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A COGNITIVELY-ORIENTED APPROACH TO TASK ANALYSIS AND TEST DEVELOPMENT

David A. DuBois, Valerie L. Shalin, Keith R. Levi, and Walter C. Borman

Introduction

This report describes the workplace application of cognitive methods to task analysis and test
development. Task analyses are essential to improving personnel performance, including the development of
effective programs for selecting, training, and managing performance. Traditionally, task analyses have
focused systematically on describing the behavior of competent performers. Consequently, measures for
predicting, cvaluating, or diagnosing performance have also emphasized the behavioral content of
performance.

Alternatively, cognitive methods hold considerable promise for improvements in personnel training
and performance by revealing the thought processes experts use to achieve superior performance. Cognitive
methods extend traditional approaches that describe whar tasks get performed by identifying Aow these tasks
are done. This involves describing the critical cognitive content and processes that underlie observable
behaviors. The mental aspects of behavior--the goals, strategies, decisions, and prior knowledge--indicate
unique and important job content relevant to training, testing, and performance.

Achieving an optimal balance between quality and cost is a traditional challenge for task analyses
employed in support of practical applications. We found it necessary to incorporate task analysis methods
from both behavior-based and cognitive-focused approaches to thoroughly and practically describe job
cxpertise. Based on personnel psychology, behavior-based methods address the breadth of tasks performed
in the workplace. Methods from cognitive science effectively describe the depth of knowledge employed
during task performance. The two approaches complement each other well. Hence, we label our approach
‘cognitively-oriented task analyses’ to recognize the contributions of both. By integrating both approaches,
the nature of job expertise can be identified systematically and in a cost effective manner. This report
describes the methods employed in cognitively-oriented task analysis, illustrates their use with examples, and
discusses the application of this task analysis approach to the development of performance measures.

Intended Audience

The intended audiences for this report are persons responsible for developing human resource (HR)
applications such as training objectives and curricula, performance aids (e.g., intelligent tutors) and
performance measures. In the military services, these people are often job experts serving as instructors,
curriculum designers, and test developers. This report is written for these job experts to assist them in
completing their instructional goals. It may also be useful to researchers interested in applying cognitive
science to workplace applications.

Organization of this Report

This report is organized into three sections. We begin by first presenting some distinguishing
features of our task analysis approach and by describing a general model of job expertise. The second section
describes the methods employed in cognitively-oriented task analysis. In the third section, we discuss how
results from these methods can be employed to improve the development of performance tests. In Appendix
A, we illustrate our knowledge elicitation approach using protocols obtained from our work with computer
technicians. We provide some guidelines for developing written performance measures in Appendix B.




Section 1: Describing Job Expertise

Cognitively-Oriented Task Analyses

Cognitively-oricnted task analysis involves three phases: description of tasks performed,
identification of diagnostic tasks, and elicitation of knowledge that supports task performance. We
incorporate techniques from personnel psychology Lo identify the tasks that comprise a job and to target the
more resource-intensive cognitive methods to the most relevant tasks. We utilize cognitive methods to elicit
in detail the knowledge requirements of performance.

This breadth-then-depth strategy takes advantage of the complementary nature of task analysis
methods employed by personnel psychology and cognitive science. Personnel psychology procedures are
task-focused and more cost effective, but suffer from biases and omissions inherent in retrospective self-
report methods. Cognitive science methods provide contextually rich, detailed accounts of job knowledge but
are very resource intensive to use. Hence, we adapt procedures from personnel psychology to describe job
tasks, then target procedures from cognitive science to those tasks that are most informative of job expertise.

In addition to their individual contributions, combining the two approaches to task analysis also
yiclds new insights into the nature of job expertise. In particular, the unique contribution of this cognitively-
oriented approach results from identifying tasks and knowledge, essential to competent performance, that
were previously implicit. We applied this approach to the computer technician’s job and Marine land
navigation performance to develop written performance measures (DuBois & Shalin, 1995). Based on our
results, this cognitively-oriented approach should be especially useful for describing knowledge-based skilled
performance and vaguely defined tasks, with practical applications to performance measurement, training
programs, and intelligent tutors.

General Features
The following features characterize our approach to integrating task analysis methods of personnel

psychology and cognitive science:

Model-Based Approach. We employ a general framework of the content of job expertise to guide the task
analysis process. This model-based approach provides advantages in efficiency and comprehensiveness. It
serves as a guide to the many practical decisions required to adapt the task analysis process to the particulars
of a specific job. For example, we use this framework to develop relevant questions to ask when interviewing
job experts, to select tasks and contexts for job observation and protocol analyses, and to serve as a stimulus
for gathering ratings from job experts.

