Chapter 7 Human(Machine Interaction

Chapter Overview

The interface of humans with computers or with people via computers has become an increasingly complex issue. Technological advancement has progressed well beyond our understanding of the cognitive, affective and physiological nature of the human–computer interface, in itself creating new interface problems and difficulties. The ever-widening design gap needs to be bridged if the capacity of new technology to enhance performance is fully harnessed. As well as problems associated with translating human–computer interface research into guidelines for ‘systems design’, there is a lack of theory guiding both research and practice. Research is thus primarily problem-led, piecemeal and difficult to distil in terms of its ‘design’ implications. Usability research and practice is moving towards a more integrated consideration of social and organizational, as well as cognitive factors. 

The design process involves initial brainstorming of potential broad design approaches, through identifying and allocating functions to human and machine system elements, to iterative tweaking of each element through usability testing and ongoing system evaluation following introduction of the system to the workplace. 

Chapter Thought Bytes and Examples

	Applied cognitive task analysis (ACTA)

	The first step in the process involves the production of the task diagram (usually by means of interview), which provides an overview of the task, highlighting cognitive difficulties that can be explored in detail later. The second step, the knowledge audit, reviews the aspects of expertise required for the effective execution of a specific task or subtask. The audit is theoretically grounded in the research literature on expert-novice differences (Klein & Hoffman, 1993) and critical decision method studies (Militello & Lim, 1995). As the aspects of expertise are elicited, they are individually probed using a series of generic and domain-specific basic and optional probes to elicit for further detail and concrete examples associated with the task are identified and investigated. This technique also encourages the interviewee (usually a SME) to identify why elements of the task may present a problem to inexperienced individuals. The knowledge audit has been developed with the aims of capturing key aspects of expertise, and improving and ‘streamlining’ data collection and analysis. The third step, the simulation interview or scenario obtains information on the contextualization of the job or task (this is not easy to obtain with the preceding steps). It allows the interviewer to explore and probe issues such as situation assessment, potential errors and biases and how a novice would be likely to respond to the same situation. In the final step, the production of a cognitive demands table (CDT) is a means of merging and synthesizing data. The output of CDT can be used to inform training. ACTA remains to be systematically evaluated as a valid and reliable means of eliciting and mapping cognition .




	Techniques for enhancing group decision making

	The nominal group technique (NGT) involves that members first silently and independently recording their ideas about the problem and its potential solution before presenting them to the group. As each idea is offered, it is summarized and recorded on a wall chart, at this stage without any form of evaluation of its merits. A discussion is then held in which ideas are clarified and evaluated. Finally, individuals silently vote on each idea (by rating or ranking). The group decision is arrived at by pooling ratings or ranks to identify the most strongly favoured solution. A limitation of the technique is its high degree of structure, which may in turn impose limitations of the types of problem addressed (that is, highly focused).

The delphi method is another method designed to prevent process loss in group decision-making situations. Individuals are required to state their views privately in writing about the nature of the problem and its potential solutions. Responses are collected and distributed without identification of their origin. Comments are then made and the distributed further. The process of redistribution continues until consensus is reached. The rationale behind the technique is that individuals can make their contribution without being exposed to the pressures of group work. However, the process is potentially very time-consuming (taking months to pursue in some instances) and thus may not always be appropriate, unless the decision is of such critical importance that it merits it. The delphi method is similar to the NGT in terms of strategy, but different in that the group members may never actually meet. Like the NGT, it is highly structured in approach and as such does not afford much flexibility. Moreover, because members never actually meet there is no opportunity for dialogue around an issue. 

Expert systems denote techniques for improving both individual and group decision making (Vecchio, 1995). Expert systems are the product of decision scientists who have investigated in detail the way in which people make decisions, formulate alternatives and make choices. In this kind of research the decision maker is required to ‘think aloud’. Using this technique the process of decision making which may appear on the surface to be haphazard and unwieldy can actually turn out to be highly systematic and patterned. By making the process explicit (for example, in flow charts) an aid to decision making is created.


Chapter Case Studies

Case Study 7.1: Egan and Doyle Publishing (EDP)

