVOLVABILITY, SCALABILITY AND PROBLEM COMPLEXITY 

 

Complexity is a function whose value depends on the varying qualitative and quantitative 

values of different elements. As the number of an artefact’s elements, their different state, 

and the number and character of interaction between these elements change, so does its 

complexity (Kaufmann, 1993). A principle attribute of complexity is its evolvable nature, 

something which is manifested in the scalability of the artefact. It is these specific charac-

teristics of evolvability and scalability that comprise the root of complex problems; prob-

lems that are multifarious and dynamic in their manifestation. Given the properties and the 

law of interaction between these elements, the understanding of the whole becomes a 

non-trivial matter. Hence, complex problems are characterized by perplexity with regards 
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to action-outcome linkages, i.e. why and how they come into being. By attempts to inter-

pret the effectuality of quantitative and qualitative changes made to system/artefact ele-

ments, problem complexity can be better understood. Often increased awareness of inter-

dependencies between the elements of an artefact, an awareness which in turn can facili-

tate further searches for viable solutions, result from such attempts.   

 

This growing awareness is made more difficult by increased design spatialization how-

ever.  In complex designs, it is not only individual design elements that can be strongly in-

tertwined within the internal design architecture, but also elements across design architec-

tures (Yakob, 2009). Under such conditions, the innate challenge of finding solutions to 

complex problems stem from the degree of decomposability of the artefact being de-

signed. It is the degree to which activities influencing one part of an artefact can be carried 

out independently from activities carried out on other parts of the artefact that determines 

the level of decomposability (Simon, 1962; 2002). In complex product or systems design, 

degrees of decomposability are much lower than in designs comprised of less disparate 

qualitative and quantitative variables. The opacity of the functional relations of single ele-

ments and the partial understanding of their context-dependent contributions in forming a 

solution to the problem at hand, make solution search in such complex settings challeng-

ing (Marengo et al., 2005). Thus, the more difficult it is to decompose or disaggregate a 

desired artefact into its constituent elements, the more complex will the design task be. 

Problems encountered will be more complex, warranting varied solution search ap-

proaches throughout the design process. The degree of decomposability thus affects the 

degree of complexity, where less decomposable designs give rise to more complex prob-

lems. This in turn can be attributed to incomprehensibility resulting from obscurity of 

meaning. 

 

The antidote often lies in the representation of the problem space, which frames the 

course of relevant actions taken to resolve the problem (Simon, 1996: 108). The illumina-

tion of a problem space can take on a number of different shapes but is often exhibited 

through an artefact’s design architecture (Baldwin & Woodard, 2009; Yakob, 2009). Most 

artefacts, and certainly all man made artefacts, have an architectural design structure. 

Such structures have been found to be hierarchically ordered, irrespective of their simplic-

ity, complexity, size, or physical shape (Vincenti, 1990; Simon, 1995; 2002). The design 

architecture of an artefact is the configuration of its elements in the manner deemed nec-

essary for deriving expected functional output performance. This is a process that involves 

defining functional requirements, map requirements to elements, and describing the inter-

action that takes place between different elements (e.g. Ulrich, 1995; Ulrich and Eppinger, 
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1995). However, interrelations between elements of a complex artefact are unlikely to be 

fully understood, and contradictions are unlikely to be resolved at the initial conception of 

the design architecture (c.f. Clark, 1985). This is due to their logical and physical charac-

ter, which in turn renders them both visible and non-visible interdependencies between in-

dividual artefact elements.  

 

The occurrences of design constraints, in conjunction with the non-feasibility of examining 

all possible design alternatives, constitute a prominent aspect of complex design engi-

neering work. Therefore design often becomes a matter of satisficing, i.e. finding an ac-

ceptable solution, without any aspirations of optimization (Simon, 1975; 1995). The difficult 

thing however, is to know when acceptable solutions have been found. The progression 

towards such an end can be perceived as a search process. In this search process, the 

means and the end are both intrinsically intertwined. A number of choices will inevitably be 

generated as problem solvers search for an understanding of what the artefacts is, or 

ought to be, given the context in which it must function (see Clark, 1985). 

 

DYADIC SEARCH AND CHOICE 

 

Iterating between knowledge domains is an important aspect of problem-solving when un-

structured or complex problems are addressed (Baba and Nobeoka, 1998; Becker and 

Zirpoli, 2006). By integrating formalized basic knowledge of physical laws and technolo-

gies on the one hand and experiential knowledge on the other, structure can be given to 

seemingly unstructured problems. Reiteration between knowledge domains thus allows for 

a gradual development of solution alternatives. Such reiteration can take the form of the-

ory building, creating analytical representations of interrelations between design elements 

(e.g. through the illumination of an artefact’s design architecture) and theory testing, in the 

form of directional search (to understand implications of design choices).  

 

Drawing extensively upon analytical or directional search processes, the interplay and fi-

delity between thinking and doing has been believed to guide (for instance) choice, deci-

sion-making and behaviour. Properties that concern the mode of evaluation of alterna-

tives, the extensiveness of alternatives considered, and the location of alternatives relative 

to current behaviour have been used as a distinguisher between these two approaches 

(Gavetti and Levinthal, 2000). However, within the context of product and systems devel-

opment, recent efforts have been made to challenge this two-folded perception (Brusoni, 

2005; Becker and Zirpoli, 2006; Davis, 2006). One compelling reason for this is that the 

design process is non-monotonic, and thus iteration between analysis and directional 
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search is insufficient to cater for all encountered complexity. This warrant is especially 

compelling when complexity obscures problem-solvers from establishing cause-outcome 

linkages and effects through a priori exercises (e.g. Simon, 1975; Vincenti, 1990; Marengo 

et al., 2005; Brusoni et al., 2007). Consequently how to search for solutions to complex 

problems becomes an important and challenge-riddled aspect of the design process. This 

paper explores both empirically and at the micro-level the search for solutions to complex 

design engineering problems, using an in-depth analysis of platform design engineering 

activities at Volvo Car Corporation.  