Representative Sampling. To be useful, applications must be both detailed and comprehensive. To
accommodate these different objectives, we employ hierarchical sampling to direct the more resource-
intensive, cognitive methods to content areas that are particularly informative about the nature of expertise
for a job. This provides a rich account of expertise while making efficient use of time and personnel. As a
basis for sampling tasks, we use our model of expertise to provide a framework for collecting ratings from
job experts. Comprehensive task analyses of whole jobs help to prevent errors which may result from a
narrow focus on limited arcas of work, such as examining only the technical content of a job. For many
applications, the results of such an approach could be seriously misleading, such as examining only flying
skill of commercial pilots while ignoring cockpit communications and management. Hence, the use of
sampling techniques and a comprehensive framework of overall job proficiency help to ensure that job
expertise will be adequately described.




Cognitive Focus. In contrast to job analysis methods that focus solely on behavior, we explicitly incorporate
procedures to identify goals, strategics, pattern recognition, and mental models. Further, tasks should be
cxamined as whole, integrated sequences, so that key mental aspects are not omitted. For example, previous
studies of land navigation partitioned this task into procedures for determining location, distance, direction,
and so forth. By analyzing isolated skills rather than integrated tasks, the critical decision-making skills of
choosing which procedures to use, when to use them, and how to adapt them to the situation were missing
from task analyses, training, and evaluation tests. Incorporating the key mental supporting the performance
of integrated, whole tasks proved essential for predicting performance. Yet it was given scant attention in
existing training, formal job documents, or measures of performance.

Work Performance in Context. From our experience, we {ind that focusing task analyses more directly on
actual performance reveals task and knowledge requirements that are unique and important. For example, we
found that performance of technical tasks on the job often interacts with performance of communication,
{cam, and administrative tasks. Additionally, tasks other than primary technical tasks are often de-
emphasized or omitted when studied out of the context of the job. For example, information gathered from
formal job documents (c.g., training materials, job descriptions), retrospective reports, or laboratory
cxperiments tend to omit communication, team, and organizational-wide tasks and knowledge. In part, these
omissions may be due to: difficulties in describing perceptual knowledge, lack of formal descriptions that
articulate these requirements, a lack of effective cues that prompt recall of these tasks and knowledge, or to
our human inability to describe accurately the contents of our cognitive activities. Whatever the reason for
these inadequacies, we find it essential to observe actual job performance to develop complete and detailed
descriptions of work expertise.

The Nature of Job Performance

An important challenge for cognitive science methods is to accommodate the complexities of job
performance. The work to date focuses primarily on technical knowledge and skills acquired in formal
instructional settings. From our perspective, describing the expertise required for proficient performance in
work settings introduces an additional order of magnitude in complexity of knowledge content. Job
performance involves not only duties other than technical proficiency (e.g., managing work flow, assisting
others, communicating effectively), but interactions among these many tasks. In addition to describing the
content complexities of job performance, task analysis methods must produce timely, cost effective results to
support applications such as intelligent tutors and embedded training,

One strategy for efficiently conducting task analyses and developing applications is to use a well-
developed theory to guide the process. We examined two areas of the scientific literature for candidates:
personnel psychology and cognitive science. Cognitive science provides rich accounts of the nature of
technical expertise. Personnel psychology provides extensive taxonomies of tasks and work proficiencies
that can be used to guide job analyses. But neither expertise nor proficiency alone are sufficient to describe
job performance.

To accommodate a range of human resource applications, we need to know which tasks get
performed and what knowledge supports their effective performance. To achieve this goal, we organized
these literatures into a description of job expertise using a task by knowledge matrix, shown in Table 1. This
combination of breadth of task dimensions and depth of knowledge structures provides a more
comprehensive model of job expertise than can be inferred from either scientific literature taken alone.

From the perspective of cognitive science, the model indicates the relevance of a wide range of
organizationally important tasks. From the perspective of personnel psychology, the model articulates a rich
description of the expertise required for job performance. The integration of task and knowledge taxonomies
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from the two disciplines also suggests some relevant issues and new insights about the task and knowledge
requirements of jobs, by highlighting: the multi-dimensional structure of task performance; the knowledge
required to exceute tasks in real, physical environments; and the social/cultural bases of job expertise.

We discuss this model in some detail in this section. Discussing theories about job content may be a
departurc from descriptions of task analysis methods which focus solcly on the data gathering process.
However, there are several advantages to having a theory about the nature of job expertise, and to explicitly
stating what the theory entails. It suggests relcvant issues to scicntists (¢.g., what is the structure of job
expertise) and practitioners (e.g., which aspects of performance to emphasize and describe for particular
applications). It provides a road map for adapting task analyses to specific jobs (e.g., by suggesting interview
probes and sampling strategies). 1t also helps to standardize certain task analysis procedures (e.g., analyzing
and representing performance protocols) by providing an explicit, consistent basis for task analysts’
judgments.