EDP was established in 1936, since becoming a successful publishing and distribution of a wide range of textbooks, journals and periodicals. Success relative to competitors was attributed to its flexible divisional structure and extensive network of personal contacts. Immediately below the CEO there were five directors, each responsible for their own division for example, college texts (science), college texts (arts and social science), periodicals. Directors had responsible autonomy in running their divisions. Coordination was achieved by Strategic Management Team meetings. To maintain flexibility and to keep up with market needs, the CEO decided to set up an extensive internal management information system accessible from home. This brought about significant changes in the information flow and power relationships within the organization. The CEO had immediate access to vast amounts of information and was continuously analysing it to challenge existing ideas and assumptions. He began asking his subordinates questions about divisional operations and wanted to try out new ideas. Divisional directors spent a long time anticipating his questions and resented the time it took them to answer them, keeping them from their work and undermining their autonomy. Unfortunately, the CEO had changed long-established patterns of work and was creating unease. He increasingly bypassed his immediate subordinates, calling in lower level managers to explain problems and issues he became aware of from MIS. The strategic meetings were terminated. Now the CEO only called upon directors individually, as and when necessary. Yet the weekly meetings provided them with information about the whole company. Two conflicting perspectives evolved: the CEO argued that the company had to be restructured to reap the benefits of the new computer system. However, the directors were asking ‘if computers are the solution, what is the problem?
Appendix 16 Naturalistic decision making

The focus of naturalistic decision making (NDM) has shifted in the last 10 years, from looking at how expert decision makers in field settings cope with various features of the decision space (that is, ill-structured, dynamic, shifting, ill-defined, competing goals, time constraints, high stakes, multiple players; , to being defined as ‘the study of how people use their experience to make decisions in field settings‘ (Klein, 1998: 11). In particular, it ‘asks how experienced people, working as individuals or groups in dynamic, uncertain and often fast-paced environments, identify and assess their situation, make decisions and take actions whose consequences are meaningful to them and to the larger organization in which they operate‘ (p.5). Recently, however, there has been an increased interest in the study of expertise as the defining factor of NDM (which encompasses experience with the difficult features of the decision space).

The NDM approach was formally launched in 1989 at a conference in Ohio (Klein, Orasanu, Calderwood, & Zsambok, 1993). It was inductively evolved, not out of a critique of CDM theory, but out of a descriptive inquiry (using cognitive task analysis) into how fire-fighters handle time pressure and uncertainty. There have since been three other conferences, all of which have led to the production of edited volumes, one for conference held in 1994 (Zsambok & Klein, 1997), one for that held in 1996 (Flin, Salas, Strub, & Martin, 1998) and one for that held in 1998 (Salas & Klein, 2004). Interest in NDM within the UK has evolved from work with the emergency services (for example, Flin, 1996). The field is now burgeoning (for example, Klein, 1998), marked in part also by, in 1995, the establishment of a technical subgroup within the Human Factors and Ergonomics Society specializing in ‘cognitive engineering and decision making’ now comprising over 500 members.

	Naturalistic decision making

	NDM focuses on the proficient decision maker. There are four other essential features of NDM research: 

· Situation–action matching decision rules – a generic label for a matching strategy of the ilk ‘do A because it is appropriate for situation S’. By contrasts with the CDM, the issue is not about choice, it is about whether, from experience, A is known to work better than anything else (yields superior outcomes) in this kind of situation. Options are evaluated sequentially (one at a time), are selected if they are compatible with either the situation and/or the decision makers’ values, and through a pattern recognition and informal rather than formal/analytic reasoning strategy. Perceived obligation plays an important part, especially in organizational settings. 

· Context-bound informal modelling – knowledge/experience is tied to the situation and is thus domain specific, sensitive to semantic context and about ‘knowing how or that’ (not just knowing what) all of which is hard to model formally.

· Process orientation – NDM is about looking at how proficient decision makers make decisions in field settings and is valid to the extent that it describes what they actually do (that is, the information they seek, how they interpret the situation, which decision rules they use).

· Expertise-based prescription – prescriptions come from descriptive models of expert performance in a particular situation based on the rationale that formal models that prescribe the optimal decision route but which cannot be applied, are worthless. Thus decision experts provide the yardstick.


NDM then is the study of how experts use situated cognitive processes to solve domain specific problems. The focus on CDM, on choice input output, and abstract formalism is replaced by a focus on matching, process and context respectively. In traditional laboratory based research on decision making, ‘experience’ is usually controlled out of the picture. This, argues Klein, has led to a gain in rigour at the sacrifice of generalizability, since in the real world decisions are made by people with domain experience, in many cases built up over years. This does not mean to say that field researchers are not interested in classic decision-making considerations such as how people select from alternatives or what analytical strategies are used. The difference is that these facets of decision making are examined in more meaningful contexts (for example, a pilot making an unscheduled landing due to equipment malfunction will need to consider alternative airports). The NDM also trades ‘actionability’  for theoretical value (specification of functional relationships in mathematical terms) and efficiency over precision (cognitive effort required to implement formal models combined with poor situation and person compatibility can lead to inefficiency). Proficient decision makers can make good, often exceptional decisions. 

The recognition-primed decision (RPD) model has been describe as the prototypical NDM model; it is indeed the most often cited and researched of the NDM models. RPD has three variations: condition action sequence (sizing up a situation, categorizing it and responding accordingly); a ‘story building strategy’ for instances when it is not clear what the action should be; and mental simulation of the action before selecting it to evaluate whether ‘it works’ (as opposed to comparing it with other options) to avoid unintended consequences. These three strategies denote a ‘progressive deepening’ of approach  from quickly sizing up, to constructing a mental model, and then simulating the model. 

