Performance Moderator Functions

for Human Behavior Modeling

in Military Simulations

(DRAFT - ABSTRACTS)

Prepared  for

Human Behavior Program

Defense Modeling and Simulation Office

by

Dr. Barry G. Silverman 1,2
Michael Johns 2, Hogeun Shin 2, Ransom Weaver 1,3
1- Systems Engineering Dept. & Inst. For Research in Cognitive Science (IRCS)

2- Center for Human Modeling & Simulation, Computer & Info Science Dept.

3- Dept. of Middle East and Asian Studies

University of Pennsylvania, Philadelphia, PA 19104-6315 (215-573-8368) barryg@seas.upenn.edu

December 2000

Updated Winter 2002

TABLE OF CONTENTS

I. Overview
3

Statistics & Pie Charts

Spreadsheets

CGF Article Background

II. Decision Methodology PMFs
20

III. Command & Control PMFs
42

IV. Physiological Stress PMFs
90

V. Emotion/Affect PMFs
124

VI. Asymmetric Organization PMFs
157

VII. Noise/Music PMFs
171

I. Overview

[image: image59.wmf]7% High-

Very High

32% High

5% Med-High

2% Very Low

9% Low

5%- Low-

Med

4% Very High

36% Medium

Very Low

Low

Low-Med

Medium

Med-High

High

High-Very High

Very High

(1)

(2)

(3)

(4)

(5)

[image: image60.wmf]Repository Authors

(

Psych

/JDM/

CogSci

/

Emotn

DecSci

/

Sociol

/AI)

Model

Builders

(CS and OR)

Evidence Base

•

Behavioral Data and Results

•

Performance Moderator Functions

•

Generic Mathematical Models

•

Alternative Modeling Techniques

•

HLA-Compliant Demo Sites

•

Validity Assessments & Ratings

…

Maintenance,

Editing Tools

Guidelines &

DSS

Reusable Behavior Models

Unfinished or 

untranslated 

or

abstract items

Unproc

. Raw

Sources

Call Center(Lessons

Learned)

Historical Perspective

(unit)

Taxonomies

Structured Abstracts

Too Much Literature (10E6 docs)

Defense Agency Reports

Psychology Journals/

Conf’s

Sociol 

&

 Psych

/

CogSci

/Emotion

J/DM, Decision

 Sci

[image: image61.wmf]Scale:                   Degree of Value of Literature Item for Constructing PMFs

5= VERY HIGH      

PMFs provided with backup data sets

4= HIGH

     Could make PMFs directly from the data in this study

3= MEDIUM

     Some preliminary data for initial PMF 

construction, but more data needed

2= LOW

     Theoretical model suggested from which an ungrounded PMF could be derived.

1= VERY LOW

     No valid data in this report for PMF construction

0= NONE

     Irrelevant to the PMF construction process.


	Number
	
	Study
	# PMFs
	Validity

	1
	
	Janis-Mann
	6
	4.5

	2
	
	Prospect Theory
	3
	4

	3
	
	Disappointment
	6
	3

	4
	
	Aviatior Judgement
	5
	3

	5
	
	Control Dynamics
	2
	4

	6
	
	Team Performance
	2
	4

	7
	
	DTIC-ADA273273
	72
	5

	8
	
	DTIC-ADA144071
	11
	3

	9
	
	DTIC-ADA251153
	2
	3

	10
	
	DTIC-ADA273335
	7
	4

	11
	
	DTIC-ADA302381
	8
	3

	12
	
	DTIC-ADA346416
	6
	5

	13
	
	DTIC-ADA011549
	10
	3

	14
	
	DTIC-ADA145690
	8
	3

	15
	
	DTIC-ADA077941
	5
	2

	16
	
	DTIC-ADA308974
	0
	2

	17
	
	DTIC-ADA127081
	2
	3

	18
	
	DTIC-ADA130260
	17
	3.5

	19
	
	DTIC-ADA144135
	11
	4

	20
	
	DTIC-ADA150687
	6
	3

	21
	
	DTIC-ADA170954
	8
	3.5

	22
	
	DTIC-ADA203462
	20
	4

	23
	
	DTIC-ADA239935
	5
	3

	24
	
	Handbook-Chap-40
	12
	4

	25
	
	Handbook-Chap-41
	2
	3

	26
	
	Handbook-Chap-42
	3
	1

	27
	
	Handbook-Chap-43
	9
	4

	28
	
	Handbook-Chap-44
	30
	4

	29
	
	Handbook-Chap-45
	16
	4

	30
	
	Experimental Psychology: Applied
	7
	4

	31
	
	Experimental Psychology: Applied
	40
	4

	32
	
	Psychonomic479
	8
	4

	33
	
	OCC
	22
	2.5

	34
	
	Roseman
	16
	3

	35
	
	Lazarus
	12
	3

	36
	
	Bates & Reilly
	14
	2

	37
	
	Elliot
	22
	2

	38
	
	Velasquez
	6
	3

	39
	
	Wells & Matthews
	2
	3

	40
	
	Svennson
	2
	3

	41
	
	Damasio
	1
	3

	42
	
	Drake
	1
	4.5

	43
	
	Clutterbuck (Mao)
	3
	4.5

	44
	
	Kleiner/Army Manuals
	5
	4

	45
	
	Sloan
	2
	2.5

	46
	
	Anshel & Kipper
	1
	4

	47
	
	Cassity
	1
	2

	48
	
	Dustin
	1
	1

	49
	
	Kruglanski & Webster
	1
	3

	
	
	
	
	

	
	
	Sum
	461
	158.5

	
	
	Average
	10.45
	3.7
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ABSTRACT

This paper describes an effort to foster the availability of Performance Moderator Functions (PMFs) that the modeling and simulation community can use to increase the realism of their human behavior models. PMFs quantify the impact of human performance to internal and external stressors, and help to capture the role of personality and individual differences. The literature on PMFs is so diverse, extensive, and jargon-filled that many in the modeling and simulation community believe there are no well-grounded PMFs available for implementation. To shift that perception, we are creating a web-based anthology of PMFs that abstracts many 100s of them from diverse literatures, maps them into a taxonomy and common mathematical framework suitable for implementation, and assesses their validity and reuse issues. This paper reports on progress to date, anthology construction issues, and lessons learned. 

1) Introduction and Summary

The purpose of this effort is to create a Web based capability that will help simulation developers link simulation user requirements to the appropriate methods/techniques to represent human behavior and cognition in the simulation being developed.  In the past these representations have often been unrealistic and/or inappropriate for the intended use of the simulation.  The cognitive science and psychological literature, as well as other sources, contain a myriad of potentially usable representation methods/techniques, all of which have some degree of validity and utility.  Simulation developers must determine which of the literature is relevant and which of the methods/techniques are best for their simulation. 

Some of the literature contains descriptions of experiments with strong supporting data, some of the literature provides well formulated performance moderator functions (PMF), while other segments of the literature contain hypothesized techniques, with only anecdotal support.  In most cases, given sufficient time and knowledge, it is possible to develop, with varying degrees of validity, performance moderator functions that can be used to represent the behavior or cognition that is needed in a simulation. Unfortunately, simulation developers lack both the time and proper skills to identify which methods/techniques are most appropriate for their simulation or to make the transition from the more general descriptions or experimental results to the more specific PMFs.   

Our goal is to provide the expertise needed to develop PMFs from the more general literature, identify the utility of individual PMFs for varying user requirements and to provide an effective and efficient way for simulation developers to transition from user requirements to usable PMFs.  

To better appreciate what is involved it is essential to understand more about PMFs and the basic approach that will be taken to provide this new capability.  A PMF captures a dose-response type of relationship between a performance moderator and the level of performance. These moderators reflect significant dimensions of individual and group differences (e.g., intelligence, skill, judgment, leadership, emotion, organizational culture, motivation, dedication, slips/lapses/biases) as well as external stressors on individuals and/or groups (e.g., task time, noise, fatigue, stress, opponent actions, etc.). 

A primary task in developing this Web based capability is establishing the validity of the PMFs, and much of our early effort is directed at defining the validity, measurability, and conceptual basis (formal mathematical representation) for the PMFs and at mapping PMFs from diverse sources of literature (traceability is preserved) into a common conceptual modeling framework (CMF). Also, we are integrating a suite of tools for (1)

studying and simulating how best to combine multiple PMFs and still realistically model performance; and (2) deriving lessons and suggestions on how to integrate PMFs into actual synthetic forces and virtual agent models. These latter items will be published along with the validity and traceability information in a set of structured abstracts that convey the PMF to simulation developers. Several demonstration testbeds are also planned. 

It seems that there is a lot of confusion in the modeling and simulation community about whether or not there are any PMFs in the literature and if so why are they so hard to find? In the rest of Section 1 we seek answers to these questions. In Section 2 further explore answers by offering a taxonomic framework that can help organize PMFs so they are contextually relevant to and more readily accessable to those in the modeling and simulation community. This is the “conceptual modeling framework”. Finally, while making PMFs so they are centrally available and contextually organized is necessary to overcoming many of the obstacles to their wider adoption and usage, a remaining  question is: Are there enough valid PMFs so that a modeling and simulation effort will find it useful to adopt them after finding them in the web-based anthology? In Section 3 we explore answers to this question from several perspectives including how to describe a PMF and its derivation, how to evaluate and quantify its validity, and how many PMFs are we likely to uncover. As a test case we look into one domain of modeling and simulation (i.e., command and control) and, based on measuring a small sample, attempt a projection of likely quantities and validity levels of PMFs in the literature. We also try to project the effort needed to document them, map them into the CMF, and assess their validity. Section 4 summarizes all results and lessons learned to date and next steps.

1.1) Overview of the Problem: Agents Lack Realistic Behavior/Cognition

The fields of virtual reality and microworld simulation have advanced significantly in the past decade. Today, computer generated personas or agents that populate these worlds and interact with humans are now used in many endeavors and avenues of investigation. A few of many example application areas are Hollywood animations for movies, cartoons, and advertising [1]; immersive industrial and safety training simulations [2, 3]; distributed, interactive military wargames and mission rehearsals [4]; and personal assistant agents to reduce technologic complexity for the general public, among others [5]. 

A common concern running throughout these applications is to increase the realism of the synthetic agents’ behavior and cognition. This is not an idle fancy, but a serious objective that directly affects the bottom line of commercial concerns, mission achievement in non-commercial organizations, and the safety and health of individuals who need to transfer skill sets from virtual to real worlds. Agent-oriented products with a better cognitive fit and that are more emotively natural tend to sell better, like Namaguchi or Catz and Dogz [6]. This lesson applies to embedded agents as well as stand-alone products. People are known to anthropomorphize technologic items like cars, slot machines, computers, ATM machines, etc. A strategy is beginning to emerge of beating the competition by including greater degrees of personality, human modes of interactivity (voice synthesis for car navigation systems), and emotivity in personas embedded ubiquitously (lip-synched and facially accurate expressions): e.g., see [7-9]. Similarly, in training, analytical, and education systems with military applications there is a growing realization that greater cognitive subtlety and behavioral sensitivity in the synthetic agents leads to both (1) a greater ability to explore alternative strategies and tactics when training against them and (2) higher levels of skill attainment for the human trainees: e.g., see [10-12]. For this to happen, the tactics, performance, and behavior of synthetic agents must change as one alters an array of behavioral and cognitive variables. As a few examples, one would like agent behavior to realistically change as a function of: the culture they come from (vital for executing missions against forces from different countries); their level of fatigue and stress over time and in different situations; and/or the group effectivity in, say, the loss of an opposing force’s leader?

There has been significant progress in a short interval to research and develop behavioral and cognitive aspects of synthetic agents, yet serious problems remain. 

1) Developers have insufficient behavioral knowledge -- The models of emotivity and behavior that have been commercialized to date tend to be shallow and unsatisfying. Most people discard Namaguchi or Catz and Dogz after the novelty wears off – there isn’t a deep model of human-agent interactivity. Likewise synthetic forces are naïve and are unable to act with the credibility or behavioral variety of human ones.

2) Artificial life has focused on lower level functioning – Character animators have created virtual lifeforms (e.g., fish, plants, talking heads, full body characters, and groups) that are self-animating, physically realistic, and geometrically and kinesthetically accurate when motoring about their virtual settings: e.g., see [13-14]. There has even been significant development of architectures for self-animating characters that react appropriately to a small range of emotive and environmental stimuli such as fright and flight, flocking, or lip- and facial-movement-synching to utterances or stimuli: e.g., [15-16]. These tend to be reactive systems with no significant cognitive processing. There are a few early efforts to tie-in a deliberative, or higher level decision and cognitive functioning such as conceived by the artificial intelligence community: e.g., see [17-19].

3) Artificial intelligence has focused on higher level functioning – The goal of artificial intelligence researchers is to give agents a goal- or intention-seeking behavior combined with the abilities to create and use knowledge about a domain, to communicate with and form beliefs about what other agents know, and to use their knowledge and beliefs to plan out decisions and actions needed to reach their intentions. Researchers in this “rational agent” community have created a wide array of methods, often formal and grounded logics, for agent reasoning [20], inter-agent communications [21], and autonomous planning and learning [22, 23]. These agents have ways to sense their environment and procedures to effect it. However, they tend to be un-embodied and thus can free up extensive computing cycles for the reasoning, planning, learning, and belief processing that they require. It’s not clear that artificial life characters can free up such cycles and maintain realistic lower level performance parameters. Worse still, some game creators, training world authors, and military simulation developers do not want their agents to be planners and learners. Instead, they want their agents to perform the same each time the game is replayed so they can maximize control and replication of training situations [24] and/or the need for consumers to buy new games. On many levels this would appear to run counter to the philosophy of creating agents that are more realistic. A more appropriate solution is to give the developers the ability to rollback the knowledge the agents have learned when they need to replicate an earlier training level, but to allow for agent planning and learning to occur as trainees become more competent (or after payment is received for the next level of play).

4) Rational agents are cognitively ungrounded – While there are some important exceptions such as SOAR [23] or ACT [25], in general, researchers in the AI and intelligent agent communities tend to view their models and methods as performing tasks that humans can do, but doing them differently than humans would. Deep Blue does not play chess like a human would. So, care must be taken when trying to use the rational agent and AI approaches to enhance the behavioral and cognitive fidelity of synthetic characters. It is easy to use these techniques to create capabilities that no human possesses, or ever could possess. A rational agent will perform a task the same each time regardless of fatigue, stress, exposure to biochemicals, and so on. For example, the Merman in [17] swims from a shark and reasons equally well regardless of how long the chase continues or how close the shark gets. Likewise the soccer teambots of [19] can traverse the length of the playing field at full speed without tiring, and repeatedly turn around and return the full field at the same speed. Yet this is not realistic, and as a result current rational agents do not accurately mimic human opponents or collaborators. For this reason, it is important to ground agent behavior and cognition in the psychological sciences and empirical findings.

5) Behavioral and cognitive researchers ignore implementation – There are well over a million pages of peer-reviewed, published studies on human behavior and performance as a function of demographics, personality differences, cognitive style, situational and emotive variables, task elements, group and organizational dynamics, and culture. This is a potentially rich resource for agent developers, however, almost none of this literature addresses how to interpret and translate the findings into principles and methods suitable for agent implementation [26]. Often the factors described in this literature are only roughly quantified, rather than laid out as neat dose-response or performance moderator functions (PMFs). So, informed judgement and/or further testing is required to parameratize them. Finally, it is time-consuming and perhaps beyond their abilities for lay-persons (agent builders) to determine the validity and generalizability of the findings in any given study in the behavioral sciences. Still, this is a sizable resource that cannot be ignored.

Figure 1 –  The artificial life and artificial intelligence communities rarely merge their complementary capabilities into virtual characters with higher level reasoning, Also, to date little progress has been made on mining the literature and data sources on human cognition and performance in order to make rational agents more realistic.
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So to summarize, it seems that diverse communities have pieces of the answer to building realistic human-like behaviors into virtual personas. The artificial life approaches have lead to kinesthetically appealing and reactive agents. A few such investigators are now seeking to make them more behaviorally and cognitively realistic by reaching out to artificial intelligence and rational agent approaches. These approaches offer many benefits, but they need to be grounded in the behavioral literature if they are to be faithful to how humans actually behave and think. The behavioral literature, however, while vast, is ill-prepared for and cannot be directly encoded into PMFs useful in agent architectures.  This sets the stage for the goals and objectives of the current research.

1.2)
 Research Goals and Objectives

One of the leaders in trying to improve the realism of synthetic personas is the US Pentagon’s Defense Modeling and Simulation Office (DMSO). They are interested in increasing the fidelity of training simulators by populating them with computer generated forces that are highly realistic. Specifically, the DMSO Modeling and Simulation Master Plan calls for the development of authoritative representations of the typical behaviors of combatants and crews/teams engaged in hostilities as well as operations other than war [27]. While the issues that influence the modeling of individual and group behavior are different, the tasks needed to research and develop the needed capabilities are similar. DMSO’s master plan delineates requirements for individual and group combatant modeling including: (1) extension of existing models of combat operations to include individual combatants and groups of combatants (crews and organizations); (2) development of generic models of individual human capabilities, limitations, and performance (physiological and psychological) as well as of the behavior of groups and organizations for modeling a wide variety of friendlies, potential adversaries, and non-combatants; and (3) development of the capability to rapidly construct models of individual as well as group and organizational behavior for specific applications on demand. 



DMSO’s requirements are too vast for any one research team or organization to accomplish alone. In our research we are only interested in one slice through these requirements – that of representing and publishing individual and group performance moderator functions (PMFs). That is, we assume the artificial life and artificial intelligence modelers are creating viable models of synthetic combatants. However, as mentioned in the previous section, we also assume these communities are finding it difficult to extract performance moderator functions from the behavioral literature. Our goal is to fill this gap by researching and developing forms of PMFs that will best help these agent building communities.



To overcome these obstacles, our goal is to remove the cross-community barriers shown in Figure 1 and to turn their respective assets into a set of sharable resources for the modeling and simulation community as Figure 2 tries to portray.  We discuss this Figure below in terms of three guiding principles:

1) Create an Evidence-Based Anthology – In the field of medicine, a vast amount of data, result sets, and lessons learned are being generated by all the clinical trials that are revolutionizing practice. Since each trial has both strengths and design flaws, an international effort has been launched, largely volunteer, to share the result sets (underlying data, study design, and conclusions reached) in evidence based repositories that include a “structured abstract” for each study [38]. This structured abstract is written by qualified reviewers who attempt to extract the study highlights and guidance, and to provide a validity assessment of the utility and applicability of the results. The utility of the structured abstract has caught on in medicine, and many volunteer reading groups and journal clubs have formed that now routinely author such abstracts. Also, many medical journals now require a structured abstract before publishing a clinical trial. As Figure 2 shows, our effort is an attempt to launch a similar evidence-based anthology approach for capturing the PMFs from behavioral studies, experiments that derived them, and raw results from these studies and from CALL centers and other sources of observational data sets. Later in this article we explain the structured abstract, the validity rating scheme, and related paraphernalia. The hope is that, in time, others will contribute material to this anthology, particularly as it grows and comes to be viewed as a communal asset by the modeling and simulation community.

2) Adopt a Common Representation Framework -- In keeping with the cross-community approach, we have adopted an implementation-neutral mathematics for capturing, representing, and sharing all PMFs and behavioral architectures.  Our approach is based on expected utility calculations in game trees, and on the reasoning that agents perform to recognize situations and alternative world states, to dynamically plan out and control their troops and their own actions against opponents, and to model their intentions as well as their beliefs about their enemies’ intentions.  The mathematics are well established in the rational agent literature, and we attempt to show how various behavioral studies extend the mathematical framework away from the normative and into the modeling of behavior descriptively and naturalistically. While each modeling and simulation group tends to program behavior within their own implementation framework, having a common mathematical representation should permit the interpretation and integration of PMFs implemented by diverse programmers.

Figure 2 – The Modeling and Simulation Community Needs a Human Behavior Model Anthology (HBMA) that can Foster Reuse and Sharing of Performance Moderator Functions Across Studies and Implementations
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3) Assure the High Level Architecture (HLA) Approach – At the implementation level, the modeling and simulation community is interested in pursuing a standards-based approach that leads to integration and inter-operation of diverse models and simulators between themselves and with the command, control, communications, and intelligence (C4I) infrastructure of the military.  HLA, adopted by IEEE, NATO, and the Object Management Group, is the cornerstone of that approach and it is fostering a common technical framework for inter-operability. This approach applies to human behavior modeling as well. No one has the resources to mine all the behavioral literature and capture what’s relevant in a modelers’ anthology; assess the validity of that knowledge and map it into performance moderator functions; test out these functions in combatant simulation tools in order to assure the functions are generic and rapidly deployable; and produce and maintain implemented code. What is needed instead is a sharable library that utilizes open standards, promotes cross-organization authoring and publishing of materials; provides testbed facilities that support the evaluation and refinement of performance moderator functions for individual combatants and groups; and provides public interfaces that permit any modeler’s simulation tools to rapidly utilize already existing implementations of the PMFs within their own local interfaces. Our research group is hoping to support modeling and simulation groups that utilize our shared effort and open anthology web approach. The anthology will publish links to such demonstration sites that, via HLA style interfaces, permit others to remotely integrate their PMFs into new models and simulators without the need for local reprogramming.

2) Conceptual Modeling Framework (CMF)

Central to our effort to develop an anthology of reusable HBM artifacts is a valid  framework around which to organize the literature and models. We call this the Conceptual Modeling Framework or CMF. Validity here means the framework addresses common problems in taxonomy and framework development as identified by numerous researchers including  semantics, level of detail, conceptual basis, and measurability [28-38]. In terms of semantics, the difficulty tends to be the meaning of terms used. To reduce this difficulty, we attempt to tie most terms to de facto standards such as military handbooks and glossaries. Further, wherever possible one wants to adopt the definition of terms utilized by seminal works in a field. The authoritative and most widely available work to date in this field is the National Academy Press’ report by Pew & Mavor [22]. Wherever possible, we have tried to follow terminology and taxonomic categories from their text. A few examples are “internal and external moderators”, “performance moderators”, “performance moderator functions (PMFs)”, and so on. As our anthology expands, we suspect we will rapidly exceed terminology used in that text. Here efforts will be made to adopt standard military terminologies -- those with clear, understandable, non-ambiguous, approved, and available definitions.

Another concern with taxonomic frameworks concerns their level of detail, and the tying of their details to specific implementations. This may help in local sites where the framework describes a deployed application, but it hinders transferability. Plus it prevents mapping such frameworks to a general theory of HBM. There are many organizing frameworks in the literature, and there are several quite useful taxonomies of the taxonomies that are surveys or meta-analyses of the existing frameworks [e.g., see 34, 35]. In trying to follow the lessons of these meta-analyses, we have kept our framework succinct and clear. At this juncture we see no reason to add long lists of moderators, performance moderator functions, MOEs, and other elements. While the other taxonomies provide nearly endless lists of such artifacts (with far too few definitions), this is misleading as there is little rigor behind the artifacts. Our criterion for adding artifacts to our listings is that they have mathematical grounding and measurement rigor, two points we discuss in tandem with the last two concerns.

The third concern with frameworks, the conceptual basis, is that a framework be explicit, and structurally coherent. The framework we propose is based on parametrics and is grounded in a common mathematics based on game-theoretic decision science, stochastic modeling, and Bayesian probability. This way we avoid abstract notions, a labyrinth of intricacies in cognitive architecture, subjective views of psychology, and controversies over internal workings of the mind.  Section 4 reviews this more fully.

Lastly, we are concerned that our conceptual modeling framework or CMF satisfy the criterion of measurability. Fineburg [34] points out that measurability becomes an issue when a framework is used outside the system for which it was intended. Since our framework is intended for use by all system builders, we hope to pay particular attention to having measurable descriptors and to providing informative material on their derivation, range of utility, and implementation lessons and suggestions. In fact, artifacts will only be added to our anthology after they pass the test of measurability. We will expand on these points in Section 3, but first let us present the framework itself.

The conceptual modeling framework (CMF) we postulate to satisfy these concerns is presented in Figure 3. Figure 2 is an attempt to show the highest level of this behavior. Here, we attempt to analogize to how humans receive stimuli, x, from the environment, formulate responses, y, and adapt depending on the feedback. Ignoring for the moment what happens inside a generic agent, its responses might be to take actions itself (aim, shoot, move, operate device, etc.), to direct subordinates’ actions, or to coordinate with collaborators. For the time being, we assume inputs and outputs are vectors of attribute-quantity or attribute-value pairs (or reducible to such, perhaps with uncertainty qualifiers) such as force size, armature levels, position, direction, speed, and so on for observations and such as movement, aiming, firing, stationing, resupplying, etc. requests and instructions for guidance and orders. It is legitimate for a pair to be a known (attribute):unknown (quantity), however, an unknown:unknown pair would not appear in the vector although it may legitimately exist in the environment.

The agent has goals, desires, and plans (x’, u, and I) and faces an opponent trying to counteract its goals and plans. As it is in a continuous feedback loop, it is interested in repetitions of the cycle to carry out plan intentions (I) and satisfy goal sets, x’ and u.  In general, the x and y are viewable as signals -- neuromotor signals when controlling and observing the impact of the agent’s own actions, and textual or audiovisual signals when trying to influence the behavior of subordinates or collaborators. Such an agent might be in a multi-tiered hierarchy with superiors above it and subordinates to control beneath, or it might be in a crew with collaborator agents with whom it seeks to coordinate actions.

The details of specialist agents mental processes will of course differ depending on whether they are commanding other troops for a several day period, coordinating their actions over a short interval as part of a crew, aiming their own gun in real time, and so on. Still, at the highest level, we think the same set of internal processes can be used to discuss the functioning of any agent in the hierarchy, in a crew, or even of any adversary. The internals of a generic agent’s reasoning processes, are also analogous to a human neuromotor process. As Figure 1 also reveals, they include steps to:

1) acquire (A) data and cues from the external world (x, x’), based on their prior focus of attention (f), and level of arousal or valence (v), and filter out noise to produce a set of state variables (s), as output.

2) best-fit (B) what situation they’re in based on the cues they attend to (s), and the patterns they recognize from experience, doctrine and value sets, P(s|H). This will lead them to several situational hypotheses (H), being plausible, and a likelihood value being assigned to each, p(H|s).

3) choose (C) what course of action to pursue by selecting a decision rule (based on doctrine and on the time they have to plan and decide), utility or desire levels (u), emotional intensity levels (v), and belief sets (, about the effectivity of their actions over time and space and against the opponent. The output of this step is an intended plan, or an intent (I).

4) direct (D) the individual steps, Z, needed to carry out the plan and achieve the intention. This step begins with an effort to identify the actions needed to carry out the plan, and ends by converting them into output signals, y or y’, in the agent’s effort to optimally control its portion of the external world including its own behavior as well as that of others it might be able to influence.

It is important to note that the Generic Agent of Figure 3 has a memory component. This keeps it from being a purely reactive entity. That is, given all the data that the agent reacts to, it is easy for it to become data-driven and reactive. The memory gives it the doctrines, decision rules, belief sets, recallable patterns, desires/utility levels, and affect arousals to help it act proactively and in a goal-directed manner if time allows, if the input noise is not too severe, and if internal processing error is modest. Those are three large “ifs” and the next few sub-sections examine the bounded rationality models drawn from the behavioral literature on each of the components of the generic agent, to help determine when and how much the agent can be pro-active vs. reactive. 


The reader has probably noticed that the basic sequence of steps in this cognitive architecture is labelled ABCD. This is just a mechanism to facilitate labeling in the repository. One can almost directly map this scheme to that of many other cognitive theories. For example, Wohl [1] uses what he refers to as the SHOR paradigm, standing for stimuli, hypothesis, options, and response. Likewise, the US Army calls these four steps acquire, assess, determine, and direct [2], Boyd [3] calls them the observe, orient, decide, and act (OODA) loop structure, and Orr [4] maps those into the conceptual combat operations process. Simon and Newell [5] ignore steps A and D, call step B “intelligence,”  and breakout step C into “design and choice”. They do, however, devote attention to the meta-reasoning aspect of each step.  A useful comparison of 60 such models may be found in Crumley & Sherman [6].

One of the goals of the human behavior modeling repository (HBMR) is to catalog empirical measurements of parameters that describe behavior of the generic agent. For example, two such parameters are Reaction Time (RT) and error rate (). When no subscript is used, these are the RT and e of the entire Generic Agent. The ABCD may be used as subscripts to denote the parameter value for one step of the cognitive process. For example, RTA or B. There will also be a reserved subscript of M for memory processes. One can reasonably combine lower level parameter values to compute higher level ones, such as RT = RTA + RTB + RTC + RTD + RTM if we assume that meta-reasoning RT is absorbed in those other components. A linear additive model may not strictly apply to every aggregator, for example overall error rate might be a multiplicative form. At any rate, this use of ABCD and M as reserved subscripts gives the repository a simple to remember notation scheme.

Figure 3 – Blowup of the Internal Mental Processing Components and Interfaces of a Generic Agent Interacting With Other Agents in a Multi-Tiered Hierarchy and in a Continuous Feedback Loop to Carry Out Goals in the Presence of Opponents
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3) Meta-Reasoning

Before we discuss each of the four basic ABCD blocks of the generic agent, we need to mention the meta-reasoning process that determines largely how all other blocks will perform. Figure 4 depicts the meta-reasoning process as consisting of a need selector, an attention focuser, and a decision rule decider as we will now briefly elaborate.
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Figure 4 – Meta-Reasoning Consists of Need Selection, Attention Focusing, and Decision 

Mode Decider

Our discussion of meta-reasoning starts with the “need selector” which we have modeled largely after the Maslow Need Hierarchy [7]. Maslow’s research reveals 5 levels of human needs starting with the basic survival, and progressing through keeping the job (mission, task), feeling of belonging (loyalty and followership), gaining esteem (rank, promotion), and intellectual fulfillment. We see all of these as relevant but for illustration’s sake we lumped belonging and esteem into one bullet in Figure 2, and broke intellectual fulfillment into two bullets – one for routine mental exercise (e.g., playing cards or daydreaming when bored) and one for the major determinants of intellectual motivation and adherence to cause.  In Maslow’s model, one generally satisfies the needs in order, however, exceptional circumstances warrant higher or lower level needs interrupting the progression. Thus, for example, a suicide bomber can satisfy needs for belonging, esteem, and fulfillment by sacrificing his life and that of others around him. Or, an air defense operator who is too long at a boring task might engage in cards and idle banter (higher level needs) and thereby ignore the task and not notice incoming missiles on the radarscope. Need level modeling is the focus of a rather extensive literature in the field of management, and Maslow is only one author, though many of the other models are refinements of this one in one respect or another: e.g., see [8, 9].

Once the vector of needs and their utility multipliers (U) are set, the attention focuser is triggered (left side of Figure 2). One rarely drops into a situation with no prior experience, memory or beliefs about it. In addition to need levels, prior memory of the situation at both the previous time interval (t-1) and from long term recollection combine to color those aspects of the input stream and state parameters that will draw the attention of the agent. In addition, the agent’s current physical status (healthy, fatigued, injured) as well as current emotional mood (e.g., calm, frightened, anxious, paranoid, etc.) will further alter the breadth and depth of parameters that the agent can process. There is a small but growing literature on the types of parameters that each emotion may force into focus: e.g., see [10].  Ortony et al. [11] provide a useful taxonomy of what emotions activate/decay in response to events, objects, and other agents’ actions. Other authors provide preliminary estimates of emotional activation/decay rate functions (e.g., see [12]). Janis and Mann [13] in turn, show how much of this combines with overall affect (can I be successful?) and internal sense of timing (is there time to do anything?) into an algorithm for determining whether to cope effectively or not. Grossly ineffective coping behavior appears as outcomes such as unconflicted adherence, defensive avoidance, and/or hyper-vigilance (panic). The alternative is opting to be vigilant and to proceed more rationally.

