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<CN>20</CN>
<CT>Analyzing the Effectiveness of Human Activity Systems with i*</CT>
<CA>Alistair Sutcliffe</CA>
<H1>20.1 Introduction</H1>
Applications are becoming increasingly networked, so requirements analysis needs to consider how technology should support groups of people collaborating on tasks rather than single-user stakeholders. Analysis of human activity systems to date has been addressed only by the soft system methodology (SSM) (Checkland & Scholes, 1990); however, the conceptual models and root definitions of problems provided by SSM are informal and the method gives little analytic guidance. Although groups of collaborating actors can be modeled with i* (see chapter 2 of this book) and other notations, few requirements analysis techniques have been proposed for investigating how different sociotechnical system designs may succeed. Furthermore, the mesh between technology and group working has also received little attention in the requirements engineering literature. Although information system research has a considerable tradition of investigating the acceptance of technology and the fit of computer systems within organizations (Callon, 1999; Davies, 1989; Orlikowski, 2000), these studies have been post hoc analyses rather than requirements and design methodology. 

This chapter proposes requirements analysis techniques for investigating the working relationships between people and the fit of technology within work groups, thereby providing the means for investigating the potential success of group designs. It introduces a socio-psychological theory and applies it to extending i* as a means of analyzing requirements for sociotechnical systems. The theory of small groups as complex adaptable systems (hereafter CAS theory) (Arrow, McGrath, & Berdahl, 2000) is a successor to social dependency theory (McGrath, 1993), which has influenced the design of CSCW systems (Greenberg & Marwood, 1994; Rodden, 1991).
 New inter-actor relationships are proposed for i* models that account for social dependencies described in CAS. Qualitative and quantitative analysis techniques are also proposed, so the contribution of applying CAS to i* lies not only in extending the semantics of the models but also in proposing analysis techniques that can be applied to “socially augmented” i*. The chapter is structured as follows. First, extensions to i* are proposed to enhance its social modeling capabilities. The extensions are motivated by social science theory and work-group modeling that are
 reviewed in sections 20.3, 20.4, and 20.5. The  extensions to i* modeling with analytic techniques that enable the cohesion of work groups and the task fit of technology to be assessed, are illustrated with a case study of interorganizational relationships in section 20.6. The chapter concludes with a brief discussion of future work.

<H1>20.2 Extending i* for Sociotechnical System Modeling</H1>
To model social cohesion issues, we extend i* by adding new inter-actor relationships for power, trust, and commitment and specializing actors’ properties to describe and record their perceptions of others and of group identity. 

The i* modeling language represents the dependency and means-ends relationships between tasks andd goals, actors and supporting resources (Mylopoulos, Chung, & Yu, 1999; Yu, 1995). 
Our extensions of i* place more emphasis on actor-dependency modeling to understand social relationships, and actor-task-goal models for analyzing workgroups. Three relationship types are proposed (see figure 20.1).
<BL> 

· Perceived power: the relative power balance between two partners that can result from authority, contractual arrangements, or economic resources of each partner, which gives them leverage in negotiating relationships. 

· Commitment: the degree to which individuals are well disposed to cooperate with each other to achieve shared goals. This represents mutual awareness, respect, and commitment.

· Trust between individuals: the degree of trust from the truster and trustee viewpoints. Trust can be calculated from the reputation of an actor or organization, or may be an individual’s ratings of other group members. However, trust is also a consequence of vulnerability and potential for loss, which in turn is linked to the perceived power in a relationship.</BL> 

Power relations are denoted by an arrow showing the influence from the more powerful to the less powerful or subordinate actor, as depicted in figure 20.1. The degree of power symmetry is annotated on each role within the relationship, using a five-point scale  ranging from ++ for very powerful, to no annotation as a neutral position, to—for a very weak actor. Inter-actor relationships can be the degree of power asymmetry that may lead to problems within groups. 

The second addition is a commitment between actors to model alliances. Actors may be committed to a shared goal or to achieve a shared task. Commitment is annotated on a relationship as “directed C” following the dependency notation in i*. The direction of the relationship points from the committer actor to the recipient, and the number of symbols denotes the strength of the commitment. Commitments can be directional in mutual alliances, or asymmetric. Commitment is related to the final addition of trust; however, we distinguish the two relationships by reserving trust for personal informal judgments about the other actor, whereas commitment is a formal contractual relationship. Trust is shown as a dashed arrow from the trusting actor to actor that is to be trusted. The degree of trust is annotated on each role, using the same five-point scale as the power relationship; hence trust can be mutually positive, negative (mistrust), or asymmetric. Trust relationships model the direction of trust in terms of dependency between the truster, who is the less vulnerable partner, and therefore less likely to rely on trust, and the trustee, who, in contrast, has more vulnerabilities and hence a greater dependence on trust.

[Figure 20.1 here]

The interpretation of power and other relationships relies on social science theory to provide heuristics for inspecting i* models to detect pathologies in strategic dependency models. These heuristics are described in more depth in the following section, so a few examples are given here to illustrate the approach.

<BL>
· Analysis of alliances between actors to achieve a goal or task. Lack of commitment, strong power asymmetry, and mistrust are potential obstacles to effective collaboration.

