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Air Traffic Control Specialist Job Analysis Information Database (JAIdB)

Notional Design

1.0 Introduction.
The primary purpose of the air traffic control (ATC) system is to prevent a collision between aircraft operating in the system and to organize and expedite the flow of traffic, and to provide support for National Security and Homeland Defense (Federal Aviation Administration [FAA], 2009, Paragraph 2-1-1). The first priority of the Air Traffic Control Specialist (ATCS, air traffic controller, or controller) is to separate aircraft from other aircraft and terrain and to issue safety alerts as necessary (FAA, 2009, Paragraph 2-1-2). In other words, an ATCS is responsible for the safe, efficient, and orderly flow of air traffic.

Because of the importance of the ATCS occupation to aviation safety, capacity, and efficiency, the FAA has invested substantial resources through the years to conduct formal job/task analyses of the occupation to support the development and validation of personnel selection tests for the occupation. However, with one exception, the job/task analyses have produced paper documents, making their use and updating difficult. Reliance on paper documents also limits the utility of the analyses for other human factors research.

The exception is the operations concept analyses performed by CTA, Inc. in the mid-1980s through the early 1990s in support of the air traffic modernization program known as the Advanced Automation System (AAS). CTA, Inc. developed a tool known as the Computer-Human Operating Requirements Analysis System (CHORAS) to store, manage, and manipulate the detailed description of the work performed by air traffic controllers. However, development and maintenance of CHORAS was terminated by the FAA in the early 1990s at about the same time that the AAS program was terminated. One consequence was that the software application used to manage the job/task analysis data (Btrieve 3.1) became obsolete, leaving the FAA with no way to export the job/task analysis data out of the CHORAS application. No software application was developed in the interim to replace CHORAS as a means of storing, managing, and reporting ATCS job/task analysis data.

2.0 Purpose of the Notional Design Document.

The purpose of this notional design document is to describe a notional or conceptual model of a database management system for storing, managing, and manipulating job/task analysis data for the ATCS occupation, to replace the out-dated and obsolete CHORAS application. This notional design document is not intended to be a formal statement-of-work for an acquisition (at present). Rather, the purpose is to describe the concept of a JAIdB and the desired functional capabilities as a first step towards a “buy, build or adapt” procurement decision. The second step will be a market survey in accordance with the FAA Acquisition Management System (“AMS;” T3.2.1.2 - Market Analysis). A decision to “buy, build or adapt” will be made after completion of the market survey, and appropriate documents generated. The documents describing the functional requirements and data specifications for the JAIdB will continue to evolve in parallel with the market survey and will be finalized prior to issuance of a formal request for proposals (known as a Screening Information Request (SIR) under the FAA AMS).

3.0
Background

The notion of a job-by-KSAO matrix was articulated by Marvin Dunnette and colleagues in 1983. Peterson and Bownas (1983) noted that an “information system for human resources allocation” required (a) information of the work tasks (to be performed), (b) the environment for performance of those tasks, and (c) the human attributes – knowledge, skills, abilities, and other personal characteristics (KSAOs) – required (to perform those tasks in that environment). Peterson and Bownas focused on the description of a matrix in which the rows defined types or classes of tasks and columns defined class of human attributes. Each cell indicated the “level of contribution to performance in a class of tasks made by a particular class of abilities, or, alternatively, the degree to which the ability class is required for performing the task class” (p. 49).

The FAA adopted this perspective and sponsored research in the mid-1990s to develop an approach for actually constructing a work-by-KSAO matrix for the ATCS occupation as a component of what was termed a “strategic job analysis methodology.” The strategic job analysis methodology is documented in series of reports (see Morath, Knapp, Smith & Ramos, 1998; Knapp, Morath, Quartetti & Ramos, 1998a, b).

However, no research requirement for use of the strategic job analysis methodology was identified in the mid-1990s through 2006.

That changed with publication of the 2007 National Aviation Research Plan (NARP 2007). The NARP 2007 and 2008 specifically identify a requirement to complete, by 2012, “a strategic job analysis of the new roles of air traffic service providers using a highly automated system sharing separation responsibilities with pilots, and moving towards performance-based services” (p. 29). That strategic job analysis is to be the foundation of selecting “air traffic service providers with the aptitude and capability required to manage air traffic in the future system” (p. 29), where “future system” refers to the Next Generation Aviation Transportation System (NGATS, also known as “NextGen”).

As a result, the FY2008 and FY2009 Program Directive for Air Traffic/Technical Operations Human Factors Research included the strategic job analysis as a specific task titled:

1209AC082110.BHRR523.AV9300.10 Strategic Job Analysis: Selecting the Air Traffic Controller of the Future.

The strategic job analysis methodology that was developed in the early and mid-1990s under CAMI sponsorship is a “bottom-up” analysis. There are three steps to the strategic job analysis methodology. The first step is to establish a baseline description of how ATCS work is currently performed and the KSAOs required. The JAIdB is intended to be the tool to capture that baseline description.

The second step is to analyze how new technologies and/or procedures change the work performed by controllers. The goal of the second step is to identify which activities, sub-activities, or tasks performed by controllers change as a consequence of new technologies and/or procedures. For example, a controller might use a decision support tool (DST) to determine the sequence of aircraft in the departure queue(Atkins, Brinton, & Walton, 2002). How the controller performs this function (sequencing aircraft) might change with the introduction of a DST. For example, the interaction might be as simple as pressing a button on a touch screen labeled “Accept” to accept the proposed sequencing. Or it may be more complex, with the controller trying out various scenarios by re-sequencing electronic representations of aircraft in the departure queue on the touch-sensitive screen.

The third step of the strategic job analysis methodology is to then to infer from the changes in the activities, sub-activities, tasks, etc. – e.g., the work performed by a controller as a consequence of the introduction of a new technology or procedure – changes in the KSAOs required to perform that work. For example, a computerized decision support tool (DST) for sequencing departures in the cab might require greater physical (hand) dexterity and perceptual speed to manipulate the DST interface and keep up with traffic. Alternatively, a departure planner might determine the sequence of departures autonomously, under the general supervision of a controller. The range of tasks formerly associated with determining the departure sequence are allocated to the automation in this scenario and are no longer part of the controller’s task set. As a result, resistance to boredom, vigilance, and a deep understanding of the automation might be new ability requirements for controllers.

The product of the iterative analyses of NextGen technologies and procedures (as they develop and move through the procurement and implementation process) is a catalog of changed or new requirements for abilities and other personal characteristics. That catalog of abilities and other personal characteristics, in turn, becomes a candidate set of specifications for personnel selection tests, developed and validated through other research outside the scope of the strategic job analysis.