In routine situations, the expert comes to recognize a situation as typical and acts accordingly, especially under time pressure where there is no time for deliberation. Typicality has four components: relevant cues, expectancies, plausible goals and plausible course of action. Once the situation is recognized as familiar, a single course of action is ‘primed’ and implemented. This process has been replicated across a wide range of samples including fire-fighters, ship and tank commanders, aviation pilots, offshore oil managers. Klein (1998) reports that experts use RPD in the condition-action sense up to 95 percent of the time (inexperienced decision makers in the same situation use it much less). However, they are less likely to use it when they have to publicly justify the decision or multiple stake holders are involved.

In the event that a situation is not familiar and/or the course of action is not obvious, the decision maker will conduct a mental simulation of the action and a subsequent assessment of its potential. The judgement of typicality is thus now said to be more fluid and contextual than initially suggested by the simple application of a condition–action rule, requiring ‘mental simulation’ for situation interpretation and the evaluation of options (. In instances where the situation is not recognized, the decision maker will actively seek information to try to ‘make sense’ of it by constructing a story. 

RPD openly acknowledges and applauds the use of heuristics in the decision-making process in difficult situations, as having been built from valid experience rather than being indicative of failure and poor decision making. As Klein (1998: 13) points out, NDM is much less concerned than classic approaches are with the ‘moment of choice’ (that is, choosing between various decision options). The issue for the experienced person is to appropriately ‘categorize the situation’. Thus NDM researchers are interested in the way people represent situations within context Heuristics include recognition/meta-cognition and the so-called RAWFS heuristic (where each letter denotes a coping strategy for dealing with uncertainty). Recognition/meta-cognition is used when recognition fails (and the stakes are high), as a means of identifying and correcting the gaps in situation awareness, to check unwarranted assumptions, and to reconcile multiple goals. RAWFS, on the other hand, stands for reducing uncertainty, assumption based reasoning, weighing up the pros and cons, forestalling and suppressing. 

	Image theory

	Beach (1990, 1997) has developed his own NDM applicable to understanding expert decision making in organizational contexts. He defines decision making as a social act, during which the expert will be mindful of the preferences, opinions and constraints imposed by others. That is, there is an obligatory component to decision making that other NDMs do not address. The decision maker uses knowledge (images) to set standards that guide decisions about what to do (goals) and how (plans). Images are mental representations that contain narrative (stories, scenarios, scripts), visual and emotional elements; they do not denote just a list of important factors. Narratives, Beach (1997: 193) argues, provide ‘a platform for the expression of decision making principles‘, but they are not the only facet of an image. There are three types of ‘images’ or standards used by decision makers: value images (denoting values, morals, ethics of decision maker prescribing what the standards ought to be and how they and others ought to behave), trajectory images (denoting the agenda of goals, some dictated), and strategic images (denoting anticipations and forecasts). All of these images ‘frame’ the decision situation, endowing it with meaning. Images can derive from culture and other influences within the organizational context. Recognition involves an image of what is relevant to a particular situation, including appropriate goals and plans. The most frequently used decision mechanism is the compatibility test. If this does not work (no unequivocal decision can be made), a profitability tests will be used involving the systematic consideration of choices. However, Beach (1997) is keen to emphasize that the subjective worth of a decision is more than a question of ‘utility’ (which he sees a dirty word); it is a multi-dimensional construct encompassing many different facets and is highly context bound. 

Outstanding questions include:

· How do frames influence the construction and use of scenarios and mental models?

· How do frames affect the stories we tell ourselves and the decisions we make?

· How do we communicate our frames to influence others’ frames or to promote understanding of our own frame?

· How do shared frames influence confidence in decisions?

· What prompts a decision maker to change the frame and where is the threshold? 

· What role is played by negotiation in the decision-making process? 

· When does a decision switch from being an individual to a group or organizational level consideration?

· How do decisions grow naturally from the progressive development of a narrative?


The RPD model is overtly and proudly descriptive rather than explanatory. Some have criticized it for not dealing with the important topic of error: what constitutes error, how can it be detected and what positive contribution can it make to the study of error. Indeed, there is no normative basis within RPD against which to diagnose error. However, ‘error’ is perhaps only the beginning of an inquiry into latent system failures, whereby error is symptomatic of poor training, inexperience, lack of support and so on. NDM is concerned overall with the ecology of errors, not their cognitive basis. Whilst accepting the integrity of this argument, some nonetheless still maintain, that explanations for how judgements of typicality are made or how new courses of action are generated for instance remain cognitively ill-specified. 