If the option is to proceed more rationally, then the final step in meta-reasoning is to decide how to decide, or to select the path to best-fitting the situation and choosing the course of action. The seminal work on this topic is Rasmussen [14] who breaks out situation assessment and decision processing into three modes – skill, rule, and knowledge. Skill situations are near-automatic and largely unconscious, with almost a Gestalt-like response to stimuli. An example is continually estimating the position of, aiming on a predictive trajectory toward,  and shooting a gun at a moving target in one’s field of view.   By contrast, assessments and choices made in the rule mode are governed by procedures, doctrines, or experiential cases and rules. This mode  requires the agent to select and recursively process a rule set or a case base both for the situation estimation and for the course of action planning. Klein [15]’s model of recognition primed decisionmaking is one of the models of how this mode works, though the Janis and Mann model mentioned earlier also partially falls under this mode. Finally, when the agent encounters complexity and has incomplete rulesets it is necessary to graduate to the knowledge mode, provided there is time to do so. In this final mode, the rational agent attempts to utilize more formal models of reasoning such as Bayesian forecasting, decision making under risk or uncertainty and objective vs. subjective probabilistic reasoning. In these cases there may also need to be a secondary decision rule selector process to determine the criteria for decision selection (e.g., minimax, maximin, avoidance of regret, etc.). The output of this step should be the choice of decision mode to use, not the actual best situational fit or course of action. If there is a mismatch between the decision making mode dictated by the situation and what is available (due to lack of training or readiness), this could alter the need set, and the attention focus. For example, if the agent were missing the skills needed to drive a certain vehicle, the need to flee (and survive) might be thwarted and this could lead to heightened anxiety or panic.

4) 
Derivation and Validity of PMFs in the Anthology 
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As already stated, a primary goal of the HBMA is to supply the moderators and PMFs that can be utilized by those trying to improve the realism of human behavior in models and simulations (ie, to implement the conceptual framework for given scenarios). Without these reusable artifacts, the conceptual model will be little more than a theoretical construct at best. In an effort to begin populating the HBMA with these artifacts, we are transcribing HBM knowledge into a set of “structured abstracts” of the literature (and raw data sources). 

Figure 5a shows the template of a structured abstract contains several sections. The top of the template includes the Reference Section, which is largely useful for indexing and searching purposes. Likewise the Task Section serves a vital role in helping to organize the abstract within various taxonomic categories that will be useful for users trying to browse and search the web anthology. The lower half of the template in Figure 5a, however, turns to the issues of evaluation.  These sections are designed to help a reader to quickly determine not only the study’s PMFs in the Findings Section, but also the study’s design strengths and weaknesses can be assessed in the Methodology Section.  This tells the reader how the PMFs were derived, what types of subjects were used in the study, and what conditions were evaluated. Continuing in this vein, the Findings Section includes a field on the validity (discussed in the next paragraph) and on the lessons learned from this study. Lastly, the template includes the study’s original abstract, and a section on CMF which includes a mapping of the PMFs of the study into a common mathematical framework discussed in Section 4 of this paper.

To assess validity for PMF construction, we have adopted a 5 point rating scale ranging from 5 for VERY HIGH validity to 1 for VERY LOW and with a sixth category or a zero score reserved for irrelevant. As Figure 5b shows, a study’s validity increases to the extent it is grounded in empirical data (and not just theoretical) and to the extent that it contains PMFs that are ready to be utilized by the modeling and simulation community. 

It is a commonly encountered belief that there is little in the literature in the way of results that are of direct value for extracting Performance Moderator Functions (PMFs) to be used in Human Behavior Models (HBMs) or in 

FIGURE  5 – The Structured Abstract Is The Primary Artifact in the HBMA

(a) Structured Abstract Template
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(based on a sample of 461 PMFs in the Anthology)

the HBM Anthology (HBMA). Pew and Mavor (p.242) call these the “individual difference variables about which the least is known so that they cannot at this point be encoded directly into a model.” To test out the extent to which this seems likely to be a significant barrier, we drew as a sample a search that turned up 46 Defense Technical Information Center (DTIC) reports on “cognition or psychology of command and control.” We culled this set from a larger set based on titles that seemed relevant. We then carefully read through the abstracts of these 46 reports, purchased the reports, and confirmed our ratings by a quick page scan of each report. 

As Figure 5c shows, part of the negative prediction is born out – only 4% of the studies are in the VERY HIGH category, those offering empirically grounded PMFs directly available for use with no further manipulation. However, about 30% of the studies appear well-grounded in terms of study design and data availability and offer immediately useful data for constructing PMFs. The even more encouraging finding is that another 34% (Mediums) could be turned into working draft PMFs although they have to be properly labeled (“use with a large grain of salt”) and eventually should be replaced. Also, 19% of the reports pose interesting theoretical frameworks of value to human behavior modeling, although there is no empirical data behind these. As we will see in discussion later in this paper, some of these studies are more influential in the modeling and simulation community than the medium and high validity ones, so one cannot entirely discount such literature and it is worth writing up abstracts on at least some of it. Finally, only 19% of the studies (Very Low and None) appear entirely useless.  

We are averaging about 8 PMFs per literature item, a rate we expect will hold up as literature we have yet to examine seems at least as rich in PMF material. 

5) Concluding Remarks and Next Steps

Increasing the realism of virtual characters is an important objective if we are to have useful training simulators, mission rehearsal environments, and discovery and learning aids. The human behavior literature is filled with material that can be mined to ground realism-enhancement efforts in actual empirical results. The problem is that this literature is highly incomplete, and non-structured relative to agent coding needs.

The effort described here is an attempt to create a reusable artifact anthology for human behavior modelers, an HBMA. This HBMA is particularly focused on artifacts that can enhance realism of virtual characters, and not on providing virtual characters themselves. It is our belief that the human behavior literature is too diffuse and jargon-filled for the typical military modeler. To help them use and reuse human behavior models, it is vital to provide a Human Behavior Modeling Anthology (HBMA) that will help modelers find performance moderators and PMFs, and will also help them develop their model construction requirements. The HBMA will be most usable if its organized around a taxonomy and metaphor that’s intuitive to agent builders and military modelers, and if it maps the PMFs into a common mathematical framework. 

In order to foster the understanding and reuse of the moderators and PMFs, the HBMA is being designed with several features explained in this paper, including:

· A modern day HBMA website including visual metaphors, online searching and wizard-based model builder support, and FAQ and related help.

· A conceptual modeling framework (CMF) intended to stabilize the semantics, conceptual basis, measurability, and level of detail of the PMFs and moderators.

· A structured abstract intended to summarize the literature and derivational roots of the PMFs, to provide validation information, to summarize testbed results on PMF sensitivities and combinatorics, and to convey the lessons and guidance from virtual agent demonstration testbed. 

· An assessment of the validity of the PMFs based on how they were derived and to what extent they are grounded empirically. 

This paper presents results of preliminary analysis of the literature. Specifically we have analyzed 46 studies in the command and control field to sample the extent to which valid PMFs appear to exist in the literature. The results of this survey show that there is a significant amount of valuable PMF material in the literature – 1/3rd of the studies had PMFs of high or very high validity levels, and another third were medium validity.  These are the levels of validity at which one can utilize the results with some degree of confidence.  Significant work has been needed to dig the PMFs out of this literature and make it presentable for reuse in the modeling and simulation community and some manpower estimates were provided.

Also, the good news that the literature holds a reasonable fraction of PMFs should be tempered by several real-world concerns.  For one thing the most heavily populated portions of the literature are the physiological areas that help to determine things like reaction time and error rate as a function of stress level in traditional military tasks. To date, individuals have been studied more thoroughly than groups, and organizations are the least well-studied. The less-studied areas also appear to include the emotive as well as the newer military tasks (e.g., the asymmetric forces problem), though researchers are turning to these topics in increasing numbers. The end result is that there is a significant amount of PMF material that can and should be mined and placed into the HBMA. However, for any given modeling and simulation development that one wishes to attempt, there will be gaps in what can be reasonably accurately modeled with known, valid PMFs  vs. what is still under investigation and development. Many modeling and simulation developments will need to accept a mix of validity levels in the PMFs they ultimately adopt. Over time, as the anthology grows and sharing increases, this will become less of a problem particularly for training and analytical applications. However, one should not expect it to disappear where modeling and simulation is done to learn about the unknown.

Notice that, in the framework of Figure 3, the drivers of behavior are the moderator settings that modelers choose.  These determine the task performance on the PMFs and the ultimate task achievement levels of individuals, teams, and organizations. Thus if a user wanted to model a terrorist group, they might use the taxonomy to help them to select internal moderators for low-value of life, high dedication to cause, risk-seeking, and the like.  The taxonomy at present, however, does not tell them what combination of PMFs or moderator settings to choose for a terrorist group like Hamas, a militia like the Iraqi Republican Guard, or a traditionally trained force like the former USSR. Such a capability would fall under the purview of a decision or design support tool. Building such a tool only makes sense after the web version of the anthology is populated with abstracts, moderators, and PMFs.
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II. Decision Methodology PMFs

REFERENCE

Title: Decision Making: A Psychological Analysis of Conflict, Choice, and Commitment
Authors:  Irving L. Janis, Leon Mann 

Organization: Psychology Dept., Yale University

Publisher: Macmillan/Free Press

	Reference Number: ISBN 0-02-916160-6
	Date: 1977
	Pages:


TASK

Domain: decision making under stress

Echelon: all

Tasks Studied: coping with decisions as stress increases or falls

Cognitive Framework: trait based

METHODOLOGY

Study Goal: To derive and validate a descriptive model of how people make decisions under stress. The model shows how human information processing and decision quality changes as stress grows.
Study Procedure: Janis and Mann reviewed both the research literature and performed  a number of studies themselves, some of which are diagnoses of anecdotes or news accounts of public figure decision making. Many of the studies are traditional scientific experiments and field trials. From this they have developed a “conflict-theory” of human decisionmaking under stress.

Number of Subjects: many dozens of subjects

Arms of Study: In their retrospective analyses, subjects are sorted into groups that exhibit 4 modes of defective decisionmaking (unconflicted adherence, unconflicted change, defensive avoidance, and hypervigilance) and 1 mode of rational decsionmaking (called vigilance). In other studies, three variables (risk, hope, and time) are varied and resulting defective or rational decisionmaking styles are observed.

FINDINGS

Performance Moderator Variables: The way in which decision makers resolve difficult choices is determined by the presence or absence of three stress variables:

· Awareness of the risks involved (RISK)

· Expectation of finding a better solution (EXPECTANCY)

· Time available in which to make the decision (TIME).

Also, a fourth variable (COST of collecting more information) is added here.

Performance Moderator Functions (PMF): Their conflict theory is a PMF that predicts which of five patterns of coping behavior will tend to occur as the three stress variables increase or decrease. The theory postulates that each of the five coping patterns is linked with a given degree of stress and with a characteristic mode of information processing that governs the type and amount of information the decision maker will prefer. According to Janis and Mann, the five coping patterns are defined as follows.

1) Unconflicted adherence (UA) in which the risk information is ignored and the decisionmaker (DM) complacently decides to continue whatever he has been doing. 

2) Unconflicted change (UC) to a new course of action, where the DM uncritically adopts whichever new course of action is most salient, obvious, or strongly recommended.                                                     

3) Defensive avoidance (DA) in which the DM evades the conflict by procrastinating, shifting responsibility to someone else, or constructing wishful rationalizations and remaining selectively inattentive to corrective information. 

4) Hypervigilance(HY) wherein the DM searches frantically for a way out of the dilemma and impulsively seizes upon a hastily contrived solution that seems to promise immediate relief, overlooking the full range of consequences of his choice because of emotional excitement, repetitive thinking, and cognitive constriction (manifested by reduction in immediate memory Span and simplistic ideas). In its most extreme form, hypervigilance is referred to as "panic." 

5) Vigilance (VG) in which the DM searches painstakingly for relevant information, assimilates it in an unbiased manner, and appraises alternatives carefully before making a choice. 

All but the last of these coping patterns are regarded by the authors as "defective." The first two, while occasionally adaptive in routine or minor decisions, often lead to poor decisionmaking if a vital choice must be made. Similarly, the third and fourth patterns may occasionally be adaptive but generally reduce the DM's chances of averting serious loss. The authors note, "The fifth pattern, vigilance, although occasionally maladaptive if danger is imminent and a split-second response is required, generally leads to decisions of the best quality". The authors also provide a decision balance sheet and flowchart that illustrates how vigilant choices are made by comparing alternatives in terms of four dimensions: utility gains/losses for self (1) and others (2) and concerns for approval or disapproval of peers (3) and self (4).  

Modeling Technique: a flowchart is provided of the “algorithm” or PMF for branching to one of the 5  coping patterns based on the level of the three stress variables. This flowchart is copied as Figure 1 attached, although some extensions have been added to the flowchart as discussed in “Validity” below. Unfortunately, the stress thresholds that precipitate each branching are never specifically provided by Janis-Mann.

Lessons Learned: For military analysts, perhaps the most important aspect of the Janis and Mann work is its implications for stimulating the conditions necessary for the vigilant coping pattern, and for requiring the decision maker to confront and answer questions about potential risks and gains he might not previously have contemplated. The book offers useful question sets and balance sheets to improve decision making.

Figure 1 – Overview of the Janis-Mann PMF or “Algorithm” for how Risks, Expectations, and Time Determine Coping Behavior. Two Optional Extensions are also Illustrated to Help Keep the PMF Compatible with More Recent Military Decisionmaking Research
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PMF Validity Info: 4.5 out of 5. This is a fairly complete treatment of alternative coping patterns supported by field and retrospective studies. The primary things missing here are the actual threshold values of the stress variables that cause humans to branch between the different coping patterns. One should be able to derive and validate those for a given setting, however. Also, the model of vigilant coping that Janis and Mann present is potentially at odds with other more recent theories, such as naturalistic (or recognition-primed) decision making which postulates that vigilance or effective crisis decsionmaking can occur wholistically by analogizing to a single best solution that has worked for a similar situation in the past. This area of controversy does not detract, however, from the validity of the Janis and Mann model of variables that lead to branching between the 5 types of coping behavior. To illustrate this, we plot the alternative mode of vigilance as an extension to the Janis Mann flowchart in the bottom right corner of Figure 1.


A final set of concerns lead us to insert one other extension into the Janis-Mann flowchart. Specifically the concerns are pointed out by Wohl* as: (1) none of the case histories analyzed by Janis-Mann are of military personnel; (2) the “risks” that Janis-Mann consider are limited in severity and omit risking human life; (3) the “conflicts” do not include a deliberative antagonist, and (4) most of the cases involve reversible decisions unlike those in a battlefield. To ameliorate these concerns, Wohl proposes adding a sixth coping behavior that we entitle “near hypervigilance” and that addresses the behavior that results if one dare not risk the cost of life and assets to discover further information about the enemy assets and/or intent. This is inserted into the middle of Figure 1 with his question “are the costs and risks worth the information sought?”

* - Wohl, JG, “Force Management Decision Requirements for Air Force Tactical Command and Control,” IEEE Trans on Systems, Man, Cybernetics, SMC-11:9, Sept’81, pp. 618-639.

ORIGINAL ABSTRACT

None provided by Janis-Mann.

CONCEPTUAL MODEL FRAMEWORK (CMF)
We can map the Janis-Mann flowchart “algorithm” into a more formal algorithm rather straightforwardly if we define: 

Own Course of Action (OCOA) Set

OCOA1 =  No change

OCOA2 =  Change

OCOA3 =  Consider the UNUSEDS(t)

OCOA4 =  Collect E-ASSETS(t) and E-INTENT(t)

Also, we must let State(t) Data and Situation(t) Be

Goal: Cope with Negative Feedback or Opportunity Environment such as:

LOSSESNC(t + 1)-LOSSESNC(t) = Losses if continue unchanged

LOSSESC(t + 1)-LOSSESC(t) = Losses if change

O-UNUSED-INFO > 0  = More information is available 

O-ASSETS-UNUSED(t) > 0  =  More unused assets exist

BEL[E-ASSETS(t)] = Initial belief about enemy asset disposition (E = energy)

BEL[E-INTENT(t)] = Initial belief about enemy intent

DEC-TIME > DEADLINE-CURRENT-TIME = Deadline and time pressure

In general, if we adopt a standard expected utility representation
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where


p[ ] = probability of state


U[ ] = utility of a COA


Sj = state of would?? due to a COA

Then we have the following algorithmic representations of the various coping behaviors:

Unconflicted Inertia
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Unconflicted Change
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Defensive Avoidance
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Near Hypervigilance
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Hypervigilance
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Also, it is interesting to consider how an agent behaves after it is in one of the six coping styles. Figure 2 from Wohl gives a summary that may help some artificial life programmer.

Also, it is instructive to consider how an agent behaves after it is in one of the six coping styles. Figure 2 from Wohl gives a summary that may help some artificial life programmers determine how the agent behaves.

Figure 2 – WOHL’s Chart on Focus of Attention and Information Preferences During each of the Janis-Mann Coping Behaviors
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TASK

Domain: Decisions under risk
Service Component: NA

Echelon: all
Entity: (military) decision makers and (battle) planners

Tasks Studied: Choosing between alternative risky prospects when confronted with a probable win or a probable loss. The choice task includes two main subtasks: the prospect editing subtask (including coding, simplification, combination/ cancellation, segregation, and dominance detection) and a probabilistic evaluation subtask leading to the ultimate choice (prospect weighting, prospect gain/loss value assignment,  weight and value combining, alternatives comparison, and selection).

Cognitive Framework: Descriptive modeling of decision behavior (traits).

METHODOLOGY

Study Goal: The goal is to understand how people make choices between alternative 

risky prospects. The thesis is that people are risk-averse when about to encounter a win, but risk-seeking in the attempt to offset a certain or near-certain loss. The study focus is on simple prospects in the economic domain, but the framework could be extended to indicate what risk avoiding/seeking strategies decision makers and planners might adopt when confronted by a probable win/loss on the battlefield.
Study Procedure: Subjects were given about a dozen test questions generally of the form (a) winning a moderate amount of money, x, at a high probability, p, or (b) winning a somewhat larger amount of money, y, with much lower probability of q (or no money at all with certainty of 1-p-q). Answers were analyzed to derive a descriptive theory of choice behavior (and its subtasks) and a mathematical model that shows how people frame problems and conduct gambles.

Number of Subjects: Study was repeated over numerous years in various forms for a large number of college students and faculty. Also, numerous other researchers have repeated these experiments in other domains at other organizations.

Arms of Study: The studies tend to examine the effect of shifting x and y from positive (gains) to negative (losses); of examining x and y that are non-monetary (e.g., winning a trip of a given duration); and of considering differences such as p+q{< = >}1. Also, sensitivity studies have been done to compare choice function shifts as x,y are increased or decreased in absolute value. All subjects generally answer all questions in a question set and thus there is no separate control or experimental groups per se. 

FINDINGS

Performance Moderator Variables: risk-seeking behavior, risk-avoiding behavior, over-/under-weighting of probability ((p)).

Performance Moderator Functions (PMF): If (x,p;y,q) is a regular prospect where either p+q<1, x>=0>=y, or x<=0<=y, then the evaluation subtask computes the following:

V(x,p;y,q) = (p)v(x) + (q)v(y),

Where V(.) is the value of the prospect, v(.) is the value of a given outcome, (.) is the weighting of the probability estimate, v(0)=0, (0)=0, (1)=1, and V(x,1.0)=V(x)=v(x). On the other hand, if the prospect is not regular (i.e., its strictly positive or strictly negative such that p+q=1, and either x>y>0, or x<y<0), then the evaluation subtask computes the following: V(x,p;y,q) = v(y) + (p)[v(x) - v(y)].

The paper also gives rules for computing (.) and v(.). For example it indicates that the v(.) function is concave for gains (risk-aversion), convex for losses (risk-seeking), and steeper for losses than for gains (Figure 2.3). The (.) function, in turn, reflects that people overweight probability for small values of p (i.e., (p)>p) and underweight it as p grows ((p)<p) – see Figure 2.4.  


Lessons Learned: People make choices in a normatively unacceptable fashion, and their choice decisions are susceptible to inconsistencies, intransitivities, and violations of dominance, particularly when they don’t have the time to verify whether their choices comply with normative decision rules (which is the norm in heat-of-the-battle decision making). In these circumstances, prospect theory will generally serve as a description of their decision processing and we can expect risk-avoiding decisions in the presence of an almost sure win, and risk-seeking behavior that commits more resources to a higher risk of a bigger loss in order to prevent an almost certain smaller loss.

PMF Validity Info: Validity is rated 4.0 out of 5.0 since there is significant empirical evidence that these models are descriptively sound, the mathematics is well developed, and the models are readily applicable to other domains such as military decision making. However, several extensions have not been examined thoroughly such as (1) how does the editing function shift in the presence of large numbers of alternative options in a prospect or when options become compound or otherwise complex; (2) no one has yet applied the model to military settings despite many other types of applications; (3) the model has not been applied where the probabilities of the options are not explicit, however, it is believed that intuitive probability estimates will not change the framework although they could exacerbate the over-/under-weighting of (.); and (4) the exact model parameters for (.) and for v(.) are not explicitly provided outside of given domains.

ORIGINAL ABSTRACT

This paper presents a critique of expected utility theory as a descriptive model of decision making under risk and develops an alternative model, called prospect theory. Choices among risky prospects exhibit several persuasive effects that are inconsistent with the basic tenets of utility theory. In particular, people underweight outcomes that are merely probable in comparison with outcomes that are obtained with certainty. This tendency, called the certainty effect, contributes to risk aversion in choices involving sure gains and to risk seeking in choices involving sure losses. In addition, people generally discard components that are shared by all prospects under consideration. This tendency, called the isolation effect, leads to inconsistent preferences when the same choice is presented in different forms. An alternative theory of choice is developed, in which value is assigned to gains and losses rather than to final assets and in which probabilities are replaced by decision weights. The value function is normally concave for gains, commonly convex for losses, and is generally steeper for losses than for gains. Decision weights are generally lower than the corresponding probabilities, except in the range of low probabilities. Overweighting of low probabilities may contribute to the attractiveness of both insurance and gambling.

CONCEPTUAL MODEL FRAMEWORK (CMF)
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TASK

Domain: Decisions under uncertainty
Service Component: NA
Echelon: all
Entity: (military) decision makers and (battle) planners

Tasks Studied: Choosing between alternative risky options so as to avoid subsequent regret and disappointment.

Cognitive Framework: Descriptive modeling of decision behavior (traits).

METHODOLOGY

Study Goal: The goal is to understand how people factor emotional (dis)satisfaction into their choices about risky prospects. The thesis is that people follow the axioms of von Neumann decision theory when evaluating the (economic) payoff of a choice, but add another term to also account for their willingness to pay for satisfaction (or disappointment avoidance). Regret is a well-modeled criterion in decision theory that occurs when decision makers compare an outcome to an alternate choice one could have made. Disappointment (or elation), in contrast, arises when one compares an outcome to the prior expectation of the outcome. This study thus extends the criterion of least regret and offers models of disappointment avoidance. These results have implications for models of risk avoidance.
Study Procedure: Decision tree models of probabilistic choice are constructed and solved for a number of domains including lotteries, risk prone behavior, supporting an underdog in a competition, Ellsberg Paradox, or auctions. The solutions to the models include standard decision theoretic terms, and try to examine the role an extra term might need to play to explain how people in general behave in their choices to manage dissatisfaction or disappointment. Equations are analyzed to derive a descriptive theory of how disappointment (or elation) tend to drive decision making.  

Number of Subjects: No specific subjects are included, but an attempt is made to describe behavior of people in everyday situations where disappointment or elation might explain how they deviate from normative models.

Arms of Study: The various domain studies tend to compare normative decision models for certainty equivalence between two choices to models that include an extra term for emotion. 

1) Total utility =  Payoff (normative)

2) Total utility =  Payoff (normative) + emotional satisfaction

FINDINGS

Performance Moderator Variables: Emotional Satisfaction, disappointment weight (d), elation weight (e), utility (U), subjective probability (p), risk-aversion.

Performance Moderator Functions (PMFs): 

1) Simple Events: (always assume x>y) 

If x is the expectation of an outcome, and y occurs, then

Disappointment Level = d(y-x)      (Note: DL < 0)

If y is the expectation of an outcome, and x occurs, then

Elation Level = e(x-y) 

And total utility = payoff + emotional satisfaction

U = y +   DL       (if x expected, y occurs)

U = x +    EL      (if y expected, x occurs)

Assumption: d>e

2) Gambles: 

If (x,p,y) is a gamble between outcomes x and y (always assuming x>y), where there is probability p that x will occur, and p-1 that y will occur, and if u is total utility of the outcome, then:

Total Utility (U) =  [Expected Payoff (normative)] + [Emotional Satisfaction]

Expected Payoff (normative) = px + (1-p)y

If the expectation is x, and y occurs, then disappointment occurs and 

     Emotional Satisfaction = d(expected payoff – y) = d(px + (1-p)y – y) = dp(x-y)

If the expectation is y, and x occurs, then elation occurs and

     Emotional Satisfaction = e(x – expected payoff) = e(x-px-(1-p)y) = e(1-p)(x-y)

Assuming d=e, then 

U =  [px + (1-p)y] + [0]   since e-d = 0

Assuming d>e

U =  [px + (1-p)y] + [(e-d)p(1-p)(x-y)]   since d-e = 0

3) Risk Prone Behavior
Disappointment increases with p, and elation decreases with p. So, attempts to reduce future disappointment will cause risk-averse behavior in more likely winning settings, and risk-prone behavior in less likely winning scenarios. In short, risk aversion increases with p, while risk-proneness arises for small levels of p. To model this, Bell defines

 = behavioral subjective probability (roughly similar to how Prospect Theory works)

(p) = p[1+(e-d)(1-p)]

Risk-aversion exists so long as (p)<p* 

Risk aversion exists for larger values of p, although as size of gamble increases, the p* drops for which (p)<p* still holds.

Lessons Learned: 

1. Prior expectations are a prime determinant in level of disappointment (elation) experienced. Since expectations tend to vary from person to person, a universal calculation for disappointment (elation) is impossible, and this is a useful item to model for each decision maker (individual differences apply here).

2. In addition to expectation level, disappointment, and hence risk aversion, increases with level of probability and size of the gamble.

3. Disappointment (elation) is also likely to be sensitive to context, so no single model will suffice for all decision situations.

4. This approach helps illuminate a fruitful path (decision theoretic and utility modeling) for integrating emotion into decision making and cognition. One could potentially extend this approach to other emotions.

PMF Validity Info: Validity is rated 3.0 out of 5.0 since there is only general empirical evidence that these models are descriptively sound. The mathematics is thought provoking, the reasoning is plausible, and the models are readily applicable to other domains such as military decision making. However, several extensions have not been examined thoroughly such as (1) how to elicit the values of the disappointment and elation weights (d and e) from decision makers for specific situations; (2) the exact parametrics of (p) and p* are not provided for situations where intuitive probability estimation occurs; and (3) whether the results apply to professionals doing tasks, such as military planners and decision makers.

ORIGINAL ABSTRACT (from intro to book)

Bell (chapter 16) … takes as a premise that people suffer (in a way they would be prepared to avoid) from being disappointed. People are disappointed when the outcome of a decision under uncertainty is lower than their expectations. The paper shows how a normative model may be construed to take account of the detrimental (and positive) effects of disappointment and uses the model to derive implications for human behavior.

CONCEPTUAL MODEL FRAMEWORK (CMF)
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TASK

Domain: “mid-altitude flight” regime in general aviation (GA)

Echelon: 

Tasks Studied: Enroute, an aircraft experiences an unexplained power reduction, then stabilizes, but the pilot has to diagnose the problem and decide what action should be taken.

Cognitive Framework: Trait based.

METHODOLOGY

Study Goal: Understanding expert aviator decision-making for the purpose of improving flying safety.
Study Procedure: (1) Develop a definition of expert aviator in GA by interviewing 10 highly experienced pilot examiners; (2) Using a talk-through flight scenario with 6 different problems, pilots were asked to think aloud as they solved these problems.

(3) Perform a flight simulation experiment.

Number of Subjects: (1) ten pilot examiners; (2) 30 highly experienced pilots; (3) 22 instrument-rated pilots.

Arms of Study: 

(1) Semi-structured interview

(2) Structured interviews

(3) Flight simulation experiment

FINDINGS

Performance Moderator Variables: Five elements of experience: training, hours, variety, relevance, and recency (recent flight experience)

Performance Moderator Functions (PMF): 

Correlations between experience rank and performance are all below Pearson r = .5

· overall experience and (1) number of approaches at airports (Pearson r = 408), (2) distance to airports (Pearson r = 0.338)

· total number of flight hours: this category has higher correlation with performance than any of the other categories. 

· recency: little or no correlation with many of the performance factors.

· variety: pilots with greater variety in their flight experience tended to consider more total factors before making final decision.

· training: correlated well with the number of available approaches considered prior to making a final decision.

Modeling Technique: A weight is assigned to each element of flying experience according to the contribution it makes toward expertise, correlation coefficients are developed to show the contribution of each experience factor to expertise.

Lessons Learned: 

There were three problem-solving strategies used by pilot-subjects in dealing with abnormal situations: 

· “knee-jerk reactors” – subjects tend to make immediate decisions, based on a predetermined contingency plan. These are rigid decision makers who seek very little information prior to, and after, the decision has been made.

· “two-dimensional problem-solvers” – pilots fixate only on safer destinations along their original flight plan, failing to consider their options to the left and right of their course; 

· “progressive decision-makers” – these pilots spent little time initially diagnosing the problem, and quickly made a decision to go to an alternate (safer) destination, these pilots demonstrated better overall aeronautical  knowledge and situation awareness. They spend significant time collecting and analyzing info to support their alternate plan. Their alternate destinations could be off the original flight path, or not, based on the optimal solution given a wide range of factors (weather, airport, ?????, type of malfunction, etc.)

PMF Validity Info:
3, due to low r statistics, these results are primarily useful conceptually only. It would have been helpful if they had clustered the correlations within the three problem solving strategies, but no such PMFs can be obtained from the published results.

ORIGINAL ABSTRACT

The domain chosen for the present study, the so-called, “mid-altitude flight” regime in general aviation, has become known for its safety problems. Single- and multi-engine aircraft that fly in this regime, are considered “complex” and “high-performance”. Three aircraft that represent this category are the Piper Malibu, the Beech Baron and the Cessna Centurion. Decision making in these aircraft may be the most complex in all of aviation because they are flown by one pilot who is required to perform all of the same tasks, in the same airspace as the crews of simpler, multi-crewed airliners. The aircraft are usually flown for private reasons (but with commercial implications), and they require a high level of skill, though most who fly them have other professions. Although some may think this domain insignificant, there are over 650,000 general aviation pilots in the USA who make nearly one-half of all flights and carry approximately one-third of all passengers. Key to effective research on decision making is a deep understanding of the domain. We believe that such an understanding can only be accomplished through personal involvement and experience in the task. Thus, a research team was chosen composed of experienced pilots. Furthermore, the team was assisted by a panel recognized pilot-experts in the GA domain who provided assistance in the interpretation of verbal comments of the pilot-subjects and the development of the intervention strategies.

CONCEPTUAL MODEL FRAMEWORK (CMF)
REFERENCE

Title: “The Effects of Control Dynamics on Performance,”

Handbook of Perception and Human Performance, Volume II, John Wiley and Sons (1986), Sec. VII, pp. 39-1 – 39-60.

Authors: Christopher D. Wickens

Organization: Aviation Research Laboratory, University of Illinois Institute of Aviation, Savoy, Illinois

	Reference Number: 
	Date: 1986
	Pages: 60


TASK

Domain: 
Echelon: 

Tasks Studied: 

Cognitive Framework: Trait based.

METHODOLOGY

Study Goal: To give an extensive survey of the effects of control dynamics on human performance in tracking and manual control, from basic concepts, to overview and discussion of data from leading articles in the field within the last four decades.

Study Procedure: 

Number of Subjects: N/A

Arms of Study: 

Mathematical representation of the tracking loop, stability, and control, and modeling of the human operator.

1. Overview and discussion of data and results by different authors within the last 40 years on the following topics: gain, system lags, control order, tracking with “pure” orders, higher order tracking, inherently unstable systems, displays, multiaxis and multiloop control.

FINDINGS

Performance Moderator Variables: stability, gain of the system, tracking error, zero-, first- or second-order system dynamics, pilot opinion ratings.

Performance Moderator Functions (PMF): 

F(jw), F(S), HG,  J. (see below)

Modeling Technique: Fourier and Laplace transforms are used for signal representation.

