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Abstract


This paper considers a ten-step approach to understanding processes using techniques of process analysis and diagnosis based on coordination theory.  The techniques suggested here form the foundation for systems and software tools currently being developed by the Process Handbook project at MIT’s Center for Coordination Science.


The paper suggests that process analysis can proceed in three phases:  representation, diagnosis, and innovation.  Representation consists of describing process context and developing a multi-level description, or decomposition, of process activities.  Diagnosis consists of understanding which groups of activities within processes actually represent similar types (or specializations) of more generic processes, and of describing dependencies between process activities that are explicitly understood by the current process design.  Diagnosis ends with a description of coordination options currently used within the process to manage key process dependencies, including an analysis of the tradeoffs inherent in these choices.  In the process innovation phase, attention turns to understanding implicit dependencies  - i.e., those that are not explicitly understood by the current process design.  Surfacing such dependencies and understanding the process tradeoffs that they represent offers the opportunity to suggest new coordination strategies that result in new, innovative process designs.


Dependency identification includes the contrasting methods of top-down vs. bottom-up analysis.  Top-down analysis proceeds from high levels of a process description and moves downwards through the process hierarchy to find dependencies and their coordination activities.  Bottom-up analysis moves upwards from low levels of the process hierarchy to identify coordination activities and the dependencies that they manage.


Examples in the paper are taken from fieldwork in the direct marketing industry completed under the sponsorship of the Center for Coordination Science at the Sloan School of Management of the Massachusetts Institute of Technology.


�
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Dependencies in Process Representation and Coordination Theory





Introduction


Process innovation shares similarities with many other types of clinical or diagnostic processes.  Within any approach to process-oriented change within organizations, process designers must come to terms with (1) current process characteristics, (2) the underlying factors that drive process attributes, and (3) the range of available options for process improvement.  Different approaches to diagnosis place different amounts of emphasis on each of these three phases.  Clinical medical diagnosis, for example, relies on a combination of observation and diagnostic testing to establish a baseline for a patient’s condition (phase 1) before making any assessment of symptoms (phase 2) and suggesting medical interventions (phase 3).  Total quality management programs suggest (1) careful attention to understanding current process characteristics before (2) suggesting incremental interventions supporting (3) continuous process improvement.  Process reengineers sometimes advocate (1) largely ignoring current process characteristics prior to (2) understanding fundamental process goals and (3) designing revolutionary new processes � ADDIN ENRef ��(Hammer 1990; Hammer and Champy 1993)�.  Organizational learning theorists often suggest (1) careful examination of current processes in order to (2) examine underlying process structures and (3) adapt processes in ways that support improved structures � ADDIN ENRef ��(Senge 1990)�.


This paper focuses on methods of process analysis that rely on coordination theory to understand the fundamental drivers of process design.  In its understanding of process components and coordination relationships this approach offers the promise of providing a process grammar that can support useful comparisons of processes across different organizations, different industries, and different economies.  This grammar itself offers the promise of process descriptions that can be understood and characterized according the perspectives of multiple contrasting approaches to process modeling.  Many of the ideas described by these diagnostic techniques are currently being included in software tools under development at the Center for Coordination Science at MIT as part of the multi-sponsor, multi-disciplinary Process Handbook project.


10 Steps to Process Analysis


This paper interprets the three phases of diagnosis described above as process representation, process diagnosis, and process innovation.  In the language of process grammars and coordination theory, process representation understands process context and activity decomposition; process diagnosis means recognizing process specializations, explicit process dependencies, and current coordination strategies; and process innovation means surfacing implicit dependencies to suggest new coordination mechanisms that support innovative process designs.  Figure � SEQ fig \* MERGEFORMAT �1� summarizes 10 steps to process diagnosis and redesign.


Process representation builds an understanding of process context and develops a multi-level description of activities that represent components of a process � ADDIN ENRef ��(Malone, Crowston et al. 1993)�.  This description begins with lists detailing process activities, goals of activities, actors who perform those activities, resources that are used by activities, and artifacts (forms, reports, papers, database entries, and other physical outputs) produced by activities.  The output of the representation phase is a so-called activity decomposition hierarchy that identifies relationships between process activities across various levels of the process.


