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Introduction

For many of today's complex tasks requiring problem solving or decision making, a behavioral task analysis which decomposes tasks into subtasks is not enough. Complex tasks requiring cognitive skills would benefit substantially from a cognitive task analysis in addition to the usual behavioral analysis. Although several cognitive task analysis techniques have been developed and are in use, they usually require considerable time to learn and to use. Curriculum developers often do not have the time to learn or to use these methods, and yet their work would benefit from the inclusion of a cognitive analysis. This paper will discuss some applied cognitive task analysis methods which have been developed for use by curriculum developers. 



Cognitive Task Analysis Defined

Cognitive task analysis (CTA) can be defined as a description of the cognitive skills needed to perform a task proficiently. Since there are other skills besides cognitive skills that need to be considered for a task, there is still a need for a traditional behavioral task analysis for a complete analysis of all the skills involved in the task. Cognitive task analysis does not replace a behavioral task analysis, but rather adds to it. In fact, a behavioral task analysis will often include cognitive skills, but the cognitive skills are embedded in the task analysis as statements with no details. A cognitive task analysis will provide details and describe situations that can be used in instruction. Often, a task analysis is already available and a CTA will add to it. 



Some CTA Techniques

There are a number of CTA techniques available for those having the time and resources to make use of them. Some of these are: 

The PARI method was developed at the Air Force Human Resources Laboratory (Hall, Gott, and Pokorny, 1991). PARI stands for Precursor, Action. Result, and Interpretation. PARI has been used to analyze troubleshooting strategies of expert technicians and has been shown to improve performance when used to develop instruction. 

Conceptual graph analysis has been used by Sallie Gordon (1993) to provide a graphical network connecting concepts, rules, and implicit knowledge of a discipline. Gordon has demonstrated that the use of a conceptual graph analysis on a segment of an engineering course improved performance in comparison to a standard text (Gordon, Schmierer. & Gill, 1993). 

Cognitive analysis tool (CAT) has been developed by Kent Williams (1992). This is a computerized GOMS technique for soliciting information from experts. (GOMS stands for Goals, Operators, Methods, and Selection rules and is based on the work of Card, Moran & Newell (1983)). CAT allows the user to describe his or her knowledge in an area of expertise by listing the goals, subgoals, and one or more method for achieving these goals, along with selection rules. Cognitive aspects of the task may be derived from this method, but the technique itself does not guarantee it. 

At the Navy Personnel Research & Development Center in San Diego, CA, we developed a set of CTA methods designed to capture cognitive elements for a decision making task. After conducting an empirical study to determine differences between experts and novices in an electronic warfare decision making task, we described four methods that were successful and which we felt could be used for performing a CTA of other decision making tasks (Randel, Pugh, & Wyman, 1996). These methods are: 

Development of a task process model, which is a graphic representation of how the task is performed; 

Development of an information model, which graphically represents how information is gathered and transmitted; 

Misconceptions analysis, which analyzes implicit rules used in performing a task and how these rules might conflict with the other rules; and 

Structural knowledge analysis, which refers to the organization of concepts within the memory system of an individual. 

For each of these methods we describe how information is gathered (knowledge elicitation), how it is represented (knowledge representation), and how the knowledge can be used in developing training. 



Need For Applied CTA

All of these methods are labor intensive and time consuming. If this is not a problem, the methods can be used to advantage. However, there are many situations when education specialists or subject matter experts would like to perform a CTA, but have neither the time or resources to do so. To develop some CTA methods for this population, the Navy Personnel Research and Development Center contracted with Klein Associates to develop and test Applied Cognitive Task Analysis (ACTA) methods. These ACTA methods went through several stages of development before being finalized. 



Background for the ACTA Methods

The first step in the development of ACTA was to do a literature review of all the CTA methods that were currently being used. On the basis of this review and the work of Klein Associates on the critical decision method used to collect cognitive data in naturalistic settings, five characteristics were specified for development of ACTA methods. ACTA must: 

Provide an interview format for eliciting cognitive elements of the job. 