(continuous variable corresponds moment to moment to a continuous reference signal)

f(t)   

becomes   
F(jw)     
       or      
F(S)

in the



in the



in the

time domain


frequency domain

Laplace domain

Modeling of the Human Operator: 

The Crossover Model 
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where I – command input, U – systems output, HG – open loop transfer function

The Optimal Control Model:
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J -  cost functional

This equation means that the operator will attempt to minimize the expected value of some weighted combination of squared display error, y, squared control displacement, u, and squared control velocity, 
[image: image12.wmf]u

&

. The relative value of the constants of qi, ri, and gi will depend upon the relative importance of control precision, control effect, and fuel expenditure.

Lessons Learned: 

1. Manual control performance is multivariate.

2. Manipulations of the various control dynamics interact with each other and with other elements of the tracking loop in their effect on the multivariate performance vector.

3. Gain: When system gain is manipulated, there are two important general consequences: (1) Across an extremely wide range of values at least 10-fold magnitude, the human operator gain is adjusted downward or upward to compensate for upward/downward shifts in system gain so as to keep the total loop gain constant. This is a highly consistent effect in aviation control systems. (2) There is an optimal gain that Gibbs (1962) reports to be at a value of K = 0.15 for a velocity control system and 1.5 for zero-order systems in terms of invariant units (i.e., visual angle of display change divided by the angle of control limb movement).

4. System Lags: In general are harmful to performance. Transmission lags – even minimum delays of 40 msec can have a degrading effect on compensatory tracking (Warrick, 1949). Similar findings reported by Wallach (1961) with pursuit tracking. Degradation effect is related to loss of stability and latency shift that contributes to error. Exponential lags – do not necessarily harm tracking performance, due to the fact that and exponential lag is itself a “mixed” system between type 0 and type 1.
5. Control Order: Step inputs – position is the only quantity that must be matched; optimum tracking of step inputs will be observed with zero-order systems and will decline monotonically with increasing order. Ramp inputs – i.e., a gunner required to track a constant velocity target across the sky. Ramps must be either very short in duration or low in speed to be tracked at all, or else the position control must of necessity reach its physical limits. 
6. Tracking with “Pure” Orders: Zero, First and Second. System performance – near equivalence of tracking error between zero- and first-order systems, increase in tracking error (40 to 100%) with an increase in order from first to second. Operator experience – trends correlate closely with tracking error. Operator behavior – relative error can be predicted by the formula   
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 (McRuer and Krendel , 1959), where 
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7. Higher-Order Tracking: 
Operator maintains more efficient control using:

· predictive displays – show present and predicted positions on the same screen

· display quickening – the operator tracks or nullifies an error symbol that moves ahead of the actual state of the system

8. Displays 
- pursuit vs compensatory displays – most studies found pursuit displays to be at least as good as compensatory. Senders and Cruzen (1952) examined performance while relative proportion of pursuit versus compensatory response of a display was varied. They found that performance improved monotonically from 0% to 25% and 50% pursuit, and did not improve further as the pursuit proportion was increased to 75% and 100%.

PMF Validity Info: 4

REFERENCE

Title: The Effectiveness of Tactical Adaptation and Coordination Training on Team Performance in Tactical Scenarios
Authors:  Lonnie R. Green


Organization: United States Naval Academy

	Reference Number:
	Date:  1994
	Pages:   91


TASK

Domain: Tactical Decision-Making in a Combat Environment

Echelon: 

Tasks Studied: Tactical Adaptation and Coordination Training (TACT) experiment, which is designed to test teamwork, coordination, and adaptation training strategies.

Cognitive Framework: 

METHODOLOGY

Study Goal:
To test the efficacy of training techniques aimed at enhancing teamwork skills and providing team coordination and adaptation strategies.

Study Procedure: After an initial familiarization run, each team participated in two combat scenarios, one low stress and one high stress. Observations of the team’s performance were recorded using audio, video, and writer observer rating forms. Training intervention was then conducted, immediately followed by two combat scenarios. The data obtained in the later two simulations was compared to the data obtained in the first two simulations to determine the effectiveness of the training. Minitab, a computer based statistical package, was used as the prime analytical tool to measure significant differences in the levels of observed performance of the teams as a result of receiving intervention training. The experiment was divide in 4 phases:

Stage 0 --- basic instruction and training for all teams

Stage 1 --- pre-intervention data collection

Stage 2 --- intervention training

Stage 3 --- post-intervention data collection

Number of Subjects: six teams five members each (students from Naval Postgraduate School)

Arms of Study: 

1. Control experiment (no training).

2. TACT experiment (subjects were taught to identify signs and symptoms of stress, and strategies to adapt to stress with focus on team coordination).

3. TACT+ experiment (in addition to the TACT training the tactical action officer (TAO) was prompted every three minutes to provide a situation report over the network.

FINDINGS

Performance Moderator Variables: level of training, level of stress

Performance Moderator Functions (PMF): 

Modeling Technique: 

Lessons Learned: Adaptation and coordination training strategies, when implemented, have a measurable effect on a team’s ability to perform (see Table VII).

[image: image18.png]Table VII: Pre-Posttraining Scoring Summary

Score: Mean
(standard Deviation)

Performance 3.5573 3.5615 4.6906
(1.1232) (1.1853) | (0.7109)

Post 3.5812 4.2792 5.5240

(1.1139) (1.0333) (0.3032)

Performance Gain 0.0240 0.7177 0.8333
(0.6037) (1.1274) | (0.6632)

Teamwork Pre 3.4008 3.5383 4.5608
(1.0535) (0.9178) | (0.8671)

Post 3.5317 4.,2642 5.4225

(0.9236) (0.8819) | (0.5573)

Teamwork Gain 0.1308 0.7258 0.8617
] (0.5922) (1.3967) | (0.9237)




PMF Validity Info:

ORIGINAL ABSTRACT

In Command and Control, decisions require the fusion of inputs from a number of subordinate decision-makers during the situation assessment process. The tactical operating environment often introduces stress into the team’s decision-making process. The Office of Naval Technology in Arlington, VA has sponsored research under the Tactical Decision-Making Under Stress (TADMUS) program to study ways to minimize the degradation to the team’s effectiveness during these periods. Under the TADMUS Project, the Tactical Adaptation and Coordination Training (TACT) experiment was designed by Alphatech, INC. to test theories on individual and team training techniques that were hypothesized to mitigate the effects of stress during tactical situations of interest (high and low stress scenarios).


In a detailed review of the data gathered during the experiment it is concluded that the training strategies were indeed effective in significantly altering the subject teams ability to perform under the test conditions. There were no conclusive findings that level of stress as presented in the experiment had a significant effect on the performance of the teams.

CONCEPTUAL MODEL FRAMEWORK (CMF)
ORIGINAL ABSTRACT

This chapter is divided into two major sections. Section 1 provides an overview to the tracking, manual control paradigm and discusses the methodological techniques by which tracking performance is described and measured. Portions of Section 1 describe limits of human performance that influence tracking and discuss two models of human tracking performance. Much of Section 1 contains little reference to hard data as such. This material is important, however, because it provides a vocabulary and a methodological and conceptual framework for describing the data on the effects of control dynamics reported in Section 2. 


Section 2 is devoted primarily to experimental results and data. These focus on the effects of control dynamics on performance, but they cannot be considered apart from the influence of other factors related to input and display. A consequence of this organization format is some redundancy and overlap within the chapter.  Control/display concepts or operator limitations may appear in both sections or at different locations within a section. This redundancy is an inevitable result of the tremendous interdependencies of elements within the manual control task. Because the redundancy is incorporated into the chapter, the reader is given a more accurate picture of the task itself.

CONCEPTUAL MODEL FRAMEWORK (CMF)
III. Command and Control PMFs

REFERENCE

Title: Command Group Behaviors. Their Identification, Quantification, and Impact on Collective Output in Automated and Non-Automated Environments. 
Author: Carter,C. F. , Jr.;Lockhart,D. C. ;Patton,M. S. 
Organization: Science applications, Inc. sponsored by US Army Research Institute
Web Address: http://stinet.dtic.mil/
Place Publication: US Army Research Institute for the Behavioral and Social Sciences
Reference Number: ADA144071
Pages 222 pages
Date: July 1984

TASK

Domain: Group Decision Making
Echelon: Crew / Squad 
Service Component: Army
Tasks Studied: Behaviors in battalion command groups 
Cognitive Framework: Trait-Based 

METHODOLOGY


Study Goal: To develop and apply a methodology for differentiating the non-procedural individual and multi-individual behaviors from the team or synergistic behaviors in battalion command groups and determining their respective contribution to command group effectiveness 
Study Procedure: Review and analysis of video and audio tapes recorded during the conduct of command group exercises using the Combined Arms Tactical Training Simulator (CATTS)
Number Subjects: Five Battalion Command Group 
Arms Study: 5 Battalion Command Group, Identical simulations were done for each group.

FINDINGS


Human Behaviors: personnel, intelligence, operations, and logistics, 
Performance Moderator Function: 

1. No correlation was found between total data transfers and battle outcome. 

2. No correlation was found between individual and team behavior and battle outcome. 

3. No correlation was found between total process performance and battle outcome. 

4. High degree of correlation exists between qualitative measures and battle outcome. (Note: Qualitative measures include competence, reliability, functional integrity, flexibility, professional quality, personal demeanor, team awareness) 

	Qualitative Measure
	Correlations to the Battle Outcome

	Competence
	0.8732

	Reliability
	0.7461

	Functional Integrity
	0.8091

	Flexibility
	0.6289

	Professional Quality
	0.8425

	Personal Demeanor
	0.7363

	Team Awareness
	0.6139

	Overall battalion Command Group
	0.7938


Derivation Technique Statistical Analysis (find correlation between variables), 
Lessons Learned: 

1. There are no acceptable correlations between command group behavior and command group effectiveness. 

2. Command and control behavioral research requires careful planning, structuring, and control to produce useful results. 

3. CATTS appears to be a highly valuable training laboratory but is of questionable value as a behavioral research laboratory. 

Modeling Technique: Analytical
PMF Validity Info:  3-MEDIUM.  This report shows experimental results and they indicate the correlations between performance moderator variables and the battle outcome.   However, they do not show how the performance moderator can affect the battle outcome. 

ORIGINAL ABSTRACT


Original Abstracts: This report summarizes first year efforts and provides detailed results of the second year research efforts (of a three year project) to relate battalion commander and staff behavior to command group effectiveness. An initial methodology for relating behavior to effectiveness was developed; video and audio recordings of battalion command group participation in computer- assisted battle simulations were produced; recorded data were classified by military experts to assist in behavior analysis; and analyses of the data using the initial methodology were performed. Analyses of the data yielded inconclusive statistical correlations and judgmental evaluations between command group behavior and group effectiveness using the methodology. Changes to the initial methodology as well as improvements to the research laboratory are discussed.

CONCEPTUAL FRAMEWORK

REFERENCE

Title: Cognitive Biases and Time Stress in Team Decision Making.
Author: Lehner, Paul E.; Seyed-Solorforough, Mir-Masood; Nallappa, Bhashyam; O'Connor, Michael; Sak, Steve 
Organization: Center of Excellence in Command, Control, Communications, and Intelligence (C3I) at George Mason University sponsored by Office of Naval Research 

Web Address: http://stinet.dtic.mil/
Place Publication: George Mason University
Reference Number: ADA251153
Pages  21 pages
Date: April, 1992

TASK


Domain: Team Decision Making under Time Stress
Echelon: Crew/Squad
Service Component: Navy (could be used for other service components such as army)

Tasks Studied: The impact of time stress on the C2 decision making performance
Cognitive Framework: Trait-Based 

METHODOLOGY


Study Goal: To experimentally identify team decision procedures that tend to be executed relatively unreliably under conditions of time stress

Study Procedure: 
1. Two person teams worked together to defend a battle group from incoming aerial   attacks. 

2. The team objective was to correctly identify and attack all the threats before they reached the target. 

3. Each team was trained before the game started.

Number Subjects: Four two-person pilot teams and eleven two-person experimental teams.  Subjects are paid volunteers from the graduate and undergraduate students at George Mason University
Arms Study: 

1. Pilot Teams : more training, more practice sessions, and slowest speed was considerably slower.

2. Experimental Teams : trained only 1.5 hours before the game started

FINDINGS

Human Behaviors: Decide, Monitor

Performance Moderator Variable : Time Stress, Training
Performance Moderator Function: 

1. Accuracy at different aircraft speeds: 

           Accuracy (%) = 93.60 – 0.029 * Speed (mph),   where  400 ( Speed  ( 900

	Speed (mph)
	400
	600
	750
	900

	Accuracy  (%)
	80.85
	77.30
	73.08
	66.00


2. Performance difference between well-trained vs. poorly-trained:

                   KillRate (poorly_trained) = 0.867 * KillRate (well_trained)

            Procedures done by poorly-trained decision makers show only 87% of  the

            performance of the procedures done by well-trained decision makers.

Derivation Technique: Statistical Analysis
Lessons Learned: 

1. Under the lower time stress conditions, subjects ordered tracks in the way they were trained.  As time stress increased, subjects shifted the order.  

2. Vulnerable-to-bias decision procedures are less reliably executed than other decision procedures.  When specifying team decision procedures, vulnerable-to-bias procedures should be avoided.

Note : Vulnerable-to-bias decision procedure is defined as a judgment or decision procedure that an untrained or poorly trained decision maker would not reliably execute because of a cognitive bias.

Modeling Technique: Analytical
PMF Validity Info:  3-MEDIUM,   This report shows detailed experimental procedures with solid results.  We can get the PMF from the experimental results. However, the validity is not high because the subjects are all students.  

ORIGINAL ABSTRACT


Original Abstracts: This experiment investigates the impact of time stress on the decision making performance of command and control teams. Two person teams were trained in a set of simple decision procedures. Some of these procedures required subjects to make judgments that were counter to normal heuristic decision processing. The principle hypothesis was that these decision procedures would be vulnerable-to-bias, and would therefore be more vulnerable to the effects of time stress than other decision procedures. The results support this hypothesis. In addition, the results suggest that the subjects adapted inappropriately to time stress. As time stress increased, they began to use a decision processing strategy that was less effective than the strategy they were trained to use.

CONCEPTUAL FRAMEWORK

REFERENCE

 
Title: The Influence of Uncertainty and Time Stress on Decision Making
Author: Leddo, John; Chinnis, Jr., James O.; Cohen, Marvin S.; and Marvin, F. Freeman
Organization: Decision Science Consortium, Inc., Reston, VA 22091 
Web Address: http://stinet.dtic.mil/
Place Publication: US ARMY Research Institute for the Behavioral And Social Sciences 
Reference Number: ADA273335 
Pages 124 PAGES 
Date: October 1993 

TASK


Domain: Decision Making under time stress
Echelon: Division 
Service Component: Army 
Tasks Studied: time stress on decision making
Cognitive Framework: Trait-Based 

METHODOLOGY

Study Goal: Investigate how uncertainty and time stress influence the decision making process. The results can be used to develop decision-aiding concepts for improving decision making under uncertainty and time stress. Study Procedure: Thirteen lieutenant colonels were presented with a defensive scenario and asked to analyze three courses of action and make a final recommendation. One group has only 45 minutes to make decisions and the other group has no time-stress. 
Study Procedure: 

1. Thirteen lieutenant colonels (LTC) were presented with a defensive scenario (a Fulda Gap scenario) 

2. They are asked to analyze three courses of action. 

3. They are asked to make a final recommendation.

4. Collect data and analyze them. 

Number Subjects: 13 lieutenant colonels 
Arms Study: Two groups, seven in stress group and eight in non-stress group

FINDINGS


Human Behaviors Cognitive: Decide 
Performance Moderator Variable: Time 
Performance Moderator Function: 

1. No-stress group used approximately twice the average time for analysis compared with the stress group. 

             TimeSpent (non-stress) = 2 * TimeSpent (stress)

2. No-stress group consulted approximately twice as many information sources as did time-stress participants.

             InfoSource (non-stress) =  2 * InfoSource (stress)

3. No-stress participants spent, on average, 10 times more time looking at the corps level map than time-stress participants.

             TimeLookCorpsMap (non-stress) = 10 * TimeLookCorpsMap (stress)

4. No-stress participants, on average, spent more than twice as much time looking at the G-2 estimate as did time-stress participants. 

             TimeSpentG2 (non-stress) > 2 * TimeSpentG2 (stress)

5. No-stress participants listed 1.4 times more decision criteria than time-stress participants. 

             ListCriteria (non-stress) = 1.4 * ListCriteria (stress)

6. No-stress participants used 2.3 times more different analysis methods than time-stress participants. 

             NumAnalysis (non-stress) = 2.3 * NumAnalysis (stress)

7. No-stress participants listed 2.4 times more sources of uncertainty they were concerned with than time-stress participants. (The most common source of uncertainty was the enemy's intentions.)

             UncertaintySrc (non-stress) = 2.4 * UncertaintySrc (stress)

Derivation Technique statistical chi-square analysis, 
Lessons Learned: 

1. Time stress and uncertainty have an influence on the G-3 decision-making process. 

2. Time-stress resulted in a reduction of decision making "breadth" rather than "depth". 

3. Time-stress participants appeared to consult fewer information sources rather than skim many sources. 

4. Time-stress participants tend to select more conservative and less risky course of action. , 

Modeling Technique Analytical: Analytical, 
PMF Validity Info: 4-High.  This report compares the performances of  two groups (stress group and non-stress group) and identifiess the differences qualitatively so that we can use them as PMF’s. 

ORIGINAL ABSTRACT


Original Abstracts: This project studies the effects of uncertainty and time stress on the decision making of experienced Army officers playing the role of a division operations officer analyzing courses of action in a tactical scenario. Thirteen lieutenant colonels (LTC) were presented with a defensive scenario (a Fulda Gap scenario) and asked to analyze three courses of action and make a final recommendation. After being given time to familiarize themselves with the scenario, seven of the participants were given 45 minutes for their analyses (time-stress condition), after which participants made their final recommendations. Data were collected on the information participants used to perform their analyses. No-stress participants compared with time-stress ones spent more time on information that was relevant to resolving uncertainty and providing a big picture of their mission, used more analysis methods to arrive at a recommendation, and tended to recommend less conservative courses of action. These results suggest that under conditions of uncertainty and time stress, aiding concepts are needed that supplement the breadth of analysis and deliver information more efficiently so that decision makers will be able to use all relevant information. 

CONCEPTUAL MODEL FRAMEWORK

REFERENCE

Title: The Effect of Vehicle Noise and Vibration (Caused by Moving Operations) on Cognitive Performance in the Command and Control Vehicle

Author:   Tauson, Richard A.; Doss, N. W.; Rice, Debra J.; Tyrol, Douglas E.; Davidson, Donald
Organization:  Army Research Laboratory

Web Address: http://stinet.dtic.mil/ (Full text available)
Place Publication:  Army Research Laboratory
Reference Number:  ADA302381

Pages   61 Pages
Date:  October 1995

TASK


Domain:  Cognitive Performance under noise and vibration stress
Echelon:  Army
Service Component:  Crew/Squad

Tasks Studied:  Human performance in C2 vehicle under moving condition

Cognitive Framework: Trait-Based 

METHODOLOGY


Study Goal:  To obtain an initial indication of the effect of vehicle noise and vibration on the cognitive capability of people working at automated workstation during various conditions of vehicle movement

Study Procedure: 

1. One crew of three subjects were tested in a C2 vehicle developed by United Defense Industries (UDI) equipped with Army tactical command and control system (ATCCS).    The test used in this experiment is the Expanded Complex Cognitive Assessment Battery (CCAB).

2. Before testing, each crew underwent 1 day of training.
3. The vehicle was driven to the road march course under noise and vibration stress.
4. After testing, the subjects were asked to answer a set of  questionnaires

Number Subjects : 16 volunteers with some experience in both computer operation and in moving, tracked vehicles
Arms Study: 15 males and 1 female, 4 civilians and 12 military personnel

FINDINGS

Human Behaviors:  Decide

Performance Moderator Variable :  noise, vibration

Performance Moderator Function: 

1. Logical relations were significantly worse in the road march condition than in the idle condition.

	Road Condition
	Mean
	Standard Deviation

	In idle
	-89.53
	280.72

	In road march
	44.78
	300.92

	In cross country
	-67.36
	283.30


       Note : The mean value is in the form of  differences 

                 (baseline score – raw score), scores are inversely 

                  propotional to performance.

2. The performance of missing items was significantly better in the afternoon

      than in the morning.

	Time
	Mean
	Standard Deviation

	Morning
	60.52
	164.24

	Afternoon
	21.41
	134.69


       Note : The mean value is in the form of  differences 

                 (baseline score – raw score), scores are inversely 

                  propotional to performance.

3. The number of timed out trials per presentation was significantly greater in the road march condition than idle or cross country. 
	Road Condition
	Mean
	Standard Deviation

	In idle
	0.05
	0.60

	In road march
	0.91
	0.87

	In cross country
	0.05
	0.54


        Note : Timed out trials are the trials which exceed a given amount of time 

                  for each test. (e.g. 15 seconds for logical relations, 60 seconds for

                  route planning, etc.)

Derivation Technique:  Statistical analysis – Analysis of variance (ANOVA)
Lessons Learned:  

1. Although a few significant changes in CCAB test scores were found (i.e. logical relations), the general conclusion is that noise and vibration of vehicle movement did not directly affect performance in the CCAB.

2. In the cross-country and road march conditions, some difficulty in keyboard use was reported, but none of the subjects indicated that this was a major consideration.

3. Subject reports and observations by the test monitor indicated that vehicle movement indirectly affected performance in a few subjects by inducing motion sickness.

Modeling Technique: Analytical
PMF Validity Info:   3-Medium (not enough data to make PMFs)   

ORIGINAL ABSTRACT


Original Abstracts:  To maintain the pace of modern battle and to support the fielding of digital command and control systems, the U.S. Army needed to develop a new command and control vehicle (C2V). As part of an evaluation of human performance on automated command and control tasks in the C2V, this study attempted to quantify the effect of vehicle movement on computer operators. Fourteen subjects, who had computer and tracked vehicle experience, completed a subset of the Expanded Complex Cognitive Assessment Battery (CCAB) running on U.S. Army tactical command and control system (ATCCS) common hardware in the C2V. The tests were performed in stationary, vehicle idle, road march (secondary road at 20 mph), and cross-country (sandy river bed at 10 mph) conditions. Subjects were exposed to each condition for 30 minutes in the morning and again in the afternoon. After each condition, subjects completed questionnaires about human- machine interface and subjective discomfort. Subjects also completed a stress assessment questionnaire at the beginning of the test, after each cross-country trial, and at the end of the day. Although some subjects experienced discomfort and one was completely incapacitated by motion sickness, vehicle movement did not degrade cognitive performance of most of the test measures. In all cases, subjects were able to operate the computer in all vehicle movement conditions. The questionnaires and stress measurements showed a small effect from vehicle movement. An analysis of variance of the CCAB scores showed a significant degradation in performance for one subtest when idle and road march conditions were compared. The overall conclusion was that, at the speeds tested, the subjects were able to compensate for any stressors caused by vehicle movement.

CONCEPTUAL FRAMEWORK

REFERENCE

 
Title: Quantification of Cognitive Process Degradation While Mobile, Attributable to the Environmental Stressors Endurance, Vibration, and Noise 
Author: Schipani, Salvatore P.; Bruno, Richard S.; Lattin, Michael A.; King, Bobby M.; Patton, Debra J.  
Organization: US Army Research Laboratory, 
Web Address: http://stinet.dtic.mil, 
Place Publication: US Army Research laboratory, 
Reference Number: ADA346416, 
Pages 96 Pages, 
Date: April 1998, 

TASK

Domain: Human Performance in off-road environment, 
Echelon: Crew / Squad, 
Service Component: Army, 
Tasks Studied: Performance Degradation under Environmental Stressors, 
Cognitive Framework: Trait-Based, 

METHODOLOGY

Study Goal: To quantify operator cognitive performance in an off-road environment by repeatedly administering a battery of cognitive measures to assess the genus and degree of performance while mobile. This result can be used for enhancing command and control operations in future environments, which will be more mobile than in the past. 
Study Procedure: 

1. To conduct a field exercise in an environment similar to a mobile command and control situation. 

2. To repeatedly administer a battery of six cognitive assessment psychometrics to assess operator cognitive degradation over time and to estimate the effect of the stressors. 

Number Subjects: 18 military participants, ranging in age from 21 to 34. All were not assigned to Army Research Laboratory (ARL) or to Aberdeen Test Center (ATC), 
Arms Study: Three different mobile environments : 

1. 0 mph (Stationary) 

2. 10 mph (Moving condition) 

3. 20 mph (Moving condition) 

*Note* All participants were test under all three different environments, 

FINDINGS

Human Behaviors: Selective Attention, Inductive Reasoning, Time Sharing, Memorization, Spatial Orientation, Speed of Closure, 
Performance Moderator Variable: Environmental Moderators: Noise, Vibration, Endurance (time spent in a vehicle)
Performance Moderator Function: 

Let X be the Percent Correct in performance test. Let Y be the Time Taken in performance test. 

          X = .931 - .001 * Endurance (in minutes);    Y = .323 + .001 * Endurance;

          X = .734 - .030 * Abs_Power (in watts);        Y = .519 + .019 * Abs_Power; 

          X = .594 - .003 * Noise (dB);                          Y = .601 + .002 * Noise; 
*Note* 
      1.   endurance refers to the amount of time spent in the vehicle (from 0 to approximately 450 minutes.)

2. absorbed power refers to the magnitude of vibration received by test participants.
3. noise refers to the decibel (dB) level experienced and measured at the ear
Derivation Technique Regression
Lessons Learned: Useful experiments for future mobile command and control environments, 
Modeling Technique: Analytical

PMF Info:  5-VERY HIGH.  The report gives PMFs with the results of all experiments. 


ORIGINAL ABSTRACT

Original Abstracts: Operator cognitive performance was quantified in an off-road environment by repeatedly administering a battery of cognitive measures to assess the genus and degree of performance while mobile. Environmental stressors referred to as endurance, tracked vehicle vibration per intensity, and noise was recorded over the course of one day per participant (n=18). Vibration conditions presented were varying amplitudes approximating accelerations of 0.88 g by a frequency of 3 cycles per second (cps), 0.65 g by 4 cps, and 0.03 g by 12.5 cps. Observed collectively, the predictor variables returned a multiple R value for the dependent variable percent correct of 0.733 (p < .0001) and for the dependent time to complete of 0.649 (p < .0001). Although all stressors significantly influenced performance, uncovered was a repeated order of effect per method of evaluation, beginning with the measure endurance, then session, followed by absorbed power recordings, then exposure limit criteria comparison, and finally, noise. Cognitive performance decrement measured as percent correct was found for the cognitive concepts time sharing, selective attention, inductive reasoning, spatial orientation, speed of closure, and memorization. Measured as percent of time taken to complete tests, degradation was found for the concepts speed of closure, time sharing, inductive reasoning, spatial orientation, selective attention, and memorization. This investigation displayed the existence of dose response relationships, higher doses of vibration associated with more unfavorable effects. Additionally, the trials effect recorded indicates that performance deteriorated as a function of time in the environment.

CONCEPTUAL FRAMEWORK

REFERENCE

 
Title: The Effects of Extended Missions on the Performance of Airborne Command and Control Teams: A Field Survey
Author: O'Donnell,Robert D. ;Bollinger,Ralph ;Hartman,Bryce O, 
Organization: Aerospace Medical Research Lab., USAF School of Aerospace Medicine, 
Web Address: http://stinet.dtic.mil, 
Place Publication: Aerospace Medical Research Laboratory, 
Reference Number: ADA011549, 
Pages 31 PAGES, 
Date: July 1974,

TASK


Domain: Human Performance under Extended Missions, 
Echelon: Crew / Squad, 
Service Component: Air Force, 
Tasks Studied: The effects of extended mission lengths on the performance of airborne command and control teams
Cognitive Framework: Trait-Based, 

METHODOLOGY


Study Goal: Investigate the effects of extended mission lengths on the performance of airborne command and control teams, 
Study Procedure: three teams cycle through a continuous operations (8 hrs or 12 hrs at a time) over a period of several days. Three evaluation techniques were done by questionnaires, systematic observation, and briefing. 
Number Subjects: Three operational teams, each containing 17 team members, 
Arms Study: Three teams, they were under the same situation, 

FINDINGS


Human Behaviors: accuracy, fatigue, psychological characteristics (decisiveness, memory, irritability, overall performance), physical complaints (visual problem, backache, headache, stomach, problem, thirst, noise, vibration), 
 Performance Moderator Variable: extended missions, 
 Performance Moderator Function: 

1. Overall performance was near normal under extended missions

2. No significant difference of performance between night flights and day or evening flights. 

3. No significant change in coordination. 

4. Speed of reacting is normal, but Communication Section NCCs are reported slowing in both working speed and information processing time. 

5. No significant problems in Stomach, Nerves, and Thirst. 

6. Shows some visual problem, backaches, and headaches. Visual problems are worse than backaches and headaches. Visual problems on long flights seem especially severe for Team Chief, Control Center Operations Chief (CCOC), and Communication NCO positions. 

7. No increase in irritability and distractability were reported. 

8. Most fatigue shows in the night flight lasting 12 hours, but not statistically significant. 

9. No significant changes in memory ability. 

10. No significant changes in decisiveness. , 

Derivation Technique Non-parametric sign test or Wilcoxon Sign-Rank Test, 
Lessons Learned: 

1. True stress was produced by series of flights. 

2. The observation and content analyses were too unstandardized and based on too few data points to produce completely reliable data. 

3. No sophisticated performance tests were administered, and no baselines were established, 

Modeling Technique Analytical: Analytical, 
PMF Validity Info: 3-LOW,  This experiment did not show significant performance degradation under extended missions.  
 

ORIGINAL ABSTRACT


Original Abstracts: The report covers the effects of extended mission lengths on the performance of airborne command and control teams, wherein complex cognitive components consisting primarily of information collection, interpretation, and communication constitute the bulk of the workload. The survey centers on investigating general categories of performance-related factors, such as overall fatigue, rather than specific task performances such as long-term memory, sensory motor reaction time, or information processing. 

CONCEPTUAL FRAMEWORK

REFERENCE

 
Title: Command Control Group Behaviors. Objective 1. A Methodology for and Identification of Command Control Group Behaviors
Author: Reaser, J. M.; Stewart, S.; Tiede, R. V, 
Organization: SCIENCE APPLICATIONS INC. sponsored by US ARI  
Web Address: http://stinet.dtic.mil/, 
Place Publication: US Army Research Institute for the Behavioral and Social Sciences, 
Reference Number: ADA145690, 
Pages 175 Pages, 
Date: August 1984, 

TASK


Domain: Command and Control Group Behaviors, 
Echelon: Battalion, 
Service Component: Army, 
Tasks Studied: Group Behaviors in battalion C2 group members
Cognitive Framework: Trait-Based, 

METHODOLOGY


Study Goal: 

1. To identify the individual and multi-individual non-procedural skills and the team behaviors exhibited by battalion command control group members and the commander/staff as a whole. 

2. To develop a methodology for identifying the latter types of behavior in both battalion C2 group and other than battalion C2 group contexts 

Study Procedure: 

1. Extensive recordings were made of battalion commanders and their staffs as they underwent training at the facility "fighting" a highly realistic computer-assisted war game. 

