
User Interface Designs, Task Categories and Training

Title User Interface Designs, Task Categories and Training

Item Type Book Chapter

Authors Curnow, Christina K.;Henson, Jeremy A.;Wisher, Robert A.

Citation Curnow, Christina K., Jeremy A. Henson, and Robert A. Wisher.
"User Interface Designs, Task Categories and Training." User
Interface Design for Virtual Environments: Challenges and
Advances. IGI Global, 2012. 41-59.

URI https://hdl.handle.net/10945/66242

Publisher IGI Global

Date Issued 2012

Rights This publication is a work of the U.S. Government as defined in
Title 17, United States Code, Section 101. Copyright protection is
not available for this work in the United States.

Download date 2026-04-14 04:58:06

Link to Item https://hdl.handle.net/10945/66242

Downloaded from NPS Archive: Calhoun

https://hdl.handle.net/10945/66242


41

Copyright © 2012, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

Chapter  3

DOI: 10.4018/978-1-61350-516-8.ch003

INTRODUCTION

Digital information and its delivery are ubiquitous 
in modern society. From the moment a digital radio 
or cell phone awakens you, to your daily work 
routines, to checking on your Facebook friends, 

our lives are becoming one never-ending interface 
to the digital world. Advancements, enhance-
ments, and extensions of this trend are relentless. 
The delivery of education and training content in 
digital form is clearly part of this trend, as testified 
by the explosion of the e-learning marketplace. 
E-learning holds much promise for the training 
of the workforce, for the education of youth, and 
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ABSTRACT

This chapter provides a preliminary framework for learner centered user interface design across a variety 
of training categories. To arrive at this framework, the authors explore (1) user interface design prin-
ciples and the extent to which they apply to learning environments, (2) the learner centric psychological 
principles that should be included in the design of learner interfaces, and (3) methods by which training 
tasks are categorized. The overarching premise of the framework is that designs that are compatible 
with the psychology of learning promote learning, and ultimately performance, better than those that 
do not. This seemingly simple concept is sometimes in conflict with user interface design principles for 
other purposes, such as general purpose websites or marketing campaigns. The framework results in a 
notional configuration of 27 learner centered training interfaces, which are analyzed for their relevance 
to user interface design. The chapter concludes with a call for further research to determine best prac-
tices in learner interface design.
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for the development of society (Wisher & Khan, 
2010). In Badrul Khan’s popular depiction of an 
e-learning global framework through his octagon 
model, interface design plays a prominent role 
(Khan, 2001). The challenge of designing inter-
faces specific to the needs of the digital learner 
is worth examining.

The chapter takes a holistic view of this chal-
lenge. Our central question concerns the optimal 
‘user interface’ between a learner and learning con-
tent. Do user interface design principles for general 
opertional use apply to learning environments? 
What factors from a learner-centric perspective 
should be considered as an underpinning to an 
ideal interface design for learners? Our examina-
tion, then, is from a learning perspective, although 
from more of a training rather than from an edu-
cational point of view. The objective in training is 
to systematically acquire knowledge, skills, rules, 
concepts, and attitudes that result in improved 
performance in another environment. We focus 
on the application of technologies, specifically 
information and communications technologies, 
to bring about this systematic acquisition. What 
matters for the trainee to interface with digital 
learning content is our concern.

This chapter is organized into a background 
section and three main sections. The background 
section covers learner-centered psychological 
principles; the user-centrist theme is used through-
out the chapter. For our purposes, the user is the 
learner. A learner centered approach begins with 
an understanding of how the mind functions, so 
the natural tendencies of the learner should be 
factored into designs of the interface to learning 
content. The background covers some psycho-
logical principles of learning centered around the 
learner rather than the instructor. This analysis is 
further narrowed to what matters most in training.

The first main section considers relevant 
aspects from the user-interface-design literature 
related to simulations, in particular the issue of 
physical fidelity. The section briefly covers the 
fidelity question as it relates to reproducing the 

same cognitive experience by the user/operator/
learner. Should the intention be to make the expe-
rience and interactions intuitive and efficient, in 
terms of achieving learning outcomes, or merely 
replicate the actual environment at a lower cost? 
The second section, the most extensive, reviews 
relevant training analysis literature, drawing from 
the many models that have been proposed for cat-
egorical descriptions of the elements of training. 
The intention is to recognize these contributions 
and what they can offer to categorical descriptions 
of learner interfaces. The third section attempts 
to unite the concepts from the first two sections 
and form a holistic view of the relationship be-
tween interfaces and learning content. This is an 
ambitious goal, and the limited space allotted 
for this chapter will allow us to only introduce 
many of the key areas and examine only a subset 
of interface configurations. The objective of this 
chapter is to establish a framework for the many 
factors that underlie the successful development 
of the learner interface to digital learning content 
for the purpose of training.