Provide a representation format that presents data in usable form. 

Highlight the aspects of the job requiring expertise. 

Require a short time to learn the methods. 

Be easy to use. 

Following these guidelines, three preliminary ACTA methods were proposed. These methods were (1) the task diagram, (2) the knowledge audit, and (3) the simulation interview. I will briefly describe these methods and then give more details after I describe their development. 

The task diagram provides an overview of the task of interest in graphical format. Its purpose is to provide an overview of the task and identify complex cognitive elements of the task. 

The knowledge audit is an interview containing a series of probes based on the literature on expert-novice differences in a number of areas, including metacognition, mental models, perceptual skills, and rules of thumb. For metacognition, we know that experts have better self-monitoring skills arid are more aware than novices of when they make errors and why they fail to comprehend (Glaser & Chi, 1988). From several investigators, we know that experts have qualitatively better mental models than novices. For example, Doane, Pellegrino and Klatsky (1990) found that UNIX programmers represent higher levels of the UNIX system, while novices represent UNIX commands when asked to create a graph that depicted their model or conception of the UNIX operating system. For perceptual skills, experts notice patterns that novices do not, as demonstrated by Calderwood and associates (1987) in studying fIrefighters. Sternberg (1995) found that rules of thumb, one measure of tacit knowledge, correlated positively with skilled job performance or expertise. 

The simulation interview is based on the critical decision method of interviewing developed by Gary Klein (Klein, Calderwood, & Macgregor, 1989) from the critical incident technique of Flanagan (1954). The critical decision method (CDM) was developed to study decision making tasks in natural settings such as firefighting and critical care nursing. For both firefighters and nurses, CDM identified cues used by experts in performing their jobs that had not been documented in the relevant literature. In developing ACTA, Klein Associates adapted the more time intensive CDM to make it more appropriate for instructional designers who do not have much experience with interviewing. 



Development of ACTA Methods

After the three ACTA methods had been proposed they underwent user analysis and pilot testing to further refine them. User analysis was conducted by interviewing potential users in the U.S. Navy as well as commercial jobs. Education specialists and course developers who are responsible for developing new courses and revising existing courses were interviewed about their jobs, and the proposed ACTA methods were explained to them. Their comments about the ACTA methods and how they would use them were solicited. On the basis of these interviews, changes were made to the methods. 

After the user analysis was completed, the methods were pilot tested. This was done by explaining the methods to the participants, both military and civilian education specialists, and having them practice using the methods. Their comments and reactions were solicited. 

One of the findings of the user analysis was that Subject Matter Experts (SMEs) rather than education specialists often do much of the course development. We also found that task analysis is often neglected because it is very time consuming. The experiences of the SME developing the course are often substituted for a task analysis. 



Description of the ACTA Methods

Task Diagram �Laminated aids are provided for each of the ACTA methods to assist the interviewer in asking questions. For the task diagram, you must go into the interview knowing which task you want to analyze. The task should be cognitively complex. The task may be one which has been identified as difficult to perform, one which is often done incorrectly, or one which requires revised training. 

Using a whiteboard you record the task of interest at the top center. The interviewee is asked to decompose this task into subtasks. "Think about what you do when you [task of interest. Can you break this task into less than six, but more than three steps?" Record each subtask from right to left across the board. Use arrows to indicate the order in which the steps occur. Then ask the interviewee which subtasks require cognitive skills. "Of the steps you have just identified, which require difficult cognitive skills? By cognitive skills I mean judgments, assessments, problem solving--thinking skills." Place circles around the tasks that require the most expertise. At this point you should have a very broad overview of the task, with an indication of where the complex skills are. If the task seems too big or the steps you have identified are too broad for further investigation, you may choose to focus on one or two of the subtasks you have identified as requiring cognitive skills. In this case you should complete a task diagram on the step(s) you have chosen to focus the rest of the cognitive task analysis. Do this in the same way as you did the higher-level task diagram. An example of a task diagram is given in Figure 1. This diagram will then be used to conduct the Knowledge Audit. 