2. Data was collected from the audio-video recordings. 

3. Analyze the C2 group behaviors, 

Number Subjects: 11 command and control groups. Each group is composed of a battalion commander, a radio telephone operator, S3, and FSO. (The commander is primarily involved in decision making, the RTO is handling incoming and some of the outgoing message traffic, the S3 is working with the commander but communicates directly with company commanders, the FSO handles fire missions on selected targets.), 
Arms Study: 
FINDINGS


Human Behaviors: 

1. Input Process : Receive, Verify, Tag

2. Pre-Decision Process : Sort, Associate, Aggregate/Organize 

3. Decision Process : Interpret/Validate, Evaluate/Coordinate, Project/Extrapolate, Generate Alternatives, Apply (Decide) 

4. Post-Decision Process : Associate, Reaggregate, Sort 

5. Output Process : Output Tag, Transmit, Verify, 


Human Behaviors Cognitive: Decide 
Performance Moderator Variable: Time
Performance Moderator Function: 

1. RATG was significantly correlated with day of training (r=0.66) 

2. RATG was significantly correlated with average transmission time (r=-0.49) 

3. RATG was significantly correlated with quality of sender transmissions (r=0.37) 

4. LER was negatively correlated with RATG (r=-0.49) 

5. ATIM was positively correlated with LER (r=0.56

             LER = 0.9 * ATIM + 6.6   (approximation from the Fig 4-2)

6. ATIM was negatively correlated with RATG (r=-0.49

             RATG = -0.1 * ATIM + 13.5   (approximation from the Fig 4-1)

7. The relation between DOL and CILL seems to be strongly curvilinear (r=0.6689)  

             CILL = -0.29 * DOL^2 + 2.35 * DOL + 45.5  (approximation from the Fig 4-8)

8. The relationship between DOL and RATG seems to be strongly curvilinear (r=0.5829) 

              RATG = 0.028125 * DOL^3 – 0.35 * DOL^2 + 0.6875 * DOL + 13.1  (from Fig 4-9)

*Note : RATG (controller ratings of team overall performance : higher ratings = better performance) 

            LER (loss exchange ratio : higher scores = better blue performance) 

            ATIM (average length of time of probe-related transmission) 

            DOL (division of labor measure) 

            CILL (weighted force measure) 

Derivation Technique Regression Analysis, 
Lessons Learned: 

1. Need better analytical procedure for reducing the uncontrolled variation due to time between probe and simulation outcome measure. 

2. Need an approach to assess decision processes. 

3. Need an expended research database to incorporate ratings, observation measures, and simulated status data. 

4. Need more sophisticated behavioral model 

Modeling Technique Analytical: Analytical, 
PMF Validity Info: There is no raw data provided. If we want to get useful formulas, we need real data. Otherwise, we can get only approximation from the graph. , 
PMF Info1-5: 3, 

ORIGINAL ABSTRACT


Original Abstracts: This report provides the results of the first year's research of a three-year effort to identify the individual and multi-individual non-procedural skills exhibited by battalion command control group members and the commander/ staff as a whole. In this project, a model of command control group behavior was applied to identify and quantify four general categories of behavior. A methodology was developed for use at the Combined Arms Tactical Training Simulator (CATTS) at Ft. Leavenworth, Kansas. Extensive recordings were made of battalion commanders and their staffs as they underwent training at the facility 'fighting' a highly realistic computer-assisted war game. The methodology was effective in distinguishing between groups in three of the four areas. Preliminary results show that both procedural and nonprocedural, individual, and team behaviors contribute to overall team performance

CONCEPTUAL FRAMEWORK

REFERENCE

Title: A Longitudinal Study of Racial Climate in an Infantry Division.

Author:   O'Mara,Francis E.
Organization:  Army Research Institute for the Behavioral and Social Sciences

Web Address: http://stinet.dtic.mil/
Place Publication:  Army Research Institute for the Behavioral and Social Sciences 
Reference Number:  ADA077941

Pages  : 37 pages
Date:  December 1977

TASK


Domain:  Racial attitude and perception
Echelon:  Division
Service Component:  Army

Tasks Studied:  Racial climate in an infantry division
Cognitive Framework: Trait-Based 

METHODOLOGY


Study Goal: 

1. To asses the current racial climate in the division

2. To identify present or emerging problem areas in the domain of division race relations.

3. To determine what changes in race-related attitudes and perceptions had occurred over the year.

Study Procedure: 
1. Selected subjects randomly from the division permanent party

2. Subjects are asked to answer a set of questionairs about Racial Perceptions Inventory (RPI) and Incidence of discriminatory Behaviors (IDB)
Number Subjects : 501 subjects in 1975,  796 subjects in 1976
Arms Study: White, Black, Spanish-American, Pacific, Other (Aleut, American Indian, Chinese, Japanese, Korean, Other)

FINDINGS

Human Behaviors:  
1. Racial discrimination

2. Attitude toward integration and interracial contact

3. Reverse racism

4. Race relation

Performance Moderator Variable :  Cultural values, Ethnic group

Performance Moderator Function:  
1. Blacks : most racial discrimination,  White : least racial discrimination
2. No significant difference of soldier’s views concerning the desirability of the racial interaction

3. Blacks show very low in feelings of Reverse Racism

4. No significant difference of race relations between ethnic groups

5. There was an increase in the perceived frequency with which both Whites and Blacks tell racist jokes

Derivation Technique:  Statistical Analyses
Lessons Learned:  The results of the RAPS data indicate that the division under investigation had as moderate a racial climate in 1976 as it did in 1975.

Modeling Technique: Analytical
PMF Validity Info:   2-LOW.

 This observation was done in 1975-1976.  The results are obsolete. 

ORIGINAL ABSTRACT

Original Abstracts:   There has been growing recognition over the past several years that the maintenance of adequate race relations in a unit is best performed and most appropriately performed as a command function. Thus, the day-to-day decisions that a unit commander makes regarding the operation of his unit must be guided by a knowledge of the racial climate in his unit and an appreciation of the effects his decisions might have on that racial climate. To make this possible, however, the commander needs continuing information about the current racial climate in his unit and the changes that occur in this climate over time. The Racial Attitudes and Perceptions Survey (RAPS) was developed to meet this need. It provides the means by which a broad cross-section of a division's or an installation's personnel can be surveyed about racial conditions, and information can be gathered about the racial climate of that unit.

CONCEPTUAL FRAMEWORK

REFERENCE

Title: The Impact of Selected Group Processes on the Coordination and Motivation of Army Teams

Author: Beck, Hall P.; Pierce, Linda G.,

Organization: Appalachian State University sponsored by US ARL

Web Address: http://stinet.dtic.mil/,

Place Publication: US Army Research Laboratory,

Reference Number: ADA308974,

Pages 80 pages,

Date: March 1996,

TASK

Domain: Group Performance,

Echelon: Crew / Squad,

Service Component: Army,

Tasks Studied: Performance of the C2V Crew,

Cognitive Framework: Trait-Based,

METHODOLOGY
Study Goal: To identify variables impacting the performance of C2V crew and to suggest enhancing C2V crew performance,

Study Procedure: To review related literature. No actual experiments were executed,

Number Subjects: No subjects were directly studied by the authors, but they only surveyed related literature,

Arms Study: N/A,

FINDINGS

Human Behaviors: General Alertness/Arousal, selectivity of attention, speed of responding, accuracy of responding, working memory,

Performance Moderator Variable: Alcohol, Anxiety, Depressant drugs, Earlier time of day, Fatigue, Heat, Incentive, Later in Day, Noise, Sleep loss, Stimulant drugs,

Performance Moderator Function: The report showed the only relations between moderator variables and performance. No quantitative relations were found.  We need to find real PMFs from the references if possible.

Derivation Technique N/A,

Lessons Learned: N/A,

Modeling Technique: Analytic

PMF Info: 2-LOW,  No PMFs found from this report. If we found useful PMFs from the references, the validity may go up.

ORIGINAL ABSTRACT

The Army is developing a highly mobile, electronically sophisticated command and control vehicle (C2V) to meet the command and control requirements of the modern battlefield. The introduction of the C2V will have a profound impact on how command and control is performed. Increased mobility and access to 'real-time or near real-time' critical battle information will significantly challenge the organizational and decision-making skills of the commander and the staff In this report, a broad array of group phenomena, which may be altered or controlled in such a way as to promote the successful performance of the C2V crew, were reviewed. There were two objectives in conducting this review. First, we identified from the small group literature, a number of variables that may impact C2V crews in executing the type of tasks required to command and control battlefield forces in a highly automated, digitized, and potentially information-rich environment. These variables dealt with both the coordination and motivation of small groups. Then, when warranted by the literature, suggestions for enhancing C2V crew performance were made, or, as gaps in the literature were identified, hypotheses were generated for testing the relationship between and among these small group variables and battle command performance. 
CONCEPTUAL FRAMEWORK
REFERENCE

Title: Specialised Forms and Individual Subtasks of the Team Decision System.

Author:   Gorden Pask
Organization:  System Research Limited, UK

Web Address: http://stinet.dtic.mil/
Place Publication: US Army Research Institute for the Behavioral and Social Sciences 
Reference Number:  ADA127081

Pages   73 Pages
Date:  June 1981

TASK


Domain:  Decision Making on Border Patrol
Echelon:  Individual, Mercenary
Service Component: All 

Tasks Studied:  Decision in complex command and control system
Cognitive Framework: Trait-Based 

METHODOLOGY


Study Goal:  To determine whether decision making performance is predictable either from pre-tests or practice sessions.

Study Procedure: 
1. 10 subjects have completed a series of 3 session experiments, each lasting for  

      several hours.
2. The mission is that a subject acts as a mercenary in charge of spacecraft protecting trade routes between “Starbases” and able (like a mercenary) to “invest” in the “economy” of one or several starbases.

Number Subjects :  10 people who are skilled in previous experience of the Team Decision System (TDS).
Arms of Study: 

	High Difficulty “Practice”(2–2.5hours)

Reinitialize if breakdown
	Low Difficulty Until breakdown or 3.5 hours

(or next interrogation)
	High Difficulty Until breakdown or 3.5 hours

(or next interrogation)


FINDINGS
Human Behaviors:  Decide

Performance Moderator Variable :  Difficulty of mission

Performance Moderator Function:  

1. Performance low difficulty mission > Performance Practice (at high difficulty) > Performance high difficulty mission

2. There is a significant correlation between the versatility score on the test for conceptual style and the index of tactic complexity.

Derivation Technique:  Statistical Analysis


Lessons Learned:  
1. If a detailed and structural analysis is performed, then the construction and use of tactics is predictable from session to session and under different conditions of difficulty.
2. Decision making competence is predictable by detailed, on-line, dynamic indices and that planning which is probably one prerequisite for effective decision making is predictable form stylistic tests scores.

Modeling Technique: Analytical


PMF Validity Info:    3 - MEDIUM,  Full of data, but not useful.  Also, transferability of results to real world is unknown since the results are from an outer space game world.

ORIGINAL ABSTRACT

Original Abstracts:   A detailed study of decision making in complex command and control systems was carried out using the 'Team Decision System' with a 'Space' scenario with many novel features. The data is coherent if sufficiently detailed. Prediction of planning is possible.

CONCEPTUAL FRAMEWORK

REFERENCE

Title: Task Validation for Studies on Fragmented Sleep and Cognitive Efficiency under Stress

Author:   Charles Graham, Ph.D.
Organization:  Midwest Research Institute supported by U.S. Army Medical Research and Development Command

Web Address: http://stinet.dtic.mil/
Place Publication:  Midwest Research Institute
Reference Number:  ADA130260

Pages:   98 Pages
Date:  November, 1982

TASK


Domain:  Shoot and Move
Echelon:  Individual
Service Component: All 

Tasks Studied:  Multiple skills (positioning, maneuvering, weapons selecting, and shooting) and risk-taking behavior under various stress and workload conditions.
Cognitive Framework: Trait-Based 

METHODOLOGY

Study Goal:  To measure multiple cognitive skills and risk-taking behavior under various stress and workload conditions.  This is done using a complex, cognitive performance task patterned after existing computer games.

Study Procedure: 

1. To develop an initial version of the task/scenario.

2. To conduct a series of experiments to establish training procedures and performance criteria.

3. To determine the reliability and sensitivity of the measures derived.

4. Experiments conducted.
Number Subjects : 12 or 16 trained subjects (see below) in each of 4 arms
Arms of Study: 

a. An experiment on 12 trained subjects to evaluate the test-retest reliability of the task measures.

b. An experiment on 12 trained subjects to test the effects of different levels of task difficulty on task performance.

c. An experiment on 12 trained subjects to test the effects of time pressure on task performance.

d. An experiment on 16 trained subjects to test the sensitivity of the task to sustained performance demands and circadian rhythm effects.

FINDINGS

Human Behaviors:  Reaction times (response, information processing, decision making) and accuracy (response, memory, decisions)

Performance Moderator Variable:  

1. Environment stress (heat, cold, vibration, protective gear)

2. Fatigue and recovery from fatigue (sleep deprivation, circadian rhythms, work/rest cycles, napping behavior)

3. Drugs

4. Individual differences (age, sex, IQ, personality factors)

5. Sustained performance demands (workload, duty cycle)

Performance Moderator Function:  


Preliminary Examination of Measures for Normality and Test-Retest Reliability

1. Psychomotor Skills

a. % time on target, tracking


97.3 %

b. Mean reaction time, Phantoms (sec)
0.53 sec.

c. % Phantoms destroyed


95.8 %

2. Memory

a. Overall % correct recall


74.6 %

b. Females were less affected by Xenoid dispersion than males in terms of percent memory correct.

	
	Easy
	Medium
	Hard

	Males
	47 %
	53 %
	17 %

	Females
	36 %
	44 %
	50 %


                            Percent Long-term Memory Correct

3. Defensive Strategy

a. As Xenoid dispersion increased, the mean level of shield energy on entering enemy quadrants increased linearly.  

4. Information Processing

a. Mean time to destroy enemy

8.1 sec

b. Mean time to destroy supers

6.2 sec

5. Decision Making

a. Overall time per command

6.9 sec

b. % correct weapon choice


86.0 %

6. Stress

a. When time and energy restrictions were set at value mean + standard deviation, 12 % of the previous missions would have been unsuccessful.

b. The combined time and energy restricted missions resulted in the largest increases in ratings of workload and stress.

Derivation Technique:  Statistical Analysis
Lessons Learned: 

1. Sex did not make a difference in overall task performance or speed of acquisition.  However, the processes and procedures men and women used to reach their performance goals did seem to differ.

2. The manipulation of time and energy restriction was effective in increasing ratings of stress and workload.

3. A primary response to the stress conditions was an increase in risk-taking behavior.  For example, they issued significantly more weapon commands during attack situations without having adequate shield protection in the event that the attack failed.

4. The effects of the stressors were apparent when information seeking and processing variables were examined.  For example,  under combined stress conditions, subjects obtain a greater percentage of new information per scan.

Modeling Technique: Analytical
PMF Validity Info:    3.5 - HIGH, This report contains lots of data including tables and graphs for extracting PMF’s.  A concern is that the environment is a game, so these results need to be replicated in real situations with military personnel to establish their validity.      

ORIGINAL ABSTRACT


Original Abstracts:   A computer gaming approach was used to create a new type of automated performance task (STAR). The task unobtrusively measures multiple cognitive skills and risk-taking behavior under various stress and workload conditions. A training manual and protocol were developed, and performance criteria established. Measurement reliability and performance under different task difficulty levels and crisis conditions were assessed. STAR is shown to be a sensitive task which promises to reliably measure major aspects of human function under a variety of conditions.

CONCEPTUAL FRAMEWORK

REFERENCE

Title: Inferring Threat Assessment Strategies in Simulated Antiair Warfare (AAW) Operations

Author: Greitzer,F. L. ;Hershman,R. L.  
Organization:  Navy Personnel Research and Development Center

Web Address: http://stinet.dtic.mil/
Place Publication:  Navy Personnel Research and Development Center
Reference Number:  ADA144135


Pages : 24 pages
Date:  June 1984

TASK


Domain: Command and Control Systems  in Antiair warfare (AAW)
Echelon:  AAW operator
Service Component: Navy  

Tasks Studied:  Operator’s performance in Antiair warfare (AAW) task
Cognitive Framework: Trait-Based 

METHODOLOGY


Study Goal:  To infer human information processing strategies from an operator’s overt responses in a simulated AAW task.

Study Procedure:  

1. The program for the experiment was run by a Tektronix 4054 microcomputer, which simulates a Navy Tactical Data System (NTDS) display. 
2. The operator fires a missile by entering a target’s two-digit track number on the computer keyboard.  The operational goal is to minimize ownship’s vulnerability, or total exposure to threat.
Number Subjects : 1 (35-year-old chief petty officer with experience as an air intercept controller and anti-submarine air controller served as an operator)
Arms Study: Two conditions

1. NORMAL condition :the operator was asked to perform as he normally would in prosecuting the targets.

2. THREAT condition : he was explicitly instructed to minimize threat.

FINDINGS
Human Behaviors:  Assess, Decide, Performance (skill rating, range-at-intercept, launch rate, ownship vulnerability)

Performance Moderator Variable :  strategy mode (Normal/Threat), workloads

Performance Moderator Function:  

1. Performance in two different conditions (THREAT/NORMAL)
a. SkillRating(THREAT) = 0.94 * SkillRating(NORMAL) at 0.4/sec  target rate

b. RangeAtIntercept(THREAT) = 0.95 RangeAtIntercept (NORMAL) at 0.4/sec target rate

c. LaunchRate(THREAT) = 0.90 LaunchRate (NORMAL) at 0.4/sec target rate

d. OwnshipVul(THREAT) = 0.83 OwnshipVul(NORMAL) at 0.4/sec target rate
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2. For the NORMAL condition, the squared error for the range model was only 13 % of  that for the random model.  The comparable error ratio for the threat model was 67 %.

3. For the THREAT condition, the squared error for the threat model was only 12 % of that for random model.  The comparable error ratio for the range model was 70 %. Performance measures as functions of target rate and instruction condition
4. Mathematical Models

Let Pj (k) be the probability of firing at the j-th ranked of k eligible targets.
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where b is the chance selection probability in the restricted set of targets, and a is the decision maker’s sensitivity to target density.   (a=0 implies complete persistence in processing the targets. In NORMAL condition, a=0.72, b=0.28.  In THREAT condition, a=0.41, b=0.30.)
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Derivation Technique:  Statistical Analysis
Lessons Learned:  

1. When information is presented at excessive rates, human performance does not drop catastrophically; rather, it degrades gradually.

2. People tend to adapt by processing less input information and considering fewer decision alternatives as workload increases.  Thus, a complex rule may be replaced by a simpler decision heuristic if the operator is overloaded.

Modeling Technique: Analytical
PMF Validity Info:   4-HIGH, Some PMF’s with experimental results.  It has also mathematical model. 

ORIGINAL ABSTRACT


Original Abstracts:   
The purpose of this research was to infer information processing strategies from details of an operator's overt responses in a simulated AAW task. A chief petty officer with experience in AAW operations served as an operator in an experiment varying task load and strategy instructions. A mathematical model was developed to test two plausible operator strategies: (1) a range strategy that prescribes 'fire at the closest eligible target'; and (2) a threat strategy that prescribes 'fire at the eligible target that will reach ownship the soonest.' The threat strategy is optimal in that it minimizes ownship's vulnerability. It was found that the operator's normal processing mode was to use a range strategy, but he could adopt the more complex threat strategy when so instructed. Vulnerability increased with the threat strategy, despite its optimality; presumably, this was due to its greater processing burden and reduced output rate. While performance declined with increasing workload, there was no evidence for a shift in processing strategy; rather, the effect of workload was to limit the depth to which the operative strategy was pursued. There was a tendency to prosecute targets in clusters based on proximities in bearing. This constituted a processing heuristic for coping with high workloads.
CONCEPTUAL FRAMEWORK

REFERENCE

Title: Interference Effects of Vocalization on Dual Task Performance

Author:   J.M.Owens, L.S.Goodmar, and M.J.Pianka
Organization:  Naval Aerospace Medical Research Laboratory

Web Address: http://stinet.dtic.mil/ (full text)
Place Publication:  Naval Aerospace Medical Research Laboratory
Reference Number: ADA150687 

Pages   12 pages
Date:  September 1984

TASK


Domain:  Dual Task Performance
Echelon: Individual 
Service Component: Navy  

Tasks Studied:  The use of voice interactive systems in the joint performance of two cognitive information processing tasks
Cognitive Framework: Trait-Based 

METHODOLOGY

Study Goal: Voice command and control systems have been proposed as a potential means of off-loading the typically overburdened visual information processing system. To examine effects of visual vs. auditory stimulus and response characteristics on memory processes in multitask settings.

Study Procedure: Subjects were tested in single and dual-task performance of both a continuous memory digit-processing task and a four-alternative, visual choice reaction time task.  Stimuli for the digit processing task were presented orally and required button-similarity was a between subjects variable, while the response mechanism required in the choice reaction time task was a within subjects variable.
Number Subjects : 24 right-handed student naval aviators between the ages of 22 and 25 years.
Arms of Study: 9 different experimental conditions to examine if workers are more effective and efficient when information is presented orally vs. visually.

1. single-task, digit processing, keyboard response

2. single-task, choice reaction, digits, keyboard response

3. single-task, choice reaction, digits, vocal response

4. single-task, choice reaction, colors, keyboard response

5. single-task, choice reaction, colors, vocal response

6. dual-task, digit choice reaction stimuli, keyboard response

7. dual-task, digit choice reaction stimuli, vocal response

8. dual-task, color choice reaction stimuli, keyboard response

9. dual-task, color choice reaction stimuli, vocal response

FINDINGS


Human Behaviors:  Task Performance

Performance Moderator Variable :  multi-task

Performance Moderator Function:  

1.   Choice reaction task


      MeanErrors digits (voice) = 2.25 * MeanErrors digits (keys)

      MeanErrors colors (voice) = 1.8 * MeanErrors colors (keys)
Mean Number of Errors

	
	Digits
	Colors

	Key response task
	0.80
	0.55

	Voice response task
	1.80
	1.00



      Latency digits (voice) = 1.11 * Latency digits (keys)


      Latency colors (voice) = 1.37 * Latency colors (keys)
Average correct response latency in the choice reaction task

	
	Digits
	Colors

	Key response task
	1.125
	1.025

	Voice response task
	1.25
	1.4


2.   Continuous memory digit processing task

      MeanErrors digits (voice) = 2 * MeanErrors digits (keys)


      MeanErrors colors (voice) = 1.14 * MeanErrors colors (keys)
   Mean number of errors in continuous memory digit processing task

	
	Digits
	Colors

	Key response task
	2.2
	2.2

	Voice response task
	4.4
	2.5


Derivation Technique:  Statistical (split-plot two-way analyses of variance)
Lessons Learned: Performance was significantly degraded when voice responding was required.   It appears that visual processing is the preferred alternative.

Modeling Technique: Analytical
PMF Validity Info:    3 – MEDIUM, Not sufficient data to support PMF’s.  Showed only summaries of the  experimental data.
ORIGINAL ABSTRACT


Original Abstracts:  Voice command and control systems have been proposed as a potential means of off-loading the typically overburdened visual information processing system. However, prior to introducing novel human-machine interfacing technologies in high workload environments, consideration must be given to the integration of the new technologists within existing task structures to ensure that no new sources of workload or interference are systematically introduced. This study examined the use of voice interactive systems technology in the joint performance of  two cognitive information processing tasks requiring continuous memory and choice reaction wherein a basis for intertask interference might be expected. Stimuli for the continuous memory task were presented aurally and either voice or keyboard responding was required in the choice reaction task. Performance was significantly degraded in each task when voice responding was required in the choice reaction time task. Performance degradation was evident in higher error scores for both the choice reaction and continuous memory tasks. Performance decrements observed under conditions of high intertask stimulus similarity were not statistically significant. The results signal the need to consider further the task requirements for verbal short-term memory when applying speech technology in multitask environments. 

CONCEPTUAL FRAMEWORK

REFERENCE

Title: Human and Computer Task Allocation in Air Defense Systems.

Author:   James O. Chinnis, Jr.,  Marvin S. Cohen,  and Terry A. Bresnick
Organization:  Decision Science Consortium,  Inc.

Web Address: http://stinet.dtic.mil/
Place Publication:  US Army Research Institute for the Behavioral and Social Sciences
Reference Number:  ADA170954

Pages   : 89 Pages
Date:  September 1985

TASK

Domain:  Human Computer Interface
Echelon:  Individual
Service Component: Army 

Tasks Studied:  Allocation of cognitive tasks in human-computer systems.
Cognitive Framework: Trait-Based 

METHODOLOGY


Study Goal:  The development and evaluation of an experimental paradigm to assess the relative contribution of interactive computer and human functions in satisfying operational requirements under conditions of alternative workload and allocation schemes.  The long-term goal is to develop design guidelines and aids for the development of integrated human-computer interface.

Study Procedure: 

1. A prototype research system was developed to simulate relevant aspects of the 

      air defense environment. 

2. Experimental subjects acted as operators of the prototype system and made decisions which required them to identify each approaching simulated aircraft as friend or hostile. 

3. Four conditions were compared, ranging from a manual condition in which subjects must make all ID decisions to a completely automated condition in which the computer made all ID decisions.
Number Subjects :  24 Subjects were recruited from schools and universities in the Northern Virginia area.
Arms of Study: 4 Conditions:

1. manual condition : subjects made all decisions.

2. screening condition : the computer directed the operator’ attention.

3. override condition : the computer made its decision and the operator could reverse them at will.

4. automated condition : the computer made all decisions.

FINDINGS

Human Behaviors:  decide

Performance Moderator Variable :  Task workload (target appearance rate - high/low),  computer interaction in decision making

Performance Moderator Function:  

1. The percentage of appropriate responses

	
	Manual
	Screening
	Override
	Automated

	Low Load
	74.6
	72.2
	71.7
	50.0

	High Load
	61.3
	70.9
	64.5
	50.0


a. Manual condition : loading clearly affects performance under human only task allocation.  Performance is worse under high loading.

b. Override condition : high loading reduces performance.

c. Screening condition : No evidence was found in performance degradation in high loading.

Derivation Technique:  Statistical Analysis
Lessons Learned:  

1. Under low loads, all conditions in which human participation was permitted yielded performance superior to that of the automated system alone.

2. At high loads, the full improvement due to human participation could be maintained only if the computer controlled the task allocation process itself.

3. There is evidence that systems which incorporate a collaborative mode of interaction under the control of the computer are superior to designs which have been used to date.

Modeling Technique: Analytical
PMF Validity Info:   3.5 - MEDIUM,  This report contains experimental results to make PMF’s.  However, the PMF’s are not very useful to construct the conceptual framework. 

ORIGINAL ABSTRACT


Original Abstracts:   The advent of computer systems that offer direct support for high- level cognitive tasks has called basic assumptions about the proper respective roles of computers and humans into question.

Reallocation of cognitive tasks from human to computer has sometimes resulted in user rejection of resulting systems. In cases where automation has been complete or nearly so, system performance may suffer from the lack of contributions best made by human operators. In either case, systems become overly complex and costly, and perform less than optimally. 

Within a general air defense background, a small experimental study has been conducted to examine basic issues related to the allocation of cognitive tasks in human-computer systems. Research questions include examination of (1) variables which determine the relative superiority of humans or computers, (2) the impact of information load on the optimality of human decision rules, (3) flexible versus fixed allocation schemes, and (4) issues related to the optimal locus of control of the task allocation process. 

A prototype research system was developed to simulate relevant aspects of the air defense environment. Experimental subjects acted as operators of the prototype system and made decisions which required them to identify each approaching simulated aircraft as friend or hostile. Four conditions were compared, ranging from a manual condition in which subjects must make all ID decisions to a completely automated condition in which the computer made all ID decisions.

Results indicated that under low loads and where humans had access to information not in the computer model, any conditions involving human participation yielded performance superior to that of the automated system alone.  At high loads, however, the full benefit form human participation could only be maintained if the computer controlled the task allocation process itself, directing human attention to sub-problems where help was required.  Implications of these preliminary results for system design are discussed.

CONCEPTUAL FRAMEWORK

REFERENCE

Title: Effects of Expertise and Cognitive Style on Information Use in Tactical Decision Making.

Author:  Rex R. Michel and Sharon L. Riedel 
Organization:  US Army Research Institute

Web Address: http://stinet.dtic.mil/
Place Publication:  US Army Research Institute for the Behavioral and Social Sciences
Reference Number:  ADA203462

Pages   91 pages
Date:  June 1988

TASK


Domain:  Tactical Decision Making
Echelon:  Individual
Service Component: Army 

Tasks Studied:  Individual differences in tactical decision making problem.
Cognitive Framework: Trait-Based 

METHODOLOGY


Study Goal:  To investigate the effects of expertise, cognitive style, and mission on what information military officers use in tactical decision making problems and how it contributes to decision making processes.  

Study Procedure: 
1. Sixteen military officers were each given two tactical problems to solve involving the development of a concept of operation for an offensive and a defensive mission. . 
2. The information available to them was typical of that available at a division command post except that it was presented by a computer system in both graphic and textual form.
3. All system interactions were recorded automatically in a data file and use for data analysis.
Number Subjects: 16 military officers


Arms of Study: Decision process differences between following two groups:

1. Experts :  8 lieutenant colonel instructors

2. Novices : 8 majors who were students at the Command and General Staff College

FINDINGS

Human Behaviors: Individual differences across skill level

Performance Moderator Variable :  skill level (student/instructor)

Performance Moderator Function:  
1. The average percent of the total problem time spent in data search : 56 %

(alphpa-numeric data search :35 %, graphics search :20 %)

2. The average number of  alpha-numeric data elements viewed during a session was approximately 42.

3. The average number of element calls by novices was 53 while the experts average was 32.4.    
CallsBy (student) = 1.64 * CallesBy(instructor)
4. Average number of element calls used in each level

a. Summary  : 10.3 calls

b. Aggregate :   5.6 calls

c. Detailed     :  2.2 calls

5. Instructors looked at more summary level data and less detailed data than did the students.

a. SummaryLookedBy (instructor) = 1.46 * SummaryLookedBy (student)

b. AggregateLookedBy (instructor) = 0.63 * AggregateLookedBy (student)

c. DetailedLookedBy (instrctor) = 0.41 * DetailedLookedBy (student)

6. About 77 % of the alpha-numeric data search time was spent looking at operations and intellingence data elements.

7. Across all participants and sessions about 40 % each of the notes were taken from operations and intelligence data and about 10 % each were taken from personnel and logistics data.
8. Of the 114 common data elements, 36 were viewed in 50% or more of the sessions and 15 of these viewed in 75% or more of the sessions.
9. There were 27 data elements that were not viewed in any of the 16 sessions.
	Functional Area
	Data Elements not Viewed

	Personnel
	9

	Intelligence
	5

	Operation
	1

	Logistics
	12


10. Graphics data used
	Scale
	Used (%)
	Approximate Area Displayed (in Kilometers)

	1 : 50,000
	31
	10 x 10

	1 : 100,000
	46
	20 x 20

	1 : 250,000
	22
	50 x 50

	1 : 500,000
	Less than 1 %
	100 X 100


Derivation Technique:  Statistical Analysis (One way analysis of variance)
Lessons Learned:  
1. The instructors used less information than did the students and the information used by instructors consisted of more summary information and less detailed information than that used by the students.

2. There is no relationship between the Embedded Figures Test scores and the measures of information use.

3. There was no significant effect of mission type on information use.

Modeling Technique: Analytical
PMF Validity Info:    4-HIGH,  PDF’s with summarized experimental results

ORIGINAL ABSTRACT


Original Abstracts:   

The objective of the research was to investigate the effects of individual differences in expertise and cognitive style on information use in a tactical decision making problem. Researchers also evaluated the effectiveness of decision making research involving automated information presentation and response recording. Expertise was varied by using eight lieutenant colonels (instructors) and eight majors (students) as participants. Cognitive style was measured with an individually administered Embedded Figures Test. Participants were each given two tactical problems to solve involving the development of a concept of operation for an offensive and defensive mission. The information available to them was typical of that available at a division command post except that it was presented by a computer system. The system automatically recorded what information the subject viewed and how he used the information to construct his order. 
CONCEPTUAL FRAMEWORK

REFERENCE

Title: Judgments of Probability and Relative Importance in a Military Decision Scenario: The Influence of Subjective and Objective Variations in Causal Factors.

Author:   Robert M. Hamm
Organization:  US Army Research Institute

Web Address: http://stinet.dtic.mil/
Place Publication:  US Arimy Research Institute for the Behavioral and Social Sciences
Reference Number:  ADA239935

Pages   62 Pages
Date:  June 1991

TASK


Domain:  Situation assessment
Echelon:  Individual (Military Officer)
Service Component:  Army

Tasks Studied:  Probability of success in uncertain battlefield situation
Cognitive Framework: Trait-Based 

METHODOLOGY


Study Goal:  
This study investigates the accuracy of Army officers’ subjective judgments of probability, and whether their relative importance judgments are local or global.  (In local interpretation, a factor’s importance could be determined by the particular characteristics of that factor.)