4.0 Overview.

The Air Traffic Control Specialist Job Analysis Information Database (JAIdB) is intended to be a relational database application for the storage, management, and use of job/task analysis information to support the personnel selection research program of the Aerospace Human Factors Research Division (AAM-500). This document is a first iteration of a description of a JAIdB. It is subject to revision, expansion, and further development as the concept evolves.

As noted above, this document is not intended as a formal design specification complying with the Federal Information Processing Standard's Guidelines for Documentation of Computer Programs and Automated Data Systems (FIPS PUB 38) dated February 15, 1976. Nor is the document intended as a statement of work for an acquisition under the FAA AMS. Rather, the focus is on describing the conceptual model for a JAIdB and identifying functional requirements as the starting point for development of formal specifications and, if required, a formal statement of work under the FAA AMS.

4.1 Available Information.
The first step in the development of the JAIdB is to identify currently available information about both the job and known KSAO requirements to construct an “as is” description of ATCS work and KSAO requirements.

There are five primary information sources to describe today’s air traffic controller job:

· the updated job analysis delivered by the American Institutes for Research (AIR) in November 2007 (Krokos, Baker, Norris & Smith, 2007);

· the performance standards delivered by AIR in November 2007;

· the KSAO analysis delivered by the University Research Corporation in 1995 (Nickels, et al., 1995) as part of the work on a new controller selection test battery in the mid- and late-1990s;

· the operations concepts analyses for the air traffic control tower (ATCT), terminal radar approach control (TRACON) and air route traffic control center (ARTCC) developed by CTA, Inc. in the late 1980s and early 1990s (Alexander, Alley, et al., 1989; Alexander, Ammerman, et al., 1989; Ammerman, et al., 1987); and

· the knowledge requirements analyses for ATCT, TRACON and ARTCC developed by CTA, Inc. in the early 1990s (Alexander, Ammerman, Fairhurst, Hostetler, & Jones, 1990; Ammerman, Fairhurst, Hostetler & Jones, 1989a, 1989b)

There are two additional sources, both derivatives of the CTA operations concept analyses. The first is a joint research project involving the Texas Technical University and CAMI (Durso, Sethumadhavan, Crutchfield, & Morris, 2008). In that project, the researchers are analyzing information sources and uses in the ATCT cab. The second source is the 2006 Booz Allen Hamilton Modular Tower Analysis. The Booz Allen work describes the cyclical pattern of controller work in the ATCT cab with respect to information sources.

4.2 Available Information Format.
At present, the primary source for a description of the work performed by controllers is the CTA operations concept analyses. In fact, the other information sources are derivatives of the CTA operations concept analyses. Because the CTA analyses are stored in an obsolete DOS-based system using software that is no longer supported or even commercially available, analysts have been forced to scan and/or transcribe activities, sub-activities and tasks from the printed versions of the CTA products. Transcription and/or scanning, even with OCR, requires substantial labor and time due to the volume of materials in the CTA operations concept analyses. For example, there are 728 work statements down to the task level in the Air Traffic Control Tower (ATCT) analysis (Alexander, Alley, Ammerman, Fairhurst, Hostetler, Jones & Rainey, 1989). Including task elements, User Interface Language (UIL) descriptions, and message descriptions, there are over 1,500 discrete elements that would require transcription and/or OCR scanning with manual verification and correction. The number of statements describing the work of controllers in a Terminal Radar Approach Control (TRACON) or Air Route Traffic Control Center (ARTCC) are even more numerous. To date, only the tasks for controllers in the air traffic control tower cab have been scanned with OCR and made accessible electronically in the form of a Microsoft Excel® workbook.

As a consequence, substantial labor will be required to enter data from the printed CTA volumes to the JAIdB at some time in the future. One way to mitigate the potential resource costs associated with data entry (either by transcription or scanning with OCR) is to build the initial prototype JAIdB for the work environment for which the most information is available electronically. Currently, the work environment with the most information available electronically is the ATCT cab, down to the task level. Additional labor will be required to transcribe, scan with OCR, or otherwise capture work data at the task element, UIL, and message levels of description for tower cab controllers. Once a prototype JAIdB is constructed with the tower cab data, work on importing the data describing TRACON and ARTCC controllers can begin.

5.0
Notional Design for the JAIdB

The notional design of the JAIdB is based on the work-by-person matrix as described in Peterson and Bownas (1983) and Knapp, Morath, Quartetti and Ramos (1998b). In this concept, the JAIdB consists of three sets of relational data tables to represent the work performed by controllers, the KSAOs required, and the linkage between work and KSAOs.

5.1
ATCS Work Tables.
The first set contains data describing the work performed by an ATCS in an FAA air traffic control tower cab (“ATCT” or “cab”), terminal radar approach control facility (“TRACON”), and air route traffic control center (“ARTCC” or “center”).

This representation of the work performed by human controllers in the current, baseline ATC system consists of three major parts: (1) a description of the work itself in a hierarchical task model; (2) the “System Level Specification” (SLS) requirement for each work element; and (3) attributes of the work such as sequence or order in which work elements are performed, initiating conditions for each work element (e.g., triggers), information sources, and frequency of performance.

5.1.1 Hierarchical Task Model.
One approach to the representation of the work performed by controllers is to adopt the hierarchical model used by Computer Technology Associates, Inc. (later, CTA, Inc.) in their 1980s operations concept analysis to support the Advanced Automation System (see Ammerman, Becker, Jones, Tobey, & Phillips, 1987; Computer Technology Associates, Inc., 1987). Hierarchical Task Analysis (HTA; Annett, 2004) is a widely-used and well-understood method for representing the work performed by humans in a system.

In the Ammerman et al. operational concept analyses, controller work was described at five levels of increasing detail, as shown in Table 1. The highest level of description is an “Activity.” An ATCS activity is a high-level description of a major job duty or function and is framed in a verb-object-(modifier) statement. The work of

Table 1: Five levels of description used by Ammerman et al. (1987)

	
	Level
	Description

	
	Activity
	a group of related sub-activities

	
	Sub-activity
	the operations performed in response to a single event

	
	Task
	the smallest discrete unit of human behavior that can be fully understood within the general context of the job environment

	
	Element
	a single identifiable step in the performance of a task

	
	UIL
	(a) Operational data and control messages entered into the system in performance of a specific task element; (b) graphical and alphanumeric displays, written and printed messages, alerts, alarms and other signals for controller attention.


controllers at a position is described with 5 to 9 activity statements. Activities are decomposed by Ammerman et al. into 5 to 9 sub-activities. A sub-activity is framed in a verb-object-(modifier) statement, However, the verb is stated in the gerund (“-ing”) verbal noun form in the original CTA analyses. A sub-activity cannot be divided into two completely independent sequences of tasks. The task sequences comprising a sub- activity must interlink at a common task at least once. The next level of analysis is the task. A task is a concise, specific statement of what is accomplished by a controller with a discernible and discrete beginning and ending.