· Authority in organizations and line management. Power symmetries are to be expected. Organization charts and dependency relationships are investigated to ensure there are no transitivity clashes in power, such as A has power over B, who has power over C, but C also has power over A.
  More subtle clashes become apparent when the actors share several dependencies that have different power relationships.

· Trust in collaborations. Trust can help over come potential pathologies such a lack of commitment or power asymmetry leading to fear of the dominant actor. Strongly asymmetric trust relationships point to a vulnerability of one actor and hence to possible pathology. The dangers of mistrust are self-explanatory.</BL>
As well as adding new relationships, the attributes of actors are expanded to include skills and abilities, which are used in actor-task capability matching. Motivations and attitudes are used in group cohesion analysis to investigate the effectiveness of alliances and collaborations. The following sections review the motivations and the theoretical origins for these extensions to i*. 

<H1>20.3 Social Theories and Human Activity Modeling</H1>
Task analysis is the accepted means of analyzing human activity and of associating actors with goals, which are an inherent component of tasks in human factors, such as hierarchical task analysis (Annett, 1996); however, task analysis methods have usually focused on analysis of an individual’s activity. Methods for group-level modeling of sociotechnical systems have been proposed in group task analysis, which associates tasks with actors, and single and shared responsibilities
 (van der Veer, Lenting, & Bergevoet, 1996). Cognitive work analysis (Sanderson, 2003; Vicente, 1999) provides a model-based approach for design of human activity that takes the ecological context into account by modeling the physical domain of work in terms of the artifacts involved and the layout of the workplace. Domain models are used to design human tasks and the tools they use. Contextual inquiry (Beyer & Holtzblatt, 1998)
 adds a social dimension to contextual modeling with affinity diagrams that represent the power relationships between individual actors and work groups. Organizational structures are also modeled. Representations in human factors and HCI have widened the scope of system modeling from actors and tasks to include domains and social relationships, although these models and their accompanying analytic methods have paid little attention to sociological or psychological theory of human behavior.

Theories have been applied to modeling human activity systems as a set of concepts that frame analysis issues. For example, activity theory places the focus of analysis on interaction with artifacts while viewing activity as a set of ecologically situated tasks directed toward long-term intentions (Nardi, 1996).
 Activity theory encourages analysis of conflicts between stakeholder views, resources, and ownership in a social system, and indicates how conflict can be productive in promoting learning and problem solving. However, it does not provide techniques or guidelines for analysis of social norms, roles, or communication. In contrast to task analytic views (Diaper, 1999),
 activity theory emphasizes the role of the artifact in action and how people learn to achieve goals by adapting their actions to available artifacts. This view of interaction within a work context, founded on the concept of situated action (Suchman, 1987), is shared by distributed cognition, which provides a looser aggregation of concepts for describing interaction in groups, with distributed tasks coordinated between several agents through shared knowledge and intent (Perry, 2003). Distributed cognition takes a cognitively grounded viewpoint and emphasizes shared mental models and the distributed nature of knowledge and intent, thereby describing how a group can collaborate toward a common goal (Hutchins, 1995).

The soft systems methodology (Checkland & Scholes, 1991)
 represents human actors and activities in a conceptual model with information flows in an informal model. Other conceptual modeling languages, for example, ORDIT (Eason, Harker, & Olphert, 1996), which models organizations, actors, tasks, and roles, have been used to represent complex group-level systems; however, few explicit techniques have been developed to analyze group-level requirements. Ethnographic studies (Button, 2003) attempt to understand requirements and the context of work; but the gap from ethnographic understanding to articulation of requirements is left to the analysts’ intuition. Requirements engineering has acknowledged the needs of multiple stakeholders and collaborative requirements in most methods (e.g., VORD: Sommerville & Sawyer, 1997; VOLERE: Robertson & Robertson, 1999); however, specification of technology to support collaboration is not explicitly supported by current methods.

 Social aspects of requirements modeling have been represented by additions to i*, for instance, by the skills preferences analysis, which matches the needs and preferences of stakeholders to their abilities (Castro, Kolp, & Mylopoulos, 2002). Specification of personal-level requirements was developed further in the personal and contextual requirements engineering method (Sutcliffe, Fickas, & Sohlberg, 2005). Although this method did address context in terms of spatial and temporal distribution, and did consider trade-off for conflicting requirements in sociotechnical solutions, it did not model group collaboration. Relationships such as trust and responsibility have been added to i* models, although techniques for analyzing social impact have not been specified, so social-level analysis is inspection based. This depends on the analyst’s possessing expertise in sociology or psychology. Trust has been treated as a quality similar to a nonfunctional requirement that a particular technical design may or may not satisfy (Giorgini, Massacci,  Mylopoulos,  & Zannone, 2005). Responsibility, capability, and authority semantics have also been attached to actor-task or goal relationships, but these variables have to date not been subjected to any in-depth analysis. This has limited the power of social-level modeling in i* to simple type checking, such as an agent needing to have capability (x) to perform task (y) when the nature of the capability is not made explicit. 

In summary, several aspects of social relationships have been added to i*, but progress has been ad hoc; furthermore, sociological and psychological theory has not been applied to the specification or analysis of sociotechnical systems. In the following sections we apply a socio-psychological theory of group behavior to extend i* semantics, and augment it with analytic techniques to address sociotechnical systems requirements analysis.