Task Diagram Example

Task: Collect Cognitive Task Analysis Data
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Sub-Task: Plan Project
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Figure 1

�Knowledge Audit �The knowledge audit surveys the key aspects of expertise. It contrasts expert-novice knowledge on the following areas: (1) perceptual skills, (2) past and future. (3), (4) big picture or mental model, (5) rules of thumb (or job smarts), (6) improvising, and (7) self-monitoring (or metacognition). In this interview, you start with one of the tasks identified in the task diagram as requiring difficult cognitive skills. Write this task at the top of a whiteboard (see Figure 2). 

Knowledge Audit Example��

Task: Search & Rescue in a Burning Building��

Aspects of Expertise�Cues & Strategies�Why Difficult��1. Perceptual skills Breathing sounds of victims. �Both you & your partner stop, hold breath & listen. Listen for crying, talking to themselves, knocking.�Noised from own breath; fire noises, don't know kind of sounds to listen for.��2. Past & Future� � ��

Figure 2��Divide the remaining space into three columns with the following headings: (1) Example, (2) Cues & Strategies, (3) Why Difficult. Starting with perceptual skills fill in each of the three columns on the whiteboard by using the appropriate probe for each of the knowledge audit categories as outlined in Table 1. 

For perceptual skills, the interviewer says to the SME, "Experts detect cues and patterns and make discriminations that novices can't see. Can you think of any examples here?" The reply is entered under Example, Perceptual Skills. For each cue and strategy, ask, "Why is this task hard for novices, or why don't novices know to do that?" Record answers in the middle column under the heading "Why Difficult." Complete the next column, Cues & Strategies, by asking (for each example, if more than one is given), "What cues and strategies do you use in this situation?" After completing the information on perceptual skills, continue with the probes for each of the areas of expertise, first obtaining the example and then completing, "Why difficult" and "Cues and Strategies." Refer to Table 1 for the questions on each area of expertise. Notice that two optional probes are given if time permits. 



Table 1-Knowledge Audit Interview Probes��

Basic Probes��Perceptual Skill�Experts detect cues and patterns and make discriminations that novices can't see. Can you think of some examples here.��Past & Future�Is there a time when you walked into the middle of a situation and knew exactly how things got there and where they were headed?��Big Picture�Can you give me an example of what is important about the Big Picture for this task: What are the major elements you have to know and keep track of?��Job Smarts�When you do this task are there ways of working smart or accomplishing more with less that you have found especially useful?��Opportunities / Improvising�Can you thin k of some examples of when you improvised in this task, or noticed an opportunity to do something more quickly or better and followed up on it?��Self Monitoring�Experienced people check their performance and make adjustments if necessary. Can you think of any examples where you did this?��

Optional Probes��Anomalies�Can you describe an instance when you spotted a deviation from the norm, or knew something was amiss?��Equipment Difficulties�Have there been times when the equipment pointed in one direction, but your own judgment told you to do something else? Or when you had to rely on experience to avoid being led astray by the equipment.���An example of part of a knowledge audit interview can be seen in Figure 2. Here the task, as determined from the task diagram, is search and rescue in a burning building. This task is written across the top of the whiteboard. Then the probe for perceptual skills is used, followed by why it is difficult, and cues and strategies. The answers are recorded on the board and then the interviewer proceeds to the probes for anomalies. 

Simulation Interview �The simulation interview highlights the cognitive elements of a task within the context of a specific incident. Its purpose is to provide access to an expert's thought processes during an important scenario. It identifies important events, decisions, and judgments; analyzes these events; and identifies potential novice errors. To start the process, first you need to obtain a simulation of the event. The simulation does not have to be high fidelity; it can be a paper and pencil simulation, video, or whatever is available. 