Study Procedure: 
Each subject read a description in which a commander had to respond to a situation.  Two problems were used, one about a response to a crashed helicopter, the other about an attack across a river.  For each problem, the subject estimated the mission’s probability of success and the relative importance of eight situational factors
Number Subjects : 294 military officers, 154 undergraduate students
Arms Study: 
1. Command and General Staff College students (military officers)
- lieutenant colonels (3.7%), majors (72.1 %), captains (24.1 %)
2. Undergraduate college students

FINDINGS
Human Behaviors:  Assess, Decide

Performance Moderator Variable :  Uncertainty

Performance Moderator Function:  

1. ProbOfSuccess (student) = 1.3 * ProbOfSuccess (officer).


2. ProbOfSuccess (given strength of enemy = 70 %) = 0.71


3. ProbOfSuccess (given strength of enemy = 90 %) = 0.51


4. ProbOfSuccess (hypothetical strength of enemy = 70 %) = 0.60


5. ProbOfSuccess (hypothetical strength of enemy = 90 %) = 0.51

    Note : ProbOfSuccess() is the probability of mission success that subjects

                           estimated after reading the description of the situation.

Derivation Technique:  Statistical Analysis
Lessons Learned:  
1. Subjects’ judgments of probability of mission success were not sensitive to the enemy strength.

2. There is a need to train Army officers to use probabilities better in operational contexts.

3. College students are more optimistic than military officers.

Modeling Technique: Analytical
PMF Validity Info:    3-MEDIUM, The probabilities of successes shown  in this experiments are the results from questionaire from military officers and college students.

ORIGINAL ABSTRACT


Original Abstracts:   For this report, researchers used hypothetical battle decision situations to study military officers' judgment of probability and relative importance. For the study, 222 correspondents and 72 resident students of the Command and General Staff College read a description of one or two military situations, assessed the probability of mission success, and judged the relative importance of several situational factors. Probability judgments were insensitive to variations in the important factor of enemy strength, yet in one problem they responded to irrelevant variations in the mood of the presentation of the situation. Relative importance judgments were, on the whole, global, that is, stable over situational changes. College students' judgments were similar to military officers' except that college students thought the missions had greater chance of success.

CONCEPTUAL FRAMEWORK
REFERENCE

Title: “Yerkes-Dodson: A Law for All Seasons”


Theory & Psychology (1994), Vol. 4(4), pp. 525-547.
Authors: Karl Halvor Teigen




Organization:  University of Tromsø, Norway

	Reference Number:
	Date:  1994
	Pages: 22


TASK

Domain: Psychology “laws”

Echelon: 

Tasks Studied: Relationship between motivation (rewards and punishments) and performance; efficiency of performance as a function of arousal level; changes in efficiency of memory under stress.

Cognitive Framework: Trait based.

METHODOLOGY

Study Goal: Overview of Yerkes-Dodson law from 1908 to present, with emphasis on current developments in the areas of learning, motivation, and emotion, i.e., the arousal concept, anxiety, stress and efficient coping, and effect of task complexity on problem solving.

Study Procedure: Starts with the original formulation of Yerkes-Dodson law: “As the difficultness of discrimination is increased the strength of that stimulus which is most favorable to habit-formation approaches the threshold,” (1908), then follows: early replications (1911-1917); interpretation as “principle of optimal motivation” (Young, 1943); revived Yerkes-Dodson law and the arousal concept (1940’s – 50’s), and more recent re-formulations of the law in which the concepts of arousal, drive, anxiety, tension, and task complexity are being used. 

Number of Subjects: 

Arms of Study: 

FINDINGS

Performance Moderator Variables: stimulus strength, degree of punishment, intensity of motivation, drive level, magnitude of reward, level of arousal, emotionality, anxiety, tension, stress, task difficulty, task complexity, task novelty.

Performance Moderator Functions (PMF): 

Learning proficiency, performance efficiency, quality of performance, efficiency of coping, problem-solving, and efficiency of memory are reported to follow a U-shaped curve as shown in next two charts. No actual quantitative functions are provided, only a general indication of the U-shaped effect.
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Modeling Technique: an inverted U-shaped function is used to model:

(1) The efficiency of performance as a function of arousal (Klein, 1982)

(2) The relationship between arousal and efficiency of coping (indicating the points at which depression, and compulsive behavior tend to appear).

(3) The relationship between stress and memory

Lessons Learned: 

1. The Yerkes-Dodson curves reflect a basic relationship to be observed between a variety of psychological variables.

2. The most interesting part of the curve is the descending, or right-hand, slope. To say that performance increases with motivation is a triviality, to say that it also can be detrimental is not.

3. There is an optimal level of arousal for tasks, and moderate levels of motivation facilitate problem solving and change. If stress is too high, the individual may not process relevant cues, if it is too low, irrelevant and relevant cues will be processed indiscriminately.

PMF Validity Info:
2

Excellent theoretical review. Supporting data is largely omitted, however, this article points out many citations that do held actual results.

ORIGINAL ABSTRACT


The paper traces the vicissitudes of the Yerkes-Dodson law from 1908 to the present. In its original form, the law was intended to describe the relation between stimulus strength and habit-formation for tasks varying in discrimination difficultness. But later generations of investigations and textbook  authors have rendered it variously as the effects of punishment, reward, motivation, drive, arousal, anxiety, tension or stress upon learning, performance, problem-solving, coping of memory; while the task variable has been commonly referred to as difficulty, complexity or novelty, when it is not omitted altogether. These changes are seldom explicitly discussed, and are often misattributed to Yerkes and Dodson themselves. The various reformulations are seen as reflecting conceptual changes and current developments in the areas of learning, motivation and emotion, and it is argued that the plasticity of the law also reflects the vagueness of basic psychological concepts in these areas.

CONCEPTUAL MODEL FRAMEWORK (CMF)
REFERENCE

Title: “Team Adaptation and Coordination Training,” 
Decision Making Under Stress – Emerging Themes and Applications (1997), Ashgate Publishing Co., pp. 170-184.
Authors:  Daniel Serfaty and Elliot E. Entin

Organization:  APTIMA, Inc., USA ALPHATECH, Inc., USA

	Reference Number:
	Date:  1997
	Pages: 14


TASK

Domain: Tactical decision making in groups

Echelon: Combat Information Center (CIC) on a ship

Service: Navy

Tasks Studied: Changes in team performance after Team Adaptation and Coordination Training (TACT), both for low- and high-stress scenarios.

Cognitive Framework: Trait based.

METHODOLOGY

Study Goal: To describe a set of training procedures, called Team Adaptation and Co-ordination Training (TACT), and answer two key questions: (1) can teams be trained to use the strategies of communications and coordination employed by high-performing teams under stressful conditions, and (2) can teams be taught to recognize the signs of increasing stress so they can institute efficient procedures to adapt effectively their co-ordination strategies and thereby mitigate some of the debilitating effects of high stress.
Study Procedure: To assess teamwork and performance two officers from each experimental site were trained to use the Team Performance Observation Outcome and Teamwork Observational Forms. At the onset of each experimental session the team received a mission brief delineating their mission, goals, potential threats, and rules of engagement. Then each team performed one high- and one low-stress scenario.

Number of Subjects: 60 military officers, which formed 12 teams, and the five team members appointed themselves to the five simulated watch stations.

Arms of Study: 

1. Prior to the training intervention – each team performed one high- and one low-stress scenario.

2. Following the training intervention – again, each team performed one high- and one low-stress scenario.

FINDINGS

Performance Moderator Variables: confidence, stress awareness, error awareness and correction, effect of workload stress, experience and effect of stress, understanding and anticipating needs.

Performance Moderator Functions (PMF): Study provides Average Team Performance Index (ATPI) as a function of training (pre- and post-training) and ATPI as a function of high and low stress scenarios. Some derived PMF’s are:

· Team performance significantly improved after teams received TACT and TACT+ training – ATPIpre-training = 4.05, while ATPIpost-training = 4.90 or ATPIpre= 0.83 ATPIpost
· The training intervention also helped teams deal with stress, teams perform better under high stress after the training, than they do under low stress before training – 

ATPIpre-, low stress = 4.24, while ATPIpost-, high stress = 4.76 or 

ATPIpre-, low stress = 0.89 ATPIpost-, high stress
ATPIpre-, low stress = 0.84 ATPIpost-, low stress
ATPIpre-, high stress = 0.82 ATPIpost-, high stress
Modeling Technique: 

Lessons Learned:

Communication patterns were altered in ways predicted and taught in TACT training procedure, i.e., a stronger upward information push and higher anticipation behavior for the TACT and TACT+ teams.

PMF Validity Info:
3

ORIGINAL ABSTRACT

This paper is based on a multi-year, multi-experiment research effort conducted as part of the Navy TADMUS (Tactical Decision Making Under Stress) program aimed at understanding complex team processes and developing team-training procedures. The problem domain for these studies is tactical decision making in naval Combat Information Centers (CIC). In the CIC, complex decision making processes rely significantly on effective co-ordination by the entire CIC team. A series of experiments was conducted, simulating a five-member command team in a Aegis platform CIC, to investigate how teams can successfully adapt their decision making and co-ordination strategies to a changing tactical environment. Other questions were how team training procedures and structural configurations, based on shared awareness of the situation, can best contribute to the team’s ability to maintain superior performance under a wide range of stressful operational conditions (Serfaty, Entin & Deckert, 1993; Entin, Serfaty, Entin & Deckert, 1993; Entin, Serfaty & Deckert, 1994). At the inception of this research no formal models existed to describe how teams adapt their decision making and co-ordination strategies to changes in situational demand.

CONCEPTUAL MODEL FRAMEWORK (CMF)
REFERENCE

Title: The Effect of Practice on the Control of Rapid Aiming Movements: Evidence for an Interdependency Between Programming and Feedback Processing
Authors: Michael A. Khan and Ian M. Franks




Organization:  School of Human Kinetics, University of British Columbia

	Reference Number:
	Date:  1998
	Pages: 20


TASK

Domain: 
Echelon: 

Tasks Studied: Control of aiming movements throughout extensive practice. Role of visual feedback in the learning and control of movements made as fast and as accurate as possible.

Cognitive Framework: 

METHODOLOGY

Study Goal: To examine whether more extensive practice at a task in which subjects are encouraged to move as fast and as accurately as possible enables subjects to develop an ability to use visual feedback effectively.

Study Procedure: The subjects were divided into two groups of eight. One group practiced with vision of the cursor throughout the trial (full-vision condition: FV), for the second group the cursor disappeared (no-vision condition: NV). Subjects in each group performed 2100 acquisition trials in eight sessions over a two-week period. The subjects of both groups were submitted to three transfer tests (after 100, 1300, and 2100 trials), which consisted of 20 trials performed under the no-vision condition and with no knowledge of results.

Number of Subjects: 16 university students.

Arms of Study: 

1. Influence of visual feedback on the initial impulse and error correction phases during acquisition.

2. The effect of removing visual feedback at different levels of practice.

FINDINGS

Performance Moderator Variables: visual feedback, no visual feedback, knowledge of results, practice

Performance Moderator Functions (PMF): 

Index of Error Correction Function 
IECE = 
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where AE(ii) – absolute error at the end of the initial impulse phase, and AE(ec) – absolute error after the error correction phase.

Modeling Technique: 

Lessons Learned: 

1. Subjects were instructed to move as fast and as accurate as possible, and they improved their performance on both accounts as they lowered movement times and became more accurate with practice.

2. Subjects increased the distance traveled in the initial impulse phase with practice.

3. Initial impulse variability was higher for subjects in the NV than in the FV group. This effect decreased with practice.

4. With practice, both groups significantly reduced the percentage of movements that contained an error correction phase.

5. Results suggest that vision was more important at later stages of practice than earlier in practice.

PMF Validity Info:

ORIGINAL ABSTRACT

The purpose of this experiment was to investigate how the control of aiming movements performed as fast and as accurately as possible changes with practice. We examined: (1) the influence of visual feedback on the initial impulse and error correction phases of aiming movements during acquisition; and (2) the effect of removing visual feedback at different levels of practice. Results from the acquisition trials indicated that vision had a major impact on the organization of the initial impulse and error correction phases. Also, consistent with findings from research involving temporally constrained movements, the cost of removing vision was greater after extensive levels than after moderate levels of practice. Collectively, these results denote the importance of visual feedback to the learning of this particular class of aiming movements. Learning appears to be a dual process of improved programming of the initial impulse and increased efficiency of feedback processing. Practice not only acts on programming and feedback processes directly, but also indirectly through a reciprocal interplay between these two processes.

CONCEPTUAL MODEL FRAMEWORK (CMF)
IV. Physiological Stress PMFs

REFERENCE

Title: Object Identification as a Function of Discriminability and Learning Presentations: The Effect of Stimulus Similarity and Canonical Frame Alignment of Aircraft Identification
Author & Organization:
1. Alan R. S. Ashworth III, US Air Force Research Laboratory & University of Texas at San Antonio

2. Itiel E. Dror, University of Southampton

Web Address: http://www.apa.org/
Journal Title: Journal of Experimental Psychology: Applied, 2000, Vol. 6, No. 2, 148-157
Place Publication:  American Psychological Association, Inc.
Reference Number:  ISSN 1076-898X

Pages: 10 pages
Date:  June 2000

TASK


Domain:  Object identification
Echelon:  Individual
Service Component: Air Force 

Tasks Studied:  Performance of aircraft identification
Cognitive Framework: Trait-Based 

METHODOLOGY


Study Goal:  To investigate the factors that influence which type of object identification mechanism governs the identification process.

Study (Experiment) Procedure: 
1. Participants were tested in one session for about 6 hr and included a 1-hr lunch break.

2. The experiment was administered on IBM-compatible microcomputers with high-resolution 15-inch monitors.  Response were made on the keyboards

3. Learning Phase:

a. 10 blocks of trials: 8 of the 10 learning blocks contained 160 trials each and the remaining 2 blocks contained 16 trials each. (total 1,312 trials)

4. Testing Phase:

a. 320 randomized trials.  Four aircraft were presented once at each of the 64 test orientations for a total of 256 presentations.

b. Participants were instructed to respond as quickly as possible while maintaining high accuracy.
Number of Subjects : 82 paid participants recruited through temporary agencies:

1. Sex: 10 female and 72 male.

2. Ages: ranging from 18-49 years, mean age of 22.75 years, 2 40’s and 3 30’s.

3. Vision: 20/30 or better

4. Participants were tested at the US Air Force TRAIN Lab. At Brooks Air Force Base in San Antonio, Texas
Arms of Study:  

1.   Discriminability factor (visual similarity): 

a. Homogeneous set: Eagle (F-15), Hornet (F-18), Flanker (SU-27), Fulcrum (Mig-29), Foxbat (Mig-25), and Falcon (F-16)

b. Heterogeneous set: Fishbed (Mig-21), Galab (G-4), Tomcat (F-14), Farmer (Mig-19), Mirage (F-1), and Fresco (Mig-17)

2. Presentation factor (orientation)

a. Canonical: 0, 90, 180, and 270 degree (i.e. the intrinsic reference frame of the aircraft was aligned with the environmental reference frame)

b. Noncanonical: 22.5, 112.5, 202.5, and 292.5 degree (i.e. the intrinsic reference frame of the aircraft was not aligned with the environmental reference frame)

FINDINGS

Human Behaviors:  Aircraft identification

Performance Moderator Variable :  
1. Similarity of aircraft (homogeneous/heterogeneous)

2. Orientation of aircraft (canonical/noncanonical)

3. Angular disparity (0o– 45o)

Performance Moderator Function: 
1. Learning Phase:

a. In 4th block (after 480 trials) of learning, the performance reached asymptote (i.e. minimum response time).

b. After performance had leveled off, heterogeneous aircraft were identified approximately 65 – 70 ms faster than the homogeneous aircraft.

c. After performance had leveled off, canonical presentation were identified approximately 40 – 50 ms faster than the noncanonical presentation

2. Testing Phase:

Let X be the angular disparity (0o to 45o), Y be the response time (ms)

a. Ynoncanonical = 889 + 0.81*X, R2 = 0.61, p < .05, mean = 907 ms

b. Ycanonical = 809 + 1.27*X , R2 = 0.87, p < 0.01, mean = 837 ms

c. Yhomogeneous = 884 + 1.64*X,  R2 = 0.95, p <0.01, mean = 921 ms

d. Yheterogeneous = 813 + 0.45*X,  R2 = 0.60, p < 0.05, mean = 823 ms
Derivation Technique:  Regression analysis
Lessons Learned: 
1. Noncanonical presentation takes longer to identify than canonical presentation

2. Homogeneous aircraft takes longer to identify than heterogeneous aircraft 

Modeling Technique: Analytical
PMF Validity Info:    4 - HIGH

ORIGINAL ABSTRACT


Original Abstracts:   

Aircraft that were relatively similar (homogeneous) and relatively dissimilar (heterogeneous) in appearance were studied at orientations either consistent (canonical) or inconsistent (noncanonical) with the environmental frame of reference.  At test, participants’ identification performance was measured with stimuli rotated to novel orientations within the picture plane.  During learning and testing, identification of heterogeneous aircraft revealed a strong linear degradation of performance as angular disparity between the novel test orientations and the original learning orientations increased.  During learning and test, identification was better for aircraft studied at canonical orientations than for those studied at noncanonical orientations.  The results are discussed in terms of object identification, aircraft recognition training, categorization, mental representations, and visual mental rotation.

CONCEPTUAL FRAMEWORK

REFERENCE

Title: Effects of Luminance, Blur, and Age on Nighttime Visual Guidance: A Test of the Selective Degradation Hypothesis

Author & Organization:

1. D. Alfred Owens,  Franklin & Marshall College

2. Richard A. Tyrrell,  Clemson University  

Web Address: http://www.apa.org/
Journal Title: Journal of Experimental Psychology: Applied, 1999, Vol. 5, No. 2, 115-128

Place Publication:  American Psychological Association, Inc.
Reference Number:  ISSN 1076-898X

Pages: 14 pages
Date:  June 1999

TASK


Domain:  Driving performance at night
Echelon:  Vehicle driver
Service Component:  All

Tasks Studied:  Driving performance
Cognitive Framework: Trait-Based 

METHODOLOGY


Study Goal:  To investigate the effects of luminance, blur, and age on nighttime driving

Study Procedure:  

1. Using a simple night driving simulator, participants are asked to steer along an unpredictably curving road.

2. Experiment #1: Effects of blur, luminance, and tunnel vision on steering and acuity.

3. Experiment #2: Steering performance of younger and older drivers in low luminance

Number of Subjects : 
1. Experiment #1: 

a. 9 male volunteers, ranging in age from 28 to 55 years (mean = 38 years)

b. More than 10 years driving experience.

2. Experiment #2:

a. 16 volunteers (2 groups of 8 participants, each group has 4 male and 4 female)

b. Younger age group (21-29 years, mean=24 years) : graduate students and research assistants

c. Older age group (67-78 years, mean=72 years): residents of the surrounding community

Arms of Study: See above

FINDINGS

Human Behaviors:  Driving performance

Performance Moderator Variable :  blur, luminance, darkness

Performance Moderator Function:  
1. Headlights were often degraded by dirt, with average losses of intensity that ranged from 10 % in good weather to 60 % in winter weather. (Rumar, 1974)

2. Drivers failed to notice a loss of visibility until healight iintensity was reduced by more than 60 %. (Rumar, 1974)

3. After installation of the reflector posts, (Kallberg, 1993)

a. Faster roads (100 km/hr speed limits): little change in speed and injury accidents in darkness

b. Slower roads (80 km/hr speed limits): significant increases of both speed (10-20 km/hr) and injury accidents (40-60%) in darkness.

4. Relative Performance (%) of simulated myopic blur on visual recognition (acuity) and guidance (steering)
	Blur (Diopters of “Myopia”)
	0
	2
	5
	10

	Steering
	100
	92
	100
	93

	Acuity
	100
	20
	10
	5


5. Relative performance (%) of luminance on visual recognition (acuity) and guidance (steering)
	Luminance (cd/m2)
	-2.5
	-1.5
	0
	1.5

	Steering
	70
	78
	85
	100

	Acuity
	5
	20
	50
	100



6.  Mean absolute steering errors as a function of luminance for three age groups
	Luminance (cd/m2)
	-2.5
	-1.5
	0
	1.5

	Older group
	35
	23
	19
	17

	Middle-aged
	21
	17.5
	15.5
	11

	Younger group
	16
	12
	12
	12


Derivation Technique:  Statistical Analysis (ANOVA)
Lessons Learned:  
1. Older drivers are often reluctant or unwilling to drive at night. (Kosnik, Sekuler, & Kline, 1990; Schieber, 1994; Shinar & Scheber, 1991)

2. Many drivers are satisfied with their vision as long as well-marked features of the road environment (e.g., other vehicles, signs, and lane delineation) are visible, regardless of diminished visibility for lower-contrast objects and surfaces.

Modeling Technique: Analytical
PMF Validity Info:    4-High

ORIGINAL ABSTRACT


Original Abstracts:   

H. W. Leibowitz and his student (H. W. Leibowitz & D. A. Owens, 1977; H. W. Leibowitz, D. A. Owens, & R. B. Post, 1982) hypothesized that drivers are overconfident at night because they are unaware that their visual recognition abilities are selectively degraded in low illumination while visual guidance is preserved.  This hypothesis was investigated in 2 experiments using a driving simulator.  In experiment 1, steering accuracy was disrupted by visual field reduction but not by extreme blur or low luminance.  Conversely, visual acuity was degraded by blur and low luminance but not by field reduction.  In experiment 2, older drivers exhibited a progressive degradation of steering accuracy, not found with younger drivers, in low luminance.  These findings support and extend the selective degradation hypothesis and may help account of older drivers’ reluctance to drive at night.

CONCEPTUAL FRAMEWORK

REFERENCE

Title: Monitoring Behavior and Supervisory Control
Author & Organization:  Neville Moray, Department of Industrial Engineering,
University of Toronto, Canada
Book Info.: K. Boff, L. Kaufman, and J. Thomas (Eds.),  Handbook of Perception and Human Performance. Vol. 2.  Cognitive Processes and Performance (pp. 40.1 - 40.51). 

Place Publication:  New York.  John Wiley & Sons, Inc.
Reference Number:  

ISBN 0-471-88544-4 (Vol. 1)

ISBN 0-471-82957-9 (Vol. 2), 
ISBN 0-471-82956-0 (two-volume set)

Pages: 51 pages   
Date:  1986

TASK


Domain:  Human Performance 
Echelon:  supervisory controller of a semi-automated process
Service Component:  Pilots and screen operators

Tasks Studied:  Monitoring behavior and supervisory control
Cognitive Framework: Trait-Based 

METHODOLOGY


Study Goal:  Review previous study on monitoring behavior and supervisory control
Study Procedure: 
1. Literature survey from the previous studies.

2. No physical experiments executed.
Number of Subjects : N/A
Arms of Study: N/A

FINDINGS
Human Behaviors:  Schedule, decide, examine, acquire data, combine information, decision making, diagnose

Performance Moderator Variable :  

Performance Moderator Function:  
1. Under the most favorable conditions an observer makes not more than four fixations per sec.

2. The number of movements of the limbs per sec is not more than one or two unless they are programmed sequence.

3. In cockpit pilot, the mean fixation duration is 0.6 sec, with a standard deviation of  0.12.  The range was 0.4-1.4 sec.

4. Fixation duration (dwell time) is a function of difficulty of reading the instrument and of  interpreting the data from it.

5. Fixation behavior of cockpit pilots

	Instrument
	# of fixation / min
	% of time spent

	Cross Pointer
	30
	41 %

	Air Speed
	16
	10 %

	Directional Gyro
	28
	25 %

	Gyro Horizon
	17
	15 %

	RPM Engine Instrument
	2
	2 %

	Altimeter
	3
	3 %

	Turn and Bank
	1
	1 %

	Vertical speed
	4
	2 %


6. Eye movement behavior of cockpit pilots (%)

	Instrument
	Cross Pointer
	Air Speed
	Directional Gyro
	Gyro Horizon
	Engine Instru-ments
	Alti-meter
	Turn and bank
	Rate of climb

	Cross  Pointer
	
	16 %
	29 %
	10 %
	
	
	
	

	Air Speed
	
	
	11 %
	4 %
	
	
	
	

	Directional Gyro
	
	
	
	15 %
	
	
	
	

	Gyro Horizon
	
	
	
	
	
	
	
	3 %

	Engine Instruments
	
	
	
	
	
	
	
	

	Altimeter
	
	
	
	
	
	
	
	

	Turn and bank
	
	
	
	
	
	
	
	

	Rate of climb
	
	
	
	
	
	
	
	


                     Note 1. Values less than 2 % are omitted.


         Note 2. Values above are not true transition probabilities.  They are the       

                     proportion of all eye transitions that went between the instruments indicated.

7. Duration of Fixations (“dwell time”) in seconds
	
	Aircraft Cockpit
	Meter Monitoring
	Radar Watching

	Mean
	0.60
	0.37
	0.73

	Standard Deviation
	0.12
	0.10
	0.11


8. Probability of an observable transition between instrument i and j
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9. Mean First Passage Time (MFPT) : the mean time elapse between successive looks at a particular aircraft taking into account all possible sequences of fixations between those successive looks.

a. Involving two aircraft :  1.62 sec.

b. Involving four aircraft :  4.42 sec.


[image: image26.wmf]

 EMBED Equation.3  [image: image27.wmf]
Derivation Technique:  

1.  Markov process for probability of an observable transition between instrument i and j 
Lessons Learned:  
1.   Conscious thought is limited to one topic at a time and is serial.

Modeling Technique: Analytical
PMF Validity Info:    4 – HIGH, Very useful PMF to simulate operator’ behavior

ORIGINAL ABSTRACT


Original Abstracts:   

The phrase “monitoring behavior and supervisory control” refers to two activities that although different have been regarded as intimately connected since being used as the title of a conference in 1976 (Sheridan & Johannsen, 1976).

Monitoring is a necessary but not a sufficient activity for exercising supervisory control. To monitor a system is to examine the displayed status information, both formal (control panel displays) and informal (sounds, vibration, smells, etc.), to decide whether or not the system is in a normal state and under control (the distinction between formal and informal information is due to de Keyser, 1981).

Supervisory control is control exercised through the mediation of an intelligent controller, such as a computer or another human, rather than by the supervisor’s direct action to change a controlled variable, or by the use of mere automatic servo control systems.  Thus to control a nuclear power plant by programming a control computer, to fly an aircraft by means of an onboard computer that optimizes the route and operates the control surfaces of the aircraft, or to bring about an interception of hostile aircraft through the mediation of a distant pilot are all examples of supervisory control.  To control the temperature of a home by means of a thermostat is not supervisory control, nor is the manual control of an aircraft.  The crucial requirement is the presence of a mediating intelligence between operator and task that is capable of autonomous decisions.

CONCEPTUAL FRAMEWORK

REFERENCE

Title: Workload – An Examination of the Concept
Author & Organization:  
1. Daniel Gopher, Dept. of Industrial Engineering and Management, Israel Institute of Technology
2. Emanuel Donchin, Dept. of Psychology, University of Illinois, Champaign, Illinois

Book Info.: K. Boff, L. Kaufman, and J. Thomas (Eds.),  Handbook of Perception and Human Performance. Vol. 2.  Cognitive Processes and Performance (pp. 41.1 - 41.49). 

Place Publication:  New York.  John Wiley & Sons, Inc.
Reference Number:  

ISBN 0-471-88544-4 (Vol. 1)

ISBN 0-471-82957-9 (Vol. 2), 
ISBN 0-471-82956-0 (two-volume set)
Pages: 49 pages

Date:  1986

TASK


Domain:  Analysis and measurement of mental workload
Echelon:  Individual
Service Component: All 

Tasks Studied:  
1. The manner in which the task-operator loop can be modeled to derive useful explications of the concepts of workload.

2. The theoretical status of the different modes of measurement employed in the assessment of workload.

Cognitive Framework: Trait-Based 

METHODOLOGY


Study Goal:  To review the search for relevant task and subject attributes as well as the combination rules that may be applied to these measurable variables so as to provide a measure of workload.
Study Procedure: Literature survey
Number of Subjects : N/A
Arms of Study: N/A

FINDINGS

Human Behaviors:  Response

Performance Moderator Variable :  Workload, stimuli

Performance Moderator Function:  
1. Hick-Hyman’s law: Response Time (RT) increases linearly as a function of the information value of the stimulus expressed in bits per second.  (Journal of Experimental Psychology, 1953, 45, 188-196)

               RT = a + b*I(x), where RT is the reaction time,  a and b are parameters,

               and I(x) is the information value in bits. 

2. Fitts’s law: 

MT = log A / (W/2), where MT is the movement time, A is the amplitude or distance of the movement, and W is the width of the target. (Journal of Experimental Psychology, 1954, 42, 381-391)

Derivation Technique:  Statistical analysis
Lessons Learned:  

1. Workload is a multidimensional, multifaceted concept that is difficult to define. 
2. Workload is generally agreed that attempts to measure workload relying on a single representative measure are unlikely to be of use.

Modeling Technique: Analytical
PMF Validity Info:    3-MIDIUM

ORIGINAL ABSTRACT


Original Abstracts:   (Introduction)
The study and measurement of mental workload absorb substantial energy, resources, and effort. Major conferences devoted to the analysis and measurement of workload (Moray, 1979; Frazier & Crombie, 1982) follow a fairly uniform course. The concept of workload is examined, attempts at a definition are made, and the usual conclusion is that workload is a multidimensional, multifaceted concept that is difficult to define. It is generally agreed that attempts to measure workload relying on a single representative measure are unlikely to be of use.

The conferees generally proceed to examine many different procedures to measure and analyze workload. Practitioners tend to imply that the measure or class of measures they advocate is uniquely preferable to many of the other proposed measures. Persuasive arguments are presented for the unique suitability of (1) subjective measures of workload (Sheridan, 1980), (b) secondary‑task procedures (Jex,1976; Pew, 1979), and (3) physiological measures (Donchin, 1979; Mulder, 1979). These writers are actually quite correct in holding to their particular views, since the measures described often yield an interesting set of relations and in some circumstances seem to meet the practical needs of design engineers.

O'Donnell and Eggemeier (Chapter 42) provide a survey, written from the perspective of the design engineer, organizing the many techniques proposed for measuring workload. As they indicate in the opening paragraphs of their chapter, the interest in workload arises in evaluating "task difficulty." The assessment of workload is a direct assessment of a class of difficulties that operators confront when performing an assigned task. The need for this concept, and for the vast literature devoted to its analysis and measurement, is generated by the complexity of the deceptively simple concept difficulty. That tasks vary in their difficulty is, of course, obvious. It is easier to read Agatha Christie than James Joyce; it is more difficult to fly an airplane than to operate a washing machine. It is also clear that the same task will prove more difficult to some individuals than to others. Furthermore, the ease with which the same individual performs a given task on different occasions may vary. Yet, despite the apparent simplicity of the concept and the fairly easy judgments observers can make regarding the difficulty of tasks, the mea​surement of task difficulty is in itself a rather difficult task.

The problem exists because the difficulty of any task can be inferred not directly from its physical (or "structural") de​scription, but rather from the interaction between task and operator. Hence, system designers need to be able to discriminate among alternate design options in favor of those that will ease the operator's task. On occasion, system managers must be able to monitor variations in the difficulty a task presents to an operator actively using a system. It is on such occasions that the need to measure "task difficulty" arises. And it is on such occasions that the apparent simplicity of the measurement task is revealed as horrendously complex.

Superficially the measurement task appears quite straight​ forward. One simply asks an operator whether the task is difficult and uses the subjective response as an index of difficulty. As discussed in Section 3.3 (and as O'Donnell and Eggemeier note in Chapter 42), such subjective reports have serious limitations. An operator is often an unreliable and invalid measuring in​strument. Neither can it be assumed that the quality of performance is a good measure of the difficulty of a task. People often cope with an increase in task difficulty by increasing mental and physical effort devoted to the task so that performance may remain stable despite a great increase in difficulty. The measurement of difficulty must capture the interaction between these relevant variables. Workload is the label assigned to this interactive feature.