<H1>20.4 Small Groups as Complex Adaptive Systems</H1>
We propose complex adaptive systems theory (Arrow et al., 2000) as a framework to guide modeling and develop analytic techniques. CAS theory comes from a social psychological heritage that takes an eclectic approach to theory synthesis, building on research into groups as information-processing systems that motivate and regulate their members (McGrath, 1998), and bringing together thirteen streams of social psychology research (Arrow et al., 2000). CAS theory limits its scope to groups of twenty or fewer members. The theory classifies groups into task forces (single project, short duration); teams (many projects, longer duration); crews (strong role models for collaboration); and social groups (nonwork goals, member-driven collaboration) (See figure 20.2.) A set of dimensions classifies groups according to their duration, goal directedness, and mode of creation (external setup/internal motivation). CAS theory explains how groups of different types develop over a life cycle of formation, emergence, operation, maturity, and senescence; and describes qualities for successful group interaction and pathologies in structure and behavior that can disrupt achievement of common goals and destabilize the group.

[Figure 20.2 here]

The theory is composed of two layers: a bottom-up analysis driven from modeling the composition of groups,
 and an upper layer of emergent properties that characterize the group as a whole. Contextual dynamics describes the influence of the group’s environment on both levels. The lower level, local dynamics, provides an internal view of the group composed of agents, goals, tasks, tools, and communication channels. Key success factors include member participation, leadership, authority/hierarchy versus autonomy/democracy, and so on. For task forces, formation of a sound task and labor network is important for effective sharing of work, whereas social relationships are less important, given the short duration of the group. In contrast, a member and role network is vital for teams because social relationships are crucial to success. Crews require sound tools and job networks so they can function effectively, employing role knowledge even if individual members change. In CAS theory, “tools” refers not only to hardware tools such as computer systems, but also to tools such as collective knowledge (i.e., shared strategies, procedures, and norms, which are important ingredients for teams and crews. The group-level, global dynamics view describes emergent properties of whole groups such as social cohesion, motivation, shared beliefs, image, goals, satisfaction of members, and effectiveness in achieving tasks. Some concepts and heuristics are given about how internal properties of groups might contribute to emergent properties at the global dynamics level.

[Figure 20.3 here]

An overview of CAS theory is given in figure 20.3, which illustrates its components and models. Clearly, a few paragraphs of description can hardly do justice to a sophisticated and complex theory; however, further partial description is interleaved with description of application of CAS theory in the following case study, and the reader is referred to Arrow et al. (2000) for an authoritative description.

<H2>20.4.1 Tasks, Agents, and Roles</H2> 

Small group theory creates three complementary networks showing the relationships between agents (which map to i* actors) and tasks, tasks and tools, and agents and tools. Tools may be software systems, information, or other resources used for completing tasks. A key concern in task-agent-tool network analysis is the level of support provided by tools to the agent for achieving the task. Assessing task-agent-tool networks needs a measure of task-tool fit that can be taken from subjective ratings, combined with usability metrics from evaluation studies. In collaborative systems, even though the task-tool fit for individual roles might be reasonable, support for group integration may be more critical, so a separate group-level analysis of tool support will be necessary. The i* modeling language represents the dependency and means-ends relationships between tasks, goals, actors, and supporting resources (Mylopoulos et al., 1999; chapter 2 of this book). Machine and human actors can be differentiated in i* notation, so the CAS local dynamics networks can be explicitly modeled. Our extensions of i* place more emphasis on actor-dependency modeling to understand social relationships, and on actor-task-goal models for analyzing work groups. CAS theory suggests the following heuristics for inspecting i* models for pathologies in actor-task-tool dependencies.

<BL>
· Support dependency of a tool (machine agent) to help a human actor achieve a task. This can be captured by asking the user human agent to assess the effectiveness of the tool or by carrying out a usability evaluation.

· Capability analysis, the ability of a human actor to carry out the task. This analysis is elaborated in the following section on KSAs. 

· Flexibility, the degree of self-assessed willingness to accept change in work tasks and to adapt to changes in the work environment.</BL>
Small group theory predicts that the task-agent-tool network should become more integrated over time and that a good fit between tasks, people, and technology will enhance group effectiveness. For instance, poor development of the task-agent-tool network indicates poor group cohesion and impairs information processing. Task-agent networks with inadequate knowledge and skills held by the group’s members could indicate poor performance and increased errors, possibly leading to social tension within the group caused by inability to achieve collective goals. Knowledge and shared awareness of each other is critical to flexible and adaptable group working. Actor-actor dependencies are identified and assessed for mutual awareness and willingness to collaborate. These aspects can be assessed by scenario-based testing or by questionnaires that probe each group member’s view of other members’ knowledge, and mutual awareness. Individual answers can be cross-checked to evaluate how much knowledge is mutual and how much results from individual viewpoints. Scenarios of group action and problems that might arise can be used to assess individuals’ mutual awareness and evaluate how they would plan to collaborate with each other. Low levels of mutual awareness or poor sharing of task knowledge indicates future performance problems.