Start by asking the SME to review the simulation imagining that he or she is performing the job in the incident. Tell the SME to keep in mind that you will be asking about the decisions and judgments that he or she would have made in the situation. Then divide a whiteboard into five columns with the following headings: (I) Events, (2) Actions, (3) Situation Assessment, (4) Critical Cues, and (5) Potential Errors. After the SME has reviewed the simulation, ask him or her to think back over the scenario and list the major events, judgments, and decision points that occurred during the incident (see Table 2). As they are named, you list them on the board in the first column (Events). After the events are listed, for each event listed in the first column, ask the questions listed in Table 2 to complete the information in each of the remaining four columns on the board. One reason for doing this on a board is to allow the SME to observe and correct anything that you have written. When more that one SME is being interviewed, it allows for collaboration or correction. 

Table 2 Simulation Interview Probes��

Events�Think back over the scenario. List the major events that occurred during the incident. These events could include judgments or decisions points. As you name them. I am going to list them in the left column on the board..��Actions�As the [job you are studying] in this scenario, what actions, if any, would you take at this point in time e?��Situation Assessment�What do you think is going on here? What is your assessment of the situation at this point in time?��Critical Cues�What pieces of information led you to this situation assessment and these actions.��Potential Errors�What errors would an inexperienced person be likely to make in this situation?��

Evaluation of the ACTA Methods

We have tried out these methods with many Navy and civilian jobs, and they have worked well. In an evaluation study, we trained graduate students to conduct the interviews and then had them synthesize the information into a cognitive demands table, construct objectives, and revise a sample of instruction based on the results. The cognitive demands table has four elements arranged in four columns: (1) the difficult cognitive element, (2) why it is difficult, (3) cues an experienced person attends to, and (4) strategies used by an experienced person. 

Preliminary findings indicate that the ACTA tools are flexible, easy to use, produce clear output, and are satisfying overall. Also, we found that the group trained to use the ACTA tools for a Navy task produced more important changes to training materials than a control group as judged by an independent SME. This result was not found when used by a group analyzing a civilian firefighting task. One explanation for this might be that the control group was given training on cognitive task analysis in general and consisted of psychology students who were knowledgeable in the area of cognition. We are now about to study the ACTA tools in a field study with education specialists and curriculum developers who will use them to revise a real course. 



Instructional Package

When the evaluation study of the ACTA methods is complete, we will produce a computer-based training package which will teach one how to use the methods. This package will contain an introduction on cognitive task analysis and the applied cognitive task analysis methods. It will also have a tutorial on expertise, a description and demonstration of the ACTA tools, interview practice, and an explanation on how to get from the interview to training materials. 



Lessons Learned

User analysis. This is an old lesson which is often forgotten, so it bears repeating. You need to study the end user before starting any work. You may assume that you know what is wanted. but you could spend time developing something that is never used. 

Who really develops instruction? In military training. often it is the SME rather than the education specialist who develops training. The SME may not have a strong background in instructional design. If methods for cognitive task analysis are designed so they can be used by either group, we could improve instruction. 

Is a task analysis really performed in developing instruction? if it is a new system, a task analysis is usually performed. However, when changes to a system occur, the task analysis might not be updated. Also, when a course is being revised, the task analysis is not often consulted. A reason for this could be the volume of the task analysis required too much time to consider. If a cognitive task analysis is appropriate, the ACTA methods may be more likely to be used because they do not require so much time to complete. 

CTA needs to be tied to instruction. We need to be more explicit in describing the transition from task analysis to instruction. Instructional systems development does not go into much detail on this point. CTA will be more likely to be used if this is made more explicit. 

Time factor. Often good CTA methods may not get used because of a lack of time. We need to provide methods that can be used successfully by those who are interested, but are not allowed the luxury of spending a great deal of time doing a CTA. 

Other uses of cognitive task analysis. One of the user groups that tried out the ACTA methods decided to use the simulation interview as an evaluation tool. After students had completed a course, they were asked to review a simulation and answer the questions for the interview. An instructor was also asked to do this independently. When the answers were compared, it revealed that the students were now thinking like the more experienced instructor. 
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