 

INVESTIGATING UNFOLDING EVENTS: EMPIRICAL OBSERVATIONS  

 

DATA AND METHODOLOGY 

 

This paper draws on material collected from a qualitative single case-study of the unfold-

ing of platform design engineering activities at Volvo Car Corporation (VCC). Platforms 

are typical examples of complex design architectures (Gawer, 2009; Yakob and Tell, 

2009) and are often made up of a set of components, sub-systems, and interfaces specifi-

cally planned for the purpose of forming a common structure. Although platforms can be 

found across a number of different industries and take different shapes or forms, they 

carry a particular significance in the automotive industry. Within this industry, platforms 

constitute the underlying technical foundation on which a number of different derivative 

vehicles are based. Physically, this platform takes it shape in the under-carriage of vehi-

cles.  

 

The purpose of collecting case material is to explore the organization of solution search 

activities used in problem-solving. The analysis of the collected material aims to distin-

guish between different statements of solution search approaches. The research objective 

is of both a descriptive and explanatory character. The criteria used to determine the 

choice of research design are: 1) recognition of technical complexity involved in platform 

design engineering and that this complexity gives rise to complex problems, 2) the conse-

quent need for observing the unfolding of solution search activities with regards to such 

complex problems, and 3) the need to make informed analysis of problem-solving proc-

esses. Thus a methodological approach serving to account for, and explain, the pattern 

observed, in the process distinguishing between observational, analytical and explanatory 

units, is required (c.f. Ragin, 1987). 
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The challenge of investigating complex problems that express multifaceted traits and 

transformative characteristics necessitates an approach where the content (problem) and 

the process (solution search) can be observed in conjunction. For these purposes, the 

content was operationalized as a technical obstacle that required affirmative action. The 

process is represented by sequences of events that unfold over time in the study context. 

Informed investigation contributes to the comprehension of not only how solution search 

processes unfold, but also of why they unfold in particular manners. These methodological 

implications are significant for both the descriptive and explanatory ambitions of this pa-

per. The case-study meets two significant criteria for the investigation of solution search 

within complex problem solving; (1) the platform artefact is of a complex character, exhibit-

ing high degrees of interdependencies between platform elements (e.g. components, sub-

systems), and (2) problem-solving is an important aspect of the platform  design engineer-

ing process.  

 

Three distinct types of data were employed to establish construct and internal validity (Yin, 

1994) and a stronger substantiation of constructs through triangulation. The first type was 

internal firm documentation in the form of manuals, total project specifications, perform-

ance reports for sub-projects and the project as a whole. These contained notes on les-

sons learned and future points for improvements. This data provided the background in-

formation needed about how work was planned to be carried out, how it was carried out, 

and how it should be carried out in the future. This data played a fundamental role in un-

derstanding the past, present and future of the platform development process within the 

firm.  

 

The second type of data was gathered through personal interviews with participants who 

had a detailed knowledge of the platform development process. The collection of empirical 

material drew upon qualitative open-ended interviews as its primary technique. This data 

was used to explain the utilization of different solution-search modes and their differences; 

when they were applied, how, and when. The interview data was used to establish the 

linkages between solution search modes. A set of 28 interviews was carried out, drawn 

from various levels within the firm (Appendix 1 – Summary of Methodological Techniques 

and Collection of Empirical Material). Empirical material collected at the top management 

level was important for understanding the strategic aspects of platform development work 

and to give an understanding of governing structures in place. Material collected from the 

middle management level was important for understanding the challenges associated with 

complex platform development, both from a managerial and technical aspect.  Empirical 

material collected from lower management levels and at the level of individual engineers 
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was important for understanding the day-to-day challenges associated with solution 

search in platform development. The length of interviews was between one and three 

hours. 

 

The third type of data was collected through observations. This data was used to observe 

and document conversations around obstacles, solutions and interdependencies between 

different design engineering activities. It also provided important input into the practices by 

which obstacles and solutions were engaged.    

 

PLATFORM DEVELOPMENT CHALLENGES AT VOLVO CAR CORPORATION (VCC)  

 

In order to decrease development and manufacturing time, reduce component costs, and 

to increase scale and scope economies, working with automotive platforms is a strategic 

imperative at VCC. The operational development challenge centres around two issues; 

platform element selection and platform element maintenance. With regards to selecting 

platform elements, the main aspect is to generate and deliver possible technical con-

cept/system solutions that can be used across several derivative vehicle projects. Con-

cept- or system solutions are created early in the platform development process. These 

solutions in turn, influence technical solutions that can be implemented in derivative vehi-

cle projects across the whole derivative vehicle line. Through this procedure, the firm 

hopes to minimise uncertainty regarding design engineering output. Design engineering 

success is believed to be dependent on the ability to decide prerequisites and require-

ments as early as possible and avoid deviations from these when engaging in design en-

gineering activities. Cost, lead-time and quality improvement across the full platform prod-

uct range is the focus.  

 

Aspects of platform element maintenance concern the commonality versus distinctive-

ness trade-off across the platform product range. Commonality aspects need to be ca-

tered for by the platform development process. In this process there is a need to take into 

consideration the requirements of numerous derivative vehicle projects. Distinctiveness 

on the other hand, is the primary concern of derivative vehicle development where 

‘unique’ design solutions contribute to differentiation between individual derivative prod-

ucts. According to technical project leaders within VCC, the aim of the firm is to establish 

up to eighty percent of component development requirements (both platform and deriva-

tive) prior to initiating design engineering activities. Many of these a priori establishments 

of required components constitute the main body of the platform. In the words of one 

technical project leader, the aim is “To reach maximal commonality and maximal differen-
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tiation at the same time. To get as much new vehicle as possible, to make it be perceived 

as unique, with unique characteristics, and as a new unique offering, based on maximal 

commonality”.  

 

However the dominant focus on concept solutions has led to an increase in the dynamic 

interplay between distinctiveness and commonality requirements. The platform exerts in-

creasing influence on the design engineering activities carried out in derivative vehicle 

projects through its stronger focus on commonality. At the same time, the distinctiveness 

requirements of derivative vehicle projects influence the nature of the concept solutions.  