Figure � SEQ fig \c \* MERGEFORMAT �1�:  10 steps to Process Analysis


Phase�
Activity�
Output�
�
Process Representation�
Context-setting


Process decomposition�
Context description


Decomposition hierarchy�
�
Process Diagnosis�
Process specialization


Analysis of explicit dependencies


Dependency management analysis


Trade-off analysis�
Specialization hierarchy


Dependency description


Coordination analysis


Trade-off matricies�
�
Process Innovation�
Identify implicit dependencies


Identify new coordination strategies


Trade-off analysis


Process redesign�
Dependency description


Coordination analysis


Trade-off matricies


New process design�
�
Process Representation


Context descriptions provide rich detail to explain the organizational and behavioral environments within which the process evolves.  Activity hierarchies provide a concise way of referring back to and organizing the complexities of process context.  Context descriptions, which form the necessary background within which process activities are identified, are generally developed through semi-structured interviewing and participant observation protocols which have been influenced by ethnomethodological techniques � ADDIN ENRef ��(Spradley 1979)�.


The output of the process representation phase provides a graphical process decomposition that serves as a shorthand reference to process context data, a perspective on process structure, and framework for organizing process diagnosis.  A decomposition hierarchy for the sales process for a marketing office in a direct mail company is shown in Figure � SEQ fig \* MERGEFORMAT �2�.


Figure � SEQ fig \c �2�:  Decomposition hierarchy for sales process
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The process diagnosis phase begins with the identification of specializations within the process activity hierarchy.  Specializations represent groups of activities that represent different kinds of a process.  For example, Sell to Client might specialize into a Sell to New Client process and a Sell to Old Client process.  The steps of introducing services, articulating needs, suggesting solutions, and negotiating proposals might be done in different ways when selling to a new client versus selling to an established customer.  At the company which generated the sales process in Figure � SEQ fig \c �2�, for example, an external salesperson is involved in selling to new clients, while an internal account executive is often the sole contact for selling to established clients.  For established clients the steps of introducing services and articulating client needs are often greatly attenuated, since established customers often know enough about the company’s services to provide a highly detailed request. For established clients the proposal process often delivers a formal quote rather than a proposal and bid.


A specialization hierarchy for these two instances of the Sell to Client process is shown in Figure � SEQ fig \* MERGEFORMAT �3�.  The dotted line indicates that both of the activity groups in the bottom half of the figure are specializations of the Sell to Client process.  The decomposition of the Sell to Old Client process shows how established clients usually do not need to have the company’s services explained to them, how problem and solution definition take place fairly quickly, and how the quote replaces the proposal process.


Figure � SEQ fig \c �3�:  Specializations of Sell to Client for New vs. Established Customers
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Note:  The dotted line connecting Sell to Client with Sell to New Client and Sell to Old Client identifies both of the latter processes as specializations of the former.  This figure shows both process specialization and decomposition by using the open-topped boxes to identify groups of activities.  Sell to New Client, for example, decomposes into four subprocesses.  The box labeled “x” under Sell to Old client suggests that account executives seldom need to introduce the company’s services to established customers.


Analyzing Dependencies


The second step in the process diagnosis phase consists of analyzing dependencies between activities that the organization has already identified as of primary importance to the success of the process.  We refer to these as explicit dependencies because the organization has already chosen explicit coordination strategies for managing them.  Implicit dependencies, by contrast, are those which have not yet been recognized by the process design.  In later phases of process analysis, implicit dependencies surface redesign ideas that drive process innovation.


Dependencies of either type can be identified by a combination of two techniques, which we refer to as top-down and bottom-up analysis.  Top-down analysis begins with the following set of steps.  For any process,


Identify the boundaries of the highest process level you are considering.


Considering decompositions from this level in the activity decomposition hierarchy, ask:


What is the goal of this process?


What are its inputs?


What are its outputs?


What resources does it use, in terms of labor (i.e., actors in the process), equipment, materials, overhead, time (or other units of importance to the process)?


Using the answers to these questions, suggest dependencies that cross process boundaries.  Suggest candidate coordination processes for each dependency.


Break each dependency into its subparts (i.e., identify the constraints associated with it).