The organization of tasks and knowledge depicted in Tables 1 and 2 primarily reflect the mainstream
of the personnel psychology and cognitive science literatures, respectively. However, applying this task
analysis approach to the computer technician’s job and to Marine land navigation suggested to us some
departures which we will explain in the text as they arise. Depending on your background and your purpose
for employing task analyses, readers may also provide differing organizations of the categories and content
within them. We provide brief rationales for our conceptions in the following text.

A Model of Job Expertise. Tasks may be defined as a goal-oriented activity. Human resource practitioners
often describe tasks in general form, beginning with a verb. “Determine your present location” is an example
from land navigation. The task statement clearly describes the activity, but is general in the sense that it does
not tell you ow the task should be accomplished (by terrain association or by using a map and compass).
Nor does it provide a clear performance standard (e.g., within 10 meters), inform you when the activity
should occur, or indicate why certain methods are more effective in particular situations. We use the term
“knowledge” to refer to task content addressing how, when, and why tasks are performed.

Table 1
A Task By Knowledge Framework of Job Expertise

Knowledge Requirements

Task Categories Declarative Procedural  Generative  Self

I Technical tasks (job-specific)
2 Organization-wide tasks

3 Teamwork

4 Communication

5 Work management

6 Leadership & supervision

7 Effort & personal discipline
8 Skill development




The framework presented in Table 1 represents a central part of our strategy for implementing
cognitive task analyses in a cost effective manner. It informs our hypotheses about expertise, directs our
study of tasks, and guides our discussions with job experts. We use it as an efficient, flexible heuristic to
focus the task analysis and to ensure that our description of job expertise is complete.

Expertise is highly specific to particular tasks. Fortunately, the contents of many tasks are similar,
and the structure of expertise is general across most jobs. For example, within military jobs there are several
tasks common to jobs both within and across the military services. ‘These include performing first aid (CPR,
dressing wounds, etc.); firing and maintaining weapons; maintaining personal fitness, and military discipline.
Other tasks, such as providing supervision and communicating effectively, share a similar structure along
with at least some similar content. By structure, we mean that task goals are similar. However, the job
importance and specific tactics employed for supervising and communicating may vary across jobs.

In addition to similar task goals, the knowledge required to support those tasks also shares many
similarities. For most jobs, knowledge requirements can be characterized in terms of the non-exclusive
categories of information shown in the columns of Table 1--declarative knowledge, procedural knowledge,
generative knowledge, and self knowledge. Although the detailed content will differ across jobs, the structure
of tasks and knowledge for most, if not all, jobs will be encompassed by this framework. Because knowledge
content can be classified into different categories depending on its function in a particular task or setting, we
do not consider these categories to represent a taxonomy of knowledge. In practical terms, this framework
helps constrain task analyses, provides a source for interview probes, and can supply important content
(albeit at an abstract level) for elaborating job knowledge.

Task Categories. The rows in Table 1 organize tasks according to similar aptitudes and skill
requirements. While there are many ways to organize tasks into meaningful groups (based on relative
importance, frequency, co-occurrence, goal similarity, content similarity, etc.), the approach depicted in Table
1 is especially informative to employee selection, training, and performance measurement. These performance
dimensions differ with respect to their relative emphasis on cognitive, affective, and motor outcomes'.

This organization of tasks (i.e., the rows of Table 1) describes the structure of performance across all
jobs in terms of eight high level dimensions®: technical tasks (i.c., job-specific proficiencies), organization-
wide tasks (non-job-specific proficiencies), written and oral communications, teamwork, leadership and
supervision, work planning and administration, effort and discipline, and personal skill development. The
content within these dimensions are expected to vary considerably across jobs. Further, not all eight
dimensions may be required to describe any particular job.

We use this framework to guide task analysis efforts to ensure the comprehensiveness of job
coverage. Formal job documents, such as job descriptions, training materials, and so forth frequently omit
important duties (e.g., assisting the team, supporting organizational goals outside one’s normal duties).
Further, these implicit duties often have a large impact on individual and organizational performance

! This familiar taxonomy is from the training literature (e.g., Gagne, Briggs, &
Wager, 1988; Kraiger, Ford, & Salas, 1993).

2 This taxonomy was adapted from work by Campbell and his associates
(Campbell, 1990; Campbell, McCloy, Oppler, & Sager, 1993).
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effectiveness. Hence, the task framework provides a benchmark to ensure that all important tasks are
explicitly described.