Task statements follow the verb-object-(modifier) template. Tasks are in turn decomposed into procedural steps, termed “task elements” in the CTA approach. The lowest level of analysis is the User Interface Language (UIL), which refers to (a) the operational data and control messages entered into the system by the controller in the performance of a task element and (b) the graphical displays, alphanumeric displays, written and printed messages, and alerts, alarms and other signals for controller attention.

Use of the full 5-level hierarchy is problematic in view of (a) changes in technology since the original CTA, Inc. analyses, (b) the sheer volume of task element statements in each of the operating environments (i.e., ATCT, TRACON, and ARTCC), and (c) the iterative and recursive nature of the task elements.

Therefore, a 3-level decomposition of the work performed by controllers is adopted for the work axis of the prototype JAIdB: activity; sub-activity; and task. The primary level-of-analysis will be at the sub-activity level, as these were recently updated and performance measures delivered by AIR (Krokos, Baker, Norris & Smith, 2007). The AIR consolidated task list across working positions in the ATCT cab will be utilized in construction of the prototype baseline JAIdB.

5.1.2 Task Attributes Data.
The information received from and sent to the system by a controller is linked to tasks in the Task Characterization Analyses (Appendix D-1) and the Task Dialogue Statements (Appendix D-4) of the CTA analysis for the tower cab. An even finer-grained analysis is presented in the Task Element Statements (Appendix E) in which each task is decomposed into its constituent task elements along with the data objects required to perform the task element (e.g., the system messages described by the UIL). A key design decision will be how to handle work attributes in the JAIdB. On approach is to use a fixed list from which attribute values are selected. Alternatively, users might be provided tools to define task attributes, including allowable values for those attributes.

Each activity, sub-activity, and task might have attributes such as frequency (of performance), triggers or conditions that invoke the action, consequences arising from an error in performance of the action, time to perform, tools/equipment used, information required, information source, and other characteristics. A list of example attributes is shown in Table 2 (this list is not comprehensive).

As the work activities described are hierarchical, a parent-child relationship can be used in the database design to structure the description of the work performed by a controller in each of the three operational environments (i.e., ATCT, TRACON, ARTCC). Attributes, such as those described in Table 2, can be associated with each work descriptor at the appropriate level of analysis. A key design issue to be resolved is how to “roll up” or otherwise summarize work attributes associated with the lower levels of analysis (tasks) into the higher levels of analysis (task into sub-activities, and sub-activities into activities). For example, if one of seven tasks comprising a sub-activity is characterized as “critical” to the safety of flight, five are “important,” and one is “less important,” how would the overall importance of the sub-activity be characterized?

Possible methods for determining the attributes of a sub-activity might be (a) simple inheritance of the “largest” value of an attribute for any task comprising the sub-activity, (b) summation, (c) averaging, (d) critical path, or (e) failure or error analysis. The method might also depend on the type of attribute to be “rolled up” relative to the tasks and parent sub-activity and activity. For example, if the tasks comprising a sub-activity are performed (more or less) in sequence, then summation of time-based duration might be appropriate. A case-by-case analysis will be required to determine the appropriate method for “rolling up” work attributes to the next higher level of analysis. As with task attributes, the rules for “rolling up” values from subordinate elements into the next higher level might consist of a fixed list. Alternatively, the JAIdB could provide a means for the user to select an existing rule or create a new rule.

5.1.3 Task Performance Measures.
Criterion or performance measures represent how well an activity, sub-activity or task is performed by a worker. In the “traditional” conception of validity, criterion measures are assumed to adequately represent the job performance domain (Binning & Barrett, 1989). As noted by Krokos, et al. (2007) in their discussion of ATCS job performance standards,

Table 2: Example work attributes

	
	Work attribute
	Description

	
	Linkages/conditions
	Sequence, If …, Then …, Triggers, …

	
	Frequency of performance
	

	
	Risk (consequence of error)
	Probability of error, magnitude of effect

	
	Time to perform
	Mean, Mode, SD, Min, Max (Seconds, Minutes, …)

	
	Performance difficulty
	Easy, Moderately difficult, …

	
	Learning difficulty
	Easily learned with brief orientation, Some classroom study, …

	
	Tools/equipment used
	PAPI, DBRITE, RVR, etc.

	
	Procedural reference 
	7110.65 paragraph, LOA, etc.

	
	Information required
	Position, navigation, time, route, etc.

	
	Information source
	Radar display, strip, CRD, URET, Radio, Interphone, etc.


Performance standards define the level of performance required or expected at a given level of expertise. While the job analysis identifies the relevant work tasks, performance standards capture how the tasks are done or their results. Said another way, task lists allow organizations to differentiate between jobs; performance standards allow organizations to differentiate between good and poor performance on a specific job task or group of tasks. Performance standards should be realistic, specific, measurable, consistent with agency goals, challenging, and understandable. (p. 28)

Performance standards (and their operational measures) are attributes of the work performed by controllers to be represented in the JAIdB.

The AIR analysis focused on sub-activities and their constituent tasks. For each sub-activity, AIR identified the relevant tasks comprising the sub-activity, behavioral indicators of Certified Professional Controller (CPC)-level job performance, “cognitive indicators” of CPC-level job performance, and (expected) results from CPC-level performance. An example performance standard is presented in Figure 1.

The AIR analysis is adopted as a template for representing the “performance standard” attributes of sub-activities in the JAIdB. The performance standard is associated with a sub-activity for an operating environment (ATCT cab, TRACON, or ARTCC). Each performance standard is represented by “behavioral” and “cognitive” indicators of CPC-level performance.

Note however that the AIR analysis did not take the next step of defining operational measures for these “behavioral” and “cognitive” indicators. Example operational measures might be over-the-shoulder training evaluations using the FAA form 3120-25, classroom knowledge tests, and part-task simulations. In other words, the 2007 report by AIR presents a conceptual rather than operational framework for assessment of air traffic controller job performance.