 

As the platform is developed and the number of derivative vehicles using the platform in-

creases, elements become increasingly intertwined and interdependent. This intertwining 

of design architectures gives rise to technical complexity and design constraints that cut 

across the platform and individual derivative vehicles. The result is increased architectural 

complexity that is manifested in interdependencies of varying numbers and strengths be-

tween the different elements of the platform and elements of derivative vehicles. The iden-

tification and comprehension of influences and the effect of this increasing independency 

has become a significant challenge in the development process. Further, the unavailability 

of physical test objects in the early stages of the development process makes it difficult to 

carry out physical testing of geometric and compatibility deviations. This constitutes one 

compelling limitation to the process of establishing technical solutions up-front and a priori 

to the engagement in design engineering activities. How does this approach towards plat-

form development influence the process by which solution search is carried out, and how 

does it influence the set of activities that are carried out? 

 

SOLUTION SEARCH AT VOLVO CAR CORPORATION (VCC) 

 

ANALYTICAL DECOMPOSITION - A SEARCH FOR GUIDING CONCEPTS 

 

Analytical search is carried out in the early phases of the platform development process. 

Predominantly utilized in the concept design phase, its focus is on identifying and estab-

lishing what platform elements to develop and when these elements should be developed. 

In fact, attempting to predict future requirements that the platform should be able to ac-

commodate and to incorporate solutions that cater for future needs, emerge as a central 

challenge within VCC, according to technical project leaders. The aim of establishing this 

design architecture of the platform and its individual elements is to identify and establish 

Concept Solutions (CS). One important attribute of concept solutions is their focus on the 
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level of sub-systems, rather than on the individual elements make up such sub-systems. 

Analytical search is used to make informed predictions of required future design engineer-

ing solutions.  

 

Concept solutions also act as waymarks for design engineering efforts as they are solu-

tions that can be used by a large number of derivative vehicles. What is provided for de-

sign engineers is initial frameworks of reference from which further exploration of viable 

solutions can be undertaken. The platform design architecture can be perceived as being 

make up of numerous concept solutions that together made up the architectural frame-

work for platform development in general, and specific design engineering activities in par-

ticular. By allowing design engineers in different vehicle projects to make smaller altera-

tions to concept solutions, the firm hopes to make it easier to implement any required 

changes when solutions are adapted to different derivative vehicle needs. What is re-

quired in such instances however is that adjustment proceeds from what is given by the 

concept solutions and that suggested solutions do not diverge too far from the given con-

cept. The aim is to increase the possibility to come up with ‘similar’ solutions; solutions 

that can be carried forward or back into existing or new derivative vehicle projects.    

 

The analytical focus on concept solutions is interpreted as recognition that establishing all 

the interdependencies between a large numbers of elements is difficult, especially when 

this is attempted at the level of individual elements. One reason for this can be attributed 

to the intertwining of design architectures, whereby problems and solutions will invariably 

stretch across several design architectures. Subsequently interdependencies exist not 

only between elements within the platform but also between the platform and individual 

derivatives, and at times, between the derivatives themselves. By attempting to establish 

interdependencies on a higher level (at the level of sub-systems) the firm aims to establish 

a broader framework from which design choices can be made and solutions implemented. 

This higher frame of reference determines the solution space in which design engineers 

operate.   

 

Provided with an initially broader framework from which to engage in design engineering 

activities, a gradual alignment to platform requirements can be made. This is manifested 

for instance through the fact that problems emerging late in the platform development 

process are rarely of a nature to require a major overhauling of design solutions or radical 

changes. An understanding of how close to a viable technical solutions design engineers 

are, is gradually obtained during the platform development process. The lack of detailed 

derivative requirement specifications at the early inception of the platform development 
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process makes the establishment of a platform design architecture that can incorporate fu-

ture derivative requirements challenging. By undertaking architectural analysis at the sub-

systems level, rather than at the level of individual elements, design engineering restric-

tions are set at a higher hierarchical level. When faced with situations in which complex 

design architectures are to be established, there is a need to revert to simplified illustra-

tions of the complexity encountered (Brusoni and Prencipe, 2001; Marengo et al., 2005; 

Brusoni and Prencipe, 2006). From a commonality perspective, the analytical focus on 

higher hierarchical levels means that commonality is sought for at the level of sub-systems 

rather than at the level of individual elements. It is argued for instance that as long as de-

sign engineering activities originates from the same core architecture, it does not make 

much difference if deviations in design solutions existed across derivative products “For 

the uninformed, it might look like the same thing. But it’s not. That’s where the architecture 

comes in play” (System Manager).  

 

In early phases of the platform development process, the aim is to obtain a basic appre-

ciation of what might constitute a design problem and how this might later reveal itself. It is 

claimed that design problems are more fuzzy, diffuse, and harder to grasp in the early 

stages and that they have a tendency to remain so until the first test series has been built. 

The concept solution stage in the development process is believed to only contribute to 

the creation of “drafts where the details are not very well worked through” (Design Engi-

neer Team Leader). 

 

One central aim of the development process investigated in the case is the aim to reduce 

efforts required to find solutions, once concrete design engineering activities have been 

initiated. By this stage, concept solutions should have been decided upon and be ready 

for implementation. Directional search at VCC is characterized by attempts to reach de-

sign goals, given the constraints and opportunities provided through the analytical search 

approach, and the subsequent creation of concept solutions. Directional is an attempt by 

design engineers to take inputs that have been identified, and the perceived governing in-

terdependencies and constraints between these inputs (logical and physical) as an initial 

framework for their engagement in design activities. In this search for solutions, discovery 

and generation of alternatives can also take place (Simon, 1995).  

 

There is, for instance, an explicit acknowledgement that at an early stage the exact effect 

that elements have on each other is difficult to establish. In the words of one Design Engi-

neer “Even if it works in the virtual world, it can still spread…especially in the early test se-

ries. So when you go down and look at the vehicle it doesn’t add up…it doesn’t look like it 
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did in the virtual model”. Another Design Engineer stated that relying on the analytical 

process to identify all the problems that could arise as a result of interdependencies be-

tween elements of the platform is insufficient, since “Problems usually materialize late on 

and are not discovered until the physical component has been created”. Thus there is no 

certainty about the exact influence and effect that adjacent elements have on each other 

until the assembly stage has been reached.  