BACKGROUND

In the past century, significant progress was 
made in understanding the training of skills and 
abilities, even performance at an expert level 
(Clark & Wittrock, 2000). The psychological 
principles of learning and instruction have led to 
cognitive models that focus on the critical roles 
of the learner’s cognition, including motivation, 
memory, comprehension, attention, and the active 
construction of meaning and understanding (New-
ell, 1990). These models converge on the human 
memory system and the processes that attend, 
transform, store, and retrieve information during 
learning and later during performance on the job. 
Note that such models focus on the capacity of 
the individual to learn and perform, and thus can 
be viewed from a learner-centered point of view.
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Toward the end of the past century, the field of 
interface design grew from an isolated subarea of 
ergonomic design to a new area of inquiry driven by 
software engineering (Shneiderman, 1992). Much 
of the focus was on human computer interaction, 
which sought interfaces that were comprehensible, 
predictable, and controllable. A good deal of the 
progress in understanding human cognition also 
contributed to modern views of interfaces to all 
sorts of devices, as exemplified in Don Norman’s 
stimulating The Psychology of Everyday Things 
(Norman, 1988). It is interesting to note the 
parallels between guidelines for creating ‘user’ 
interfaces to those for creating ‘learner’ interfaces. 
Both seek to identify relations between design 
features and the human information processing 
system. As we will demonstrate, there are limits 
to the analogy and some contradictions in what 
is best for the individual dealing with content 
through an interface. Our overarching premise is 
that designs that are consistent with the manner 
in which the human mind works promote perfor-
mance and learning better than those that are not.

Learner-Centered 
Psychological Principles

Nearly two decades ago, the American Psycho-
logical Association (APA) announced a set of 
14 Learner-Centered Psychological Principles 
(Alexander & Murphy, 1994; APA, 1993). These 
14 principles summarize research from the fields 
of learning and instruction, motivation, and de-
velopment, many of which had underpinnings in 
cognitive psychology. At the same time, cogni-
tive psychology was influencing the field of user 
interface design, seeking to make users ‘smarter’ 
(Norman, 1993). The APA principles address areas 
such as promoting curiosity and intrinsic motiva-
tion, linking new information to old in meaning-
ful ways, providing learner choice and personal 
control, cultivating social interaction, advancing 
thinking and reasoning strategies, constructing 
meaning from experience, and taking into account 

learner social and cultural background. These 14 
principles have been echoed in many learning 
theories, particularly those focused on teaching 
complex material such as cognitive learning strate-
gies (Merrill, Reiser, & Merrill, 1995), construc-
tivism/learner-centered education (Dimock and 
Boethel, 1999), experiential activities (Van Velsor 
& Guthrie, 1998), and cognitive flexibility theory 
(Spiro, Feltovitch, Jacobson, & Coulson, 1992). 
These 14 principles have significant promise for 
Web-based instruction (Bonk & Reynolds, 1997) 
and provide a sound basis for online instruction.

Complementing the learner-centered psycho-
logical principles, many educational technologists 
are advocating the need to shift from instructor-
centered to student-centered approaches. Learner-
centered pedagogy asks what students need to 
learn, what their learning preferences are, and what 
is meaningful to them. Online instruction provides 
opportunities for learning materials, tasks, and 
activities to fit individual learning preferences. Of 
course, the user-as-learner interface is a critical 
feature and it is often not considered sufficiently 
in online education and training.

In accordance with the learner-centered move-
ment, online tools should provide opportunities 
to construct knowledge, actively share and seek 
information, generate a diverse array of ideas, ap-
preciate multiple perspectives, and engage in social 
interaction and dialogue. Simply stated, technol-
ogy rich environments have the capacity to support 
learner engagement in meaningful contexts. For a 
more detailed look at the examples, functions, and 
supporting research for learner-centered environ-
ments, see Hannafin and Land (1997).