The AIR performance assessment conceptual framework is adopted for the JAIdB, with the expectation that operational definitions (in terms of 
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Figure 1: Example AIR performance standard

actual metrics or measures) of the performance standards will be incorporated at a future date, as those metrics become available through other research and development efforts. For example, research by the Personnel Research and Decision Institute (PDRI, Inc.) under the CAMI-funded Concurrent Validation of AT-SAT for Placement (CoVATCH) is intended to deliver operational performance metrics for the tower cab environment. These operational measures are expected in late FY 2008. The metrics developed in the course of the validation of the Air Traffic Selection and Training (AT-SAT) test battery for en route radar control can be mapped to the ARTCC AIR performance standards at a later date. No specific measures for TRACON have been developed, nor is any research currently underway or planned (at present) to develop such measures.

Operational performance metrics can be thought of as attributes of the behavioral and cognitive indicators of CPC-level performance. Other attributes of the performance measures might include reliability, sensitivity and specificity. Example attributes of these performance indicators are presented in Table 3 (the examples are not comprehensive). A single sub-activity might be linked to several operational performance indicators.

Table 3: Example performance indicator attributes

	
	Performance attribute
	Description

	
	IndicatorID
	ID#

	
	IndicatorName
	Control instruction timeliness

	
	IndicatorDescription
	Provides timely control instruction based on observed information

	
	OperationalMetric
	N instructions issued timely

	
	MetricUnits
	Instructions issued

	
	IndicatorSource
	Over-the-shoulder evaluation form 3120.25 @ Line x

	
	Method
	SME observation

	
	MetricClass
	Subjective

	
	Sub_activityLinks
	Projecting and evaluating separation


The operational performance metrics are important in that the link between job and person is often represented as the correlation between scores on a performance measure and scores on a measure of the relevant KSAO(s).

5.1.4 Building the Work Tables.
As shown in Figure 2, description of controller work in the JAIdB consists of performance indicators, attributes of those indicators, a hierarchical representation of the work associated with each indicator, and attributes of the work at each level of analysis. Each performance indicator has attributes such as an operational (measurement) definition, data source or collection procedure, and psychometric characteristics such as reliability.

The starting point for construction of the work tables is the AIR performance indicators for each sub-activity for each operational environment (ATCT Cab, TRACON, and ARTCC). The AIR performance indicators report specifies the tasks that comprise each sub-activity. However, the report does not provide any data for the tasks such as sequencing, frequency, criticality, time required, dependencies, information sources, and information used.

There are two sources for task attributes data: the 1995 Nickels, et al. job/task analysis; and the CTA concepts of operation analyses. However, the AIR sub-activities and tasks do not correspond exactly with the sub-activities and tasks used in the SACHA JTA (e.g., Nickels, et al.) and CTA documents. The AIR sub-activities and tasks will have to be “back translated” into the sub-activities and tasks used in the SACHA and CTA analyses in order to associate task attributes such as importance to doing the job and frequency of occurrence.

Given the “back translation” or mapping of AIR sub-activities and tasks to the SACHA/CTA descriptions, the SACHA JTA Survey results and CTA attributes analyses will be used to populate the tables describing controller work. A notional model of the resulting relational tables is presented in Figure 3.
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Figure 2: Notional data model for JAIdB
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Figure 3: Notional tables for 3-level work hierarchy (activity, sub-activity, task)

Each sub-activity will be linked to attributes such as frequency, criticality, behavioral indicators of CPC-level performance, and information sources. Ideally, numeric scores on the performance indicators associated with each sub-activity would be available. Currently available data come from the Behavioral Summary Scales (BSS), Computer-Based Performance Measure (CBPM), and high-fidelity simulation from the AT-SAT concurrent validation study. Additional analyses will be required to map the AT-SAT criteria to the AIR performance indicators as part of the JAIdB development process.

Given the “back translation” or mapping of AIR sub-activities and tasks to the SACHA/CTA sub-activities and tasks, controller work at the task level will be further decomposed to the task element level. The task element level is the concrete behavioral representation of the work performed by a controller. The task element level provides the detail necessary to construct task network models of controller behavior using tools like MicroSaint®. Construction of formal task network models will provide a basis for analytical modeling of the impact of new tools such as tower information displays on controller behavior.

5.2
ATCS KSAO Tables.
The second set contains data describing the knowledge, skill, ability, and other personal characteristics (KSAOs) required for performance of the work to defined standards.

A job/task analysis is incomplete without a specification of the human attributes required to perform the work at the prescribed standard. Generally, these human attributes are referred to as knowledge, skills, abilities, and other personal characteristics (KSAOs) required to perform a job. Job-related knowledge and skills are conceptualized, for this analysis, as attributes of a worker acquired after hiring as a result of employer-provided training, practice, and performance feedback. In contrast, abilities and other personal characteristics are those job-relevant attributes the worker brings to the job at the time of hire and for which the employer does not provide explicit training. For example, controllers are not taught by the FAA how to read written materials; therefore, reading is an ability in this schemata. Other personal characteristics generally refer to personality, prior education, training, and experience, attitudes, expectations, and other job-relevant attributes.

5.2.1 KSAO Sources.
There are several possible sources to draw upon for ATC-related KSAOs. For example, Ammerman, Becker, Jones, Tobey, & Phillips (1987) used 14 cognitive and sensory attributes to characterize ATCS work (Table 4). A project that reviewed and attempted a consolidation of previous ATCS job/task analyses in the early 1990s produced a list of 22 abilities (Human Technology, Inc., 1993). The 1995 analysis by Nickels et al. derived a list of 67 abilities or specific knowledge topics for the job analysis survey of incumbent controllers. With each analysis, the number, specificity

Table 4: Ammerman, et al. (1987) cognitive-sensory attributes

	
	Cognitive/Sensory Attribute
	Description

	
	Coding
	Transformation or translation of information for entry into the system; Converting textual information to graphics or symbols.

	
	Decoding
	Transformation or translation of information received.

	
	Deductive Reasoning
	Ability to reach a conclusion that follows logically from the known facts or data; Selection from among alternative answers or methods.

	
	Filtering
	Selection of inputs on which to focus attention in the presence of distracting stimuli or high workload; Selective attention; Overload accommodation.

	
	Image/Pattern Recognition
	Perception of spatial patterns and relations among static or dynamic visual inputs. May involve orienting oneself to the position or configuration.

	
	Inductive Reasoning
	Generation of an explanation for a set of specific data or instances, giving structure and meaning to the information; Generalization of working hypotheses from specific events; Discerning basic differences and relationships among symbols, figures, and figure patterns; Generating a new solution to a problem; Ability to make a knowledgeable assumption using incomplete data.

	
	Long-term Memory
	Mental storage of knowledge over a period of time and selective recall of items relevant to a situation.

	
	Mathematical/Probabilistic Reasoning
	Translation of uncertainty into probability; Assigning a subjective probability regarding the likelihood of an event occurring; Ability to use probabilities to identify optimal courses of action.