We suggest that workload is analogous to current. Of course, unlike the case with current, we cannot derive the workload associated with the interaction between a specific operator and a specific task from an equation that combines measurable at​ tributes of the operator with measurable attributes of the task to yield workload. The intent of this chapter is to review the search for relevant task and subject attributes as well as the combination rules that may be applied to these measurable variables so as to provide a measure of workload. However, it is important to emphasize at the outset that we view workload as an attribute of the interaction between a person and a task.
CONCEPTUAL FRAMEWORK
     (1)  Broadbent’s Single-Bottleneck Model (Perception and Communication, 1958) 

Information received by the senses is transmitted in parallel to the short-term buffer and arrives at the filter.  The filter tuned to pass only messages having relevant physical properties, one message at a time, to the central processor.  The central processor precedes the long-term store and the response mechanism.  The filter protects the central processor from overload.  Screening of information is done at an early stage, before semantic analysis (the costly operation) has been performed.
[image: image28.jpg]Siora of
condltional

Limited capacity cnannel
@ system)

Syatom or varving
outadt it Som
Tt 15 Selacted





(2) Kahneman’s Energetical model of capacity (Attention and effort, 1973)

Performance is constrained by the availability of mental energy from a single undifferentiated pool.  Note the close linkage between capacity and the physiological determinants of arousal.  Note also the introduction of an allocation policy mechanism and the closure of the loop from the present activity to the capacity pool, which suggests the idea of elasticity in the total amount of available resources. 

[image: image29.jpg]MISCELLANEOUS SOUR

anxiety, foar, angor
Sexual excilament

OF AROUSAL:

muscular sirain, effects of drugs,

intense stimulation. ctc

‘cousal

i available
capacity

Allocation poficy

Fesponses

MISCELLANEOUS
| MANIFESTATIONS OF AROUSAL
oupillary dilation,
increased skin conductane
tast puise, eic.

Availavle capacity and
arousal increase

o mect demands for
processing capacity

Evaluation
of demance
on capaciy





(3) Sanders’s Cognitive-energetical model (Machine pacing and occupational stress, 1981)

The model represents an integration of structural and energetical views.  The sources of energy supplies are differentially linked to mental operations organized in independent processing stages.  Arousal and activation are the main energizers of automatic processing activity.  Their operation is augmented and balanced by the effort resource.  Effort represents the forces of voluntary attention.  It is guided by the evaluation mechanism and is selectively energizing choice of response operations. 
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TASK


Domain:  Workload Assessment
Echelon:  Individual
Service Component: All 

Tasks Studied:  workload measurement techniques

Cognitive Framework: Trait-Based 

METHODOLOGY


Study Goal:  To review major categories of empirical workload measurement techniques and provides guidelines for the choice of appropriate assessment procedures for particular applications.

Study Procedure: Literature survey.  To bring together the laboratory and field-based techniques currently in use to assess workload.
Number of Subjects : N/A
Arms of Study: N/A

FINDINGS

Human Behaviors:  Response

Performance Moderator Variable :  Workload, stimuli

Performance Moderator Function:  N/A

Derivation Technique:  Statistical analysis
Lessons Learned:  

1. Relationship between operator workload and operator performance

There are three distinct regions in this relationship. (D. Meister, Behavioral foundations of system development, 1976)

a. Region A : Under low to moderate levels of load, increases in workload are not accompanied by variations  in performance.

b. Region B :  Higher levels of workload exceed the capability of the operator to compensate, and performance decrements occur.

c. Region C : Under extremely high levels of load, very low levels of performance are assumed to result from the operator’s lack of capacity to deal with the workload being imposed.
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2. Techniques currently exist for assessing workload sensitively, validly, and reliably

Modeling Technique: Analytical
PMF Validity Info:    1-MIDIUM,  This chapter focused on the workload measurement techniques, no useful PMF’s are provided.

ORIGINAL ABSTRACT
The human operator has a limited capacity to process and respond to information. Under most conditions, increases in task difficulty lead to increases in resource or capacity expenditure. Resources and capacity as used here are interchangeable terms and refer to limited processing facilities within the human system that enable task performance (e.g., Navon & Gopher, 1979; Norman & Bobrow, 1975; Wickens, 1984a). If the processing and response demands of a task exceed available capacity, the resulting overload can lead to decrements in operator performance. The term workload refers to that portion of the operator's limited capacity actually required to perform a particular task. The objective of workload measurement is to specify the amount of expended capacity. This quantification can be used to avoid existing or potential overloads to ensure adequate operator performance. This chapter reviews major categories of empirical workload measurement techniques and provides guidelines for the choice of appropriate assessment procedures for particular applications.

Subjective measures (discussed more extensively in Section 2) require operators to judge and report their own experience of the workload imposed by performing a particular task. Rating scales are a frequently used version of this technique.

Performance‑based measures derive an index of workload from some aspect of operator behavior or activity. There are two major types of performance‑based measures. Primary task measures (discussed in Section 3) specify the adequacy of operator performance on the principal task or system function of interest 42‑34 (e.g., the number of errors made by a pilot while flying an aircraft). Secondary task measures (discussed in Section 4) provide an index of primary task workload based on the operator's ability to perform an additional or secondary task (e.g., respond to a radio communications signal) concurrently with the primary task of interest (e.g., flying an aircraft).

Physiological measures infer the level of workload from some aspect of the operator's physiological response to a task or system demand. These measures may include autonomic responses (e.g., pupillary reflex), central nervous system responses (e.g., event‑related potentials), or peripheral measures (e.g., muscle activity or eye movements). These measures are discussed more extensively in Section 5.

Given the variety of workload assessment techniques available, care must be exercised in selecting appropriate techniques for specific applications. Such choices should be guided by both theoretical considerations and practical constraints. Current data and theories (e.g., Navon & Gopher, 1979; Wickens, 1980) provide some guidelines about the nature and utility of each measure, and these guidelines can then be related to the environment in which the workload measurement is to be taken. Section 1 discusses several key factors to be considered in 42‑43 choosing a workload assessment technique.

CONCEPTUAL FRAMEWORK
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TASK

Domain:  Human Performance : Vigilance
Echelon:  Radar Screen Operator
Service Component: All 

Tasks Studied:  Vigilance degradation on radar screen work over a period of time. 

Cognitive Framework: Trait-Based 

METHODOLOGY

Study Goal:  To analyze different aspects of vigilance performance in various tasks including detection or discrimination of targets, monitoring of continuously varying processes, searching visual displays, etc..
Study Procedure: Literature survey.  
Number of Subjects : N/A
Arms of Study: N/A

FINDINGS

Human Behaviors:  Target detection rate, false detection rate, reaction time 

Performance Moderator Variable 

Vigilance tasks, monitoring time, priori signal probability

Performance Moderator Function:
1. The performance of the radar operators declined after about 30 minutes on continuous watch.  (Mackworth, 1950)

	Vigilance Task
	Subjects
	# of Subjects
	% of Detected Signal in Half-Hour Periods

	
	
	
	1
	2
	3
	4

	Clock test
	RAF cadets
	25
	84.3
	74.2
	73.2
	72.0

	Synthetic radar test
	RAF cadets
	23
	72.0
	62.2
	61.2
	60.1

	Main listening test
	RAF crew and Naval ratings
	25
	80.4
	71.6
	70.6
	64.0


2. Detection Rate (Mean Probability of detection) Parasuraman & Davies, 1976

- The detection probability declined significantly with time on task, and decreased significantly with a decrease in signal probability.

	Priori rate of signal presentation
	# of subjects
	% of detected signal in 

15 minute time periods

	
	
	1
	2
	3

	High Signal probability (p=0.07)
	10
	0.78
	0.71
	0.67

	Low Signal probability (p=0.035)
	10
	0.69
	0.62
	0.59


       Note: Subjects were required to discriminate slightly dimmer signal flashes 

                 from brighter non-signal flashes.

3. Reaction Time (Mean Detection Latency)  Parasuraman & Davies, 1976

- The mean time to detect a signal increased significantly with time on task, and decreased significantly with an increase in signal probability
	Priori rate of signal presentation
	# of subjects
	Mean detection time (in ms) in 15 minute time periods

	
	
	1
	2
	3

	High Signal probability (p=0.07)
	10
	650
	705
	720

	Low Signal probability (p=0.035)
	10
	680
	725
	735


       Note: Subjects were required to discriminate slightly dimmer signal flashes 

                 from brighter non-signal flashes.

4. False Alarm Rate (Mean False Alarm Prob.)  Parasuraman & Davies, 1976

- The false alarm rate declined with an time on task, and increased with an increase in signal probability.
	Priori rate of signal presentation
	# of subjects
	Mean detection time (in ms) in 15 minute time periods

	
	
	1
	2
	3

	High Signal probability (p=0.07)
	10
	0.05
	0.036
	0.024

	Low Signal probability (p=0.035)
	10
	0.027
	0.018
	0.015


       Note: Subjects were required to discriminate slightly dimmer signal flashes 

                 from brighter non-signal flashes
Derivation Technique:  Statistical analysis
Lessons Learned:  

1. When a vigilance decrement is noted, similar factors may account for the decrement in complex monitoring tasks to those in vigilance tasks with simple displays.

2. In some complex monitoring tasks, there may be a change in the pattern of detection performance over time such that targets appearing in certain “high-value” parts of the display are detected more efficiently than are targets in other areas.

3. Vigilance decrements are not found in process control or other inferential monitoring task.

4. A taxonomic analysis may help in identifying the major factors governing changes in complex monitoring performance.

Modeling Technique: Analytical
PMF Validity Info:    4-HIGH

ORIGINAL ABSTRACT
Perceptual and cognitive activities often demand sustained attention if they are to be executed successfully and efficiently. When the activity is to be performed for a continuous period of time, the ability to maintain attention, or vigilance, may be severely impaired. It is relatively easy to be attentive briefly for a conspicuous and predictable event, such as a traffic light changing from red to green. The task is much more difficult if attention must be maintained on some source of information for the occurrence of infrequent, unpredictable events over long periods of time. The ability to maintain vigilance for such events typically declines over time, a phenomenon known as the vigilance decrement.

An understanding of the processes underlying the vigilance decrement is the major theoretical issue in research on vigilance. Identification of the factors controlling the overall level of vigilance, rather than decrement over time, forms a secondary though nevertheless important issue. Finally, the regulation and control of vigilance in operational settings (such as air-traffic control and industrial inspection) constitutes an important practical issue in this area of research.

CONCEPTUAL FRAMEWORK
1. Theoretical model of the relationship between the detection rate and reaction time in vigilance. (Buck, Psychological Bulletin, 65, 1966)
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a. The level of “perceptual vigilance” is proposed to fluctuate and exhibit an overall decrease with time on task. So long as the level of perceptual vigilance is higher than critical level, however, the detection rate does not decline, whereas the reaction time increases continuously.

b. The critical level is set by parameters of the task such as signal duration and intensity.

REFERENCE

Title: Changes in Operator Efficiency as a Function of environmental Stress, Fatigue, and Circadian Rhythms, Handbook of Perception and Human Performance Vol. II, Cognitive Processes and Performance

Author:   Glyn Robert John Hockey
Organization:  MRC/ESRC Social and Applied Psychology Unit, University of Sheffield, England

Book Info.: K. Boff, L. Kaufman, and J. Thomas (Eds.),  Handbook of Perception and Human Performance. Vol. 2.  Cognitive Processes and Performance (pp. 44.1 - 44.49). 

Place Publication:  New York.  John Wiley & Sons, Inc.
Reference Number:  

ISBN 0-471-88544-4 (Vol. 1)

ISBN 0-471-82957-9 (Vol. 2), 
ISBN 0-471-82956-0 (two-volume set)
Pages: 49 pages   
Date:  1986

TASK


Domain:  Human performance under stress
Echelon: All
Service Component:  All

Tasks Studied:  The effects on performance of environmental conditions, fatigue states, and cyclical fluctuations in bodily processes
Cognitive Framework: Trait-Based 

METHODOLOGY


Study Goal:  To identify the types and levels of  the conditions found in the working and domestic environment that give rise to significant changes in performance.

Study Procedure: Literature Survey
Number of Subjects : N/A
Arms of Study: N/A

FINDINGS

Human Behaviors:  Vigilance, Serial Responding, Memory and Cognition

Performance Moderator Variable :  
1. Physical Environment: noise, heat

2. Social Environment: anxiety, incentive

3. Drug Effects

a. Medication: anti-anxiety treatments, sleeping pills

b. Non-medication: caffeine, nicotine, alcohol

4. Fatigue Changes: sleep loss, boredom, fatigue

5. Cyclical Changes: circadian rhythms

Performance Moderator Function:  
1. 1-second bursts of noise reduced visual inspection task performance up to about 30 seconds. (Woodhead, 1959)

2. The effect of a pistol shot (124 dB)  lasted about 2-3 seconds. (May and Rice, 1971)

3. Exposure to noise for a period of 20-30 minutes impairs subsequent performance on problem-solving tasks, perceptual classification, or serial reaction.

4. Performance can be sustained at a high temperature if exposure time is brief but may be effected above about 30 o C at exposure times exceeding about 3 hours. (NIOSH, 1972)

a. Only about 20 % of soldiers in World War II battles actually fired their guns (Marshall , 1947)

5. Effects of benzodiazapines (depressants, e.g., Librium, Valium, Serax) tend to last for a long time (up to 15-20 hours at least) after ingestion.

6. Marked effects on steering in a driving task with dosages giving estimated blood alcohol levels (BAC) of 0.08 %. (Drew,1959)

7. As sleep loss progressed, only slow responses (i.e. long reaction time) were impaired. (H.L.Williams, Psychological Monographs, 73)

	Mean Reaction Time
	No sleep loss
	Sleep loss (30 hours)
	Sleep loss (54 hours)
	Sleep loss (69 hours)
	Sleep loss (78 hours)

	10 shortest reactions
	No significant difference

	10 longest reactions
	0.5 sec
	0.75 sec
	1.45 sec
	1.95 sec
	2.45 sec


8. Performance recovered immediately after one night of recovery sleep.

9. 3 days total sleep deprivation: Ratings of fatigue reached a maximum at around 4am, and a minimum at around 6pm on each day of sleep deprivation. (J. Froberg, Aspects of human efficiency, 1972)

10. Circadian rhythm

a. Morning: Performance is very poor at 8am, but its peak at 10:30am.

b. Day: Performance is generally better later in the working day than at the beginning of the day.  (Black, Biological rhythms and performance, 1967)

c. Performance is worst at around 3am.

11. Time phase adjustment is gradual and takes 5-8 days for the phase difference to be reduced below 1 hour. (Klein, Psychophysiology, 1980)

12. Vigilance performance
a. Morning type : 8-9am is best, gradually decreases (up to about 20 %)
b. Evening type  : 8-9am is worst, gradually improves (up to about 20 %)
Derivation Technique:  Statistical Analysis
Lessons Learned:  

1.   Noise
a. Noise does not impair detection itself, but makes it difficult to maintain an efficient division of attention between a number of sources of information. (Jerison, 1957,  Hockey, 1978)

b. Noise has the general effect of focusing attention on the more dominant components of the complex task.

c. One of the characteristic effects of noise is a tendency for the speed of work to increase at the expense of accuracy. (Davies & Davies, 1975)

d. Noise at 100 dB increased the number of erroneous response made. (Broadbent, 1957b and Wilkinson, 1963)

e. Although noise reduces the accuracy of fast responding, it does not reduce the overall speed of responding.(Journal of Experimental Psychology, 66)

2. Heat

a. Whether heat affects performance depends on a complex interaction of exposure time, temperature, and type of task. (Applied ergonomics, 9)

3. Incentive

a. Incentives can be seen as having the effect of maintaining a task set, or orientation towards current work goals.  This will benefit any task where distraction or loss of interest tends to occur.

4. Anxiety

a. Anxiety produces an increase in the selectivity of attention in dual-task situation.  (i.e. performance on the primary task is unchanged while that on the secondary task is impaired. Eysenck, 1982)

b. Anxiety reduces working memory capacity.

c. High anxiety is more serious for difficult than for easy tasks. (Eysenck, 1982)

d. Novice scuba divers or parachutists tend to fail to follow elementary safety procedures. (Janis, 1971)

5. Drugs

a. Both amphetamine and nicotine have been found to enhance sensitivity d’ in vigilance tasks. (J.F.Mackworth, 1965)

b. Caffeine enhances detection performance. (Wesnes, 1977)

c. Both amphetamine and caffeine reduce performance decrements on a 4-hour simulated cockpit task. (Hauty and Payne, 1955)

d. Nicotine impairs short-term memory. (Andersson, 1975)

e. Smoking impaired incidental memory for locations without affecting the serial recall of a primary word list. (Andersson and Hockey, 1977)

f. Both barbiturates and benzodiazapines impair performance over a wide range of task situations, with both speed and memory being impaired as well as sustained and selective attention.

g. Attentional selectivity was increased under alcohol in a dual-task situation.

6. Fatigue States

a. State of boredom typically arises in repetitive and monotonous environments.

7. Sleep loss

a. Sleep loss impairs performance in working memory. (Williams et al., 1959)

Modeling Technique: Analytical
PMF Validity Info:    4-HIGH, Very useful, Full of graphs

ORIGINAL ABSTRACT


Original Abstracts:   

Human performance is subject to considerable change and variation, a fact often overlooked by psychologists in the development of formal models of performance.  These models typically ignore questions concerned with motivation, bodily arousal, emotion or fatigue, or at best assume that they do not alter the pattern of behavior, only its level of efficiency.  This chapter is concerned with an analysis of issues such as these. It examines the effects on performance of environmental conditions, fatigue states, and cyclical fluctuations in bodily processes, as well as a number of other factors influencing bodily state.

Research in this area has origins in two distinct kinds of problems.  The first concerns the specific needs of applied (principally industrial or military) situations, where the object of the work is primarily to find practical solutions, often with only short-term application.  Industrial noise or heat, or problems associated with shift work, fall into this category.  A second source of stress research has a more theoretical origin, concerned largely with understanding the way in which information processing is affected by changes in the state of the individual.  Just as this work is not often directly applicable to industrial or military problems, so applied research often has too little generality to be considered seriously by theorists.  This is not an inevitable situation, however, and many applied experimental psychologists have tried to bridge the gap between the two disciplines.  Nevertheless, it is necessary to be aware of the distinction in trying to understand the findings, and to consider both the relevance to fundamental issues, when examining applied data, and implications for practical situations, in the case of basic research.

The topics included in this chapter are determined largely by their relevance to the general state of the individual.  This is what links noise, anxiety, fatigue, and shift work: they all alter the state of the body in a way that may be independent of the specific demands of the work the individual is doing.  Yet these induced stats may well have important consequences of the quality of that work, as well as for our understanding of the processes involved in its execution.  The approach taken here is to examine different states separately across a range of work situations to detect general patterns of change.  Section 2 thus considers the basis for the classification of stress states and provides a description of the groupings of phenomena adopted for the purpose of reviewing empirical evidence.  The principal theoretical bases are those concerned with (1) arousal theory and (2) information-processing models.   These are considered briefly in section 1 to provide some foundation for the methodological and conceptual aspects of the review.

CONCEPTUAL FRAMEWORK

REFERENCE

Title: The Model Human Processor: An Engineering Model of Human Performance
Author & Organization:   

1. Stuart K. Card and Thomas P. Moran,  Xerox Palo Alto Research Center

2. Allen Newell,  Carnegie-Mellon University 

Book Info.: K. Boff, L. Kaufman, and J. Thomas (Eds.),  Handbook of Perception and Human Performance. Vol. 2.  Cognitive Processes and Performance (pp. 44.1 - 44.49). 

Place Publication:  New York.  John Wiley & Sons, Inc.
Reference Number:  

ISBN 0-471-88544-4 (Vol. 1)

ISBN 0-471-82957-9 (Vol. 2), 
ISBN 0-471-82956-0 (two-volume set)
Pages: 35 Pages   
Date:  1986

TASK


Domain:  Human Performance
Echelon:  Individual
Service Component:  Operators

Tasks Studied:  Perceptual system, Motor System, Cognitive System
Cognitive Framework: Trait-Based 

METHODOLOGY


Study Goal:  To show psychological theory for three subsystems (i.e. perceptual system, motor system, and cognitive system) of human processor

Study Procedure: Literature survey from the previous studies
Number of Subjects : N/A
Arms of Study: N/A

FINDINGS

Human Behaviors: Perceive, Decide, Operate, Long-term memory, Short-term memory

Performance Moderator Variable :  

Performance Moderator Function:

     (1) Perceptual System

1. Human obtains detail of the scene only over the 2°  region.

2. It takes about 30 msec for the eye to jump to the new point of regard.

3. It takes 70-700 msec for the eye to dwell a point.  (Russo, 1978)

        duration_for_eye_movement = 230 [70-700] msec

4. Whenever the target is more than about 30° away from the fovea, head movements occur to reduce the angular distance.

5. Visual image store decay time

δVIS = 200 [90 ~ 1000] msec

6. Auditory image store decay time

δAIS = 1500 [900 ~ 3500] msec

7. Capacity of the visual image store

μVIS = 17 [7 ~ 17] letters

8. Capacity of the auditory image store

μAIS = 5 [4.4 ~ 6.2] letters

9. Unit impulse response time (the time response of the visual system to a very brief pulse of light)

τp = 100 [50 ~ 200] msec

     (2) Motor System

10. Cycle time of the motor processor

τM = 70 [30 ~ 100] msec

     (3) Cognitive System

11. Decay time of working memory

δWM = 7 [5 ~ 226] seconds

δWM  (1 chunk) = 73 [73 ~ 226] seconds

δWM (3 chunks) = 7 [5 ~ 34] seconds
12. Pure capacity of working memory

μWM = 3 [2.5 ~ 4.2] chunks

13. Cycle time of cognitive processor

τC = 70 [25 ~ 170] msec

     (4) Human Performance

14. Power Law of Practice: The time Tn to perform a task on the nth trial 

Tn = T1 n-α , where α is a constant.

15. Simple reaction time 

RT =  τP + τC + τM
16. Choice reaction time : 

RT= ICH, where IC is a constant, H is the information-theoretic entropy of the decision as follows:
i. H = log2 (n + 1), for n alternative stimuli with same probabilities

ii. H = Σpi log2 (1/pi + 1) , for n alternative stimuli with different probabilities

Derivation Technique:  Statistical Analysis
Lessons Learned:  

Modeling Technique: Analytical
PMF Validity Info:    4-High, This chapter shows useful psychological theory for build human performance model.   These theories were based on experiments. 

ORIGINAL ABSTRACT


Original Abstracts:   

The designer of the interface between a human and a ma​chine needs to be able to analyze the tasks that the human will be asked to do, and he needs to be able to predict the human's performance. The tasks to be analyzed are not known in advance and may be previously unresearched. This suggests the desir​ability of fitting as many research results as possible into a unified framework, one oriented around making calculations useful in solving engineering problems. Such a framework may take the form of a model or theory that is oriented toward application. In a theory oriented toward application, the ease of making a calculation is not irrelevant (a routine calculation should not ordinarily require the equivalent of a scientific paper). Moreover, it is important that the input data for the calculations be available. Furthermore, an important part of engineering methodology is to identify and concentrate on those things that will make a big difference and not to bog down in details whose resolution is unimportant. This last point is es​pecially salient for utilizing psychological results in engi​neering design. Many current psychological results are robust, but known second‑order phenomena almost always reveal an underlying complexity, and alternative explanations usually exist for specific effects. Excessive concentration on these sec​ondary effects may hide simple, though approximate, generalizations that could allow engineering predictions of human allow engineering predictions of human performance.

In this chapter we present a way in which psychological knowledge, as portrayed in this handbook, might be recast to make it more accessible for the solution of engineering problems. Our approach will be to present a simplified model of the human, the model human processor, and to show by example how en​gineering‑style calculations can be performed from it. We do not attempt to address the depth of complex and untidy results that comprise the state of present psychological science. Instead, we emphasize the breadth of predictions that can be derived out of a limited but unified framework. We emphasize approx​imative (though mechanistically oriented) models over dis​criminative ones.

Our model, of course, remains restricted by current limi​tations in knowledge and the difficulty of casting that knowledge in a unified framework. Yet there is substantial opportunity for progress to be made, since it is our contention that part of the difficulty in utilizing psychological results in design is that many results were never derived with a problem‑solving use in mind. Furthermore, with effort, it ought to be possible gradually to replace present formulations in the model human processor with more sophisticated versions that capture in greater subtlety larger numbers of psychological results. Such an activity should aid the transition from a science of perception and human performance toward an engineering discipline based on these sciences

CONCEPTUAL FRAMEWORK
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The model human processor – memories, processes, and basic principle of operation.

1. Working memory consists of activated chunks in long-term memory.

2. Sensory information flows into working memory through the perceptual processor.

3. Motor programs are set in motion through activation of chunks in working memory.

4. The basic principle of operation of the model human processor is the Recognize-Act cycle of the cognitive processor:  On each cycle, the contents of working memory activate actions associatively linked to them in long-term memory, which in turn modify the contents of working memory.

REFERENCE

Title: Identification of Surface-to-Air Missiles by Experienced and Novice Air Force Aircrew Personnel
Authors & Organizations: 


Alan Ashworth, US Air Force Research Laboratory 


Michael Anthony, Katarina Derek, Galaxy Scientific Corporation


Barry Goettl, US Air Force Research Laboratory

Web Address: http://www.afrl.af.mil/, http://www.galaxyscientific.com/ 
Place Publication:  Psychonomic Society 2000
Reference Number:  Poster #479 (It will be published in the form of technical report)

Pages: 8 Pages   
Date:  November, 2000

TASK


Domain:  Identification of Surface-to-Air Missiles
Echelon:  Aircrew Personnel
Service Component:  Air Force

Tasks Studied:  Task performance between novice and expert
Cognitive Framework: Trait-Based 

METHODOLOGY


Study Goal:  : To compare the performance between novice and expert
Study Procedure: 
Using a training system called “The Visual Threat Recognition and Avoidance Trainer” (VTRAT) which allow the trainee to identify and respond to incoming SAM threats in real time w/ auditory feedback.  VTRAT simulates the in-flight view from C-130 Hercules.

· Phase #1 : To discriminate between the three SAMs until they reached an accuracy criterion without time pressure
· Phase #2:  Same as phase #1, but with time pressure
Number of Subjects : 34 Air Force Aircrew personnel
Arms of Study: Novice (n=25) vs. Expert (n=9) based on real-world military combat experience
FINDINGS

Human Behaviors:  Perceive, React

Performance Moderator Variable :  Experience 

Performance Moderator Function:  

	Dependent Variable
	Novice
	Expert
	Significance

	Proportion Correct
	.68
	.78
	< .05

	Total Number of SAMs Shown
	32.28
	24.33
	< .05

	Time Outs
	5.44
	2.89
	= .05

	Total Minutes to Criterion
	16.56
	12.59
	= .05


                  Note: SAM (Surface-to-Air Miss
Derivation Technique:  Statistical Analysis
Lessons Learned:  


The superior performance of the Expert group suggests that experts are in fact transferring their extant knowledge from their real world SAM experience to the VTRAT training task.  It can then be inferred that there is sufficient fidelity between VTRAT and its real world counterpart to make VTRAT a viable training device.

Modeling Technique: Analytical
PMF Validity Info:   4-High, Very recent experiments.  Experiments involving real Air Force personnel with high fidelity simulator 

ORIGINAL ABSTRACT


Original Abstracts:   

Thirty-four Air Force aircrew personnel were tested at Air Force Special Operations Command on their identification of surface-to-air missiles (SAMs).  Several types of SAMs were simulated and presented to participants using a state-of-the-art training system incorporating high-fidelity terrain and voice recognition.  The SAM simulations were driven by perceptual visual models and flight behavioral models.  Participants identified the model of SAM, and the accuracy of trajectory (whether or not the SAM would hit their simulated aircraft).  Participants were assigned to either a novice group (no combat experience) or expert group (combat experience in either the Kosovo or Iraqi air campaigns).   The experts outperformed the novices, demonstrating the importance of developing simulation trainers based on perceptual and cognitive principles, and the importance of empirical validation of those principles by experts.

CONCEPTUAL FRAMEWORK

V. Emotion/Affect PMFs

REFERENCE

Title

The Cognitive Structure of Emotions

Authors

Andrew Ortony, Gerald Clore, and Allan Collins

Organization

University of Illinois at Urbana-Champaign (Ortony and Clore), and Bolt, Beranek, and Newman, Inc (Collins).

Web Address

Place of Publication

University of Cambridge

Date

1988

Reference Number

ISBN 0-521-35364-5 hardback

ISBN 0-521-39664-0 paperback

Pages

207

TASK

Domain

Service Component

Echelon

Entity

Tasks Studied

Cognitive Framework

This work has its roots in the cognitive school of psychology; in particular, cognitive appraisal theory, which holds that the emotional experience is effected to a large extent by the way in which the eliciting situation is construed.  

METHODOLOGY

Study Goal

This book strives to explain the human emotional experience by developing a theoretical model of the factors involved.  

Study Procedure

A top-down approach is used.  The authors believe that humans experience emotions as a result of the way in which they perceive their environments.  A single objective event can cause various observers to experience widely differing emotions.  This is perhaps best illustrated by considering sports.  Those favoring one team are likely to construe positive events for that team substantially differently from those favoring the other.  

Four types of empirical evidence useful in emotion research are cited.  The language of emotion is useful in the sense that words have evolved over time that express a considerable amount of the human emotional experience.  However, due to extreme variance between languages, inherent ambiguities, duplications, and omissions, the language of emotion is of limited use, and must be applied with considerable care.  Self-reports are considered more valuable by the authors, as since emotions are inherently subjective, individuals are experiencing precisely what they believe that they are experiencing.  Behavioral evidence, which relies on a correlation between the internal emotional states of individuals and their external behaviors, is less useful in the opinion of the authors.  They agree that certain actions frequently accompany certain emotions, though in the general case these are neither necessary nor sufficient to establish that the emotion is actually being experienced.  The last type of evidence of emotions is physiological.  While easy to quantitatively measure and certainly correlated with emotional states, the relationship between physiological measurements and cognitive states is not clearly established.  Since this work considers emotion as cognitive in nature, physiological data is of relatively limited use as a means of gathering empirical evidence.  

The authors maintain that emotions are intrinsically valenced.  In fact, this distinction is used to argue that many of what are commonly considered emotions are in fact cognitive states that typically give rise to emotions, but are not emotions themselves.  Among these is surprise, which the authors argue can arise in a nonvalenced form.  However, the cognitive state of unexpectedness often accompanies and effects the intensity of valenced reactions.  For example, a reprehensible action on the part of a trusted friend will produce a more intense feeling of reproach than the same action performed by a stranger.  

Number of Subjects

0

Arms of the Study

Three types of emotional reaction are included:  emotions about agents, about events, and about objects.

FINDINGS

Human Behaviors

Cognitive:

The generation of emotions is linked to a cognitive process in which the way in which emotions are generated as a result of the way that an individual construes various aspects of an event, agent, or object.

Physical:

Physical manifestations of emotions are beyond the scope of this work.

Performance Moderator Variables

Social Moderators

Several social moderators effect the intensities of various emotions.  These are deviations between actual actions and the expected actions of an agent as predicted by roles or past experience,  the degree to which an outcome is deserved by the effected agent, and the degree to which an agent is liked or disliked, the strength of the cognitive unit between various agents. 
Mental Moderators

The mental moderators effecting emotional intensity are the sense of reality felt by the agent, the unexpectedness of an event, the perceived praiseworthiness and blameworthiness of certain actions, familiarity with various objects, and the amount effort expended to cause or prevent an event from occurring.

Emotional Moderators

Twenty-two emotion types are accounted for by the system.  These are: happy-for, resentment, gloating, pity, satisfaction, hope, fear, fears-confirmed, relief, disappointment, joy, distress, gratification, remorse, gratitude, anger, pride, shame, admiration, reproach, attraction, and repulsion.

Physiological Moderators

An agent’s the overall level of physiological arousal has an effect on all types of emotions.

Performance Moderator Functions

The relationship between emotional state and performance of a given task is beyond the scope of this work.  However, a detailed method of deriving these emotional states is present.  