The 14 principles can be divided into four 
factors. The factors and related principles are:

1. 	 Cognitive and metacognitive factors: the 
nature of the learning process, the goals 
of the learning process, the construction 
of knowledge, strategic thinking, thinking 
about thinking, and the context of learning.
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2. 	 Motivational and affective factors: moti-
vational and emotional influences on learn-
ing, intrinsic motivation to learn, effects of 
motivation on learning.

3. 	 Developmental and social factors: develop-
ment within and across physical, intellectual, 
emotional and social domains, social interac-
tions and interpersonal relations with others.

4. 	 Individual differences: in learning, di-
versity in linguistic, cultural, and social 
backgrounds, and diagnostic, process, and 
outcome assessments as an integral part of 
the learning process. For a more detailed 
discussion of these principles see Bonk, 
Wisher, and Lee (2004).

For our purposes, we have selected three 
principles for inclusion in our crosswalk to 
heuristics for interface designs and categories of 
training. A more complete analysis, of course, 
would include all 14 principles. Multiplying all 
the possible combinations from the other two 
sources would involve many thousands of in-
stances, the analysis of which is well beyond the 
scope of this chapter. Our goal again is to create 
a framework of the many core elements that form 
the foundation for interfaces between a learner 
and training content. The three principles are: 
Construction of Knowledge – or how the user can 
link new information with existing knowledge in 
meaningful ways; Context of Learning – or the 
environmental factors such as culture, technol-
ogy, and instructional practices that influence 
learning; and Individual Differences – the dif-
ferent strategies, approaches, and capabilities for 
learning that are a function of prior experience 
and heredity. The fourth area of developmental 
and social is less related to factors that a train-
ing developer or interface designer can directly 
control and therefore is not addressed here.

USER INTERFACE DESIGNS

Every system has an interface to the user. It may 
be a simple on-off switch, knobs and dials, or so-
phisticated screen dialogues to computer systems 
that determine how people operate and control the 
system. One common interface design principle is 
to keep the interface simple and straightforward. 
Basic functions should be immediately apparent. 
These suggestions are difficult to refute, unless 
you are providing training on a system that has 
already been designed, and which may not have 
followed the keep-it-simple advice in creating its 
user interface. This can be the case in simulations 
of actual equipment usage designed many years 
ago, such as the control room for a complex op-
erational setting. Do you render an understanding 
of the mechanics of the system in an easy-to-use 
interface for the simulation or do you mimic the 
configuration of the actual system?

The human factors advice on the design of 
interactive software often applies to either an 
operating or a learning environment. The methods 
to develop and assess interfaces, interactive styles, 
direct manipulation for graphical user interfaces, 
and design considerations for effective messages, 
consistent screen design, appropriate colors and 
so forth can impact the success of users in either 
environment. There are, however, limitations. For 
example, Nielsen (1999) identifies ten general 
principles, really heuristics, for interface design. 
One heuristic is: Recognition rather than Recall, 
the rationale being to minimize the user’s memory 
load so that the user should not need to remem-
ber information from one part of the dialogue to 
another. This contrasts with strong evidence from 
the experimental psychology literature suggesting 
a different user design in order to enhance learn-
ing. Specifically, requiring a user to retrieve some 
piece of information can directly strengthen the 
memory for that information and slow the rate 
of forgetting (Rohrer & Pashler, 2010). At some 
point, learning depends on remembering informa-
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tion. Ways to facilitate this, rather than avoid it, 
are keys to learning.

Another counter intuitive example concerns the 
user interface design heuristic of Nielsen (1999) 
concerning Aesthetic and Minimalist Design, 
which advises that dialogues should not contain 
information which is irrelevant or rarely needed. 
In multimedia learning, this has been termed 
a ‘seductive detail’ or “highly interesting and 
entertaining information that is only tangentially 
related to the topic but is irrelevant to the author’s 
intended theme” (Harp & Mayer, 1998, p.1). 
Its best use in training depends on the intended 
purpose of the training. Capturing the attention 
of the learner is important for maintaining learner 
interest, which in turn leads to deeper processing 
of information and better learning and transfer. 
There is evidence that seductive details can have 
a facilitative effect on transfer of performance 
from the learning phase to the application phase 
(Towler et al, 2008). The category of training, 
then, can override some more general guidelines 
for interface design.