1) Technical Tasks. This group of tasks is comprised of the substantive, job-specific tasks that are
central to a job. Designing buildings, troubleshooting computers, tracking and guiding airplanes, and
preparing documents are all examples of job-specific tcchnical task content. This performance component
typically is the most thoroughly described in job documents. However, as the next section on knowledge
components will show, even thesc descriptions systematically omit certain types of content that are essential
to technical task performance.

2) Organization-wide Tasks. In most organizations, individuals perform some tasks that are not
specific to their own job. In the military services, thesc include providing first aid, handling and maintaining
weapons, cleaning the area, and so forth. These are duties for which everyone is responsible, in addition to
their technical tasks.

3) Team Tasks. Providing support to one’s peers and work team is the core of this component. This
is one dimension that obviously does not apply to all jobs (c.g., for individuals who work alone). Helping
with job problems, providing informal training when needed, and assisting others when they are overloaded
arc all examples of facilitating team performance.

4) Communication Tasks. Many jobs in the workforce involve making effective presentations, either
written or verbal, to other individuals and groups. These communications may be either formal or informal.
In addition to message content, proficiency in communicating is a key component of performance
effectiveness for these jobs.

5) Worl: Management Tasks. This dimension includes obtaining and organizing resources;
managing time and tasks; and problem-solving and decision-making with respect to resource problems. This
dimension does not include providing direct supervision (part of the leadership category) or solving technical
problems (part of category 1, technical tasks).

6) Leadership and Supervision Tasks. This dimension involves directing and influencing others,
both formally and informally. Modeling appropriate behaviors, setting and motivating others towards goals,
monitoring progress, and providing feedback are typical examples of this dimension. This dimension applies
{0 individuals whose work involves groups, whether or not this includes a formal role as a supervisor. Thus,
we include in this category effective interpersonal skills such as listening actively, negotiating effectively,
resolving conflicts, and so forth.

7) Effort and Personal Discipline Tasks. This dimension reflects the consistency of an individual’s
day-to-day motivation. It involves the degree of commitment to all tasks, persistence across the range of
work conditions (including adverse ones, such as working late, in the cold, etc.), level of intensity, and
willingness to expend extra effort when needed. This dimension is distinct from one’s technical knowledge,
cooperativeness with peers, or communication skills. This dimension also involves stress management skills,
the degree of integrity in everyday behavior, adherence to organizational policies and procedures, and
standards of personal conduct. It also includes avoidance of counterproductive behaviors such as alcohol and
substance abuse, inappropriate absenteeism, theft, and so forth.

8) Skill Development Tasks. Developing skills and knowledge about one’s job, organization,
industry, and career are essential components of many jobs. This involves acquiring, maintaining, and
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cvaluating onc’s own technical, organizational, and personal skills. It includes accepting responsibility for
and taking the initiative for training and development, whether the opportunities are formally provided or
acquired informally through mentoring, coaching, or self-directed lcarning.

Knowledge Categories. Knowledge functions in differcnt ways in order to support proficient task
performance. We organize this knowledge into four, nonexclusive categorics to ensure complete description
of content: declarative, procedural, generative, and self. We present a more detailed description of these
categories in the discussion that follows, and provide a summary of key points in Table 2.

Declarative Knowledge. With respect to job performance, declarative knowledge involves knowing
what to do in order to get the job donc. This consists of knowing the facts, concepts, principles, and so forth
that arc acquircd and can be remembered (given the appropriate cues), usually in verbal (i.c., “declarative’)
form. Additionally, we include in this category two distinctions about declarative knowledge identified by
cognitive science research for their relevance to job training and performance: knowledge organization and
structure; and mental models.

Knowledge Organization and Structure. Knowledge organization and structure refers to how facts,
concepts, and rules get organized in memory. In the early stages of learning skills and job expertise, trainees
and novices store the acquired information as a set of loosely related facts. As expertise develops, these
knowledge units are grouped for more efficient recall and use. Furthermore, as skills move from a novice to
expert level, the basis of knowledge organization changes from surface features (e.g., similar appearance or
location) to features based on principles.

Mental Models. Mental models refer to simplified models, or representations, of knowledge that are
used in performing a job or communicating to others. An organization of concepts, facts, and rules may serve
as a mental model that summarizes large amounts of information about the structure, functions, and
interrelationships of an organization, task, or equipment system. A mental model can be as simple as a
written outline (¢.g., from a training lecture) or it can be visual, such as an organizational chart. They can be
employed as heuristics to guide problem-solving and decision-making or as frameworks to help in learning
new information. For example, the game of football has been used as a metaphor, or model, of organizational
competition. Based on the metaphor, prescriptions such as “play every down” and “when the going gets
tough, the tough get going” are generated and applied to the work setting.