<H2>20.4.2 Knowledge, Skills, and Abilities</H2>
The knowledge, skills, and abilities (KSA) of agents determine how well the group’s human resources fit the needs of the tasks and group objectives. Skills may be interpreted in their cognitive sense (i.e., pre-compiled, internalized procedures for carrying out tasks). Abilities can be considered as capabilities or resources that contribute to the collective goal. Hence, knowledge and skills are individual-level attributes ascribed to people based on expert judgment or measures (e.g., skills tests), whereas abilities reflect capabilities of a person’s role discerned by expert judgment. Although i* has been augmented with socially oriented relationships, such as capability and commitment of agents and trust between them (Castro et al., 2002), capabilities are not analyzed explicitly. CAS theory can supply such concepts via KSA analysis that can augment the concepts of capability and commitment to assess whether a group has the necessary human resources for a project, as follows:

<BL>
· 
Knowledge of domain (assessed by testing or from qualifications)
· 
Skills for carrying out a specific task (assessed by testing). Note that this could be modeled as a property of a dependency/responsibility relationship between an actor and a task
· 
Abilities: general capabilities for the tasks in terms of mental and physical abilities; these are usually measured from qualifications.</BL>
The range of KSAs may not all be necessary to assess the capability of an actor to carry out a specific task, so in many cases evaluating the level of training (skill) for a task will suffice.

In highly trained domains, KSA analysis should show that all personnel have the necessary knowledge and capabilities to carry out their individual and collective tasks. KSA analysis should also show critical weak points in a collaborative system if training has been less than adequate. However, deciding just when a deficit in KSA analysis might signal a dangerous flaw is not obvious. Individuals might collaborate to remedy deficits in knowledge and skills; however, ability problems should be easy to diagnose by comparing task requirements and agents’ capabilities. 

<H2>20.4.3 Values, Beliefs, and Attitudes</H2>
CAS theory predicts that development of a network of personal relationships (member network) and a role network that connects people to shared group norms, resources, and procedures, is important for establishing an emergent group-level culture and structure. A values, beliefs, and attitudes (VBA) analysis indicates how cohesive a group might be with respect to its members’ shared goals, culture, and social norms. Values are a nebulous concept usually not directly accessible in interviews, although questionnaires coupled with statistical cluster analysis can detect value-related concepts. Beliefs could be treated as knowledge and information that the core members hold to be true about the domain, over the medium to long term. Attitudes can be viewed as a subset of this information in which stronger valency prevails, so attitudes are construed to affect laden belief. A further problem with attitude analysis is tacit knowledge (Rugg, McGeorge, & Maiden, 2000). Individuals may articulate “officially” held attitudes at a meeting while holding a possibly contradictory attitude that they voice only in private (Goffman, 1976; Kahnemann & Tversky, 1982). Attitudes and beliefs could be captured by interviews or questionnaires, the latter being more reliable because they reduce the subjective interpretation of interview data. 

To simplify analysis, values, beliefs, and attitudes are condensed into three measures:

<BL>
· Motivation: a measure ofto the user’s commitment to achieving the collective goal and individual task goals, measured by a rating scale
· Group Identity: a measure of how strongly the actor feels to be a member of the group
· Attitude of each actor toward other group members, measured in terms of positive or negative affect.</BL>
VBA analysis can predict pathologies in group cohesion if mismatches between group members’ attitudes and motivations are apparent. 

The next analysis, personal, cognitive, and behavior styles (PCB), requires personality questionnaire inventories to be completed by the group members, such as personality profiles (McCrae & John, 1992) or cognitive styles (Kelly, 1963). There is some guidance in the personality styles literature about compatibilities between personal styles, but few firm guidelines exist to decide whether a certain mix of personality types would impair collaborative behaviors. Hence, even though detailed descriptions of a group’s members could be made in terms of traits and styles, predicting the impact on global dynamics may well be informed guesswork. Consequently, we have not yet used this component of CAS in our sociotechnical systems analysis method.

<H1>20.5 Social Cohesion Analysis</H1>
One of the tenets of small group theory is that network integration at the affective level (i.e., trust, social familiarity, and friendship) should deepen as the group matures in the formation and operation phase, leading to improved effectiveness. CAS theory describes emergent properties of whole groups as global dynamics and indicates that these should be a consequence of local dynamics. Desirable goals that groups should achieve are to fulfill members’ needs, motivate members, process information, generate knowledge, and achieve collective goals while managing conflict, maintaining group integrity, and developing agreement to complete group projects.

CAS theory predicts that work groups need to satisfy five criteria for success:

<BL>
· 
A rich social network with frequent positive interactions between the actors. The better individuals in a group get to know each other, the better they can adapt and help each other to achieve their shared goals.

· 
A strong group identity. Group members should feel they belong to the group (i.e., are stakeholders in the group).

· 
Commitment to shared goals. Members need to be motivated to achieve the shared goal.

· 
Clear organization of work tasks to achieve the shared goal.