 

The analytical search process and the creation of simplified representations of complexity 

and problems nonetheless fulfil one important function. By framing the course of perceived 

relevant actions and through the subsequent direct exploration of how elements interact, 

influence, and are influenced by adjacent elements, it becomes possible to generate 

greater insights and a better understanding of potential solutions. The pursuit of new ap-

proaches for new problems encountered thereby becomes possible (c.f. Clark, 1985). 

“When the physical component is created and assembled you still learn something, even if 

it’s only that you were thinking in the right way from the beginning” (Design Engineer).  

 

DIRECTIONAL COMPOSITION – A SEARCH FOR (PHYSICAL) CONSTRAINTS 

 

Design engineers who are responsible for converting analytical representations or specifi-

cations into ‘real’ elements are not involved in the analytical phase. Rather, within the 

realm of different derivative projects, they are assigned the task of carrying out develop-

ment work. Thus, a separation exists between the problem-solvers involved in the analyti-

cal phase of the platform development process and those problem-solvers involved in the 

directional search for solutions. One reason for this is that at lower design engineering 

levels, the platform is predominantly seen as a physical artefact made up of various tangi-

ble elements. The hard reality when attempting to implement alternatives into real solu-

tions often means that design engineers have to derive the knowledge they require from 

the internal needs of the design itself (c.f. Vincenti, 1990: 11). Consequently, design engi-

neers at these levels need to revert to directional search activities that draw upon more 

easily accessible knowledge, or on their existing knowledge.  

 

For design engineers, in situations of time-pressure, the simplest solution is many time to 

argue for the implementation of a unique solution. In such situations it is easy to forget, 

and hard to understand, how such solutions impacts and affects derivate products back-

wards, i.e. products which are already in production. According to a one System Man-

ager, Design Engineers often treat problems they encounter as non-complex problems 

that can easily be addressed by one-off solutions, or focus on correcting deviations. Yet 
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the intertwining of solutions across several design architectures, at the level of individual 

elements, across concept solutions, or across derivative vehicles, requires a different ap-

proach. In particular, it is said that the issues that are encountered and their solutions are 

often not isolated to one platform element, but instead have a cross-border character.  In 

order to thoroughly understand a problem and to derive a potential solution, it is often 

necessary to involve more than one development. According to one Design Engineer it is 

not uncommon that “There might be someone else having a problem but you still get a 

raised issue. But this time to resolve someone else’s problem”. Drawing upon cross-

functional knowledge is thus an important aspect of design engineering work.  

 

A principal source of the difficulty of foreseeing and addressing emerging problems 

in the design engineering phase is the many interdependencies that exist between 

platform elements and derivative product elements. Problems are not generally 

found until physical tests can be carried out on platform elements “First when we do 

our own component tests and then when we do system tests. That’s when we see 

that things do not work together” (Design Engineer).  

 

SYNTHESIZED RECOMPOSITION – LINKING OUTCOMES TO ANALYSIS 

 

The assembly stage provides design engineers with the possibility to carry out physical 

testing. Though this process, feedback on the viability of technical solutions is provided. 

Feedback on system performance when a number of elements are synthesized is an im-

portant characteristic of a flexible development process (MacCormack et al., 2001). At the 

same time however, such feedback is associated with delay factors, since it takes time to 

reach a stage where synthesized performance can be evaluated (see Koontz and 

Bradspeis, 1972, March, 1991). In the VCC case, it becomes evident that feedback delays 

occur due to lead times associated with reaching the point of manufacture and assembly. 

This stage of the development process is represented by the production of the first test se-

ries of derivative vehicles. Since this assembly does not take place until very late in the 

platform development process, the number of times that synthesis can take place is not 

frequent, due to time constraints. Thus, it becomes even more important to limit the ad-

verse effects of interdependencies at an early stage in the development process as there 

is not much latitude for taking counter measures to address problems in these later stages 

of the development process. Yet it is quite common that conflicts between elements sur-

face at this stage.  
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Establishing what constitutes a problem that needs to be addressed and deciding how to 

address problems is important at this stage. It is for instance argued that not all the issues 

reported will lead to a new solution being implemented. Due to the many interdependen-

cies that exist between elements at this later stage in the development process, potential 

solutions can have an adverse effect on other adjacent elements. The decision of whether 

to search for and implement a solution to a reported problem becomes a matter of assess-

ing the severity the problem and the potential solution that is required. Consequently dis-

agreement over the solution, or whether to try to remedy a problem, will at times occur.  

 

In such instances, Design Engineers can take the matter to a Judgement Meeting. At this 

meeting, the evaluation of an identified problem issue and its potential solution can be put 

under further scrutiny and the choice of whether or not to search for a new solution can be 

taken. This evaluation is carried out collectively through the participation of various techni-

cal areas of the development project, and the aim is to agree on the effects of a reported 

problem issue and its potential solutions. However, since these Judgement Meetings tend 

to take place late in the development process, when issues have become more tangible 

as the different elements can now be assembled, according to Design Engineers there is 

not much time or resources available for engaging in major problem-solving. Hence, the 

start of vehicle production exerts limits on the availability of time to make major overhauls 

of already decided and implemented solutions.  The focus is instead on facilitating the 

manufacturing and assembly stages of vehicle production and “attempting to make the 

best of prevailing circumstances” (Design Engineer). Only major problems in accommo-

dating concept solutions are considered for major changes, once a concept solution has 

been decided and the design engineering activities initiated.  