Procedural Knowledge. Procedural knowledge consists of knowing how to perform tasks. This
includes knowing when to use a particular procedure, the steps to perform a procedure, and what standards of
precision the task process and product must meet. For many tasks, this may also involve recognizing patterns
of cues that signal the next procedure or step to perform. Additionally, this includes knowing alternative
strategies for performing the job, and when to apply those strategies to maximize job performance. In sum,
procedural knowledge concerns knowing the accepted methods for performing the reasonably well-defined
tasks of a job.

Generative Knowledge. In contrast, generative knowledge supports the development of new
procedures or adaptation of old ones to new contexts. Hence, this knowledge involves knowing why things
work--understanding causal relationships, domain principles, and systems knowledge. It differs from
declarative knowledge by knowing how to adapt principles and to transfer knowledge from one setting to
another. While procedural knowledge consists of knowing how to do a task, generative knowledge involves
knowing why the task is done the way it is. Perhaps more to the point, generative knowledge consists of




Table 2

Knowledge Requirements For Performance

Categories of

Knowledge Knowledge Components Description/Example
Declarative Semantic & conceptual knowledge - Facts, concepts & principles
Knowledge organization - Content and relationships among concepls
& structure
Mental models - Streamlined representations of knowledge in
visual, semantic, or episodic form
Concepts - How conceptual knowledge is organized
Tasks - Goal sequences
People
Team - Special skills of team members, etc.
Organization - Organizational structure,
Boss(es) - Supervisory goals, work style
Equipment & Systems - Enables propagation of action effects
Environment - Constraints on choice of methods
Mission - Effects on goal priorities
Procedural Procedure selection - Selecting optimal procedures
Goal understanding - Formulation of goals and their priorities
Pre-condition recognition - Identifying whether required constraints are met
Procedure execution - Knowing correct sequence of steps
Goal knowledge - Knowledge of process precision &
outcome standards
Perceptual knowledge - Perceiving, recognizing patterns of relevant cues
Strategic knowledge - Strategy formulation, selection, & implementation
Generative Problem representation - Initial framing & classification of problems
Problem-solving &
transfer knowledge
Normative reasoning - Knowing norms, event frequencies, etc.
Analogical reasoning - Reasoning from models in related areas
Deductive reasoning - Reasoning from domain principles, rules, etc.
Inductive reasoning/ - Inferring rules from cases
Experiential knowledge - Acquisition of relational & perceptual knowledge
from task practice & job experience
Systems knowledge - Enables explanation of status; propagation of
Principles effects
Causal relationships - Understanding causal relationships in the domain
Explanations - Can provide reasons for why events occurred
Self Meta-cognitive knowledge

Control processes
Self knowledge
Self-monitoring
Self-explanation

Self-directed learning

- Scheduling serial tasks; integrating parallel tasks

- Possesses accurate perceptions of own skills

- Monitoring own performance processes, outcomes
- Generates reasons for phenomena

- Identifying training needs; designing training
events; managing leaming process




information that supports transfer to different contexts, while procedural knowledge emphasizes application
to similar settings.

For example, generative knowledge is brought to bear on defining unstructured problem situations
(perhaps the foundation of ‘problem representation’). It consists of domain-specific content and processes of
knowlcdge directed Lo adapting goals and methods to novel situations. To transfer performance to new
scttings, knowledge is generated by reasoning from job norms (normative reasoning), domain principles
(deductive reasoning), well known models in other areas (analogical reasoning), or inferring rules from
previous experience (inductive reasoning).

Generative knowledge also includes systems knowledge--the relationships among the parts of a
system and how the parts connect to the whole. This knowledge is useful for predicting system status and
how effects are propagated among the parts.

Self Knowledge. Self knowledge consists of the meta-knowledge required to plan, implement, and
monitor how and when tasks are performed. It also involves knowing what knowledge is needed, how to
efficiently acquire it, and how to monitor onc’s own level of understanding. This includes managing one’s
own learning process effectively, whether training takes place in formal (i.e., in the classroom or lab) or
informal settings (c.g., while being coached or mentored on the job), and whether training is directed by
instructors or oneself.

Implications for Task Analyses and Test Design

One intended purpose of the model of job expertise (presented in Tables I and 2) is to guide the
conduct of task analyses. For example, we should expect descriptions of job expertise to include tasks and
knowledge from each cell of the model or an explanation for why it does not apply in this case. In this way,
the model provides benchmarks to ensure that task analyses are systematic and comprehensive. As a
summary of research and practice on job performance, this model also serves as a reminder that performance
is not just ‘one thing’ (Campbell, 1990; Dunnette, 1963). Performance, and the expertise required to support
it, is multi-dimensional. Applications attempting to measure, model, or improve overall performance must
recognize the multi-dimensional structure of job expertise. Because portions of job expertise are implicit,
care must be given in task analyses to identify it.