Locate activities within the relevant process decompositions that manage each dependency constraint, thereby coordinating that part of the dependency.


For example, the process that includes Sell to Client appears within a higher level of processes that include Contact Prospects and Provide Services (see Figure � SEQ fig \* MERGEFORMAT �4�).


Figure � SEQ fig \c �4�:  High-level process view and questions for top-down dependency analysis
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Note:  This is a partial representation of this process.  Activities marked with [...] represent process steps that are not relevant to this example.  They are omitted here for the sake of clarity.


Answers to top-down analysis questions


Question�
Answer�
�
Process boundaries�
Run Business Unit and its decompositions.�
�
Process goal�
To generate revenue by selling company services.�
�
Process outputs�
Direct mailing services on behalf of client.�
�
Process inputs�
Client approval of problem solution (may include problem definition).�
�
Resources�
Salespeople, account executives, production staff, mailing materials, warehouse space, computer equipment, printing equipment, temporary staff.�
�
From examining the decomposition hierarchy in Figure � SEQ fig \c �4�, it appears that the company cannot provide services to potential clients with whom it is not in contact (i.e. to customers it does not know about). This premise suggests that there is probably a dependency crossing the boundary between the Contact Prospects branch of the process tree and the Provide Services branch.  The premise further suggests that the dependency will be a flow dependency because the outputs of Contact Prospects (i.e., inquiries) are being used within the Provide Services process .  Figure � SEQ fig \* MERGEFORMAT �5� shows an activity hierarchy illustrating this dependency.


Figure � SEQ fig \c �5�:  Dependency proposed by top-down analysis


� EMBED Visio.Drawing.3  ���


Looking within the activity decompositions of Contact Prospects and Provide Services, it appears that the Sell to Client process is itself a coordination process insofar as it links client problems with company services that provide solutions.  Figure � SEQ fig \* MERGEFORMAT �6� shows Sell to Client as the coordinating process managing a flow dependency that links Inquire about Services and Service the Client.  The attributes of the dependency are listed below the dependency arrow.


Figure � SEQ fig \c �6�:  Sell to Client as a coordinating process
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A characteristic of flow dependencies is that they include usability, transfer, and prerequisite constraints � ADDIN ENRef ��(Malone, Crowston et al. 1993)�.  Usability refers to whether the output of one process is usable as an input by another process.  In this case, usability refers to whether the problem definition received by the marketing office generates the appropriate service and performance by the direct mailing company.  The transfer constraint refers to whether all the materials needed by the receiving process are indeed received.  The prerequisite constraint focuses on precedence, ensuring that all activities that must be completed by the upstream process before activities in the downstream process do indeed occur in the appropriate sequence.


The next step in top-down dependency analysis breaks the flow dependency just identified into its usability, transfer, and prerequisite components.  Figure � SEQ fig \* MERGEFORMAT �7� shows these attributes and summarizes their characteristics.


Figure 7:  Flow dependency constraints
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Focusing on each flow dependency attribute in turn, top-down analysis asks which activities within Sell to Client manage the usability of company solutions to client problems.  One way to identify such activities is to understand the key variables affecting each dependency constraint and then to look for activities that define those variables.  Referring back to the activity decomposition shown in Figure � SEQ fig decomp \* MERGEFORMAT �2�, for example, suggests a sequence of activities under the Suggest Alternatives process in which a company employee (usually an account executive) suggests processing options, documents expected leadtimes, and estimates turnaround times.  These three steps treat major variables related to usability such as the characteristic of the service configuration, time constraints, and cost.  Figure � SEQ fig \* MERGEFORMAT �8� illustrates how these activities work within the Suggest Solutions process to manage usability.


Figure � SEQ fig \c �8�:  Managing usability constraints
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The transfer constraint to the flow dependency focuses on whether all inputs are available when needed.  In this case, the activity related to preparing a sales proposal ensures that all key variables related to transfer have been analyzed.  The proposal preparation process enables the company to present formally that it has considered all issues related to service option coverage, service costs, and relevant leadtimes.  The proposal itself provides a written record which the customer can use to verify that these issues have been considered and resolved.  Figure � SEQ fig \* MERGEFORMAT �9� illustrates how the Prepare Proposal activity manages the transfer constraint.