 

A central aspect of the Judgement Meeting is the collective evaluation of whether a re-

ported problem issue constitutes something that needs to be resolved or not. At this meet-

ing, proposed solutions will be evaluated and it will also be determined whether this same 

issue will persist after a proposed solution has been implemented. This involves judging 

whether a proposed solution is a better option than living with the reported problem. This 

judgement is based on the implications perceived and its effects on future elements. The 

ability to see the physical effects of assembly is important for this decision, since it is often 

the materialization of problems which contributes to how a reported problem issue is per-

ceived. Hence, not all reported problem issues are resolved, although this inevitably 

means that Design Engineers will have to live with the drawbacks.  
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However, problems in the later development stages are more of a physical character, 

which often makes it easier to deal with them than it is in a virtual environment for in-

stance. In conjunction with a pressing need to adjust elements quickly, in order not to dis-

turb the assembly process, problems encountered can be addressed by two types of solu-

tion, short-term or long-term. Due to time constraints, a quick solution is often necessary 

for the assembly process not to be disturbed. Problem-solving is characterized by a focus 

on facilitating the assembly process through slight modifications or through trimming ac-

tivities. It is also necessary to start investigating a longer term solution to problem issues 

encountered. These longer term solutions are based on an evaluation of what it is possi-

ble to rectify and which potential solutions can be implemented. Such long term solutions 

can in turn require several months of investigation and development before being imple-

mented. In the process of finding a solution to major issues encountered late in the as-

sembly process, an investigation needs to be carried out to establish whether there is 

something wrong with the platform element, whether the problem is due to manufacturing 

issues, or whether there was something wrong with the specification and hence, the de-

sign architecture of the platform element. However, since this physical realization come 

into effect many years after initial design choices have been made, the majority of the 

validation has been carried out in a virtual environment at an early stage of the platform 

development process. A long time-lag between anticipated platform element functionality 

and the actual physical materialization of that element persists. Due to time-lag between 

virtual verification and physical validation, a discrepancy between aspired output and ac-

tual output will often emerge.  

 

Although the synthesis process provides important feed-forward output about chosen con-

cept solutions and the initial restrictions set (or opportunities provided), the ability to draw 

benefit from feed-forward is limited in the VCC case. The reason for this is primarily that 

the platform development process at VCC does not provide frequent synthesis points. Fur-

ther, assembly at VCC is an activity that is initiated towards the end of the development 

process, meaning that feed-forward output is not obtained until very late in the process. 

Consequently, delay factors are not only associated with feed-back, but also with feed-

forward. Changes to mental models have to take place after design engineering activities 

have been carried out and tested in the assembly stage, by which time the latitude for 

making major changes is small. Solutions will have been locked, for instance due to in-

vestments made in manufacturing tools or due to agreements with suppliers.  
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Discussion 

 

Gavetti and Levinthal (2000: 133) have argued for the need to investigate how analytical 

search affects the accumulation of experiential wisdom, and how experience influences 

the formation of analytical frameworks. This section argues that different forms of solution 

search approaches need to be applied in order to provide organizational intelligence 

about different aspects of action-outcome linkages. This intelligence can be understood 

as “an attempt to make actions lead to outcomes that are consistent with desires or con-

ceptions of appropriateness” (Levinthal and March, 1993: 95). Problem-solvers approach 

the process of solution search by first drawing upon their existing knowledge of action-

outcome linkages before they engage in trial-and error exercises. Analytical search is 

useful in providing a guide to choice, although such a search does not strictly determine 

the actual set of behaviour that emerges from that choice (c.f. Gavetti & Levinthal, 2000). 

Instead, behaviour is characterized by trial-and-error, as problem-solvers attempt to nar-

row the space of potential solutions to one viable solution. At VCC, analytical and direc-

tional search modes are complementary. Analytical representations often deal with the 

higher hierarchical levels of design, whereas directional search is used for exploring 

lower and more detailed levels. Further, analytical representations can consider a broad 

array of alternatives simultaneously, whilst directional search explores a smaller set of al-

ternatives more thoroughly at any given time. However, none of them can provide the 

structure required for understanding the performance of complex action-outcome linkages 

(c.f. Davis, 2006). What does this tell us about solution search in complex problem-

solving? As depicted in Table 1, a third set of solution search activities, here referred to 

as synthesized search, emerges as important for reaching a comprehensive/holistic un-

derstanding of action-outcome linkages. Table 1 presents an overview of three generic 

solution search approaches used in the platform development process. It depicts the 

search for the value of different elements and their properties, what variables are given at 

the initiation of each approach, the tasks carried out and the mechanisms used for en-

gagement in the search process, the nature of the obstacles that are encountered, and fi-

nally, what outcome knowledge is the primary domain of problem-solvers.  
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Table 1: Scheme of Search Approaches and Mechanisms in use for Problem-Solving   
 

 
 
 

Solution Search Mode 
 

   

 
Sought for 
 

 
Input or output 

 
(Governing) Laws 

 
System 

 
Provided 

 
system, laws + input or output 
 

 
Input, output, system 

 
Input, output, laws 

 
Tasks/Mechanisms 

Key activities are the analytical 
composition of a system (illu-
minating the whole) and the 
subsequent decomposition of 
the same whole into different 
elements. Knowledge is pre-
dominantly of a feed-forward 
nature, aimed towards guiding 
explorative action.  
 

Key activities are the physi-
cal composition of individ-
ual elements and explora-
tion of potential solutions at 
the sub-system level at the 
highest. Knowledge is pre-
dominantly derived from 
feedback aimed towards 
guiding further exploration 

Key activities are the re-
composition of a system 
whole by integrating individ-
ual elements. Once this has 
been carried out a new ana-
lytical redecomposition is 
made. Knowledge derived is 
both of feedback character, 
aimed at evaluating chosen 
and implemented solutions 
and of a feed-forward char-
acter, aimed to critically 
evaluate analytical decom-
positions.  

 
Nature of obstacles 

 
Hard to detect, 
Easy to correct 
 

 
Easy to detect,  
Hard to correct 

 
Hard to detect,  
Hard to correct 

 
Outcome Knowledge 

 
Problems 

 
Errors 

 
Problems and/or Errors 

 

As stressed by Simon (1996) and more recently by Fleming and Sorenson (2004) 

and Nickerson and Zenger (2004), problem-solving efforts commence with illuminat-

ing the problem. The representation of individual elements and their interdependen-

cies helps to define the solution landscape where further search for solutions takes 

place. This process requires problem-solvers to possess or obtain higher levels of 

architectural knowledge about the interaction and function of the artefact’s elements 

(c.f. Sanchez and Mahoney, 1996) since problems occurring at higher architectural 

levels tend to be more conceptual and unstructured than problems occurring at 

lower levels (Vincenti, 1990). At VCC, engaging solution search at these higher hi-

erarchical levels incorporates attempts to analytically conceptualize required inputs, 

outputs or the system to be developed, as manifested through concept solutions. 