· 
Knowledge of each other’s capabilities and tasks, so individuals can monitor each other and adapt work practices as necessary.</BL>
Social networks can be assessed by subjective evaluation of inter-individual relationships in terms of trust or positive attitude between group members. Alternatively, a more objective evaluation can be derived from the frequency and valency of interactions observed in meetings or via electronic communication such as e-mails. Pathologies may be posited if certain agents are isolated from communication networks. Interaction frequency analysis can give deeper insight into intragroup interaction, but it costs more to capture. Each discourse act or message has to be assessed by the analyst as positive (i.e., information helping another participant to complete a task, or explanation or instructions). Unfortunately, discourse analysis is time-consuming, so a more economical approach uses subjective ratings of communication frequency and effectiveness by each individual with other group members. The quality and frequency of communication that is necessary or sufficient to create positive affect is difficult to quantify. No absolute threshold can be given on the basis of current research, so although this analysis can identify pathologies when social relationships are likely to break down, it cannot determine a “safe” quantity of social affect.

To model social cohesion issues, we extended i* by adding further properties to describe actors and specializations of dependency relationships for power, trust, and commitment, as described in section 20.2. Most of the properties and relationship variables are quantified by questionnaire ratings. Inter-actor trust models the direction of trust in terms of dependency between the truster, who is the less vulnerable partner, and therefore less likely to rely on trust, and the trustee, who, in contrast, has more vulnerabilities and hence a greater dependence on trust.

The power balance between actors can be symmetric (balanced) or, more usually, asymmetric. Power asymmetries lead to vulnerability of one of the partners because the power of the dominant partner may be used to extract concessions and enforce change in behavior. This relationship can be seen as a type of emotive dependency in which the dependee enters into the relationship while acknowledging vulnerability that might be exploited by the dominant partner. Power is closely related to trust. Power asymmetries can become pathological because the weaker partner feels exploited and has less incentive to collaborate. Development of trust can offset the threat of power asymmetry and make collaboration more effective. 

Commitment to shared goals is measured by questionnaires or interviews. Individuals are asked to rate their commitment to the group’s goal and to rank this with other personal goals and demands on individual resources. Commitment is a positive relationship derived from the motivation of the individual (or organizational partner) to collaborate with others, based on identity with the group and commitment to the shared goal. As before, differences in the strength of ratings between members or a weak commitment rating among the whole group indicates potential pathologies.

 Group identity is a property of the whole group derived from its members, so it may be viewed as relationships between actors at the individual member level and the next hierarchical level of the actor-group. We treat identity as an actor-group property, measured by questionnaires or interviews with question inventories that ask members to rate their sense of belonging to the group, and compare this with their need for individual freedom. Group identity is assessed as a relative measure of belonging to a group compared with other, more basic kinship ties (Tajfel & Turner, 1986). As with social cohesion, no absolute value of desirable identity can be given, although weak group identity or wide differences in the strength of group identity among members are pointers to group instability.

Agreement over the goals and achieving the group project is likely to be a function of how well formed the task-agent-tool network was, coupled with how well motivated group members are toward achieving a shared goal. Good motivation and sound task-agent tool support could counteract operational difficulties and tensions between group members. If the members share a common motivation, then the chance of achieving group projects may be increased.

In the next section, the use of CAS theory for analysis of socio-technical systems is demonstrated in the case study of a collaboration between individuals and organizations for a charitable venture. 

<H1>20.6 Case Study: Advanced Life Support Group</H1> 

Data was gathered in a series of hourlong, semistructured interviews with group members at their usual place of business. In order to gain a balanced view of the organization, we spoke with people at various levels. For example, in the charities, we spoke to the organization’s trustees, senior and junior staff, students on placement, and unpaid helpers. This was combined with other ethnographic data-gathering techniques, such as attending meetings as observers and being present at social gatherings. We also perused relevant literature and examined the organizations’ Web sites. 

By this means we gathered data about how partners were selected, the main types of relationships, and their relative histories. In the case study we refer to organizations as actors and present that view. However, the organization view in many cases was similar, if not identical to the individual view. For example, the charity view was represented by the director, the medical journal by its editors, and the doctors involved were all individual actors. The group therefore was a collection of individuals who played organizational roles.

Advanced Life Support Group (ALSG) is a medical education charity that specializes in providing training courses in the immediate care of critically ill and injured patients, particularly in developing countries. The charity also produces standard medical textbooks in the area of trauma medicine that have earned them a worldwide reputation as an authority for research and expertise in this field. As a result, ALSG is greatly concerned to maintain the high standard of its courses and medical texts, and exercises a stringent quality-control procedure. 

The charity has numerous relationships with other organizations, including NHS (National Health Service) Trusts and other charities. The actor and goal dependencies between members of a charity-based alliance are illustrated in figure 20.4.

[Figure 20.4 here]

Four organization-level actors in the alliance were the doctors in the Third World who were recipients of the medical training material donated by the ALSG charity. The charity depends on UK medical professionals to donate their time in creating training material and to give courses. However, most of the training material is already subject to copyright agreement with medical journals, so the charity also depends on the British Medical Journal (BMJ), which publishes the material, for its goodwill. Furthermore, it depends on health authorities that employ doctors to give them leave so they can undertake training in the Third World. These dependencies are reflected in the goals Provide resources, Undertake training, and Prepare material, which contribute to the softgoal  Improve medical care. Although the strategic dependency analysis using standard i* gives some understanding of the interorganizational relationship, it does not uncover the tensions between the partners.