	
	Movement Detection
	Recognition of the physical movement of a visual object; Estimation of its direction or speed.

	
	Prioritizing
	Ordering of events in a sequence; Establishing priorities.

	
	Short-term Memory
	Mental storage and selective recall of relevant information over a brief period of time.

	
	Spatial Scanning
	Rapid identification or detection of objects or events displayed in a wide or complicated visual field.

	
	Verbal Filtering
	Same as Filtering, but limited to voice communications.

	
	Visualization
	Observation of spatial patterns and subsequent mental transformations into other spatial patterns.


and definitions of KSAOs considered important or relevant to the ATCS job has proliferated.

The proliferation of and inconsistencies between lists of ATCS KSAOs complicates the development and instantiation of the JAIdB. Moreover, there is no single, agreed-upon taxonomy of human abilities (Fleishman & Quaintance, 1984) to use as a means for simplifying and categorizing the multitude of abilities and other personal characteristics identified as relevant to the ATCS job through various analyses.

However, there are points of departure from previous analyses of the controller occupation and other research. There are four information sources that can be used to frame the person-axis of the JAIdB:

·  the knowledge requirements analysis by Ammerman, Fairhurst, Hostetler, & Jones (1989a, b, c);

· the overall Summary Job Analysis developed by Human Technology, Inc. in 1993; 

· the 1995 SACHA job/task analysis and its catalog of “worker requirements” (Nickels, et al., 1995); and

· the Air Traffic Technical Training order (FAA, 2005).

A example list of possible knowledge domains and topics within domain, taken from the Ammerman, et al (1989a, b, c) is presented in Table 5, to illustrate the range of knowledge that might be required of controllers (the example list is not comprehensive, just an illustration). An example list of possible skill domains and specific skills, taken from FAA Form 3120.25, the over-the-shoulder OJT Instruction/Evaluation form, is presented in Table 6 (the list is not comprehensive, just an illustration).

A sample list of abilities and other personal characteristics, taken from Table 2-8 of the Volume 1 of the AT-SAT validation report (Ramos, Heil & Manning, 2001) is presented in Table 7. As noted by Knapp, et al. (1998b), the list of KSAOs developed in the course of the SACHA job/task analysis in 1995 has redundancies, verbal rather than operational definitions (from the measurement perspective), and are not well-anchored in theory and empirical research. Therefore, use of the SACHA KSAO list without modification is inappropriate. In addition, the SACHA list was developed without reference to human performance models such as ACT-R (Anderson, 2007; Anderson & Lebiere, 1998). Human performance modeling is experiencing a resurgence of interest and application in aviation and the military (see Foyle & Hooey (2008); Gluck & Pew (2005)). Additional work will be required to map the refined list of KSAOs to human performance models that might be used to analytically model ATCS task performance given a specification of a new system or procedure.

5.2.2
KSAO Attributes.
As with the work taxonomy of activities, sub-activities, and tasks, each KSAO domain and specific KSAO has attributes such as the level of mastery required, tests or measures of a KSAO, when the KSAO is learned or acquired, when needed (e.g., at entry into training, on the 1st day of the job, etc.), and training source. Again, this is not an exhaustive list of attributes, but rather examples of KSAO attributes to consider.

Table 5: Example knowledge domains and topics within domain

	
	Knowledge Domain
	Topics

	
	Aircraft
	Types, characteristics, performance, equipage

	
	ATC facilities
	ATCT, TRACON, ARTCC, FSS, AFSS

	
	Airport
	Layout, approach, arrival, taxi in/out, ramp operations

	
	Airspace
	Structure, types, airways, …

	
	ATC services
	Separation, safety advisory, emergency, …

	
	ATC clearance
	Structure, types, …

	
	Radar automation
	Radar IDENT, beacon, …

	
	Communications
	ICAO phonetic alphabet, radio procedures, interphone, …

	
	Coordination
	Approval request, point-out, transfer of control, …

	
	Weather
	Weather display, weather information, …

	
	RNAV/RNP
	Procedures, display, self-separation, …


Table 6: Example skill domains and specific skills within domain

	
	Skill Domain
	Specific Skill

	
	Separation
	Provides vertical separation

	
	
	Provides lateral (horizontal) separation

	
	
	…

	
	Coordination
	Performs handoffs/pointouts

	
	
	Updates flight route on (electronic) flight progress strip

	
	
	…

	
	Control methods and procedures
	Prioritizes tasks

	
	
	Provides positive control

	
	
	…

	
	Equipment
	Turn on/off airport runway lighting

	
	
	Configure position display

	
	
	…

	
	Communications
	Use ICAO/phonetic alphabet

	
	
	Readback/hearback to confirm clearance

	
	
	…


5.2.3 Building the KSAO Tables.
The first step in representing required KSAOs in the JAIdB is to choose which KSAOs to include. As previously noted, there are multiple lists of KSAOs relevant to the ATCS occupation. Moreover, the knowledge and skill components are likely to have a hierarchical nature. For example, knowledge might be categorized in terms of categories, topics, and facts. Skills might also exhibit a similar hierarchical structure, as evidenced by the FAA 3120-25 over-the-shoulder evaluation form and the Instructional Program Guide (IPG) for each option. This implies that the KSAO axis also requires a means for hierarchical representation of relevant person attributes.

Table 7: SACHA Worker Requirements (from Ramos, et al, 2001, Table 2-8)

	
	SACHA Worker Requirement
	Definition

	
	Prioritization
	The ability to identify activities that are most critical and require immediate attention. This involves a constant evaluation of new information followed by re-prioritization of job activities.

	
	Tolerance for High Intensity
	The ability to perform effectively and think clearly during heavy work flow.

	
	Composure
	The ability to think clearly in stressful situations.

	
	Reasoning
	The ability to apply available information in order to make decisions, draw conclusions, or identify alternative solutions.

	
	Time Sharing
	The ability to perform two or more job activities at the same time.

	
	Short-Term Memory
	The ability to remember pertinent information within a brief period of time (less than 1 minute). Examples of information include call signs and keywords.

	
	Scanning
	The ability to quickly and accurately search for information on a computer screen, radar scope, or computer print-out.

	
	Long-Term Memory
	The ability to remember pertinent information over long periods of time. Examples of information include maps and separation procedures.

	
	Projection
	The ability to translate material into visual representation of what will occur in the future.

	
	Concentration
	The ability to focus on job activities amid distractions for short periods of time.

	
	Perceptual Speed & Accuracy
	Ability to perceive visual information quickly and accurately and to perform simple processing tasks with (e.g., comparisons).