Fidelity in Design

Interface design is a critical component in simu-
lation that can be used for training. The way in 
which learners interact with simulated environ-
ments can enhance or hinder learning and transfer. 
While the specific components of a simulator 
interface will vary greatly depending on the 
nature of the task that is being trained, one issue 
that is consistently an issue across all simulator 
interface designs is that of fidelity. Currently, there 
is little agreement on what fidelity in simulation 
is, and how it applies to training (Dahl, Asos, & 
Svanæs, 2010). Much of the focus of technology 
developments in simulation is focused on physical 
fidelity. Physical fidelity is the extent to which 
a simulator realistically reproduces the aspects 
of the environment in which the actual task will 
be conducted (O’Sullivan, Dingliana, Giang, & 
Kaiser, 2003). While it is intuitively appealing 

to consider physical fidelity as an important 
characteristic of simulation in order to facilitate 
learning and transfer, a growing body of research 
has found evidence to the contrary (Hays, Jacobs, 
Prince, & Salas, 1992). Specifically, some simula-
tions that include rich, high-detail environments 
(Mania, Badariah, Coxon, & Watten, 2010) and 
easy-access to task-related information (Waldron, 
Patrick, Duggan, Banbury, & Howes, 2008) have 
been shown to reduce knowledge retention and 
skill transfer to the actual task environment.

One explanation of the disappointing results 
associated with focusing on physical fidelity is that 
simulations high in physical fidelity may still not 
reproduce the cognitive processes associated with 
a given task. Fidelity with regard to cognitive, af-
fective and psychomotor properties (Bloom, 1956) 
is called psychological fidelity (Kozlowski & 
DeShon, 2004). The use of psychological fidelity 
represents a shift from implicit to explicit modeling 
of the environment. Physical fidelity is implicit in 
that it implies that the more accurately an environ-
ment is represented physically, the higher degree of 
task related learning will take place. Alternatively, 
psychological fidelity is explicit, in that it uses 
existing theory and systematic analysis of tasks 
in order to create direct theoretical relationships 
between aspects of a simulation’s design and the 
task-relevant knowledge, skills, and abilities that 
will be learned. Kozlowski and DeShon (2004) 
identified three primary theoretical branches by 
which this can be accomplished. These include 
theories, of learning, motivation, and performance, 
instructional design, and metacognitive theories 
or heuristics in training of adaptive teams.

The development of a user-interface for a 
simulation must begin with a thorough cognitive 
task-analysis (Kozlowski & DeShon, 1999). This 
process identifies the cognitive processes associ-
ated with the task that is to be trained. Once the 
specific cognitive processes have been identified, 
the interface and training tasks should be designed 
in such a way that the cognitive load is reduced for 
non-task related processes and increased for highly 
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task-related processes. This may seem counterin-
tuitive because relevant training outcomes such 
as the development of self-efficacy (Bandura, 
1997) are related to the successful completion of 
training tasks (Godstein & Ford, 2002). However, 
research has indicated that reducing the cognitive 
load with task-related processes leads to lower 
retention and skill transfer (Waldron et al., 2008).

As stated before, many design principles and 
heuristics stress that access to task-related informa-
tion should be as easy and intuitive as possible. This 
philosophy may decrease psychological fidelity 
for tasks in which it is difficult to extract relevant 
information, thereby reducing skill retention and 
transfer. As a result, it is recommended to avoid 
interface design heuristics that encourage this. 
Alternatively IBM has created a set of eleven 
“Design Principles for Tomorrow” (Stasko, 1997). 
These principles stress the congruence of cognitive 
processes in the user interface with the cognitive 
processes associated with the task to be trained. 
These principles are listed below:

1. 	 Simplicity: Don’t compromise usability for 
function

2. 	 Support: User is in control with proactive 
assistance

3. 	 Familiarity: Build on users’ prior knowledge
4. 	 Obviousness: Make objects and their con-

trols visible and intuitive
5. 	 Encouragement: Make actions predictable 

and reversible
6. 	 Satisfaction: Create a feeling of progress 

and achievement
7. 	 Accessibility: Make all objects accessible 

at all times
8. 	 Safety: Keep the user out of trouble
9. 	 Versatility: Support alternative interaction 

techniques
10. 	 Personalization: Allow users to customize
11. 	 Affinity: Bring objects to life through good 

visual design

For our purposes, we have again selected 
three principles for inclusion in our framework to 
crosswalk between learner-centered psychologi-
cal principles and categories of training. A more 
complete analysis, of course, would include all 
11 principles, and other sources of guidelines and 
heuristics that were not included in this brief re-
view. The three principles selected from the IBM 
list are: Familiarity – the relationships among user 
interface objects should allow users to rely on their 
previous experience in the domain; Versatility – 
allow users to choose the method of interaction 
that is most appropriate to their situation; and 
Affinity – visual design should communicate the 
function of the user model without ambiguities. 
The framework is developed later in the chapter.