Figure � SEQ fig \c �9�:  Managing transfer constraints
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The final attribute of the flow dependency is the prerequisite constraint.  Here again the company has evolved an explicit coordinating activity that focuses on the need to ensure that all events that needed to occur prior to the initiation of a servicing process did in fact occur.  Key variables associated with these events are handled by the Obtain Client Approval process, in which the mailing company verifies that the client has indeed considered the solution recommended by the proposal, checked the service parameters against its needs, and found a satisfactory match.  “Satisfactory” in this context refers to a match between company competencies and client intentions, services provided in an adequate time, and appropriate profitability - both for the job and for the client as a whole.  Figure � SEQ fig \* MERGEFORMAT �10� illustrates how Obtain Client Approval manages prerequisite constraints.


Figure � SEQ fig \c �10�:  Managing prerequisite constraints
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The sequence of analysis recorded from Figure � SEQ fig topdown \* MERGEFORMAT �4� to Figure � SEQ fig prereq \* MERGEFORMAT �10� suggests how top-down dependency analysis proceeds from a high-level view of a process to a more detailed understanding of activities that coordinate key variables associated with dependency constraints.  In this example, top-down analysis has identified candidate coordination processes for usability, transfer, and prerequisite constraints underlying a flow dependency between client needs and company services.  In each instance, the coordination process identified manages the key variables associated with selected dependency attributes.  


The example illustrates dependencies that are explicitly understood by an organization insofar as organizational processes already have systems, roles, and relationships designed into them to ensure that attributes of these dependencies are coordinated.  Understanding how coordination activities manage dependencies results in a coordination analysis that highlights these explicit dependencies.  Figure � SEQ fig \* MERGEFORMAT �11� summarizes such a coordination analysis.


Figure � SEQ fig \c �11�:  Coordination analysis


Dependency�
Between�
Managed by�
Key attributes/variables�
�
Flow








�
Contact Prospects, Provide Services�
Sell to Client





�
Goals:	Satisfied client, profitable job.


Input:	Job description


Output:	Mailing service


Resources:	AEs, staff, database system, mailing system�
�
Usability�
�
Suggest solutions�
Key variables:


Service configuration


Leadtimes (for company)


Costs to company�
�
Transfer�
�
Prepare Proposal�
Key variables:


Coverage of needs/service options


Costs to client


Leadtimes (for client)�
�
Prerequisite�
�
Obtain client approval�
Key variables:


Match between client intentions and company competencies


Leadtimes (for job planning)


Anticipated profitability of job and of client�
�
Understanding dependencies and coordination choices means that it is easier to articulate the tradeoffs available between different specializations of a given process.  Tradeoff matricies contrast process characteristics across different versions of a process.  Consider the variations of the Sell to Client process illustrated in Figure � SEQ fig specn \* MERGEFORMAT �3�.  One specialization of the process refers to selling to a new client; the second refers to selling to an old client.  The dependencies underlying the coordination analysis above apply to both specializations.  The strategies employed for coordinating these dependencies, however, may differ across the specializations.  The tradeoff matrix below suggests some of the ways in which the two types of selling compare.  The comparison suggests ways in which process performance can be improved by redesigning the ways in which process dependencies are coordinated.


Figure � SEQ fig \* MERGEFORMAT �12�:  Sell to Client trade-off matrix


�Variables





Specialization�
Need definition 


time�
Solution definition time�
Client approval 


time�



Sales Cost�
�
Sell to New Client�
High�
High�
High�
High�
�
Sell to Old Client�
Low�
Moderate�
Low�
Low�
�
Comments�
Client is not familiar with company services.�
Time to define service remains the same; old client more familiar with service.�
New client requires proposal.  Old client accepts quote directly.�
New client requires salesperson and AE.  Old client deals directly with AE.�
�
For example, the trade-off matrix suggests that coordinating projects with new clients is more time-consuming and costly than initiating new business with established clients.  This comparison implies that if the company could facilitate new clients in understanding company services as well as established clients do, the logistics and productivity of selling efforts might be enhanced.  Analyzing usability, transfer, and prerequisite dependencies suggests a range of alternatives for improving company-client communication in the early stages of job definition, extending from technology-intensive solutions such as an online job definition system that allows new customers to design their own customized service to relationship-intensive solutions such as pairing operating staff at new clients with selected staff members at established customers to advise new clients on problems and solutions.