	
	Sustained Attention
	The ability to stay focused on a task(s) for long periods of time (over 60 minutes).

	
	Angles
	The ability to apply the principles of geometry to angles and computations involving angles. The ability involves both the speed and accuracy of computation.


Given selection or derivation of a KSAO taxonomy, the next step is to map existing data from the SACHA JTA, CTA, Inc. knowledge requirements, and AIR performance standards to that taxonomy. Then the KSAO data table can be populated with data such as importance to successful performance.

Ideally, each KSAO would be associated with a specific and unique operational measure (e.g., test) for that K, S, A, or O that results in the assignment of a numeric score. Some existing measures of KSAOs are relatively specific while others in operational use, such as the FAA’s Letter Factory Test (LFT) are factorially complex. Expert judgments linking AT-SAT scores to KSAOs are presented in Table 8. The source data come from the AT-SAT validation technical reports. As can be seen in Table 8, none of the current scored tests are factorially pure.

Table 8: KSAO linkage to AT-SAT Sub-tests

	
	
	AT-SAT Sub-test3

	KSAO1
	IMP2
	AT
	LF
	DI
	SC
	AM
	AN
	AY

	Prioritization
	4.69 (0.58)
	4.64 (0.50)
	4.25 (0.97)
	
	
	
	
	

	Tolerance for High-intensity Work Situation
	4.68 (0.58)
	4.14 (0.86)
	3.92 (1.00)
	
	
	
	
	

	Composure
	4.60 (0.65)
	3.36 (1.01)
	
	
	
	
	
	

	Active Listening
	4.59 (0.60)
	
	
	
	
	
	
	

	Oral Communication
	4.56 (0.56)
	
	
	
	
	
	
	

	Situational Awareness
	4.54 (0.70)
	4.50 (1.34)
	3.33 (1.83)
	
	
	
	
	

	Planning
	4.52 (0.59)
	4.14 (0.77)
	4.00 (0.85)
	
	
	
	
	

	Execution
	4.51 (0.61)
	4.07 (0.73)
	4.42 (0.67)
	
	
	
	
	

	Thinking Ahead
	4.50 (0.64)
	4.14 (0.66)
	3.92 (1.08)
	
	
	
	
	

	Taking Charge
	4.43 (0.68)
	
	
	
	
	
	
	

	Reasoning
	4.42 (0.70)
	3.09 (1.58)
	
	
	
	
	
	3.36 (1.65)

	Timesharing
	4.41 (0.67)
	
	3.50 (1.51)
	
	
	
	
	

	Decisiveness
	4.40 (0.76)
	3.57 (1.09)
	3.50 (1.09)
	
	
	
	
	

	Short-term Memory
	4.34 (0.77)
	
	3.33 (1.23)
	
	
	
	
	

	Scanning
	4.32 (0.75)
	3.86 (1.23)
	4.17 (0.72)
	
	5.00 (0.00)
	
	
	

	Problem Identification
	4.31 (0.76)
	
	
	
	
	
	
	

	Flexibility (Stability/Adjustment)
	4.31 (0.80)
	
	
	
	
	
	
	

	Long-term Memory
	4.29 (0.89)
	
	
	
	
	
	
	

	Projection
	4.24 (0.90)
	
	
	
	
	
	
	

	Visualization
	4.21 (0.90)
	
	
	
	
	
	
	

	Concentration
	4.21 (0.80)
	
	3.17 (1.70)
	
	
	
	
	

	Perceptual Speed & Accuracy
	4.18 (0.75)
	3.21 (1.63)
	3.75 (0.97)
	4.33 (0.89)
	4.58 (0.67)
	
	
	

	Rule Application
	4.18 (0.87)
	
	
	
	
	
	
	

	Sustained Attention
	4.13 (0.86)
	
	
	
	
	
	
	

	Self-Monitoring/Evaluation
	4.09 (0.93)
	
	
	
	
	
	
	

	Creativity
	4.06 (0.81)
	
	
	
	
	
	
	

	Working Cooperatively
	4.06 (0.86)
	
	
	
	
	
	
	

	Recall from Interruption
	4.93 (0.83)
	
	
	
	
	
	
	

	Self-confidence
	4.01 (0.81)
	
	
	
	
	
	
	

	Internal Locus of Control
	4.00 (0.82)
	
	
	
	
	
	
	

	Street Physics
	3.97 (0.98)
	
	
	
	
	
	
	

	Task Closure/Thoroughness
	3.97 (0.86)
	
	
	
	
	
	
	

	Summarizing Information
	3.94 (0.87)
	
	
	
	
	
	
	

	Intermediate-term Memory
	3.94 (0.94)
	
	
	
	
	
	
	

	Visuospatial Reasoning
	3.94 (0.87)
	
	
	
	
	
	
	3.57 (1.74)

	Information Processing Flexibility
	3.83 (0.85)
	
	
	
	
	
	
	

	Dynamic S-V
	3.83 (0.95)
	4.07 (1.44)
	3.50 (1.45)
	
	3.08 (1.73)
	
	
	

	Professionalism
	3.82 (0.92)
	
	
	
	
	
	
	

	Attention to Detail
	3.82 (0.86)
	
	2.50 (1.57)
	
	
	
	
	

	Verbal Reasoning
	3.81 (0.86)
	
	
	
	
	
	
	

	Reading
	3.79 (0.98)
	
	
	
	
	
	
	

	Job Commitment
	3.79 (0.98)
	
	
	
	
	
	
	

	Self-esteem
	3.78 (0.98)
	
	
	
	
	
	
	

	Translation of Uncertainty
	3.74 (0.96)
	
	
	
	
	
	
	

	Translating Information
	3.68 (1.08)
	
	
	
	
	
	
	

	Behavioral Consistency
	3.65 (0.94)
	
	
	
	
	
	
	

	Movement Detection
	3.54 (1.08)
	4.29 (0.91)
	
	
	
	
	
	

	Interpersonal Tolerance
	3.51 (0.97)
	
	
	
	
	
	
	

	Motivation
	3.45 (1.00)
	
	
	
	
	
	
	

	Chunking
	3.44 (0.90)
	
	
	
	
	
	
	

	Interpreting Information
	3.30 (1.02)
	
	
	
	
	
	
	

	Mathematical Reasoning
	3.27 (0.95)
	
	
	
	
	4.83 (0.39)
	
	

	Written Communication
	3.18 (0.94)
	
	
	
	
	
	
	

	Mechanical Reasoning
	3.18 (1.04)
	
	
	
	
	
	
	

	Angles
	3.16 (1.12)
	
	
	
	
	
	4.64 (0.84)
	

	Realistic Orientation
	3.07 (1.16)
	
	
	
	
	
	
	

	2-D Mental Rotation
	3.05 (1.20)
	
	
	
	
	
	
	

	Add/Subtract
	3.00 (1.2_)
	
	
	
	
	4.58 (0.90)
	
	

	3-D Mental Rotation
	2.90 (1.26)
	
	
	
	
	
	
	

	Multiply/Divide
	2.75 (1.2_)
	
	
	
	
	4.25 (1.48)
	
	

	Confirmation
	
	
	3.17 (1.53)
	
	
	
	
	3.64 (1.69)

	Encoding
	
	
	
	
	
	
	
	

	Rule Inference
	
	
	
	
	
	
	
	4.79 (0.43)

	Rule Application
	
	
	
	
	
	
	
	4.29 (1.38)

	Learning
	
	
	
	
	
	
	
	

	Notes:
1KSAO = “Worker Requirements” in the Nichols, et al. (1995) job/task analysis for controllers.