The model of job expertise also provides specific guidance for the conduct of each phase of task
analysis and test design. For example, the model provides a useful framework for generating interview
probes and for classifying performance protocols. It also provides a general framework that can be used to
obtain expert judgments for test specifications.

Section 2:
Description of Cognitively-Oriented Task Analysis Methods

Cognitively-oriented task analysis is a collection of procedures flexibly applied to the goal of
identifying the task and knowledge requirements of a job. The focus of this approach is to describe expertise
associated with job performance. Hence, we emphasize eliciting detailed knowledge that experts actually use
while performing tasks, in addition to their (or others’) reports about that expertise. The basic approach can
be summarized in the five steps shown in Table 3.




Step 1: Plan the Project

Here we comment on two features of project planning especially relevant to our task analysis
approach: defining project goals, resources, and constraints; then adapting your methods to meet these
considerations.

Project Goals. The goal for conducting task analyses typically involves supporting the development of one
or more human resource applications. The nature of the application affects planning by specifying the scope
and depth of information that needs to be obtained. For example, developing performance measures requires
comprehensive coverage of a job at a moderate level of detail. In contrast, developing intelligent tutors
requires fine-grained details, but often is restricted to technical knowledge.

Table 3
Cognitively-Oriented Task Analysis

Activities Steps
1. Plan the project e Interview senior management
A. Identify application goals, e Design sampling plan
resources and constraints e Collaborate with a job expert
B. Define approach e Select methods
2. Analyze tasks e Interview job experts

e Review job & training documents
e Use task x knowledge framework
e Gather performance examples

e Develop task questionnaire

3. Identify diagnostic tasks o Obtain expert ratings
4. Elicit detailed job knowledge e Conduct protocol analyses
5. Represent job expertise e Develop plan-goal graph

e Develop task by knowledge matrix

In addition to specifying the application, you also need to identify how the application will be used.
For example, job knowledge tests can be used to diagnose individual performance, predict proficiency,
promote the best qualified candidates, or to evaluate the effectiveness of training programs (vs. assessing the
student). Each of these uses affects how the information is gathered and how it will be used to develop an
application. For example, which tasks get selected for more detailed study will differ between uses involving
predicting job performance and evaluating training programs. Greater emphasis will be given to tasks
showing high performance variability for the former use, and more emphasis will be given to organizational
importance for the latter use.

For example, in the computer technician’s job, loading tapes to record ship operations data is
organizationally important, but is a task which shows very little variability in performance across technicians.
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Becausc this task is central to performance and is formally taught, tests designed to evaluate training should
include asscssment of this task. However, if the objective is to predict performance, questions assessing
tasks with little or no performance variation will add little to your knowledge about differences among
technicians’ performance. Instead, assessing technicians’ capability to train themsclves will probably be
more uscful because there is substantial variation in performance of this task.

Inevitably, specification of application goals and uses will involve discussions about what aspects of
job performance are relevant. For purposes of task analysis planning, these discussions should focus on three
topics: people, tasks, and contexts. The number and range of possibilities for these three factors need to be
specified to ensurc that task analysis results will reliably generalize to your application goals.

Using our land navigation task as an example, it was important to conduct task analyses in at least
two different environments (i.e., contexts) of mountains and forested plains. As a result, we identified
important differences in strategies, methods, and expertise across these environments. In other military
settings, specifying the range of relevant war and peacetime scenarios involved in job performance will be
similarly important to effective planning.

The primary implication for planning task analyses is to determine an adequate sampling plan across
the three factors of people, tasks, and contexts. For example, with respect to people, we found several stable
differences in nominal job experts. These included differences defined by strategy preferences and by recency
of experience. That is, we defined and studied a group of individuals who were nominated as experts owing
to their previous experience, but whose current skills had deteriorated. Including this group of ‘decayed
experts’ in our task analyses provided us with additional insight into the nature of expertise for this task. At
minimum, sampling across the most salient distinguishing factor(s) in each class of people, tasks, and
contexts allows you to estimate the range of expertise associated with job performance. Some relevant
factors will be discussed in the next section on task analysis.

Step 2: Analyze Tasks

The goal of this phase of task analysis is to develop a complete list of the duties and tasks involved
in a job. We employ interviews to achieve this goal, supplemented by a structured approach to gathering
examples of job performance (i.e., the critical incident method; Flanagan, 1954). While not a required step in
our approach, it is an especially useful method for extending the task analysis to tasks and contexts that may
not be available to job observation (e.g., due to safety or cost constraints). The outcome of these methods
will be a questionnaire that can be used to target additional task analysis efforts for describing job expertise.
We begin this section by extending our model of job expertise, then showing how it can be used to assist the
task analysis process.