CATEGORIES OF TASKS

The goal of this section is to present task categori-
zation criteria and subsequent task categories that 
describe the world of training, at least in terms of 
tasks. Although there are numerous categorization 
schemes for tasks, our interest was in isolating 
those with factors that address whether training can 
be cost-effectively delivered through technology, 
and thus require a user interface. We searched a 
wide range of task categorization methodologies 
and sought to pick out specific criteria that make 
one group of tasks unique from another group 
in terms of how they might best be trained with 
current instructional practices.

The following review discusses the process 
and outcomes of a literature search for task clas-
sification criteria. This includes academic jour-
nals, applied texts and case studies, and military 
research articles; it covers both empirical and 
theoretical works independent of the purpose of 
the classification.
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Search Methodology

The literature review took place in multiple steps. 
First, we prepared a list of journal articles, book 
chapters, military research reports, and other 
case studies. These were gathered by searching 
databases such as PsycINFO, Google Scholar, 
and the U.S. Military’s Defense Technical Infor-
mation Center. Additionally, we identified case 
studies by searching the standard Google search 
engine. Search terms included keywords from e-
learning, training task analysis, and training task 
categories. These terms include task classification 
models, media selection models, and other fac-
tors affecting retention and complexity of tasks. 
Additional sources were identified by examining 
prevalent books for chapters pertaining to train-
ing, adult education, and job analysis. Results of 
the searches were screened to determine if they 
contained information relevant to the objectives 
of the current literature review.

Articles that presented task classification meth-
odologies were given a more detailed review. Each 
article was reviewed to determine what, if any, 
task classification criteria were used. Models with 
specific criteria are detailed here along with an 
assessment as to the extent to which the criteria: 1) 
have the potential to create unique classes that may 
vary in terms of the media that would be selected 
for training, 2) produces discrete categories versus 
general descriptions, 3) are sufficiently important 
to be included in a categorization schema that will 
result in a manageable number of categories (so as 
to not defeat the purpose of creating categories in 
the first place), 4) Enduring and static - not likely 
to change in different contexts or environments 
in the near future.

Results of Search

Numerous examples of task classification criteria 
are reported in the contemporary literature. Clas-
sification systems can be very general in scope 
or very specific. They also vary in focus and 

purpose. Listed below are several classification 
criteria that have been found to be useful when 
grouping tasks for purposes of job analysis or 
training development. We should note that there 
are ample examples of media selection models that 
recommend delivery media for virtual methods of 
training, but these are predicated on the assumption 
of a virtual approach in the first place.

The search resulted in nine broad schemes to 
describe the world of training:) Levels of analysis; 
2) Time and motion analysis; 3) Worker functions, 
or functional job analysis; 4) Task characteristics; 
5) Position analysis questionnaire; 6) Blooms 
taxonomy; 7) Cognitive task analysis; 8) Level 
of interaction; 9) Perishability and task retention 
models. The analysis presented below begins 
with classification schemes at a top-level view 
of training, based on how work is organized and 
how workers function. Characteristics of tasks 
are then reviewed, including domains, intellectual 
behaviors, task complexity, interactions during 
learning, and skill retention dynamics.

Levels of Analysis

Levels of anlaysis is one of the basic ways to 
describe how work is organized. This classifica-
tion system is hierarchical, in that each level is 
made up of units of the next lower classification. 
An element is the most basic form of classifying 
work and refers to specific motions that make up 
tasks. Activities are units of work that are made 
up of multiple elements. While the more general 
categories are useful for understanding how work 
is grouped, training is typically focused on tasks, 
activities, and elements

Altogether, nine levels of analysis were 
identified: Branch, Group, Series, Job, Position, 
Duty, Task, Activity, and Element. For example, 
Branch is the most general form of work, such as 
Software Engineering. Position refers to a job this 
is specific to an individual, such as Programmer, 
and Activity is composed of multiple elements 
that make up a more complete unit of work, such 
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as Documentation. This categorization system 
works well for describing what people do in their 
jobs but it is not until reaching the Task level that 
user interface design needs serious consideration.