Analytical search 

 
Laws X=? Y=? 

System 

 
Laws=? 

Directional search 

X Y 

System 

 
Laws 

Synthesized search 

X Y 

System? 
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Thus, the design architecture of concept solutions is the abstract representation of 

believed action-outcome linkages and the representation of a broader range of de-

sign alternatives and potential solutions. By generating feed-forward output in the 

form of information that can be used in subsequent design engineering activities, 

the identification of latent interdependencies and potential future design changes is 

enabled. Analytical search emerges as an attitude towards the analysis of complex 

problems and is concerned with the anticipation of required information, taking into 

account future constraints and opportunities. However, despite these benefits, ana-

lytical search is subjected to delays in the actualization of believed action-outcome 

linkages.  

 

Directional search is concerned with attempts to obtain actual experience of as-

sumed action-outcome linkages. Focus is on discovering issues that cause a gap 

between actual and potential performance. When discrepancies are observed , 

feed-back generated through direct experience (trial-and-error) can be used to in-

crementally adapt activities for instance through organizational learning (Levitt and 

March, 1988). In directional search, elements of the artefact are altered one at a 

time, and reaction to these alterations observed in order to gradually derive a satis-

factory solution. Performance results are then used to direct the subsequent explo-

ration of choices. In contrast to analytical search, directional search concerns ex-

ploring and engaging in a limited set of design alternatives and potential solutions at 

a time. Directional search builds on the assumption that problems can be divided 

into several constituent parts which can be worked in isolation from other parts and 

that the contribution made to the overall solution can be observed in isolation.  

 

Problem issues at this level of the hierarchy tend to be more definable, more struc-

tured and concern detailed aspects of design (Vincenti, 1990). Knowledge of alter-

native solutions is derived from the internal needs of the design itself, is obtained 

quicker and furthermore is closely related to previous experience. This is because 

solution search can be carried out on the basis of the actual setting of the solution 

landscape of a problem rather than on a mere representation of this setting. This 

form of search serves an important function in identifying latent or unacknowledged 

interdependencies, especially when such interdependencies result from emergent 

complexity.  

 



Ramsin Yakob – IEI/LIU  07/04/2011 
 

 - 20 - 

The contribution of feed-back obtained through directional search efforts has been 

found to be dependent on its sensitivity to identify deviations from desired perform-

ance outcomes (e.g. Koontz and Bradspies, 1972). Thus, the viability of the ex-

plored solutions firstly requires understanding what the desired performance out-

puts are. Such understanding is fed-forward through the analytical search process. 

In addition to this, feed-back generally provides information that deviations have 

taken place, rather than that deviations will take place. Feed-back is therefore a 

mechanism that contributes to after-the-fact problem-solving rather than problem-

preventing. What is more, the efficiency of the directional search modes diminishes 

as problems become more complex and less decomposable (Nickerson and Zen-

ger, 2004). Thus, in the search for solutions to complex problems, using analytical 

and directional search modes seems inadequate for catering for all the potential 

problem issues that can arise.  

 

In the creation of complex platforms, one aspect of design engineering that has 

emerged as important is synthesis. In particular, this search mode provides the 

means by which preconceived perceptions of interdependencies between input 

and output variables and governing laws can be verified and tested. Simon (1975: 

296) has argued that “Synthesis does not make things out of whole cloth, but as-

sembles them from components. What are given in the case of synthesis are a set 

of elementary components and a grammar defining the admissible ways of combin-

ing components into larger structures”. This search mode allows a simultaneous 

evaluation of analytical representations of problems and solutions, and the subse-

quent exploration, development and implementation of such solutions though direc-

tional search efforts. Synthesized search is an attempt to recompose the same de-

sign architecture that has been first composed and then decomposed through ana-

lytical search before being explored through directional search. This process fur-

ther enhances learning about action-outcome linkages.  

 

Despite the fact that the analytical models of problems and their complexity are in-

complete, the possibilities which such models provide for learning from mistakes 

makes it possible to update intellectual models (e.g. Baba and Nobeoka, 1998; 

Gavetti and Levinthal, 2000; Becker and Zirpoli, 2006). In this process, synthesized 

search contributes by providing knowledge about initial alternatives and precon-

ceived understandings of the relationships between input, output and governing 
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laws. By creating systemic knowledge and learning, synthesis allows the detection 

and understanding of the consequences of choices made on subsequent activities. 

This type of learning takes place when the results of original choices are directed 

back to those problem-solvers responsible for conceiving initial concepts and 

specifications, and in the process, contributes to the analysis of new frames of ref-

erence mirroring a higher-level of learning (c.f. Verganti, 1997; c.f. MacCormack et 

al., 2001: 138). Figure 1 is a graphical illustration of the interplay between different 

forms of solution search and the knowledge derived from each set of search activi-

ties.  

 
Figure 1 Intelligence of search 

 

 
 

SUMMARY AND CONCLUSION  

 

This paper has argued that the search for solutions to complex obstacles is not a 

monotonic process drawing simply upon the representation of believed action-

outcome linkages and the subsequent exploration of such beliefs. Instead the ability 

of problem-solvers to interpret and resolve obstacles builds on their aptitude to 

learn from the past and the present, as they attempt to firstly decompose obstacles 

and then recompose fractional pieces of knowledge into synthesized solutions.  