The BMJ enjoys a prestigious reputation as one of the world’s foremost medical organs, and is read by doctors worldwide. It currently publishes all of ALSG’s medical texts. The relationship between ALSG and the BMJ began in a small way with the publication of the first book, but has expanded to the extent that the charity is a major customer of the BMJ. It therefore follows that the association is valued from both sides.

The medical texts are important to ALSG because, like their taught courses, they encapsulate the intellectual property of the organization. The medical expertise, which comprises the subject matter of both courses and standard texts, comes from the same source: highly qualified medical professionals who are ALSG volunteers. All the volunteers are people in prime positions, who are au courant
 with best practice in their particular domain. The internal expertise of ALSG staff comes into play in translating that medical expertise advice into a “package” that can be incorporated into a course or a textbook. Therefore, in a very real sense, the volunteers produce the knowledge base of the organization. This connotes an implied power balance, because without this expert knowledge, the charity would not be able to carry out its work. However, the volunteers derive some important benefits from their association with ALSG. They also enjoy considerable influence within the organization. This is because the medical professionals who comprise the membership of the working groups volunteer their services out of an altruistic motivation. There is also the realization that improvements will spread throughout the profession, at both the national and international levels, via the charity’s standardized texts.

It is important to emphasize that ALSG is not tied formally into the relationship with the BMJ on a long-term basis, because contracts are typically entered into on a short-term (text-by-text) basis. There have been benefits for both parties, and as a result ALSG has not, so far, felt the need to seek another publisher. For ALSG, there have been both tangible and intangible benefits. The charity receives a great deal of free advertising for its texts. This arrangement also benefits the BMJ, because it helps to sell more of the books, which it publishes. In terms of motivation, there are intangible benefits for each party. 

However, the association has not been without its problems. An examination of one incident illustrates an interesting aspect of the apparently asymmetric power relationship between a prestigious international journal and a comparatively small not-for-profit organization. The director of ALSG described a “supply chain” problem that directly affected the quality of the works. In order to cope with the increasing demand for publishing services by ALSG, the BMJ employed a new printer who did not have sufficient resources to do a quality job. The result was that the newest medical textbook emerged from the printer full of errors. This created the frustration of extra work for the director and her staff, in proofreading the text and correcting errors. However, the greater potential for damage was to the relationship of trust that has built up between the charity and the BMJ, and to ALSG’s much-valued reputation as a source of medical expertise. 
In the event, the BMJ valued the association to the extent that considerable effort went into putting the relationship back on course. The director of ALSG was willing to accept the assurances of her counterpart at the BMJ that these problems will not reemerge in the next project, yet she remains wary and cognizent of the risk involved. This hiccup in the relationship has introduced some important caveats of which she will need to be constantly aware in her future management of the relationship.

[Figure 20.5 here]
Power dependencies are shown in figure 20.5. The power of the BMJ is a consequence of its relationship to the British Medical Association, the doctors’ professional body and the dominant organization controlling medical reputation via publication in authoritative sources. It is perceived to be the most powerful organization in the alliance.
 Health authorities have economic power by virtue of employing doctors; hence there is a further power asymmetry between the UK medical professionals and their employers. Doctors have power over the charity because it depends on their goodwill to produce materials without payment. Finally, the doctors in the recipient countries are in the least powerful position because they depend on the charity and UK doctors to provide them with training material to improve their practice. An initial analysis of the power symmetries might suggest that there are so many vulnerabilities that such a pro bono alliance has little hope of succeeding.

On the surface, the ALSG’s power relationship with the BMJ is an asymmetric one, with the financial and organizational resources mainly concentrated upon one side. ALSG has come to rely upon its publisher for a level of service that renders it, in a real sense, vulnerable. It is dependent upon the skill and accuracy with which the texts are reproduced. Its reputation rests upon fruits of the publisher’s output. Although it receives tangible material benefits from the association, the withdrawal of those benefits would cost ALSG dearly in the economic sense. ALSG would have to seek out another suitable publisher within a very specialized field and begin to create a new relationship. The charity would then be obliged to pay the full commercial cost if it wished to advertise its works in the BMJ. 

However, as we have also seen, the power element is mediated by trust. The BMJ values its major customer, so much so that when a crack opened up in the relationship, the director of ALSG and her opposite number within the BMJ worked hard to prevent it from widening into a yawning chasm. In our evaluation, we have rated shared vision in a neutral sense. This is not to say that the BMJ does not in any sense share ALSG’s orientation toward bringing about improvements in medical practice. However, the relationship is, at basis, a commercial one of author and publisher.

Analysis of commitment shows how the power asymmetries are counterbalanced (see Figure 20.6).
 The UK doctors are strongly motivated to collaborate with the charity through altruistic motivations that are strong in the medical profession. Similarly, the charity is strongly motivated to help Third World medical practitioners because that is its raison d’être. The strong commitment counterbalances the power asymmetries and vulnerabilities between medical practitioners and the charity. However, motivation and commitment between the charity and medical journal, on the one hand, and doctors and their employers, on the other, was less strong. The medical journal and health authorities had fewer incentives to collaborate because they would incur costs for little gain apart from a possible improved external image for being seen to help charitable causes. .
At this stage of the analysis, a potential problem has been identified in the relationships between the UK doctors, their employers, and the charity and medical journals that control publication rights.