Time and Motion Analysis

Time and motion analysis categories refer to the 
amount of time a given task will take as well as 
what and how many motions are required for the 
different tasks. Time and motion studies were 
originally introduced by Frederick Taylor (1911) 
and still have relevance in today’s workplace. 
Categories such as time and motion seem to fall 
into a broader construct of task complexity, which 
would seem to have an impact on how a task needs 
to be trained and whether it can be trained virtu-
ally. Certainly, the Motion category is relevant 
to user interface design, but not all motions may 
adequately translate to a design prescription.

Worker Functions (Functional 
Job Analysis)

Functional Job Analysis focuses primarily on 
the objects with which people work. Tasks can 
be categorized depending on whether or not 
they deal primarily with data (e.g., analyzing a 
spreadsheet), people (e.g., convincing a customer 
to buy a product) or things (e.g., filling a sandbag). 
Furthermore, these categories can be further bro-
ken down into levels of each type of object. For 
example tasks involving data can include activi-
ties such as comparing two pieces of data to see 
if they match (low level) to analyzing complex 
data and drawing meaningful conclusions (high 
level). There are three main categories, Data, 
People, and Things. Within categories, levels of 
activity include synthesis and analysis for Data, 
negotiating and supervising for People, and oper-
ating and handling for Things. Designing a user 
interface to train these categories much depends 
on the context of work.

These categories seem to relate primarily to 
qualitative differences in the nature of tasks and 
seem to have a direct relationship to the underly-
ing knowledge, skills and abilities that are needed 
to perform the tasks. The basic levels of Data, 
People and Things do seem to provide unique 
characteristics that would likely lend themselves 
to different design methods.

Task Characteristics

Many of the task classification schema that are 
available in the literature focus on creating task 
lists of what a worker does. The next step is to 
determine how these tasks are used on the job and 
to quantify their relationship to one another. This 
is most commonly done by collecting ratings of 
the importance and frequency of tasks. Further-
more, at least one case study (Jelley, 2007) used 
cluster analysis to empirically group similar tasks 
based on multiple criteria. The task characteristics 
as used on the job are drawn from four sources. 
They are described as follows, from Brannick, 
Levine, & Morgeson (2007): Difficulty to Learn, 
Difficulty to Perform, Time Spent to Complete; 
from Jelley (2007): Frequency of Performance, 
Expected Day-One Proficiency, Importance to 
Overall Job; from Jonassen, Tessmer, & Hannum 
(1999): Universality within a Given Job, Critical-
ity or Consequences of Inadequate Performance, 
Standardization of Performance across Workers; 
and Rose et al (1985): Perishability or how rap-
idly a worker loses the ability to perform without 
practice.

Among the task characteristics we identified, 
difficulty to learn, perishability and criticality 
seem to be particularly relevant to designing 
user interfaces that may have unique attributes 
to consider. These components seem to fall into 
a broader category that relates to task complexity.
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Position Analysis 
Questionnaire (PAQ)

The Position Analysis Questionnaire is a com-
puter-scored job analysis method. Tasks are rated 
based upon several categories and subcategories 
as described in Brannick, Levine, & Morgeson, 
2007, or McCormick, Jeanneret, & Mecham, 
1989. The PAQ categories are Information Input 
(e.g., perceptual activities), Mental Processes 
(use of stored information), Work Output (use of 
physical devices), Interpersonal Activities (per-
sonal contact), Work Situation and Job Context 
(physical working conditions). The challenge for 
user interface design is in assuring that the train-
ing can transfer from the learning environment to 
the working environment, so certain high stress, 
noisy, crowded environments may not easily be 
captured in an interface to training content.

As with most of the task classification schema 
focusing on job analysis, many of the elements 
of the PAQ relate to how tasks are used on the 
job, rather than how tasks should be or could be 
trained. Of course this is the intended purpose of 
job analysis classification schema. However, there 
are many pieces from the PAQ that could prove 
relevant to identifying unique task classes that 
might need to be handled differently by interface 
designs for training purposes.