The OCC Model defines emotion as a valenced reaction to the consequences of events, the actions of agents, or aspects of objects.  Virtually any change in the world can be viewed in any of these contexts, so the experienced emotion depends heavily upon the focus of the emoting agent.  A variety of factors influence this focus, though throughout this work the actual determination of this is treated as a black box.  Figure 1 shows the overall structure of the model.
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Emotions generated by focusing on the consequences of events are further divided into those in which agents concentrate on the consequences for themselves and those in which they concentrate on the consequences for others.  If an agent is focusing on the consequences for another, the “fortunes-of-others” family of emotions is invoked.  If the event is desirable for the effected agent, the emoting agent will be happy for her or resent her, depending on whether (and how strongly) the emoting agent likes or dislikes the effected agent.  Similarly, if the event is undesirable for the effected agent, the emoting agent will experience pity or gloat, again depending on the their relationship.  That the valence of the emotion is determined by the relationship between the agents is explained by the balance principle, illustrated in Figure 2.
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If instead the agent concentrates on the consequences of the event for himself, either the “prospect-based” or “well-being” emotions are generated, depending on whether the agent is focusing on the prospect of the event or the event itself.  Before being confirmed or disconfirmed, the prospect-based emotions consist of hope and fear.  In a confirmed state, these change to satisfaction or, for lack of a better term, fears-confirmed.  In a disconfirmed state, relief or disappointment will be experienced.  If instead of the prospect of the event, the agent focuses on the event itself, joy and distress will be invoked.  

Different families of emotions are effected by different intensity factors.  Unexpectedness, sense of reality, proximity, and level of physiological arousal effect all types of emotion, and are consequently termed global variables.  Other intensity factors only have influence over certain specific emotions, and are consequently named local variables.  
Event-based emotions are typically produced in response to the impedance or advancement of an agent’s progress towards a particular goal.  The local intensity variables influencing event-based emotions are the degree of desirability, the relationship with the effected agent, the extent to which the event was deserved, the likelihood of the event if in an unconfirmed state, and the amount of effort expended to bring about or prevent the event if confirmed in a directly proportional fashion, and the degree to which the event is actually realized in an inversely proportional fashion.

From this description it would seem impossible within the model to, for instance, fear an undesirable event that may happen to a friend.  However, the model does indeed allow for this through the notion of a cognitive unit.  Depending on the strength of the cognitive unit between two agents, one can experience self-related emotions about the other.

Rather than focusing on an event itself, an agent can instead view it as the action of an agent.  These are the “attribution” emotions.  If agent herself is responsible, pride or shame will be generated.  If another agent is responsible, admiration or reproach will ensue.

Attribution emotions are typically generated as a response to some standard held by the emoting agent.  For example, running a red light is likely to produce reproach from all witnesses, as they likely believe that people should obey the law and not endanger others.  The intensity of the attribution emotions is effected by the degree of judged praiseworthiness or blameworthiness, the strength of the cognitive unit with the actual agent being judged, and the degree of deviation from what would be expected from the emoting agent’s relationship with the judged agent, or the judged agent’s role, etc.  

Finally, emoting agents can react to objects.  Love and hate are the extremes of the “attraction” emotions.  Again, this seems to suggest that an agent cannot feel love for another agent, and nor can a car be blamed for refusing to start.  However, within the model is the provision that agents can indeed be construed as objects, and vice-versa; in fact, this happens quite frequently.

Attraction emotions are ordinarily triggered by the tastes or preferences of the emoting agent.  For example, the color blue is a favorite of many, and these individuals are likely to feel slightly more positively about blue instances of a particular object than red ones.  The intensity of attraction emotions is effected directly by the degree to which the object is considered appealing and the extent to which the emoting agent is familiar with it.

The last family of emotions within the model is the “well-being/attribution compounds”, consisting of gratification and remorse when focused upon the self and gratitude and anger when focused upon another.  These are, in a sense, second-class emotions in that they can be expressed in terms of others, e.g. anger is distress combined with reproach.  However, they are nonetheless important for illustrating that a single change in the state of the world can cause an agent to construe the situation in a variety of ways, producing multiple potential emotions simultaneously.  In some cases, such as with the compound emotions, these result in unique experiences.  However, in the general case, only the most intense emotions generated by a particular change in the world are actually experienced.
Derivation Techniques

Modeling Techniques

While a complete theory of emotion is discussed, the authors stress that their intent is primarily to demonstrate the value of viewing emotions as a cognitive process rather than to prove their particular model is correct.  Consequently, more attention is given to showing the power and flexibility of their approach in general as opposed to the correctness of their particular model.

Lessons Learned

PMF Validity Info

Missing from this work is not only empirical data, but also a reliable method of attaining it.  The identified emotion types have no obvious means of measurement besides the self-reports of test subjects.  Since emotions are inherently subjectively experienced, they defy objective measurement.  

While the authors strive to separate the language of emotions from emotions themselves, they fully recognize that there is little evidence that an individual is experiencing an emotion other than the ways in which it outwardly manifests.  To this end, they seek to verify their work by reviewing experiments in which subjects provided self-reports of their emotional states throughout the study.  

ORIGINAL ABSTRACT

What causes us to experience emotions?  Exactly how do our interpretations of the world lead to different emotions and to emotions of varying intensity?  How are different emotions related to one another?  Despite an abundance of psychological research on emotions, these fundamental questions have yet to be answered.  In The Cognitive Structure of Emotions, Andrew Ortony, Gerald L Clore, and Allan Collins present a systematic and detailed account of the cognitive generation of emotions.  They propose three aspects of the world to which we can react emotionally:  events of concern to us, actions of those we consider responsible for such events, and objects.  These three classes of reactions lead to three classes of emotions, each based on evaluations in terms of different kinds of knowledge representations.  The authors characterize a wide range of emotions and offer concrete proposals about the factors that influence the intensity of each.  In doing so, they clearly separate emotions themselves and the language of emotion.

This book will interest a wide audience in cognitive, clinical, and social psychology, as well as in artificial intelligence and other cognitive science disciplines.  It is the first systematic, comprehensive, and computationally tractable account of the cognitions that underlie a broad spectrum of human emotions.

CONCEPTUAL MODEL FRAMEWORK

Conceptual Framework

Event-Based Emotion Activation
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Global Intensity Factors
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Intensity of Gloating:
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Black Box

DegreeOfFocus refers to a function returning a value directly proportional to the extent to which its one parameter is salient in the cognition of the calling agent.

ExtentDeserved(a, e) is a function indicating the degree to which the calling agent believes that agent e deserved event e.
EffortExpended(a, e) returns the amount of effort that agent e put forth to cause or prevent event event e.

ExtentLiked(a) gives the degree to which the calling agent has an affinity for agent a.  

DegreeRealized(e) returns, roughly, the importance of the event.  This is a combination of the importance of the goal effected by the event and the degree to which that goal is effected.  The fact that some goals are partially attainable and others are all-or-nothing is captured here.
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TASK

Domain
Emotion generation - Theory

Service Component

Any

Echelon

All

Entity

Individual person

Tasks Studied

The development of sixteen emotions via appraisals of eliciting events

Cognitive Framework

Appraisal theory.

METHODOLOGY

Study Goal

To provide empirical evidence for Roseman’s proposed (1984) theory of how emotions develop from appraisals of events, and compare these results with evaluations of other models.

Study Procedure

Subjects were given a written questionnaire covering two of the sixteen emotions hypothesized by the model.  Each question asked the subject to recall an emotional experience and provide ratings of the eliciting event in terms of the hypothesized appraisals.  The questions and their ordering were identical across emotions and subjects.  The questionnaires began by asking the subjects to “take a few minutes to remember a time when you felt SADNESS.  Then tell a story of what happened on that occasion.”, followed by “What was it in the situation you just described that directly caused you to feel sadness?”  Combined, these two questions arrived at a specific appraisal of an event which, as self-reported by the subject, elicited a particular emotion.  Subjects were then asked to rate how intensely each of the sixteen emotions in this study were felt when the described event happened along a scale of one (not at all) to nine (very intensely).  44 questions measuring the appraisal of this event were then asked, followed by 11 questions pertaining to demographic information.

Number of Subjects

36 male and 125 female students enrolled in classes at Loyola University of Chicago (96 undergraduates), the New School for Social Research (41 continuing education students and 14 psychology graduate students), and the College of New Rochelle (8 undergraduates), ranging in age from 18 to 79, with a median age of 20.

Arms of the Study

Each subject was asked to answer questions pertaining to events eliciting two of the sixteen emotions.

FINDINGS

Human Behaviors

Cognitive:

Significant evidence is found that emotions are developed by a cognitive appraisal process.  

Physical:

Performance Moderator Variables:

External Moderators:

Aspects of the event itself are perceived and become the stimulus for eliciting an emotion.

Emotional Moderators:

Sixteen emotions are identified:  Hope, Fear, Joy, Relief, Sorrow, Distress, Hope, Joy, Relief, Frustration, Liking, Dislike, Anger, Guilt, Pride, and Regret.

Social Moderators:

Mental Moderators:

Motives, both appetitive and aversive, and whether the event is consistent or inconsistent with these; probability of event occurrence; perception of weakness or strength in light of the event; agency (self or other)

An appetitive motive is one that the agent wishes to bring about.  Conversely, aversive motives are those which the agent does not want to occur.  

Performance Moderator Functions

Discrete emotions are hypothesized to develop according to Table 1.  Positive emotions are motive consistent, and negative emotions are motive inconsistent.   Emotions are further determined by probability of occurrence (unknown, uncertain, certain), whether the agent was reacting to an appetitive or aversive motive, and whether the agent perceived itself to be weak or strong regarding the eliciting vent.  While to some extent a measure of control, this perception of strength also accounts for coping potential. 

Table 1

	
	
	Positive Emotions
	Negative Emotions
	

	
	
	Motive Consistent
	Motive Inconsistent
	

	
	
	Appetitive
	Aversive
	Appetitive
	Aversive
	

	
	Unknown
	Surprise
	

	Circumstance

Caused
	Uncertain
	Hope
	Fear
	Weak

	
	Certain
	Joy
	Relief
	Sadness
	Distress,

Disgust
	

	
	Uncertain
	Hope
	Frustration
	Strong

	
	Certain
	Joy
	Relief
	
	

	Other Caused
	Uncertain
	Liking
	Dislike
	Weak

	
	Certain
	
	
	

	
	Uncertain
	
	Anger
	Strong

	
	Certain
	
	
	

	Self Caused
	Uncertain
	Pride
	Shame, Guilt
	Weak

	
	Certain
	
	
	

	
	Uncertain
	
	Regret
	Strong

	
	Certain
	
	
	


Derivation Techniques

Correlations for Roseman’s, Scherer’s, and Arnold’s models were drawn between experienced emotions as reported by the subjects and the elicitation variables pertaining to their appraisal of the situation.   

PMF Validity Info

It was found that the emotions described by the subjects were caused by more than one appraisal of the same event.  It is suggested that future studies account for this by removing the limit of one appraisal per generated emotion in the collection of data.

Additionally, there is a perpetual dilemma in recording data regarding emotions in that while retrospective studies have external validity, memories of emotional experiences are often significantly clouded.  Conversely, direct manipulation of emotions in a laboratory setting gives the experimenter significant insight into the process, but the reactions of subjects in such settings may differ considerably from what would occur in a different setting.

The composition of the group of subjects was also quite different from a typical group of soldiers.  All subjects were college students recalling what likely were nonprofessional experiences, and the majority were female.

ORIGINAL ABSTRACT

A recent theory (Roseman, 1979, 1984) attempts to specify the particular appraisals of events that elicit 16 discrete emotions.  This study tested hypotheses from the latest version of the theory and compared them with the hypotheses derived from appraisal theories proposed by Arnold (1960) and by Scherer (1988), using procedures designed to address some prior methodological problems.  Results provided empirical support for numerous hypotheses linking particular appraisals of situational state (motive-inconsistent/motive-consistent), motivational state (punishment/reward), probability (uncertain/certain), power (weak/strong), legitimacy (negative outcome deserved/positive outcome deserved), and agency (circumstances/other person/self) to particular emotions.  Where hypotheses were not supported, new appraisal-emotion relationships that revise the theory were proposed.
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All
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Any
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Individual person

Tasks Studied

The development of fourteen emotions based on event appraisal.

Cognitive Framework

This work describes an implementation of a subset of the OCC (Ortony, Clore, and Collins) model of emotions, as first presented in their 1988 work, The Cognitive Structure of Emotions.

METHODOLOGY

Study Goal

To develop an implementation of a theoretical model of emotions, as a piece of the Oz project, which is aimed towards developing high quality interactive fiction in virtual environments.

Study Procedure

This implementation is designed to fit within a significantly larger architecture.  At their broadest level, Oz worlds consist of a simulated physical environment, the agents within that environment, a user interface, and a theory of drama, which manipulates the world in such a way as to make the experience compelling for the user.


In order for a world to be believable, the agents populating it must simulate a variety of human traits.  Included in these are competent action within the world, reactivity to a changing environment, goal-directed behavior, appropriate emotions, individual personality traits, social skills, language skills, and intelligent inferencing about their environments.  In the Oz project, these are considered subsystems of an overarching architecture.  This work describes one such subsystem which handles the emotional and social dimensions of agent behavior.  Since emotions are strongly related to goals and vice-versa, there is a mechanism for communication between the emotional architecture the behavior subsystem.

FINDINGS

Human Behaviors
Cognitive:

The cognitive appraisal model presented in The Cognitive Structure of Emotions is adopted, albeit slightly simplified for the sake of computational tractability and ease of implementation.

Performance Moderator Variables

Social Moderators

Standards and their strength

Mental Moderators

Goals and their importance

Emotional Moderators

Fourteen emotions are generated by this system: joy, distress, hope, fear, pride, shame, admiration, reproach, love, hate, gratification, gratitude, remorse, and anger.

PERFORMANCE MODERATOR FUNCTIONS

The intensity of an event-based emotion is given by
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The intensity of an attribution emotion is given by
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in the Implementation covered by this report, Confirmed(standard) = Confirmed(goal) for some goal held by the agent, and likewise Importance(standard) = Importance(goal) for that same goal.

The intensity of object-related emotions is given by
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Valence(object) is a known value from the agent model.

Combination emotions are equal in intensity to the sum of their constituents:
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The OCC model is implemented in the following manner.  Event-based emotions are generated as a response to the success or failure of some goal or the prospect thereof.  Since, partially due to limited agent knowledge and partially due to the architecture of Hap, it is often impossible to determine the cause of a failed goal, events themselves are not judged.  However, since the relevance of an event is typically only considered in terms of how goals are effected, this is not a harmful simplification.

Two types of goals exist within this implementation, and are related to the concepts of interest goals and active goals as identified by Ortony et al.  The list of active goals (I want to buy milk), which have plans for their achievement, is maintained by the planning architecture.  The list of interest goals (I want the Eagles to win), which are permanent but have no associated plans, is handled by the emotional architecture.  

At the time of the writing of this work, there was no internal world simulator in this system, and hence no way of imagining potential future events.  As a result, a method of generating hope and fear was introduced in which tests which searched for cues in the environment were associated with each goal.  

In addition to the generation of emotions, this system also handles their thresholds and decay.  Thresholds can be mood and personality-specific, so emotions of a certain type will only be experienced if the causing event exceeds the agent’s tolerance.  

ORIGINAL ABSTRACT

The Oz project is developing technology for high quality interactive fiction and virtual realities.  An important aspect of this research is the development of intelligent, emotional agents to occupy these micro-worlds.  We present here some preliminary work on Em, an implemented model of emotion for use in these agents.  Em is based on the theoretical, cognition-based emotion model of Ortony, Collins, and Clore and has shown promise of being a flexible model of emotion.
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Domain:

Airplane piloting

Service Component:

All

Echelon:

Squadron and below

Entity:

Pilots and air crews

Tasks Studied:

Aircraft Piloting

Cognitive Framework:

Trait based

METHODOLOGY

Study Goal:

This study aims to identify the limitations placed upon the problem solving capabilities of a pilot during a mission in order promote the design of maximally helpful combat aircraft systems.

Study Procedure:

Two versions of a Mood Adjective Checklist (MACL) were issued to pilots before and after both real and simulated missions.  The first version covers six dimensions of  emotional state: pleasantness, activation, tension, extraversion, social orientation, and control.  This questionnaire was issued both before and after missions, and pilots were asked to evaluate how they felt at the moment that they were answering.  The second version covered two dimensions, activation and tension, and was issued only after missions.  Pilots answering this questionnaire were asked to evaluate how they felt during the mission.

Number of Subjects:

A number is not given, but data appears to have been collected over a nearly thirty year period between the 1970s and the writing of the paper.

Arms of the Study:
Pilots were questioned both before and after real and simulated missions.

FINDINGS

Performance Moderator Variables:

External Moderators:

Workload

Physiological Moderators:

Heart rate, heart rate variability, endocrine reactivity (adrenaline and noradrenaline)

Emotional Moderators:

Pleasantness, activation, tension, extraversion, social orientation, and control

Social Moderators:

Mental Moderators:

Problem solving (PS) and emotion coping (EC) processes, commitment.

Performance Moderator Functions:

Tension and effort are the primary variables involved in the emotion coping process (EC).  As challenge increases, so does tension and consequently effort.  

EC = Tension * Effort

The problem solving process manifests as activation and commitment.  These are signs of the mobilization of psychological resources towards problem solving, decision making, and direct action.  As a result, the problem solving process (PS) is positively related to performance:

PS = Activation * Commitment

Since cognitive resources are limited, high levels of emotion coping when faced with a challenge tend to interfere with problem solving, and hence pilot performance (PP) is negatively effected.  Conversely, high levels of problem solving directly improve performance:
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By means of this model, challenge is linked to pilot mental workload (PMWL).  Training and skill are negatively correlated with challenge and hence mental workload.  Mood is also strongly influential on workload, as more alert, active, relaxed and confident pilots can more easily cope with the mental loads involved during it.  

The relationships among mental workload, performance, and tactical situation awareness (TSA) are then examined. It was found that a linear relationship between performance and awareness existed, but performance as a function of workload combined with awareness was curvilinear in shape.  Given too much information, mental workload increases to a point where performance begins to be harmed.   Figure 2 illustrates this relationship.

Normalizing PP, PMWL, and TS to be numbers between –0.5 and 0.5, the following equations approximate this relationship:

PP = 1 – PMWL2
TSA = PP
TSA = 1- PMWL2
Figure 2. Relationships between performance (PP), tactical situation awareness (TSA) and mental workload (PMWL)
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Derivation Techniques

The previous relationships among the identified were found using LISREL (Linear Structural RELationships, Joreskog & Soborm, 1984).

PMF Validity Info

3: While clearly based on empirical data, only high level descriptions of it are given.
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Domain:
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Individual person

Tasks Studied:

The strategies of coping used in dealing with stressful episodes

Cognitive Framework:

This study views coping with stressful episodes as an active process, which is undergone through one of three methods.  The first is problem-focused coping, in which an individual attempts to alleviate the problem by solving it.  In the second method, emotion-focused coping, individuals attempt to deal instead with their feelings and learn to accept the situation.  These two methods were originally identified by Lazarus and Folkman (1984).  A third method, termed suppression, involves simply refusing to think about the stressor in order to avoid any feelings about it.  Suppression was first studied by Parkes (1984).

Which coping method an individual uses and to what extent any coping is done at all is viewed in this study as a function of the personality traits of private self-consciousness and propensity towards cognitive failures, and several situational variables such as the nature and importance of the event.  

METHODOLOGY

Study Goal:

This study seeks to validate a theory proposed by Wells (1991), which states that while self-focus plays an important part in coping with stress, in large or persistent quantities it begins to interfere and limit cognitive resources available to active coping strategies.

Study Procedure:

139 female nurses were asked to recall a recent stressful episode and answer a series of questions as to how they coped with it.  

To obtain values for event importance, subjects were asked whether the stressful events that they reported “mattered a little”, “mattered a moderate amount”, or “mattered a great deal.”  Similarly, to determine the controllability of the event, subjects were asked to choose among the following: “I could change or do something about the situation” (high controllability), “I had to accept the situation or get used to it” (low controllability), or “In between, or a mixture of both” (medium controllability).

Number of Subjects

139 female nurses with a mean age of 29.4 years with a standard deviation of 8.93.

Arms of the Study

Coping strategies were measured using the Method and Focus of Coping Measure of Billings and Moos (1981), consisting of 19 yes/no questions.  This measure divides coping strategies into three categories: active-cognitive, active-behavioral, and avoidance coping.  Further, subscales of emotion-focused and problem-focused coping are measured based on the work of Folkman and Lazarus (1980).  A third coping strategy, suppression, introduced by Parkes (1984) was also measured.

FINDINGS

Human Behaviors:

Cognitive:

The data gathered supports the hypothesis that individuals who are high in private self-consciousness or cognitive failures cannot dedicate a sufficient degree of their cognitive capacity to active coping strategies, and as a result cope less with stressful situations.

Performance Moderator Variables:

External:

Nature of event

Emotional:

Degree of personal self-consciousness, emotion focused coping, suppression coping, 

Mental

Cognitive failure score, problem focused coping, importance of event, controllability of event

Performance Moderator Functions:

Choice of coping strategy is found to be correlated with both situational and personality factors, and their interaction.  As event importance increases, the amount of problem-focused coping also increases, with a corresponding decrease in the amount of suppression.  Personal self-consciousness proved to be weakly negatively correlated with problem focused coping, though when constrained to only mixed controllability events, high levels of personal self-consciousness went with reductions in all three coping strategies, though the data suggests that the reduction in suppression may also have been a result of a higher cognitive failures score.  This overall reduction in coping due to self-focus, the principal hypothesis of this work, is suggested to cause potential psychological problems.  Since overall cognitive capacity is limited, self-focused individuals have sub optimal levels available for active coping strategies. Individuals high in cognitive failures showed similar results.   It is, however, admitted that it is possible that other, more passive coping strategies not measured by the administered tests may have been used.  A summary of the data obtained is provided in table 1, and the Pearson correlations among these personality and coping variables are listed in Table 2.  The results of the multiple-regression performed as described under Derivation Techniques are given in table 3.

Table 1- Percentage of subjects reporting specific types of events and appraisals, and descriptive statistics for personality scores

	Variable/Event
	
	%

	Nature of Event
	
	57.6

	  Work Related
	
	42.4

	  Personal
	
	

	Importance
	
	

	  Mattered a little
	
	2.9

	  Mattered moderate amount
	
	15.1

	  Mattered a great deal
	
	82.0

	Controllability
	
	

	  Low
	
	43.2

	  High
	
	21.6

	  Mixed/Uncertain
	
	35.3

	
	
	

	
	Mean
	SD

	Emotion-focused coping
	4.33
	1.60

	Problem-focused coping
	4.39
	1.47

	Suppression
	4.09
	2.35

	Private Self Consciousness
	20.92
	4.81

	Cognitive Failures
	44.73
	11.72

	
	
	


Table 2 - Person correlations for personality and coping variables.  PSC = Private Self-Consciousness, CFQ = Cognitive Failure Questionnaire, E = Emotion-Focused Coping, P = Problem-Focused Coping, S = Suppression, Imp = Importance of Event, Nature = Nature of Event, Con-1 = Controllability 1, Con-2 = Controllability 2 (see Derivation Techniques)
	
	2
	3
	4
	5
	6
	7
	8
	9

	1. PSC
	0.30
	-0.06
	-0.12
	-0.05
	0.11
	0.08
	-0.06
	0.12

	2. CFQ
	
	0.12
	-0.03
	-0.05
	0.01
	-0.01
	0.01
	0.11

	3. E
	
	
	0.04
	0.20
	-0.01
	-0.11
	-0.11
	-0.01

	4. P
	
	
	
	-0.16
	0.14
	0.02
	-0.16
	0.08

	5. S
	
	
	
	
	-0.26
	-0.14
	-0.07
	-0.10

	6. Imp
	
	
	
	
	
	-0.17
	-0.26
	-0.01

	7. Nature
	
	
	
	
	
	
	-0.13
	0.07

	8. Con-1
	
	
	
	
	
	
	
	-0.21

	9. Con-2
	
	
	
	
	
	
	
	


Table 3 – Regression of Coping Scales on Appraisal and Personality Measures, at Different Levels of Controllability

	
	
	
	
	
	Controllability
	
	
	
	

	
	
	Low
	
	
	Mixed
	
	
	High
	

	
	Predictor
	r
	Beta
	
	r
	Beta
	
	r
	Beta

	S
	Imp
	-0.19
	-0.30
	
	-0.33
	-0.34
	
	-0.36
	-0.36

	
	Nature
	-0.23
	-0.33
	
	-0.12
	
	
	0.01
	

	
	PSC
	0.14
	
	
	-0.30
	
	
	0.08
	

	
	CFQ
	0
	
	
	-0.31
	-0.32
	
	0.22
	

	E
	Imp
	0.14
	
	
	-0.11
	
	
	0.03
	

	
	Nature
	-0.28
	-0.28
	
	0
	
	
	0
	

	
	PSC
	0.15
	
	
	-0.37
	-0.37
	
	0.09
	

	
	CFQ
	0.13
	
	
	0.01
	
	
	0.28
	


Derivation Techniques

A multiple regression was performed on the data obtained in order to accommodate the mutual correlation between private self-consciousness and cognitive failures.  These personality variables were treated as continuous.  The three appraisal variables: the nature, importance, and controllability of the event, were coded as categorical.  Due to the high number of subjects reporting events that “mattered a lot”, the other two importance categories were grouped together.  Events were considered to be either work-related or personal, and consequently both the nature of event and importance variables were coded as single, binary numbers.  Controllability was coded using two binary variables, one contrasting high and low controllability and one contrasting the mixed/uncertain category with high and low as a group.  

Lessons Learned

PMF Validity Info

3.0; Due to the nature of the events being described, the accounts given by the subjects of this study were subject to personal bias.  The authors suggest that future studies use prospective, as opposed to retrospective, methods of questioning subjects.  It is also pointed out that private self-consciousness is correlated with a number of other influences, and this study does not attempt to measure whether it is actually private self-consciousness that effects coping or one of these other variables.   Finally, since this study was conducted on an entirely female group, the results may not generalize.  Studies are cited that indicate that self-focus has slightly different effects on men than on women.

ORIGINAL ABSTRACT

Evidence suggests that self-focused attention and cognitive failures may have disruptive effects on the use of specific coping strategies in stressful situations.  In this study the personality factors of private self-consciousness (dispositional self-attention) and cognitive failures were investigated in relation to coping processes in specific stressful episodes reported by 139 female nurses.  Multiple regression analyses were run to test for personality predictors of problem-focused coping, emotion-focused coping, and suppression-coping strategies.  In examining the relationship between personality factors and coping the possible mediational role of subjects’ appraisals (importance of the episode and perceptions of control) were investigated.  The results showed significant negative correlations between self-attention and emotion-focused and problem-focused coping only in mixed controllability situations.  A significant negative correlation between cognitive failures and suppression was similarly dependent on subjects’ situation specific control appraisals.  The specificity of these relationships is interpreted in terms of the different effects which self-focus, cognitive failures, and control appraisals have on attention.
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TASK

Domain: 
Echelon: 

Tasks Studied: Effects of arousal on performance in easy and difficult sustained attention tasks.

Cognitive Framework: Trait based.

METHODOLOGY

Study Goal: The general aim of this study is to test the Eysenck (1967) and Humphreys and Revelle (1984) arousal-mediation theories (one relating extraversion to arousal, and one relating arousal to performance).

Study Procedure: 

(1a) Externally Paced Sustained Attention Task - On a visual display unit (VDU), stimuli consisted of 540 single digits, of which 135 were the target digit, zero, presented at a rate of 1 digit per second, giving a signal probability of 0.25. Each digit was displayed as part of 32 x 32 block pixels in the center of the VDU. In the control condition these digits were easily perceived. In the degraded condition, 30% of the pixels of the digit display were difficult to perceive.

(1b) Self-Paced Sustained Attention Task - Subjects completed control and degraded versions of the sustained attention task, this time the task was self-paced. Subjects responded one of two keys to register a target or non-target. The next stimulus was presented immediately after the subject’s response. 1080 digits were presented, of which 25% were targets, in four successive blocks of 360 trials.

(2) Visual and Memory Search - General procedure same as (1a), but subjects were presented with one to four target items to memorize on each trial.

(3) Letter Transformation – A string of 1 or 4 letters was displayed, the subjects spoken response was then recorded.

Number of Subjects: 

(1a) 50 male and 50 female university undergraduates

(1b) 20 male and 20 female university undergraduates

(2) same as in (1a)

(3) 16 male and 16 female university undergraduates

Arms of Study: 

FINDINGS

Performance Moderator Variables: time of day, extraversion, arousal, stimulus degradation, task period, memory load, frame size

Performance Moderator Functions (PMF): Sustained Attention Performance (SAP), sensitivity of SAP, efficiency of SAP
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Modeling Technique: 

Lessons Learned: 

Introversion, low energetic arousal, stimulus degradation, and later task period all seem to predispose the person to poor task performance.

Energetic arousal significantly enhanced perceptual sensitivity, and is a stronger predictor of performance than tense arousal. The relationship between arousal and sustained attention performance supports Humphreys and Revelle (1948) theory, but not the Yerkes-Dodson Law. Extroversion effects were suggestive of higher resource availability in extraverts on the externally paced task and of strategy of shifts on the self-paced task.

PMF Validity Info:
4

ORIGINAL ABSTRACT

Three studies of the effects of extraversion and self-report arousal on attentional task performance were conducted, using sustained attention, visual/memory search, and letter transformation tasks. Differing predictions were derived from the Yerkes-Dodson Law and from Humphrey’s and Revelle’s theory of individual differences in multiple attentional resources. Higher arousal was consistently associated with more efficient performance of demanding versions of the attentional tasks. This finding supports Humpreys and Revelle’s hypothesis that arousal is positively associated with the resources required for sustained information transfer. No support for Yerkes-Dodson Law was found in any study: Relationships between arousal and performance were largely linear. Interactive effects of extraversion and arousal on response criterion were found with self-paced tasks. Extraversion may affect more than 1 type of cognitive process, with the strategic demands of the task influencing the kind of extraversion effect found in any given experiment.

REFERENCE

I. Title

Descartes’ Error:  Emotion, Reason, and the Human Brain

II. Author

Antonio Damasio

III. Organization

University of Iowa

IV. Web Address

V. Place of Publication

New York

VI. Date

1994

VII. Reference Number

ISBN: 0-380-72647-5

VIII. Pages

297

TASK

IX. Domain

Emotions and their relationship with decision-making

X. Service Component

XI. Echelon

Not applicable

XII. Entity

XIII. Tasks Studied

Decision-making

XIV. Cognitive Framework

Cognitive Model

METHODOLOGY

XV. Study Goal

The central focus of this book is to dispel the Cartesian notion of the separation of mind and body.  In doing so, Damasio develops a theory of decision making based on the concept of somatic markers, which are flags attached to courses of action that represent positive or negative states of the body.

XVI. Study Procedure

Damasio supports his theory through the study of individuals with prefrontal brain damage.  Such people, of whom Phineas Gage is the most famous example, can be demonstrated to retain all of their knowledge and capabilities, to the extent where their recovery from the accident that caused the damage is considered miraculous.  However, it soon becomes clear that something has changed in their decision-making process.  They become, in the opinion of Damasio, users of pure decision theory, performing extensive cost-benefit analyses of various courses of action using objective facts.  By comparing the often life-destroying choices made in this manner to those made by those without this type of brain damage, Damasio sets the stage for the somatic marker hypothesis.

Number of Subjects:

0

XVII. Arms of the Study:
Covered in this work are the development of emotions and their link to states of the body, the resulting effects on decision-making, and illustrative case studies.

FINDINGS

Human behaviors:


Cognitive:  Decision-making is viewed as occurring in the following way.  As an individual develops, either by direct or imagined experience, certain situations are marked as eliciting positive or negative states of the body.  Assigning this valence is the job of emotion, where a positive state of the body is associated with the experience of a positive emotion and vice versa.  These markers then influence the process of developing and selecting courses of action by either immediately eliminating a branch of the tree from consideration or by directing the process towards a particular state.


Physical:  

Performance Moderator Variables:
External Moderators:  The eliciting situation

Physiological Moderators:  Various changes in body state caused by emotions are viewed as being the roots of somatic markers, but are not enumerated.

Emotional Moderators:  Positive and negative body states, as determined by an emotional appraisal process

Social Moderators:  

Mental Moderators: 
Performance Moderator Functions:
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PMF Validity Info

3:  While the reasons why it was necessary to develop this theory are clearly shown from case studies, it was the intent of this book merely to present the somatic marker theory and cite the need for research to validate it.