Generative comparisons such these lead directly into the design and innovation phase of process analysis.  This phase focuses on the relative costs of the coordination strategies identified by the dependency definitions emerging from process diagnosis.  The innovation phase also focuses on implicit dependencies that may have not yet been recognized within the process.


Process innovation


One way to identify implicit dependencies is to examine a process to discover where coordination is breaking down, particularly when coordination results differ across process specializations that share the same parent process.  In such circumstances, asking what dependencies are not being managed (thereby leading to these problems) can lead to a new understanding of process dynamics.


For example, the company whose processes we discussed above approaches new clients in a different way from established clients.  Company policy calls for salespeople to make initial calls on prospects before negotiations about job definition begin.  Established clients tend to deal directly with the account executives who managed the operating logistics of their past jobs.  The AEs know the details of the company’s operation intimately because they spend the bulk of their time shepherding jobs to completion.  The salespeople do not know the operations as well because they spend most of their time talking to prospects.


In our interviews with AEs, it became clear that a significant portion of the additional time, cost, and problems generated by new business derived from salespeople’s’ tendency to promise that a larger proportion of a custom job’s steps would be provided free of charge than was consistent with profitable operations.  The responsibility for clearing up these misconceptions often fell to AEs, who often did not realize there was a problem until they submitted a bill for a nearly-completed job.  Understandably, new customers generally did not react favorably to learning that they were being billed for work that they had understood would result in lower fees.  The problem was amplified by the fact that salespeople and AEs did not cross paths frequently, since AEs worked for a company subsidiary and the sales force worked directly out of company headquarters.


This example suggests that an implicit dependency exists that the company has not yet recognized.  Specifically, the usability and transfer dependencies identified above are not being fully satisfied because of the multiple actors (e.g., account executives and salespeople) involved with defining jobs for new clients.  A further dependency exists within the Sell to Client process which requires that the company pay more attention to coordinating actions of salesforce and AEs.  One of the results of our research into this process, in fact, has been the initiation of a pilot project to build a groupware-based quoting system that would enable the salesforce to build proposals using the same job breakdowns and fee structures that account executives use to develop quotes.  This effort has in turn led the company to reexamine all of its operational processes to understand where improvements might be made.


Bottom-up dependency analysis


The example above identifies dependencies by starting at the top of an activity hierarchy and working down until coordination activities are identified.  A second method for identifying dependencies begins at low levels of the hierarchy and identifies coordination activities from the bottom up.  Together these techniques provide a mechanism for building a stronger case for dependency identification.  By identifying dependencies by one method and questioning them by the other, a more consistent understanding of dependencies and coordination can be obtained.


To identify dependencies and their related coordination activities using the bottom-up approach, begin with a multi-level activity hierarchy, such as that shown in Figure � SEQ fig decomp \* MERGEFORMAT �2� and Figure � SEQ fig topdown \* MERGEFORMAT �4�.  Then:


At low levels in the process, examine the flow of paper or other physical resources in order to identify tracking systems, reports, budgets, meetings, or other mechanisms that appear to be focused on coordination.  


Examine the organizational structure through which the process moves to ascertain whether specific individuals (e.g., managers, account executives) have responsibilities that predominately represent coordination.  


Should such individuals be identified, examine the activities to which they contribute and ask what dependencies those activities coordinate.  


For a process hierarchy that is fully specified to the level of physical workflow, it is possible to examine process trees from the bottom up in order to identify the small number of activities that must be fulfilled in order for the process to be completed.  These activities can normally be identified using criteria of transformation or essentialism.


Once process-critical activities have been identified, ask what dependencies affect them.  Look for individual activities that coordinate constraints and attributes of those dependencies.


Figure � SEQ fig \* MERGEFORMAT �13� illustrates a preliminary bottom-up analysis for the Run Business Unit process.  This analysis results in three starting points for dependency analysis.  Analyzing paper flow highlights the coordinating function played by the proposals and quotes that salespeople and AEs use during the Sell to Client process.  From this point it is appropriate to ask what dependencies proposals and quotes are coordinating.  This line of investigation leads back to the dependencies and constraints identified through top-down analysis.  To this degree, workflow criteria appear to corroborate the results of top-down dependency definition.