 

Drawing upon analytical and directional solution search processes carries signifi-

cance for the certainty, speed and clarity by which interdependencies between ele-

ments of a design can be identified and understood. March (1991) argues that 

Analytical  
Search 

Feed-Forward 

(Re)-Decompose 

Feedback 

(Re)-Compose 

Feed-Forward 

(Re)-Decompose 

Directional  
Search 

Synthesized 
Search 
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feedback associated with directional search activities is better suited for tying con-

sequences to action, whereas analytical solution search activities are subject to re-

turns that are systematically less certain, more remote in time and organizationally 

more distant from the locus of action and adaptation. The employment of analytical 

or directional processes for engaging in solution search can be seen as being 

closely related to the ability and need of firms to generate timely information about 

an obstacle. When quicker feedback is required, directional search approaches are 

warranted.  

 

In development processes that do not require the quick generating of feedback, or 

when generating this feedback is difficult, analytical search processes justified. Ana-

lytical search processes however are limited in their potential to establish all the in-

terdependencies that pertain to complex design architecture a priori. Similarly, the 

limitation of directional search activities is a result of their inability to incorporate re-

quirements and systemic effects that are more distant in time and further away from 

the locus of attention. The implication of these limitations is that it becomes prob-

lematic to determine how individual elements contribute to the synthesized whole. 

This holds especially true when attempts are made to decompose a complex design 

architecture that is not entirely decomposable (such as a platform). Further, 

whereas feedback is very valuable when evaluating planned activities and to con-

firm or contradict simplified representations of complexity, it does not provide extant 

value with regards to the choice of future decisions directions. The limitation of di-

rectional solution search processes stems from the fact that it is necessary to have 

information about the choices to make once synthesized performance can be 

evaluated.   

 

The utilization of analytical search to create representations or visualizations of de-

sign architectures, in conjunction with the application of a directional search ap-

proach, nonetheless fulfils one very important role. One important aspect of devel-

oping problem-solving capabilities is to choose ‘valuable’ problem issues with high 

perceived returns (Gavetti and Levinthal, 2000; Nickerson and Zenger, 2004). Valu-

able problem issues, if successfully solved, will yield desirable outcomes that in turn 

will contribute to knowledge increase and capability development. This choice of 

obstacle ‘type’ carries in turn implications for the manner in which development is 

carried out. Solution search emerges as a choice of what design elements should 
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be developed, when in time this should be done and also as a choice of which of 

these aspects to focus the solution search on. Solution search is also a choice with 

regards to the search for solutions to problems or the search for correcting errors 

once discrepancies between action-outcome have been identified. In this paper, 

synthesized search has been shown to be an important mechanism for reducing the 

knowledge gap between problems and errors and thereby contributing to problem-

solving capability development. Synthesized search helps to translate an error into 

a problem, since it links outcomes with mental representations of action-outcome 

linkages. This in turn can facilitate the updating of mental representations of action-

outcome linkages. Synthesized search can thereby also contribute to reducing the 

occurrence of future errors or the reoccurrence of problems, by contributing to in-

creased understanding of the effects of design choices.  

 

Making a distinction between problems and errors in complex design engineering 

provides potentiality for the linkage by which learning from previous experiences of 

development activities can take place. Whereas early problem-solving can be facili-

tated by project-to-project knowledge transfer and learning and the application of 

high-tech tools for understanding action-outcome linkages (e.g. Verganti, 1997; 

1999, Thomke and Fujimoto, 2000), the distinction between problems and errors 

and their associated activities can facilitate inter-project learning. By allowing errors 

to be linked back to problems, new understanding of action-outcome linkages can 

be obtained and subsequent changes made.  

 

A conceptual distinction between problems and errors provides insights into the 

mechanism by which mental mars are updated. This distinction also provides an 

explanation for the utilization of different solution search processes in complex de-

sign engineering. Analytical search is predominantly a search mode concerned with 

the understanding of why and how errors emerge and the consequent search for a 

solution to their underlying cause, i.e. the problem. Directional search on the other 

hand is concerned with the implementation of solutions and the identification and 

correction of errors. Problem-solving can be considered as an attempt to reduce 

knowledge-gaps between underlying problems giving rise to errors (cause) and the 

actuality of errors (effect). Whereas much focus has been given to the understand-

ing of how to search for solutions to problems, less attention has been given to the 

actual process of framing problems. From the case studied, it becomes apparent 
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that framing a problem concerns the search for understanding the inputs, outputs, 

governing laws, or the system to be developed and to identify linkages between 

these elements. Hence, framing a problem and solving a problem are processes 

that are intrinsically intertwined and continuous throughout the development proc-

ess.    

 

 