Using the Model of Job Expertise. The model provides us with some initial hypotheses about the content
of expertise. In applying the model to task analyses, we comment on three aspects of tasks that may affect
the nature of job expertise: task content, task characteristics, and job context.

Task Content. When job experts provide retrospective reports about performance, they frequently
have difficulty recalling and reporting all of the tasks that they perform. They tend to omit tasks that are not
part of the technical content of their job or are not included in official job documents such as job descriptions
or training manuals. Unfortunately, these omissions too often represent significant portions of the job.
However, the framework suggests useful probes and cues to assist job experts in describing their work.
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Using a computer technician’s job as an example, it was common for job incumbents and supervisors
{0 discuss their job in terms of operating, maintaining and repairing computers (i.c., technical task
proficiency). With some additional probing, they were able to describe a wide range of additional activities
that they performed, including participation in collateral dutics (c.g, tasks related to physical plant
maintcnance, safcty, and sccurity), training and assisting tcam members, communicating information
throughout the organization, and planning and administering their work (organizing maintenance schedules,
ordering parts, etc.).

Although formal training is not provided for such activities, proficiency in some of these tasks
appears strongly related to supervisory assessments of overall job performance. Further, performance on
these tasks often interacts with performance on technical tasks. Thus, capturing this information 1s important
{0 the development of job aids and performance measures that are intended to support or assess overall
performance.

Table 4
Effects of Task Characteristics on Knowledge Requirements

Task Characteristic Knowledge Requirements Affected

Importance Goal knowledge & organization; task strategies;
procedure selection

Time, outcome pressure Goal knowledge & organization; task strategies,
(maximum vs. typical) procedure selection

Goal focus Goal knowledge & organization, task strategies;
(speed vs. accuracy) procedure selection

Goal difficulty, Declarative knowledge; system knowledge;
complexity pattern recognition & procedure selection

Task consistency Proceduralization of knowledge function vs.

pattern recognition & procedure selection

Task Characteristics. In addition to content, there are other task characteristics that can affect the
knowledge requirements of a job. In Table 4, we identify several of these and briefly characterize their
impact on job knowledge. In fact, characteristics such as importance, difficulty, pressure, and consistency can
affect both the content and processes by which individuals perform their work.

The amount of pressure on task performance varies across tasks and situations. The repair of ship-
board computers when technicians are in port requires knowledge of diagnostic procedures and a moderate
level of motivation. Repairing the same problem when under enemy fire not only requires increased speed
and attention, but knowledge of how to optimize high priority tasks and satisfice low priority tasks.

Each of the task characteristics presented in Table 4 represent sources of potentially revealing

information about the nature of expertise for a job. We evaluate their potential first by asking questions
related to these task characteristics in initial interviews, then later explore their relevance through job
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obscrvations. Additionally, understanding the relative organizational importance and amount of performance
variability in each class of tasks may provide you somc important clues for productively focusing the task
analyses (e.g., using protocol analyses) and for improving existing applications.

Task Context. Contextual factors often excrt their influence through the changes they impose on task
characteristics. The previous example concerning navy computer technicians illustrates this point. The level
of sccurity threat, routine steaming or in battle, impacts task pressure and goals. Contextual factors such as
the environment (e.g., in port vs. at sea) and organizational mission can impact knowledge requirements in
similar ways. Other contextual factors, such as the nature and amount of resources available, may have their
impact through the job performer’s sclection of goals and the procedures used to satisfy those goals.

The model of expertise displayed previously in Tables 1 and 2 is intended to provide a good starting
point for identifying the nature of expertise in a job. In this section, we articulated it further by adding
considerations of task characteristics and task context. The categories and content of this model of expertise
are general, domain independent, and abstract. However, job expertise is domain specific. Hence, the model
is intended to provide direction for elaborating the details of job expertise, and to guide adaptation of task
analysis methods to your particular situation. We illustrate this use of the model in the following descriptions
of our task analysis methods.

Interview Job Experts. The primary goal for initial interviews with job experts is to define job duties and
tasks. Additionally, we use this occasion to identify potential differences in expertise, tasks, and contexts that
should be incorporated into the sampling plan for more extensive knowledge elicitation efforts. Finally, we
also use these initial interviews to introduce the project to job holders, answer their questions, and encourage
their participation. We find that time and interest invested early with these job experts yields essential
ongoing support and cooperation during the project. Be aware that your goals may be considered mere
overhead for your job experts. Take the time to explain how your project will benefit them and their work.