Examining organizational structure and roles leads to the coordinating function of the account executive.  The company has clearly identified that important dependencies must be managed within sales and production management processes; the AE position appears to be one designed to focus on such coordination.  Focusing on the AE as coordinator leads back to processes of problem definition, proposal development, and obtaining client approval.  Investigation in these areas leads to dependency definitions that corroborate the top-down analysis.


Examining process-critical steps leads in two directions.  First, it is clear that as the business is currently designed neither salespeople nor account executives will expend the effort to close business unless a client has made a serious inquiry about contracting for a company service.  For this reason, the Inquire about Services activity appears to be a critical initiator of the process.  In this context this activity appears to be a natural origin point for multiple dependencies, corroborating the top-down analysis.


Process-critical production steps are found several levels down the hierarchy of the Service Client process, whose decompositions are not shown here.  At a low level of that tree, however, product is delivered into the USPS mail stream from the company’s mailing warehouse.  Most of the company’s production activities are focused on achieving this step.  This activity clearly represents a process-critical step.


Building up from production and delivery steps within the Service Client process, a key feature of coordinating production becomes increasingly clear:  the instructions used by operating staff to produce customized services for clients are largely derived from information first developed for project proposals and quotes.  In this sense the development of the proposal or quote becomes the information source for many of the remaining coordination activities that account executives perform.  Investigating the proposal and quoting process leads directly back to the dependencies suggested by top-down analysis, further corroborating those conclusions.


Figure � SEQ fig \c �13�:  Summary of bottom-up dependency analysis


Criteria�
Evidence�
Comments�
�
Paper/resource flow�
Tracking systems and reports�
Proposals and quotes appear to perform a coordinating function.�
�
Organizational structure�
Account executives


Salespeople�
The AE position appears to be largely devoted to coordination, both for the production of the company’s services and for producing quotes for new business to established customers.





Insofar as sales calls result in proposals that salespeople write, the sales force appears to play a coordinating role in securing and defining new orders.�
�
Process-critical activities�
Contact must be established with prospects who need the company’s services.











A specific service must be provided to the clients who contract for the company’s services.  This service normally requires the delivery of mailings or of marketing information to the postal service or an electronic carrier.�
The client inquiry must occur for other activity to occur; the Inquire about Services activity appears to be an origin point for numerous dependencies because it signals a potential customer who is serious about contracting for business.





While the process maps provided here do not detail lower levels of the Service Client process, one or more production steps within this process actually deliver product out the back of the company’s mailing warehouse.  These functions represent process-critical activities.  They represent end points for dependencies that Sell to Client in part coordinates.  Sell to Client is particularly important in this regard because it is the proposal or quote that becomes operating instructions for production staff who execute each job.�
�
Summary


This paper has suggested an approach to representing, diagnosing, and redesigning processes that focuses on the coordination of process dependencies as a key factor driving both process designs and process dynamics.  Process decomposition, specialization, and dependency analysis are used to develop an understanding of how coordination activities manage the tradeoffs that influence process configurations.  Using these techniques, tradeoffs can be described explicitly using tradeoff matricies that compare key variables relating to dependency behavior.  This paper suggests a 10-step analysis for mapping processes, understanding their dependency characteristics, and redesigning coordination activities to improve dependency management.


The phases of this analysis can be described graphically as shown in Figure � SEQ fig \* MERGEFORMAT �14�.  Process representation is completed by the development of a context description and process decomposition.  Process diagnosis begins with the description of the process specialization hierarchy, continues with the identification of explicit dependencies (corroborated by means of both top-down and bottom-up dependency analysis), and is completed by coordination analysis that understands how the current process design handles dependency trade-offs.  Process innovation begins with the identification of implicit dependencies (e.g., those not acknowledged by the current process design), leading to a redesign of coordination activities, the reconciliation of trade offs within the new process, and a final process redesign.


Figure � SEQ fig \c �14�:  Process analysis roadmap
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