2IMP = Mean (&SD) Importance to doing the controller job for the KSAO as reported in Nickells, et al. (1995)


3AT = Air Traffic Scenarios Test; LF = Letter Factory Test; DI = Dial Reading Test; SC = Scan Test; AM = Applied Math Test; AN = Angles Test; AY = Analogies Test


5.3
Work-KSAO Linkage Tables.
The third set links the work performed by a controller to the KSAOs required to do that work. It is important to understand that this linkage table is comprised of i rows of sub-activities, activities, and tasks and j columns of KSAO domains and constructs. For example, if there are 738 total work statements and 80 KSAO domains and constructs, the linkage table is 738 rows by 80 columns. Each intersection of a row and column must be populated with some indicator of the relationship between the two entities.

5.3.1
Nature of the Linkage.
In database terms, this is a join between the work and person tables and is defined as a many-to-many relationship. An intermediate or linking table is used in relational databases to represent the many-to-many relationship. A common example is many students enrolled in many classes.

The Students table, on the left in Figure 4 represents the students at a school. There are many students, but only one record per student in the table which includes a unique ID, name, etc. The unique StudentID is the primary key for the Students table. The Classes table on the right represents the classes offered by the school. Many classes are offered by the school, but there is just one record per class which includes a unique class ID, class name, the instructor, the class schedule, etc. The ClassId is the primary key for the Classes table. To join students and classes in a student schedule, a linking table is created to which the Students and Classes tables contribute their keys.
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Figure 4: Example linking table

However, simply specifying the linking table is insufficient. If there are 100 students and 20 classes offered at the school (for a particular semester), then the linking table theoretically has 2,000 rows of data (every possible combination of StudentID and ClassID). Many of those StudentID+ClassID records will be empty, because a particular student is not enrolled in a particular class. In order to populate this empty table, additional data is needed, such as an affirmative action of selection of a class by a student and entry of the date of enrollment. This is accomplished through the enrollment process, in which students names are entered for specific classes, perhaps represented by the date enrolled in that particular class.

The problem in the JAIdB in linking work descriptions to KSAOs at any level of analysis is determining which work elements are related to which KSAOs. This can be empirically established through processes such as subject matter expert judgment or test validation studies.

Dunnette, Peterson and Bownas, and Knapp and her colleagues phrased the linkage between work and person in terms of a correlation between a score on an operationally-defined performance metric linked to or representing a task, sub-activity, or activity and a score on a psychometric measure (test) of a specific KSAO. The magnitude of the correlation was interpreted as indicating the strength of the relationship between the performance metric and KSAO measure. In other words, the “scores” on the performance measure and test are the indicators for the latent constructs of the task, sub-activity, or activity and the human attribute. Alternatively, incumbent and SME judgments about the linkage might be used.

5.3.2 Available Linkage Data.
Building the linkage table presupposes that sufficiently detailed information is available to link specific tasks, sub-activities, or activities with specific KSAOs. However, that is not the case at present: linkage data are available only for the ATCT cab from the Linkage Exercise component of the CoVATCH project. No similar linkage tables exist for the TRACON or ARTCC. The data collected in the course of the SACHA JTA is at the global “job” level. Even the CoVATCH linkage data will be problematic in that the AT-SAT worker requirements taxonomy was used to represent ATCS KSAOs and the participant judgments were made at the sub-activity level, not the task level of description of the work.

In view of these limitations on available data, the linkage between job, performance, and KSAO will be represented at the sub-activity level of the job based on the CoVATCH linkage panel results for the tower cab. Future work will be required to develop linkage tables for the ARTCC and TRACON environments.

CoVATCH used the SACHA KSAO (“worker requirements”) taxonomy; as noted above, that taxonomy is problematic. One possible solution is to map the SACHA worker requirements to a higher-level taxonomy of constructs, clusters or domains for which proven metrics exist, and then to link those higher-order constructs, clusters or domains with job sub-activities and their associated performance measures based on the aggregate CoVATCH linkage data. However, as noted above, there is no single agreed upon taxonomy for grouping existing KSAOs. As a result, a review of existing taxonomies of human abilities and other characteristics will be required to evaluate and select or derive an taxonomy for the JAIdB. Starting points include the “standardized” list of abilities developed by Human Technology, Inc. (1995) based on a review and integration of ATCS job analyses available in the early 1990s. Another starting point might the information processing ability taxonomy derived by Hogan, Broach and Salas (1990).

5.3.3 Building the Linkage Tables.
Representation of the KSAO (measure) to work (performance indicator) is the third and most difficult component of the prototype JAIdB. The linkage is essentially a many-to-many joining of the two source data tables (work and person) at commensurate levels. Ideally, the linkages would be established through empirical analyses and validation studies. The result would by an i-by-j matrix (where i = the number of KSAOs and j = the number of performance indicators), with the correlation between a KSAO measure and performance indicator as the cell entry. Figure 4 presents an illustration of what such a matrix might look like.

Such a matrix is easily represented in a spreadsheet. In a relational database, the matrix is represented with a linkage table as described above.

Other complicating factors include (a) the “messiness” of the ability and other personal characteristics measures and taxonomies in current use, (b) the global nature of the currently available job performance indicators such as the CBPM. It might be possible to mitigate these complications by representing the KSAO-to-work linkages at a higher level of aggregation, as illustrated in Figure 5 and discussed previously. However, much additional work in mapping predictor scores to the SACHA, HTI, and Hogan, Broach and Salas KSAO constructs and available performance indicators to the AIR set is required in order to evaluate the feasibility of this approach.