Interviewing three to five job experts is generally sufficient to arrive at a converging set of major job
duties. Experienced job incumbents (e.g., with 3 or more years experience), or supervisors who have
extensive experience performing the job, are appropriate as job experts. Where possible, we select
interviewees who are both competent performers and verbally fluent.

Table 5
Organization of a Job Analysis Interview

Project introduction

Background information

Open-ended questions about job
Follow-up probes

Informal ratings of task characteristics
Summary

Close

NN AW -

One organizational scheme for the interview is shown in Table 5. These interviews are semi-
structured and take about one, to one and a half hours, with each interviewee. We usually begin by describing
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the purposc of the project and the importance of their contributions. The primary focus of the interview is on
developing a general, yet complete list of all activities comprising the job. Hence, the use of open-ended
questions is recommended. For example, the following questions may be useful.

“What do you do on a ‘typical” day?”

“What arc the major goals and activities in your work?”

Table 6
A Guide for Interview Probes

Topic

Example Probe

Performance Categories
Technical proficiency
Organizational-wide proficiency
Teamwork
Communications
Work planning & administration
Leadership & supervision
Effort & personal discipline
Training & development

Task Characteristics
Importance (lo organizational goals)
Pressure (maximum vs. typical)
Goal focus (speed vs. accuracy)
Complexity
Consistency

Task by Person Considerations
Performance variability
Time spent

Contextual Factors
Organizational goals/mission
Work group collaboration
Equipment
Resources (mentors, job aids)

Please describe your primary job duties.

Outside your primary duties, are there other tasks you perform?

What roles, if any, do you perform in work teams?

What types of written and verbal communications do you do in your job?

How do you plan and administer your work?

In what ways does your work require you to influence or guide others?

In what ways does your work require you to persevere, work late, or expend extra effort?
Please describe areas for which you train or update your skills.

Please rate the relative importance of the duties we have just discussed.

Which duties/tasks are performed under pressure of time or outcomes?

Is speed or accuracy primarily emphasized for this duty?

Which of these duties/tasks are more difficult, requiring extra thought before responding?
Which tasks can be performed in a relatively routine way?

Which duties/tasks produce the most variability in performance?
How much time do you typically spend on each of these duties/tasks?

What are the organizational goals or missions that are especially relevant to your job?
For which duties/tasks do you depend on others for assistance?

What equipiment do you use to accomplish your job?

What other resources assist you in your work?

The use of open-ended questions and unobtrusive follow-up probes is recommended because
capturing the interviewees’ terminology and organization of tasks can provide insight into their conception of
job performance. We present some examples of follow-up probes in Table 6. It should go without saying
that taking careful notes and/or recording these interviews is essential. You won’t remember as much detail

as you think you will.

In addition to clarifying and expanding descriptions of job activitics, follow-up probes are usually
necessary to assist the interviewee in recalling and articulating job activities. Job experts’ conceptions (and
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verbalizations) about their job arc frequently dominated by the representations found in formal job
descriptions, performance appraisal forms, and training materials. Unfortunately, it is often the case that
thesc formal descriptions arc substantially deficient. These documents tend to describe only technical task
performance while omitting such organizationally important activities as providing team support,
communicating with organizational members, providing informal training or supervision, and so forth.

After developing a thorough picture of job tasks, we probe for information about the effects of task
characteristics and task context. This information can also be gathered by asking the interviewee to rate each
of thesc characteristics.

Using interview notes, we consolidate the information into a representation of task content, structure,
and contexts. This often takes two forms, a task list and a graphical representation of task structure (e.g., the
plan-goal graph discussed in a following section).

Incorporate Information From Job Documents. For most jobs, there exist a variety of sources that can be
used to further delineate the tasks and duties outlined in the initial interviews. These materials include
training manuals (e.g., instructor guides, training path charts, PPP tables), technical reference manuals, job
aids, performance appraisal forms (e.g., Personnel Qualification Standards), job descriptions, and mission
statements. The goal of this activity is to refine the list of tasks and activities that comprise the job. Any
noticeable differences between representations of the job found in job documents and from interviews isa
potential source of content for differentiating among levels of expertise.

Gather Performance Examples. Another way to develop a detailed description of the job is to collect
performance vignettes from job incumbents and supervisors. This supplement to the other methods is
valuable for several reasons.

First, it often identifies knowledge that is important to performance, but that is not typically
described in job documents or readily articulated in interviews. By focusing directly on performance, it
provides improved access to knowledge developed from job experience. Identifying this ‘implicit’ knowledge
appears important to adequate characterizations of expertise.

Second, it extends the task analysis by incorpo