The trust dependency analysis illustrated in figure 20.
6 shows that although the charity trusts the journal and the doctors trust their employers to be generous, it hardly remedies the power asymmetries in these relationships. The solution in this case was to increase the motivation of the employers and the medical journal to collaborate. This was achieved by acknowledging their ownership of the training material produced so they were seen to be collaborators in helping Third World doctors; and this publicity improved their motivation to collaborate and gave them a direct stake in achieving the system goals. This is shown in Figure 20.7, in which the strategic dependency model is revisited to add the softgoal dependency, between the charity, health authorities, and the medical journal, of improved public image realized through favorable publicity. 

[Figure 20.7 here]

The key to this trade-off analysis is assessing the balance between motivations, trust, and vulnerabilities or risks. If the net balance becomes unfavorable for any one partner, then the chance of achieving the collective goal is small; however, if motivations and risks are approximately in balance or positive for all partners, then the chance of success is improved. 

<H2>20.6.1 Motivation Analysis</H2>
Motivation analysis elaborates the commitment relationships. In some cases the common goal may have a close fit with the participating organizations’ objectives, especially for charities and nongovernmental organizations dedicated to public service. Four motivations that extend the upper levels of Maslow’s hierarchy of motivations (Maslow,
 1987) are proposed that can apply to both organizations and individuals: 

<BL>
· 
External image: the wish to feel that the organization’s external image as perceived by others is valued. This is related to the notion of weltanschauung in Checkland’s soft systems methodology (Checkland & Scholes, 1990). Note that image is the perception held by outsiders; it may not be shared by group members.

· 
Collaboration: this is derived from the wish to participate in a group or alliance. Although this measure is related to commitment to the shared goal, it can also be motivated by self-esteem gained from membership in a reputable organization and by being seen to be associated with a good cause.

· 
Altruism: the desire to do good for others in a selfless manner. Altruistic behavior is a strong motivation for human charitable work.

· 
Shared goal: shared purpose can be a strong motivational force. Shared goals will be important motivators for group membership in task forces and teams, whereas role-job networks are more important for crews.</BL>
These motivations are set against the costs of collaboration, which might be resource costs in terms of manpower, monetary investments, or opportunity costs in having to devote resources to the shared goal that otherwise might be gainfully deployed to further the actors’ own goals. Costs are set against the net motivation benefits to assess if there is a net positive balance. As averages are taken of costs and motivational drivers, any number of individual motivators or costs benefits can be added to the model. More sophistication can be added by weighting the factors according to their relative influence; however, for the purposes of simplicity we have adopted unweighted averages.

Altruism frequently has a positive influence on self-esteem and image, whereas image may augment power if others actually perceive the improvement in a group’s image. The overall motivation for each member and motivation differences between group members were compared. The concordance of shared goals should augur well for the group’s success; however, high-power motivation among group members may lead to conflict, so this motivation has to be treated separately. The pathological pattern is a mix of high- and low-motivations, which may indicate a possible reluctance to join by some, or simply that the group does not have a viable future.

[table 20.1 here]

The ratings in table 20.1 were arrived at during interviews in which the researcher asked individual participants to rate the strength of each motivation with respect to their own and their view of their organization’s membership in the charity alliance. The ratings are therefore the individual’s view from the organization’s perspective and represent a snapshot of the estimated motivations.

[table 20.2 here]

Addition of the Improve Image softgoal has changed the motivation deficit of the BMJ; however, the motivation analysis suggests that the health authorities may still be less than committed members of the alliance because the increased motivation does not outweigh the high degree of perceived costs incurred by giving medical staff paid time to devote to charitable work.

<H1>20.7 Discussion</H1>
The main contribution of this chapter has been to introduce the theory of small groups as complex systems (Arrow et al., 2000) as a new resource for requirements modeling and as a way of augmenting i* as a requirements analysis method. CAS theory provided heuristics to improve inspection-based assessment of “socially enhanced” i* models and placed more focus on assessing dependencies between actors. Addition of trust, power, and commitment relationships as inter-actor dependencies enabled the balances between social influences to be assessed. Social relationships analysis coupled with assessment of commitment to shared goals and social-group identity introduced a new perspective on dependency modeling between actor-members and the group-actor level. These analyses were integrated with simple metrics in the motivation analysis. 

The strength of CAS theory lies in its eclectic foundations in social psychology research and its formalization of sociological issues with a model theoretic approach. In contrast, distributed cognition (Hutchins, 1995) and activity theory (Bertelsen & Bødker, 2003; Bødker, 1991) both place more emphasis on human collaborative interaction with artifacts in the world. Although CAS theory can account for these issues in the task-agent-tool network, the theory does not place much emphasis on the role of tools or technology in groups. Instead, it provides the means of modeling the contribution of technology within a much richer social view of group interaction.