Lessons Learned

This theory not only presents one of few existing explanations of the link between emotion and behavior, but also does so in a manner that actually increases the efficiency of decision-theoretic agents by claiming that natural decision processing involves the immediate and unconscious removal of a great deal of courses of action from consideration based solely on previous experience and imagined outcomes.

Derivation Techniques
Original Abstract

None provided

CONCEPTUAL MODEL FRAMEWORK (CMF)
VI. Asymmetric Organization PMFs

REFERENCE

Title: Guerrillas & Terrorists
Authors:  Richard Clutterbuck

Organization: 

Publisher: The Ohio University Press

	Reference Number: ISBN 0-8214-0592-6
	Date: 1980
	Pages: 125


TASK

Domain: Conflict between traditional and non-traditional military forces

Echelon: all

Tasks Studied: Mounting an insurgency; fighting an insurgency 

Cognitive Framework: Analysis based on case studies of insurgencies     

METHODOLOGY

Study Goal: To understand the requirements for survival of an insurgency, and therefore understand how to successfully counter such a situation.
Study Procedure: The author examines a number of successful and unsuccessful insurgencies, and compares the similarities and differences in how they came about and how they were fought.     

Number of Subjects: Not determined; approach is more ancecdotal, with cases drawn from across history, but with a particular focus on the conflicts of Southeast Asia between 1930 and 1975    

Arms of Study:  There are 2 arms to the study:

1)  Analysis of insurgent ideology, doctrine and strategy.

2)  Analysis of anti-insurgent strategies.  

FINDINGS

Performance Moderator Variables: For Clutterbuck the variables in an insurgency against an established authority are not clearly articulated, but can be typified in very basic terms as being three:

1) Rebel

2) Authority

3) Community

These are simplistic and vague variables, to be sure, but they are the key elements in the interrelationship bariously called “armed struggle,” “insurgency,” “revolution,” and “terrorism.”

1) Performance Moderator Functions (PMF):  Clutterbuck’s most astute observation is that an insurgents’ hopes rest on whether or not his operational environment is hospitable to him or not.  This is reflected in his frequent reference to the doctrine of Mao Tse-Tung in matters of guerrilla warfare.  Most notably,  Mao said,  “The guerrilla is the fish and the People are the sea.”  Therefore the guerrilla must, in order that he can operate, ensure that the people, or some portion thereof, is on his side.  If this is not the case, then the insurgency will quickly wither as the people inform on the guerrilla to the authorities. 

Mao’s Phases of insurrection:

1) Organizational phase

2) Guerrilla phase

3) Phase of mobile war

These are PMF’s in the sense that each is a discrete strategic epoch in the insurgency shaping the behavior of the insurgent. They are also ideologically rooted in that they are part of the overall aim of exerting political control over the people. 

Each phase can be seen as a separate PMF, in that the interrelationship of the variables noted above is different.

1) Organizational phase:  Buildup of guerrilla forces, structure of cadres built ot organized support of population, agit-prop to stir up support, selective terror against government officials, landowners; deter informers.  

2) Guerrilla phase:  Attack weak-points, ambush to acquire weapons, demoralized enemy, expand liberated zones. 

3) Phase of mobile war.  Final outcome to be decided by civil war of conventional forces. 

In each of these phases the rebel’s organizational imperative are different and his operational decisions are different. These are the functional differences. 


The author points out that most organizations never progress beyond phase one, and most fail to even persist there for any length of time.  However, Mao’s paradigm is useful in looking at failed as well as successful rebellions for what was done wrong as well as right. 

Modeling Technique:  Textual descriptions of procedures for insurrection, anti-insurgency.

Lessons Learned: The author points out the importance of popular support and opinion for both the rebel and the government.  This relationship of political actors to the “sea” of people can be influenced by a variety of means, carrot or stick.  Totalitarian states may exert a level of control over the individual so as to make clandestine operation by the rebel virtually impossible.  At the other extreme, involvement of the authorities with the well-being of the people, and a connection between the well-being of the people and maintaining authority of the government, also causes great difficulty for the rebel’s continuing presence in the community. 

The rebel must configure his organization to take advantage of his chosen arena, and direct his strategies at making the “sea” hospitable to him.  

PMF Validity Info: Validity appears high for assessing the “do’s and don’ts” rebellion.  The syntax of the PMF’s is not well articulated, however.  


Most important in the capacity of this paradigm for categorizing an organization based on its ideological imperatives, and not on its operational characteristics (i.e. a ‘terrorist organization’).

Clutterbuck writes:


Whether guerrilla warfare is judged to be legitimate or not, it almost inevitably incorporates and element of terrorism.  This is because the government in the country will invariably regard it as illegitimate and will treat those members of the population who support the guerrillas as criminal.  Thus, whatever the true sympathies of the majority of the population, the proportion prepared to take the risk of supporting the guerrillas will usually only be a small minority so, to survive at all, the guerrillas will have to put 5tne population at large in sufficient fear to induce an adequate proportion to support them and to deter the remainder from supporting the government—in other words, to impose and element of terror.  

This holds true for the most admired of guerrilla struggles, as well as the most unsavory.  

ORIGINAL ABSTRACT

None provided by Clutterbuck.

REFERENCE

Title: Developing a Construct for Modeling Asymmetric Warfare
Authors:  Martin Kleiner

Organization: Logicon Advanced Technology

Publisher: 

	Reference Number: 
	Date: 2000
	Pages: 32


TASK

Domain: Conflict between traditional and non-traditional military forces

Echelon: all

Tasks Studied: Laying out a general taxonomy covering the basic functions and operating processes that are fundamental to organizing and sustaining military units and conducting military operations. 

Cognitive Framework: Application of formal and accepted doctrine and analysis tools to understanding foreign military organizations.     

METHODOLOGY

Study Goal: Can tools for predicting, aiding, or assisting in friendly Course of Action development, analysis and selection be modified and adapted to accurately represent foreign, non-allied organizations?
Study Procedure: Cases: Foreign military forces viewed through current US Military functions and process.   

Number of Subjects: One.  Organization of paramilitaries in Bosnia.    

Arms of Study:  There are 2 arms to the study:

1)  Hypothesis 1, that there are basic functions and operating processes that are fundamental to organizing and sustaining military units and conducting military operations.  

2)  Hypothesis 2, that as one moves along the spectrum from longstanding, well organized doctrinal based organizations to more loosely knot paramilitary groups and finally to personality based cults and small anarchist groups the correlation between different groups’ functions and processes dissipates.  

FINDINGS

Performance Moderator Variables: Variables are defined within the PMF definitions.  

Performance Moderator Functions (PMF):  Kleiner’s integrated paradigm for a military organization involves the following components, which are PMF’s.  He has adapted these from current US Military usage. 

1) DOTLMS--  Doctrine, Organization, Training, Leadership, Materiel, Soldiers.  This PMF is for the building and maintaining of an organization.  

2) METT-TC--  Mission, Enemy, Terrain, Troops, Time, Civilians.  This PMF is for parameterizing tactical operations of the organization.  

3) Course of Action Development--  Suitability, Feasibility, Acceptability.   This PMF is for the assessment and comparison of different COA’s following application of METT-TC.

4) Battlefield Operating Systems--  Tactical, Operational, Strategic levels of War.   Division of battlefield activities based on point of Command and Control.  

5) Principles of War--  This PMF provides guidance and focus for the conduct of operations at all levels of war.  

Modeling Technique:  Integrated relational schematic of PMF’s across spectrum of activities, ranging from building the organization to conducting operations toward the organizational objective. 

Lessons Learned: Organizations that seek to apply military force have some fundamental operating processes in common.   Also when a group lacks a ready instrument of force, it will create one that serves its needs.   

PMF Validity Info: Validity appears high for aspects of Organizing, tactics, and decision-making, due to some basic truths of use of force.  However in the areas of Principles of War and Battlefield Operating Systems, the difference between a professional warfighting organization and a small ad-hoc one would seem to cause great potential for divergence when any small defeat might mean the end of the organization.    


ORIGINAL ABSTRACT

None provided by Kleiner.

REFERENCE

Title: Simulating Terrorism
Authors:  Stephen Sloan

Organization: 

Publisher: U. of OK Press

	Reference Number: ISBN 0-8061-1747-8
	Date: 1981
	Pages: 158


TASK

Domain: Terrorist hostage taking and siege situations

Echelon: all

Tasks Studied: Understanding the ideology, organization, planning and execution of a terrorist hijacking or siege for the purposes of simulating the interaction between terrorists and security forces. Understanding the pitfalls and shortcomings of security and law enforcement response to such incidents. 

Cognitive Framework: Analysis based on case studies of incidents.  

METHODOLOGY

Study Goal: To improve security force preparedness in responding to hostage taking and siege incidents. 
Study Procedure: The author studies cases of actual hostage taking and siege in order to develop an operational script for simulation operations involving security and law enforcement personnel.  Ideally the realism and authenticity of the simulation exposes inadequacies in security preparedness for such incidents in the course of simulation. 

Number of Subjects: 111 actual incidents are examined to develop terrorist plot and scenario. Ten actual simulations are described. 

Arms of Study:  There are 2 arms to the study:

1)  Analysis of terrorist incidents and the devising of parameters for writing the terrorist plot and script. 

2)  Application of  procedure to real simulation exercises and the discussion of lessons learned.  

FINDINGS

Performance Moderator Variables:   Readiness for handling hostage taking and/or siege.  

Performance Moderator Functions (PMF):  For purposes of the terrorist exercise, the author describes two phases with subordinate components.  The development of these phases is influenced by the variables above.

1) The Preparatory Phase

a) The selection of the type of incident and target

b) The selection of hostages

c) The motivation and ideological factors behind the incident

d) The selection and recruitment of the terrorists

e) The organizational framework

2) The Operational Phase

a) The means of infiltration: breaching security

b) Securing the hostages

c) The communications function

d) Development of potential alternative conclusions

Modeling Technique:  Textual description of procedures (plots and scripts) for simulation.  

Lessons Learned: Real terrorist incidents can be analyzed for the purpose of engaging in force-on-force simulation, where the “blue” force is compelled to face situations where current doctrine does not readily supply an answer.  This can be used to develop new doctrine and courses of action.  

The author as a very constricted area of consideration here; only hostage-holding hijacks or sieges, and only for the purpose of live simulation for improving security and law enforcement response.

PMF Validity Info: Validity appears high for the live simulation of politically motivated hostage-taking, siege and hijacking.  The author persuasively argues how the described analytical procedure “produces a highly realistic exercise in crisis management and effective procedures for evaluation.” 


However, his approach presents us with difficulties on two fronts:  One, any procedure that begins with selecting the type of incident and target has hardly any capacity for prediction.  Two, for the same reason it has very little value for modeling a semi-autonomous force; that force needs to pick its own targets based on some general structuring of the force and its strategic directives.  


It does seem valuable, however, to have detailed studies of how to develop live simulations for asymmetric conflicts, as this is a parallel of the live simulations in force-on-force conflict that are the precursors of virtual simulations and SAF’s.  

ORIGINAL ABSTRACT

None provided by Sloane.

REFERENCE

Title: Terrorists’ Target Selection
Authors:  C.J.M. Drake

Organization: 

Publisher: St. Martin’s Press

	Reference Number: ISBN 0-312-21197-X
	Date: 1998
	Pages: 272


TASK

Domain: Factors affecting terrorists’ decision making

Echelon: all

Tasks Studied: Selecting a target based on ideology, strategic objectives, and arena; decisions concerning execution of terrorist operations 

Cognitive Framework: organization based

METHODOLOGY

Study Goal: “This study is not an attempt to forecast how particular terrorist groups will act, nor an attempt to predict future trends in terrorism…. The purpose of this study is simply to determine those factors influencing the selection of physical targets by terrorist groups, and attempt to describe how those factors interact.
Study Procedure: Drake reviewed the research literature and compared data on many different terrorist groups. From this he developed typologies for terrorist ideology, strategic objectives, types of operations, potential effect of operation, and a typology of society from the terrorist’s POV.  Finally he developed a two- stage flow-charting of Terrorist target selection.  

In constructing his typologies of terrorist modalities, Drake looks across different organizations in comparing them in organizational and operational aspects:  Ideology—different ideologies correlated with target selection.  Strategy—connection between ideology and arena.  Tactics—an operational progression.  Capabilities—leadership, membership, weapons available, financial base.  Target Protection—reaction of different groups to level of difficulty of attacking target. Security environment—examines the security environment faced by studied organizations, develops typology of security force functions.  External factors—examination of relation of group to society results in a  typology of society from the terrorists’ POV.  Decision-making—environmental, structural effects particular to terrorists’ decision processes.  In all of the above the author takes examples and makes comparisons among terrorist groups.  

Number of Subjects: dozens of organizations

Arms of Study:  An operational progression is described which is fundamental to any effective terrorist operation, and which the author feels is present even if not overtly articulated by the operators: 

· Setting up a logistical network

· Selecting potential targets

· Gathering information on potential targets

· Reconnaissance of potential targets

· Planning of operation 

· Insertion of weapons into the area of operations

· Insertion of operators into the area of operations

· Execution of the operation

· Withdrawal of operational team

· Issue of communiqués

While the author touches on all elements, at least in their relation to each other, his main concern is with “Selecting Potential Targets.”  Consequently this is a one-armed study.  

FINDINGS

Performance Moderator Variables: Terrorists’ actions are characterized as violence with a purpose, so the process of targeting is subject to influence by variables.  Those variables apply to three major subjects: the Organization, the Target, and the Arena.  

Variables concerning the Organization:

· Political aims of the group (IDEOLOGY)
· Separatism

· Religion

· Liberalism

· Anarchism

· Communism

· Conservatism

· Fascism

· Single-issue

· Organized Crime
· Strategic objectives of the operation (STRATEGY) 
· Threat elimination

· Compliance

· Disorientation

· Attrition

· Provocation

· Advertisement

· Endorsement
· Capabilities of the organization (CAPABILITY)

Variables concerning the Target:

· Functional value of the target (FUNCTION)
· Symbolic – prime motive is reaction of psychological target

· Functional – remove threat to group

· Logistical – extortion, robbery, protect group’s resources

· Expressive – anger, despair, revenge
· Protective measures on the target (PROTECTION)

Variables concerning the Arena:

· Security environment for the operation (SECURITY)

· Categories of society regarding the group (OPINION)

· Members

· Supporters

· Potential sympathizers

· Uncommitted

· Unsympathetic

· Opponents

· Enemies

Drake has supplied the typologies for these variables where listed. 

Performance Moderator Functions (PMF): Drake’s theory of terrorists target selection is represented as two sequential process diagrams where the variables above affect the outcome, and the outcome is choice of target.  We can look at these a single PMF, where the “performance” moderated is the target selection.  The first process is concerned with the constraints on the selection of the target, and involves the narrowing of target possibilities from a broad “scope of action” to a specific operational choice (fig. 1).  The second is concerned with the application of those constraints to each potential target (fig. 2).  PMF part 2 could be viewed as the mechanics of a target passing down the constraint column of PMF part 1.  

The input for this PMF is a potential target, and the output is a selected target or type of operation.  Drake has a typology for terrorist operations:

· Assassination

· Discriminate attack

· Mass casualty attack

· Abduction

· Siege

· Hijacking

· Sabotage

· Mass destruction attack

The outputs can be classified according to the above criteria, which could be used for grouping potential targets, or for target substitution.  

In using the process diagrams shown in figures 1 and 2, we can think of the terrorist attempting to narrow his choice of target, as in figure 1, from the wide scope of any action, to the specific instance of a single operation.  This process is achieved by subjecting the proposed target to the process evaluation described in figure 2.  Potential targets are evaluated and discarded until one meets all the desired criteria.  And these criteria are defined according to the Performance Moderator Variables above.

Modeling Technique:  Flow chart of terrorists’ target selection process.  

Lessons Learned: The environmental and organizational variables facing a terrorist group can be reduced to a fairly constrained group of typologies, and the terrorist operation can be represented in a decision process influenced by these variables. 

Figure 1 – Constraints on terrorist target selection
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Figure 2 – Process of terrorist target selection
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PMF Validity Info: Validity appears high for the operational aspects of target selection.  In the process specific aspect of the PMF, each step holds the ability to weigh the different variables.  Of particular importance is the integration of assessment of operator ideology and his environment, i.e. a comparison of the agent’s motivation and the people around him, not involved in the organization, but subject to his actions and potentially helpful or detrimental to his operation.  


 It is less clear now the PMF is capable of determining the structure of the terrorist organization.  From a SAF point of view, this may be seen as a paradigm for the planning architecture.  However a prior analysis tool that assesses the same variables and provides output of organizational structures and capabilities, and their correlation, may be required.  

ORIGINAL ABSTRACT

None provided by Drake.

VII. Noise/Music PMFs

REFERENCE

Title: The Influence of Group Singing on Trust and Cooperation

Authors: Anshel, A.; Kipper, D. A.

Organization: Bar-lian University, Israel

Journal: Journal of Music Therapy (1988), Vol. XXV (3), 145-155

	Reference Number: 1989-22318-001
	Date: 1988
	Pages: 11


XVIII. TASK

Domain: Group trust and cooperation

Echelon: 

Tasks Studied: Griffin-Trust-Differential and Prisoner’s Dilemma

Cognitive Framework: Trait-based

XIX. METHODOLOGY

Study Goal: To investigate the relative effects of group singing, group music listening, group poetry reading, and group video viewing on trust and cooperation.

Study Procedure: Participants either sang in a group, listened to music in a group, read poetry in a group, or watched a video in a group.  After the group activity, the Griffin-Trust-Differential test was administered, followed by a prisoner’s dilemma task that was given to pairs of participants.  For the prisoner’s dilemma task, cooperation was operationalized as choosing such that cooperation would maximize return.

Number of Subjects: 96 Israeli males (age 22 – 41) in a continuing education program

Arms of Study: N/A

XX. FINDINGS

Performance Moderator Variables: Activity type

Performance Moderator Functions (PMF): Scores by activity type:

	
	
	Singing
	Listening
	Poetry
	Video

	Trust
	M
	86.33
	80.17
	68.17
	69.17

	
	SD
	13.50
	11.33
	11.60
	15.72

	Cooperation
	M
	17.25
	9.00
	15.52
	5.08

	
	SD
	9.64
	6.29
	8.95
	6.05


Assuming that the watching a video provides a reasonable baseline for group trust and cooperation scores, we can extract the following quantitative predictions:

Different types of group activities modify inter-group trust and cooperation.  Most notably, active activities increase cooperation while musical activities increase trust.  We can represent this with scaling constants for different types of activities.

TrustEffective = TrustBase * ActivityTrustConstant

CooperationEffective = CooperationBase * ActivityCooperationConstant

	
	Active Music
	Passive Music
	Active Normal
	Passive Normal*

	Trust Constant
	1.25
	1.16
	1
	1

	Coop. Constant
	3.40
	1.8
	3.1
	1


* Passive Normal activities are considered baseline

Modeling Technique: Analytical

Lessons Learned: Music appears to have a significant impact on group trust, while active activity seems to have a significant impact on group cooperation.  Group musical activity increases both trust and cooperation.

PMF Validity Info: 4 – The data is insufficient to build a publishable model, but the results are robust enough to justify our plausible quantitative description of the phenomenon.

XXI. ORIGINAL ABSTRACT

Investigated the effects of 2 components of group singing (music and activity) on trust and cooperation, using 96 adult Israeli males (aged 22-41 yrs). Relationships between (a) music and trust and (b) activity and cooperation were predicted. Group singing was expected to yield the highest trust and cooperation scores. Ss participated in a single session of one of the following activities: group singing (music/activity), listening to music (music/no activity), poetry reading (no music/activity), and film viewing (no music/no activity). Ss also played a prisoner's dilemma game and completed a trust differential questionnaire. Results confirm the predictions for the effects of music on trust and of activity on cooperation.
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XXII. TASK

Domain: Group trust and cooperation

Echelon: 

Tasks Studied: Griffin-Trust-Differential and Prisoner’s Dilemma

Cognitive Framework: Trait-based

XXIII. METHODOLOGY

Study Goal: To investigate the relative effects of group singing, group music listening, group poetry reading, and group video viewing on trust and cooperation.

Study Procedure: Participants either sang in a group, listened to music in a group, read poetry in a group, or watched a video in a group.  After the group activity, the Griffin-Trust-Differential test was administered, followed by a prisoner’s dilemma task that was given to pairs of participants.  For the prisoner’s dilemma task, cooperation was operationalized as choosing such that cooperation would maximize return.

Number of Subjects: 96 Israeli males (age 22 – 41) in a continuing education program

Arms of Study: N/A

XXIV. FINDINGS

Performance Moderator Variables: Activity type

Performance Moderator Functions (PMF): Scores by activity type:

	
	
	Singing
	Listening
	Poetry
	Video

	Trust
	M
	86.33
	80.17
	68.17
	69.17

	
	SD
	13.50
	11.33
	11.60
	15.72

	Cooperation
	M
	17.25
	9.00
	15.52
	5.08

	
	SD
	9.64
	6.29
	8.95
	6.05


Assuming that the watching a video provides a reasonable baseline for group trust and cooperation scores, we can extract the following quantitative predictions:

Different types of group activities modify inter-group trust and cooperation.  Most notably, active activities increase cooperation while musical activities increase trust.  We can represent this with scaling constants for different types of activities.

TrustEffective = TrustBase * ActivityTrustConstant

CooperationEffective = CooperationBase * ActivityCooperationConstant

	
	Active Music
	Passive Music
	Active Normal
	Passive Normal*

	Trust Constant
	1.25
	1.16
	1
	1

	Coop. Constant
	3.40
	1.8
	3.1
	1


* Passive Normal activities are considered baseline

Modeling Technique: Analytical

Lessons Learned: Music appears to have a significant impact on group trust, while active activity seems to have a significant impact on group cooperation.  Group musical activity increases both trust and cooperation.

PMF Validity Info: 4 – The data is insufficient to build a publishable model, but the results are robust enough to justify our plausible quantitative description of the phenomenon.

XXV. ORIGINAL ABSTRACT

Investigated the effects of 2 components of group singing (music and activity) on trust and cooperation, using 96 adult Israeli males (aged 22-41 yrs). Relationships between (a) music and trust and (b) activity and cooperation were predicted. Group singing was expected to yield the highest trust and cooperation scores. Ss participated in a single session of one of the following activities: group singing (music/activity), listening to music (music/no activity), poetry reading (no music/activity), and film viewing (no music/no activity). Ss also played a prisoner's dilemma game and completed a trust differential questionnaire. Results confirm the predictions for the effects of music on trust and of activity on cooperation.
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XXVI. TASK

Domain: The effect of musical activity on interpersonal relationships of adult psychiatric patients

Echelon: 

Tasks Studied: sociometric questionnaire

Cognitive Framework: Trait-based

XXVII. METHODOLOGY

Study Goal: To demonstrate that musical tasks facilitate improved interpersonal relationships over non-musical tasks

Study Procedure: Prior to the experiment, all participants completed a sociometric questionnaire that asked participants to rate their fellow group members in order of preference.  Participants were divided into two groups.  One group received regular guitar lessons for two weeks while the other group met for discussions.  At the end of the two-week period the music group gave a performance.  After the performance participants completed the sociometric questionnaire a second time.

Number of Subjects: 12 female psychiatric patients

Arms of Study: N/A

XXVIII. FINDINGS

Performance Moderator Variables: Musical Activity

Performance Moderator Functions (PMF): Sociometric questionnaires involve choosing and ranking “friends” or preferred individuals within a group.  For this study, the authors defined group cohesiveness as the number of mutual selections within a group, i.e. two people that choose each other as friends.  Peer acceptance is defined as the score of an individual subject.  Isolation refers to individuals that neither select any friends nor are selected by others as friends.  “Interpersonal relationships” is operationalized as a combination of group cohesiveness, aggregate peer acceptance, and the number of isolates in the group.

Music group members:

· Total within-group choices increased 38.7%

· Number of isolates decreased from 2 to 0

· Mutual relationships increase from 0 to 5

· 3 Group members gained in status significantly

Non-Music group members

· Total within-group choices decreased 50%

· Number of isolates stayed constant

· Mutual relationships decreased from 1 to 0

· No group members gained in status significantly

The authors suggest that this pattern of results constitutes a significant improvement in interpersonal relationships in the musical group over the non-musical group.

Modeling Technique: Analytical

Lessons Learned: 

PMF Validity Info: 2 – The data is insufficient for quantitative predictions.  The results of this study alone do not necessarily suggest that healthy people will demonstrate the same pattern of results. 

XXIX. ORIGINAL ABSTRACT

Conducted a study to determine whether participation in a valued group-musical activity (guitar lessons) would enhance interpersonal relationships of psychiatric patients to a significantly greater degree than participation in nonmusic activities. Interpersonal relationships within 2 groups, musical and nonmusical, were compared by measuring changes in peer acceptance, group cohesiveness, and general interpersonal relationships occurring between sociometric pre- and posttests. Ss were institutionalized female psychiatric patients. Results indicate that the 7 Ss in the experimental (musical) group made significant gains in peer acceptance and group cohesiveness, as indicated by number of reciprocal choices given on sociograms. The 5 Ss in the nonmusical group failed to achieve significant gains on these variables.
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XXX. TASK

Domain: Conformity due to crowd noise

Echelon: 

Tasks Studied: IPAT Culture Free Intelligence Task

Cognitive Framework: Trait-based

XXXI. METHODOLOGY

Study Goal: To investigate if crowd noise had an effect on the degree to which participants chose answers to test questions that were marked as the most popular choice among prior test-takers.

Study Procedure: Prior to the test, participants were told that the IPAT Culture Free Intelligence Task test items were being evaluated so that there was no pressure to perform.  Next to each multiple-choice test question there was a mark that participants were told indicated which answer had been previously selected by the majority of students.  Participants then took the test either in silence, in the presence of white noise, or in the presence of stadium noise being broadcast over a loudspeaker.

Number of Subjects: 15 male and 15 female psychology students

Arms of Study: N/A

XXXII. FINDINGS

Performance Moderator Variables: Noise type

Performance Moderator Functions (PMF): Mean number of responses out of the first 6 questions that conformed to purported popular answers, of which 3 were correct and 3 were false:

	
	Crowd Noise
	White Noise
	No Noise

	Males
	4.33
	4.47
	3.67

	Females
	4.27
	3.60
	4.13


Modeling Technique: Analyitical

Lessons Learned: none

PMF Validity Info: 1

XXXIII. ORIGINAL ABSTRACT

90 college men and women worked problems in the presence of crowd noise (CN), white noise, or no noise (NN). CN produced more tendency to conform to answers chosen by others than NN among men but not among women
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XXXIV. TASK

Domain: Social perception / group dynamics, sound, and time pressure

Echelon: Any group

Tasks Studied: Appraisal of group members under noisy conditions and time pressure

Cognitive Framework: Trait-based

XXXV. METHODOLOGY

Study Goal: To examine the effects of environmental noise and time pressure on appraisals of conformists and deviates within a group trying to reach consensus.

Study Procedure: Four experiments were conducted (see below) but each experiment followed roughly the same procedure.  A group of participants were given a choice between two alternate positions on an issue and were asked to reach a consensus within 20 minutes.  Confederates within the group were instructed to either conform or deviate from the expected popular opinion within the group.  Background noise, the type of time warnings given, and the types of arguments used by the confederates were manipulated as independent variables.  After the discussion, participants rated each other as to their likeability, responsibility, friendliness, intelligence, etc.

Number of Subjects: The number of subjects in each experiment was as follows:

Exp. 1:
12 groups of mixed-gender 15 to 16-year-old Israeli Scouts in groups ranging from 15 to 19 individuals (198 total)

Exp. 2:
32 male undergraduates in an intro psych. course at the University of Maryland

Exp. 3:
54 male undergraduates in an intro psych. course at the University of Maryland

Exp. 4:
32 male undergraduates in an intro psych. course at the University of Maryland

Arms of Study: 

Experiment 1:  The experimenters posed as representatives of the Scouts’ National Council.  Participants were given the evaluation questionnaire both before and after the discussion, which involved a choice between two work camps.  One camp was much more appealing to all Scouts.  The confederate from each group, who had been pre-selected on the basis of neutral peer evaluations from the pre-experiment questionnaire, argued against the popular camp.  Groups were divided into 3 timing conditions:

objectively early condition - the confederate revealed her opinion five minutes into the discussion and the group was warned at that time that they had fifteen minutes left

subjectively early condition - the confederate revealed her opinion fifteen minutes into the discussion and the group was told at that time that they were being given an extension and still had fifteen minutes left

objectively late condition - the confederate revealed her opinion fifteen minutes into the discussion and the group was warned at that time that they had five minutes left

After the warning participants were interrupted, told that the initial questionnaires that they had filled out had been lost and were asked to fill out new ones immediately.  They were then debriefed.

Experiment 2: Participants were selected based on pre-test scores revealing that they were strongly in favor of drug testing for student athletes.  Groups of 4 students were constructed of 2 participants and 2 confederates.  Each confederate argued a different side of the issue.  Environmental noise was manipulated by holding some of the discussions next to a very loud printer that emitted constant obnoxious noise.  After the discussion, participants were asked to rate their fellow group members (including confederates) on their usefulness in discussion, their friendliness, and their intelligence.

Experiment 3:  Procedure was the same as in experiment 2 except that an additional condition was added: some groups were asked to reach consensus while others just needed a majority vote

Experiment 4:  The procedure was the same as in experiment 2 except that the conformist confederates, rather than merely expressing an opinion, lead the groups’ discussions and tried to actively build consensus.

XXXVI. FINDINGS

Performance Moderator Variables: Noise, Proximity to deadline

Performance Moderator Functions (PMF):  Mean evaluation scores of the confederates followed the following patterns (higher evaluation is better):

Exp. 2 – Deviants received a significantly more negative appraisal in the noise condition, but in the no noise condition opinion did not significantly affect appraisal

	
	Noise
	No Noise

	Confed. Type
	M
	SD
	M
	SD

	Deviate
	8.125
	1.53
	14.875
	1.06

	Conformist
	15.750
	1.70
	14.687
	1.51


Exp. 3 – Deviates received a significantly more negative appraisal in the noise condition across both consensus and majority decision types, although this effect was smaller in groups governed by majority rule.

	
	Consensus Rule
	Majority Rule

	
	Noise
	No Noise
	Noise
	No Noise

	
	M
	SD
	M
	SD
	M
	SD
	M
	SD

	Deviate
	11.87
	1.94
	21.07
	2.24
	18.67
	2.75
	20.00
	1.84

	Conformist
	20.75
	2.49
	22.36
	1.99
	20.58
	2.29
	20.50
	2.02


Exp. 4 – Although conformists did not see significant increases in appraisal, exp. 4 demonstrated that leaders did see increases in appraisal as the result of noise.

	
	Noise
	No Noise

	Confed. Type
	M
	SD
	M
	SD

	Deviate
	13.39
	3.22
	20.07
	3.28

	Leader
	24.17
	3.26
	20.36
	1.86


The only reasonably robust result we can pull from this is that in noisy situations which call for group decisions, appraisals of opinion deviates should drop by around 40%.

Modeling Technique: Analytical

Lessons Learned: Groups involved in collective decision making processes will evaluate opinion deviates far more negatively in the presence of obnoxious noise.  This effect is present when majority rule is sought, but is more significant when consensus is needed.  Individuals that facilitate consensus and actively guide majority opinion receive a complementary bonus to their appraisals in noisy situations.

PMF Validity Info: 3 – there was not enough data to form reasonably valid equations to predict the effect of varying levels of noise on group member appraisals.

XXXVII. ORIGINAL ABSTRACT

Four experiments examined freely interacting groups to investigate the determinants of group members' reactions to opinion deviates and conformists. In the 1st experiment, the deviate was rejected more when he or she articulated the dissenting opinion in close proximity to the group-decision deadline vs at an earlier point in the group discussion. In the 2nd, 3rd, and 4th experiments, the deviate was rejected more when the group discussion was carried out in a noisy vs a quiet environment. Furthermore, when the conformist's contributions to the group's attempts to reach consensus were made salient (in Exp 4), he or she was evaluated more positively in a noisy vs a quiet environment. The results were discussed in term of the notion that group members' tendency to denigrate a deviate or extol a conformist may be stronger when their need for collective cognitive closure is heightened.
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