Ramsin Yakob – IEI/LIU  07/04/2011 
 

 - 25 - 

References 
 

Baba, Y & K Nobeoka. 1998. Towards Knowledge-Based Product Development: The 3-D 
CAD Model of Knowledge Creation. Research Policy, 26(6): 643-59. 
Baldwin, Carliss, Y & Kim Clark, B 2000. Design Rules: The Power of Modularity. Cam-
bridge, Massachusetts, USA: The MIT Press. 
Becker, Markus, C & Francesco Zirpoli. 2006. Problem-Solving by Abduction in New Prod-
uct Development. Logic Journal of IGPL, 14(2): 379-90. 
Brusoni, Stefano. 2005. The Limits to Specialization: Problem Solving and Coordination in 
‘Modular Networks’ Organization Studies, 26(12): 1885-907  
Brusoni, Stefano, Luigi Marengo, Andrea Prencipe, & Marco Valente. 2007. The Value and 
Costs of Modularity: A Problem-Solving Perspective. European Management Review, 4(2): 
121-32. 
Brusoni, Stefano & Andrea Prencipe. 2001. Unpacking the Black Box of Modularity: Tech-
nologies, Products and Organizations. Industrial and Corporate Change, 10(1): 179-205. 
Brusoni, Stefano & Andrea Prencipe. 2006. Making Design Rules: A Multidomain Perspec-
tive. Organization Science, 17(2): 179-89. 
Cyert, Richard, M & James March, G 1963. A Behavioural Theory of the Firm. Englewood 
Cliffs, N.J: Prentice-Hall. 
Davis, Tim, P. 2006. Science, Engineering, and Statistics. Applied Stochastic Models in Busi-
ness and Industry, 22(5/6): 401-30. 
Fleming, Lee & Olav Sorenson. 2004. Science as a Map in Technological Search. Strategic 
Management Journal, 25: 909-28. 
Gawer, Annabelle. 2009. Platform Dynamics and Strategies: From Products to Services.In 
Annabelle, Gawer, editor, Platforms, Markets and Innovation. Cheltenham, UK and North-
ampton, US: Edward Elgar. 
Gavetti, Giovanni & Daniel Levinthal. 2000. Looking Forward and Looking Backward: Cog-
nitive and Experiential Search. Administrative Science Research, 45(1): 113-37. 
Gavetti, Giovanni. 2005. Cognition and Hierarchy: Rethinking the Microfoundations of Ca-
pabilities' Development. Organization Science, 16(6): 559-617. 
Hsieh, Chicmao, Jack Nickerson, A, & Todd Zenger, A. 2007. Opportunity Discovery, Prob-
lem Solving and a Theory of the Entrepreneurial Firm. Journal of Management Studies, 
44(7): 1255-77. 
Kaufmann, Stuart, A. 1993. The Origins of Order. Oxford: Oxford University Press. 
Koontz, Harold & Robert Bradspies, W. 1972. Managing Through Feedforward Control: A 
Future-Directed View. Business Horizons, 15(3): 25-36. 
Levinthal, Daniel, A & James March, G. 1993. The Myopia of Learning. Strategic Manage-
ment Journal, 14 (Special Issue: Organizations, Decision Making and Strategy (Winter, 
1993): 95-112. 
Levitt, B & J.G  March. 1988. Organizational Learning. Annual Review of Sociology, 14(319-
340). 
MacCormack, A., R. Verganti, & M. Iansiti. 2001. Developing products on Internet Time: 
The Anatomy of a Flexible Development Process. Management Science, 47(1): 133-50. 
March, J.G & H.A Simon. 1958. Organizations. New York: John Wiley & Sons. 
March, James, G. 1991. Exploration and Exploitation in Organizational Learning. Organiza-
tion Science, 2 (Special Issue: Organizational Learning: Papers in Honor of (and by) James G. 
March): 71-87. 
Marengo, Luigi, Corrado Pasquali, & Marco Valente. 2005. Decomposability and modularity 
of economic interactions.In Callebaut, W & D Rasskin-Gutman, editors, Modularity: under-
standing the development and evolution of complex natural systems: MIT Press. 



Ramsin Yakob – IEI/LIU  07/04/2011 
 

 - 26 - 

Nelson, R.R & S.G Winter. 1982. An Evolutionary Theory of Economic Change. Cambridge: 
MA: Harvard University Press. 
Nickerson, Jack, A & Todd Zenger, A. 2004. A knowledge-based theory of hte firm - The 
problem-solving perspective Organization Science, 15(6): 617-32. 
Sanchez, Ron & Joseph. T. Mahoney. 1996. Modularity, flexibility, and knowledge manage-
ment in product and organization design. Strategic Management Journal, 17(Special Issue: 
Knowledge and the Firm): 63-76. 
Simon, Herbert, A. 1962. The Architecture of Complexity. Proceedings of the American Phi-
losophical Society, 106(6): 467-82. 
Simon, Herbert, A. 1975. Style in Design.In Eastman, Charles E, editor, Spatial Synthesis in 
Computer-Aided Building Design. London: Applied Science Publishers Ltd. 
Simon, Herbert, A. 1991. Bounded Rationality and Organizational Learning. Organization 
Science, 2(1): 125-34. 
Simon, Herbert, A. 1995. Problem Forming, Problem Finding, and Problem Solving in De-
sign.In Collen, Arne & Wojciech Gasparski, W, editors, Design & Systems, General Applica-
tions of Methodology, Praxiology: The International Annual of Practical Philosophy and 
Methodology. Warsaw: The Learned Society of Praxiology. 
Simon, Herbert, A. 1996. The Sciences of the Artificial. 3 ed. Boston, MA. : MIT Press. 
Simon, Herbert, A. 2002. Near Decomposability and the speed of evolution. Industrial and 
Corporate Change, 11(3): 587-99. 
Ulrich, Karl, T. 1995. The Role of Product Architecture in the Manufacturing Firm. Research 
Policy, 24: 419-40. 
Ulrich, Karl, T.  & Stephen Eppinger, D. 1995. Product Design and Development. New York, 
NY: McGraw Hill. 
Verganti, Roberto. 1997. Leveraging on systemic learning to manage the early phases of 
product innovation projects. R&D Management, 27(4): 377-92. 
Vincenti, G. Walter. 1990. What Engineers Know and How They Know It. Baltimore & Lon-
don: The John Hopkins University Press. 
Yakob, Ramsin & Fredrik Tell. 2009. Detecting Errors Early: Management of Problem-
Solving in Product Platform Projects.In Gawer, Annabelle, editor, Platforms, Markets and In-
novations. Cheltenham, UK and Northampton, US: Edward Elgar. 
 
 
 
 



Ramsin Yakob – IEI/LIU  07/04/2011 
 

 - 27 - 

Appendix 1 - Summary of Methodological Techniques and Collection of Empirical Material  

 

Summary of Methodological Techniques and Collection of Empirical Material  
 

Empirical Material Collection Techniques 

Documentation 
Project Documentation, Process Documentation,  
Product Specifications, Training Manuals 

Observations 
Three Months, consisting of various 
meetings, commercial and technical 

Interviews N=28 

1 interview 
 
R&D Manager 

 

1 interview 
 
Division Manager 

 

Of which –  
Top management level 

1 interview 
 
Process Manager R&D 
 

Permanent  
Organization 
 

Of which –  
Middle  Management level 1 interview 

 
Group Leader 

 

1 interview 
 
Technical Project Leader 
 

1 interview 
 
Part Vehicle Team Manager 
 

Of which –  
Top management level 

1 interview 
 
Launch Manager 
 

1 interview 
 
System Responsible (SA) 
 

Of which –  
Middle  Management level 

6 interviews 
 
Part Module Sub-Team (PMST) Leader 
 

Project  
Organization 

Of which –  
Operational (engineering) level 14 interviews 

 
Component Assignment Leaders (CAL) 
 

 