There is also an ethical requirement in organizational contexts to look more closely at how prototypes and stereotypes may be sometimes inappropriately used to make sense of a decision space leading to morally questionable outcomes. For instance, O’Keefe (2002) found that police officers matched rape victims to prototypes as the basis for making decisions about the validity of a case. These decisions determined whether a legal case was formulated and actively pursued. However, this strategy risked denying some genuine rape cases being treated seriously. Decisions like this were institutionalized and thus legitimized by local culture.
Orasanu (1998: ) argues that poor decisions arise from failure to assess the situation thoroughly not from the kinds of strategies used to select one option rather than another. In ‘taking stock of NDM’,  its standing as a viable way of describing expert decisions has reached a point in fact where the goal of application is not enough. It is time to start evolving a more theoretical basis. More rigorous empirical work will help with this, combining qualitative field work with more traditional experimental approaches.

The kinds of methods employed by researchers in the NDM domain are primarily field driven (for example, cognitive task analysis – see below). Laboratory research is not, however, precluded by the NDM paradigm. On the contrary, high-fidelity simulation in the laboratory is highly conducive to both rigour in data collection and analysis and ecological validity. For example, Orasanu (1998: 43) describes research on decision making in the flight deck ‘in the face of messy problems embedded in dynamic task contexts‘. His research looks in particular at the impact of stress on aviation decisions. His findings show that ‘recognition-primed decisions’ are highly resilient to stress involving the retrieval of information from long-term memory built from experience and the application of condition–action rules. Decisions involving the making of conscious ‘choices’ from among several options are more vulnerable to stress effects. 

	Methodological innovations in NDM theory

	Banks and McAndrew (2004) have advocated the use of cognitive modelling techniques like Act-R  combined with a qualitative methodology like ARK  as a means of investigating RPD. ACT-R is a production system that requires the procedural and declarative rules and symbolic representations to be precisely specified. Act-R is especially well suited to applications with noisy, missing, overlapping and non-linear, non-continuous dates and can thus predict real-time responses and errors . The process of investigation would begin with an interviewing phase to identify typical decisions that are encountered and that can form the basis for the generation of a relevant decision task. These problems can then be given to participants. Using ARK (a method for representing declarative and procedural knowledge), decision-making processes are elicited through a series of prompts and then coded (from transcripts) into an ‘if–then’ format compatible with the ACT-R production system. ARK is designed to both elicit a network of static knowledge and present a set of procedures performed by decision makers on that knowledge. Some of the data can then be used to develop a model of the RPD process. If the RPD model is ambiguous, more than one model may be required to compare success in predicting actual decision-making performance. Additional data can be used to validate the final model. Various statistical techniques are now available within ACT-R that enable precise fit estimates to be obtained, and thus to test the generalizability of certain models’. Further work can also be done to look closely at the types of errors (for example, omits certain rules, application of incorrect rule) that can occur during complex decision making and to explore their cognitive basis. Finally, the performance of different RPD models can be validated across a variety of task situations varying in complexity and time constraints. Banks and McAndrew (2004) argue that this methodology will enable a more precise theoretical specification of the cognitive processes involved in RPD, as well as furnishing evidence about both the costs and the benefits associated with the use of experts’ naturally preferred strategies.


Some important concepts have evolved from NDM work, such as ‘situation awareness’ (Salas, Prince, Baker, & Shrestha, 1993) and in the context of decision making in teams’ ‘shared mental models’ (Cannon-Bowers et al., 1993). The notion of ‘mental model’ as the source of recognition-primed decisions in team contexts, demonstrates in particular the issue of how teams deal with the adaptation and coordination demands of highly stressful situations. The concept of shared mental model is described in detail in Chapter 4. Mental models are said to be fundamental to flexible and responsive working in both individual and team contexts. These cognitive concepts offer one possible basis for theoretical development in the NDM domain. 

Another potential cognitive link to the NDM domain is the concept of cognitive style (Hodgkinson & Sadler-Smith, 2003) addressed in Chapter 2, which pertains to individual differences in information processing style. It could be envisaged, for instance, that not only may people vary in whether they are inclined to use an analytical or intuitive style, an effective decision maker may be able to ‘cognitively switch’ their style of information processing to suit the occasion (Chapter 2).
Cannon-Bowers et al., (1993: 202), speak of ‘the ultimate theoretical challenge‘ as the need to ‘specify the link between the nature of the task, person and environment, on the one hand, and the various psychological processes and strategies involved in naturalistic decisions on the other‘. 

The NDM approach emerged aiming to more accurately describe the processes involved in real-world decision making. There are two main NDM models, RPD and image theory. Image theory also calls for more understanding of how decision makers ‘make sense’ of the decision situation in an organizational context including the role of narrative and also the otherwise neglected consideration of visual images and emotion.