6.0
JAIdB Functional requirements

This section describes functional requirements for the JAIdB in terms of capabilities such as editing and manipulating text, entering data, and other basic functions. It is not comprehensive nor fully developed. These requirements will continue to evolve 
6.1
Operating Environment/Platform

Single x86 platform running Windows XP® with Service Pack 3 or Windows 2000®

Networked laser printer(s)

6.2
Users

The prototype JAIdB will be a stand-alone application and run on a single computer with a single user.

6.3
Managing Work Statements.

Enter, edit, organize, and delete work statements.

Promote or demote work statements within the hierarchy (at least 3 levels: activity; sub-activity; and task).
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Figure 5: Notional example of an expanded work-by-KSAO table
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Figure 6: Notional example of a collapsed work-by-KSAO table

Import lists of work statements from ASCII comma-delimited or Excel 97® or Excel 2003® files.

Define, enter, edit, delete, and manage (up to n) attributes for each work statement. Example work attributes include (but are not limited to):

· Frequency of performance;

· Importance;

· Initiating condition(s) or event(s) (e.g., trigger(s);

· Information used;

· Information source;

· Information format (Verbal or Visual); and

· Citation to specific paragraphs in the Air Traffic Procedures (7110.65), Air Traffic Facility Management (7210.65) for a work statement.

Define, enter, edit, manage, and delete operators linking work statements at the same level of analysis (e.g., activity with activity, sub-activity and sub-activity, task and task, etc.). Example operators include, but are not limited to:

· Sequence;

· Logical conditions (If …, Then …, If and Only If …, etc.);

· Empirical constraints (Until …, Not to Exceed …, etc.);

· Correspondence (One-to-One, One-to-Many, etc.);

· Inheritance rules for parent-child relationships in the hierarchy (e.g., attributes that are inherited by the subordinate “child” work statements); and

· Repetition or cycles of activities, sub-activities, and tasks (with conditions as required).

Link work statements using the operators.

Define, enter, edit, delete and manage external information sources/requirements associated with activities, sub-activities, tasks, and elements with citations to the Air Traffic Procedures (7110.65) and Air Traffic Facility Management (7210.65) orders and other authorities such as Standard Operating Procedures, Letters of Agreement, and technical manuals.

Define, enter, edit, delete and manage activity, sub-activity, task and element performance metrics and standards.

Generate, edit, delete, and manage visual representations (e.g., graph or chart) of hierarchical job/task descriptions showing the relationships or linkages between tasks. Provide multiple formats for navigating and viewing graphs such as network, flowchart, data flow, operational threads, work breakdown structure, left-to-right, and timeline.

6.4
Performance measures

Define, enter, edit, delete and manage performance measures for work statements.

Define, enter, edit, delete and manage the attributes of each performance measure, including attributes such as

Source;

Operational description or definition;

Estimates of reliability and/or interrater agreement and reliability (if available); and

Method of collecting performance data (such as over-the-shoulder, computer, written test, etc.).

6.5
KSAO Statements.

Define, enter, edit, delete and manage hierarchical knowledge, skill, ability and other personal characteristics (KSAO) required to perform the air traffic control specialist job.

Promote or demote KSAO statements within the hierarchy.

Define, enter, edit, delete and manage KSAO attributes such as

· Level or mastery required

· Test or measure for KSAO

· Score or response distribution parameters,

· Limits,

· Format (e.g., paper-and-pencil versus computerized);

· Reliability;

· Validity; and

· Source, reference or publisher.

6.6
Linkages.

Define, enter, edit, delete and manage linkages between work statements and KSAOs at multiple levels of analysis.

Define, enter, edit, delete and manage descriptions of the nature of the linkage. Example linkage attributes include (but are not limited to):

· Source;

· Nature (Correlation, Judgment);

· Magnitude; and

· Scaling.

6.7
Queries & Reports.

Specify and generate reports based on user specifications.

Filter work statements, KSAOs, and linkages on user specified criteria.

Compare configuration of work statements and KSAOs to new configuration of work statements and KSAOs to identify changes (e.g., a history function).

6.8
User Interface

A log-on will not be required to open the JAIdB.

Following a splash screen for the JAIdB, the user interface will bring up the main screen. The main screen will list the high-level activities that a user can select. These high-level activities include:

· Selecting the occupational database to work with (ATCS, 2152; ATSS, 2101)

· Managing work statements and their attributes;

· Managing KSAO statements and their attributes;

· Managing performance measures and their attributes;

· Managing work statement-KSAO linkages and their attributes;

· Managing graphical representations of the work statements;

· Report definition and generation;

· Backup the database.

The user interface will provide a means for the user to select an activity on a main screen.

Forms will be used for data entry and management for work statements, KSAOs, performance measures, and linkages.

The forms will provide format- and error-checking, and masks as appropriate for each data field to reduce the incidence of data entry errors. The user will be alerted when the format of data entered into a field does not match the underlying template.

The User will be able to access the underlying raw data tables directly or use a form for data management.

7.0
Other Design Issues

One design issue that has been raised is the notation to be used in describing the work activities in terms of a “plan” or diagram. For example, commercially available software such as Task Architect®, MicroSaint® and IMPRINT-Pro® use flowchart-derived symbols to represent actions, conditions, etc. An alternative notation is Business Process Model Notation (BPMN). Microsoft Visio® is another alternative tool for representing the flow of tasks. There are strengths and weaknesses for each approach to graphical presentation of hierarchical task analysis that need to be considered in selecting a notation model.

The crux of the JAIdB is to link human attributes – KSAOs – to work activities, sub-activities, tasks, and task elements in order to determine how changes in work will impact the KSAOs required to enter the ATCS occupation. Current notation such as BPMN, conventional flowcharting, and task network diagrams do not include attributes of the person performing a given work element (e.g., activity, sub-activity, task, and task element). Available notations simply describe the flow of work, including messages (in BPMN), between actors. Those actors may be humans or system components. While BPMN, flowcharting, and task network diagrams can be annotated (with what BPMN calls “artifacts”), such annotations are cumbersome, at best, and quickly clutter the visual presentation.

8.0 Available Job/Task Analysis Methods and Software.

8.1
Structured JTA Methods.

Position Analysis Questionnaire (PAQ®)

Common Metric Questionnaire (CMQ®)

8.2
Occupational Analysis Methods.

O*Net

SkillsNet

8.3
Task Network Methods.

Crew Activity Tracking Systems (CATS)

MicroSAINT®

Business Process Modeling Notation

8.4
Hierarchical Task Analysis Methods.

Task Architect®

8.5
CHI-oriented Tools.

Euterpe

CTTE

8.6
Other Methods or Tools.

Computer-Human Operational Requirements Analysis System (CHORAS)
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