CAS theory could provide a modeling framework within which concepts drawn from activity theory and distributed cognition could be expressed. For example, the knowledge-skills-attributes aspect of local dynamics can be adapted to consider the distribution of knowledge in the world and individuals that is emphasised in distributed cognition. Conflict, which we encountered in the case study by VBA analysis, is a key concern in activity theory; it could be analyzed to ascertain whether it may threaten group cohesion or, at a more tolerable level, provoke productive exchanges. We argue that RE needs to synthesize design influences from several theories and that CAS theory provides a new set of concepts and models that augment previous contributions. Because i* is the de facto requirements modeling language, it supplies a framework for theory integration. Furthermore, the synthesis of theory with i* points toward the evolution of a comprehensive requirements analysis method that not only facilitates modeling the problem domain but also provides analysis techniques, heuristics, and possibly rules to diagnose pathologies and assess potential design qualities in sociotechnical systems. 

The prototype sociotechnical systems analysis described in this chapter is a modest improvement on inspection-based methods by giving heuristics and simple metric-based techniques. The potential for tool-based assistance depends on the formality of rules that might be extracted from CAS and other social-level theories. We do not claim that CAS theory provides a precise formal model of social relationships; indeed, only indirect heuristics influences can be realistically expected, given the maturity and complexity of social-level theories. However, we do propose CAS theory as a semiformal framework that can function productively as an analyst’s “tool for thought.” Furthermore, it provides a collection of social psychology knowledge that can be applied to systems requirements modeling to augment the perspectives of other theories. Its particular strengths lie in explicit consideration of social relationships that other theories do not consider. 

The limitation of complex modeling approaches is the effort required to create models, in comparison to the design insight gained. As yet no judgment can be given about CAS theory on this trade-off. Another limitation is the assumptions made when developing theoretical concepts into models and measurable techniques. Considerable interpretation was necessary for the limited analysis made in this chapter, so transforming explanatory theory into prediction depends on human judgment. In spite of these limitations, we believe CAS theory offers a new approach to reasoning about sociotechnical systems that we will develop in our future work; we shall investigate the applicability of the theory as both an analytic instrument for assessing defects in sociotechnical systems.
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<figure captions>

Figure 20.1 Notation for power, commitment, and trust relationships.

Figure 20.2 Taxonomy of groups (adapted from Arrow, McGrath, & Berdahl, 2000).

Figure 20.3 Overview of the components of small groups as complex adaptive systems theory.

Figure 20.4 Strategic Dependency model for the ALSG alliance. See figure A.1 for a key to i* diagrams.

Figure 20.5 Actor model: Power-dependency analysis.

Figure 20.6 Actor model: Trust and commitment dependencies.

Figure 20.7 Revised strategic Dependency model with addition of Improve Image softgoal.

Table 20.1 Motivations for team members 
	
	Recipient Doctors
	Charity
	UK Doctors
	Medical Journals
	Health Authority

	Self-Image
	1
	3
	6
	0
	0

	Collaboration
	3
	7
	8
	1
	1

	Altruism
	1
	8
	8
	0
	1

	Shared Goal
	8
	8
	8
	1
	1

	Mean Total Motivation
	3.25
	6.5
	7.5
	0.5
	0.75

	Costs 
	1
	4
	6
	2
	4

	Net Benefit
	2.25
	2.5
	1.5
	-1.5
	-3.25


Note: Ratings were estimated by the lead member of each organization. The scale is 1–10.
Table 20.2 Motivations for alliance members after the organization change to add the improve image softgoal
	
	Recipient

Doctors
	Charity
	UK Doctors
	Medical Journals
	Health Authority

	Self-Image
	1
	3
	6
	3
	4

	Collaboration
	3
	7
	8
	2
	2

	Altruism
	1
	8
	8
	3
	4

	Shared Goal
	8
	8
	8
	3
	4

	Mean Total Motivation
	3.25
	6.5
	7.5
	2.75
	3.5

	Costs 
	1
	4
	6
	2
	4

	Net Benefit
	2.25
	2.5
	1.5
	0.75
	-0.5


Note: Ratings were estimated by the lead member of each organization. The scale is 1–10.

















































































































































































































































































�Author: Should the year of Rodden be 1992?


�Author: Is “that are” correct?


�Author: The deletion regarding chap. 2 was made because the information has already been provided.


�Author: Are the changes to “over” correct?


�Author: Is the addition of “and” correct?


�Author: Should the year be 1997?


�Author: Should the year be 1995?


�Author? Should the year be 1989? Or perhaps 2001?


�Author: Should the year be 1990? See the References.


�Author: Please clarify “driven from…groups.”  Is the analysis derived from modelling? Or is it “driven by”?


�Author: Is the change to “au courant,” from au fait,” correct?


�Author: Are the three preceding sentences correct as edited?


�Author: Where is figure 20.6 to be placed?


�Author: Is 20.6, rather than 20.5, correct


�Author: In there are 4 coauthors (although no citations mention them). Correct to keep Maslow only?


�Author: Should the year be 1997?


�Author: Should the pages be 318-341?


�Author: Should the year be 1989? Or perhaps 2001?


�Author: None of the citations we have seen list any coauthors. May we delete them? Or are they the editors of the 3rd edition?


�Author: Should the publisher be HarperCollins?


�Author: Should the year be 1995?


�Author: Should S. Robertson be the first author?


�Author: Should the year be 1992?


�Author: Should the concluding page be 30?


�Author: Should Austin’s initials be L.W.?