Information input and mental processes relate 
to the way that a person perceives and processes 
information while performing a task. Often in 
training, the fidelity of these processes to the actual 
job is quite important to ensure training transfer. 
Processes of this nature warrant consideration 
when grouping tasks and selecting instructional 
methods and media.

Interpersonal activities relate to the nature and 
quality of interaction with people. Interactions 
with people and the nature of those interactions 
seem to be a characteristic that would uniquely 
differentiate a group of tasks and have implications 
for how they should be trained. Some interactions 
may be mimicked through virtual training, but 

others may be more open-ended and spontaneous 
requiring a sophistication not yet available.

Work output is geared primarily toward the 
physical activities required to perform a task, but 
also has implications for collective tasks in the 
“coordination of activities” category. Therefore, 
work output also worthy of further consideration 
as one of the criteria to include in our task clas-
sification.

Bloom’s Taxonomy

Bloom’s Taxonomy (1956) was developed to 
describe and categorize learning. It remains a 
popular scheme to categorize domains of learn-
ing. The domains are cognitive, affective, and 
psychomotor. Cognitive refers to the acquisition 
of knowledge and the development of skills, af-
fective refers to tasks the involve emotions, mo-
tivation, and attitudes, and psychomotor involves 
tasks the involve physical movement and refined 
motor skills.

Additionally, Bloom theorized that learning 
occurred at different levels of intellectual behav-
iors. The levels described by Bloom vary along a 
continuum of complexity with knowledge being 
the least complex and evaluation being the most 
complex. The levels are listed in Table 1.

The intellectual behaviors detailed in Table 1 
relate to progressively greater levels of cognitive 
processing. These factors relate to overall task 
complexity and how difficult it is to learn a task, 
and would seem to have a relationship with how 
tasks in these categories would need to be trained, 
which could impact instructional method and 
media choices; however, the greater implication 
of these levels is to the learning methodology and 
instructional design that should be employed 
rather than the technology itself.

The cognitive, affective, and psychomotor 
domains identified by Bloom represent qualita-
tively different modes of learning. These different 
modes of learning would seem to require different 
modes and methods of training, which likely has 
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implications for media selection and interface 
design (Reiser & Gagné, 1983)..

Cognitive Task Analysis

This type of analysis examines the cognitive 
processes associated with the completion of tasks. 
As a part of that process, tasks can be categorized 
and compared based upon the types of skills as-
sociated with them. Specifically, the skills are 
grouped into automated, representational, and 
decision making categories. The categories are 
presented in Table 2.

Instructional Requirements that 
Limit Instructional Methods

When training tasks, the instructional activities 
and conditions must include certain elements in 
order for the intended skills to be transferred. 
For example, in a fire emergency, individuals 
are taught to smell for smoke and feel a door for 
warmth. These factors may or may not be critical in 
learning a task. If they are critical and if a interface 
to a virtual training system cannot successfully 

replicate these conditions, the likelihood of learn-
ing the task is reduced. By the same token, if they 
are critical, then they must also be replicated in 
a classroom or field setting. Clark, Bewley, and 
O’Neil (2006) established a set of three train-
ing requirements by which training tasks can be 
categorized. Sensory mode requirements refer 
to tasks in which you must taste, touch, or smell 
something in order to learn the task adequately. If 
these sensory modes are required to learn a task, 
they must be present in the training environment. 
Conditional knowledge requirements address 
fidelity of a situation. Specifically, if a task takes 
place in a specific condition (e.g., at night, under 
water, or high heat), these conditions must be ad-
equately represented in the training environment. 
Synchronous feedback refers to the ability for 
training participants to get immediate feedback 
through the user interface about their actions. This 
is especially true for complex tasks, during which 
a coach may be required to stop practice, provide 
feedback, and demonstrate. The instructional 
requirements that can limit the use of interfaces 
include a Sensory Mode Requirement, namely 
touch, smell, or taste, a Conditional Knowledge 

Table 1. Bloom’s levels of intellectual behaviors 

Levels Examples

Knowledge Defining, labeling, organizing

Understanding Describing and explaining

Application Demonstrating and interpreting

Analysis Appraising, comparing, criticizing

Synthesis Composing and developing

Evaluation Arguing and predicting

Table 2. Categories of cognitive skills 

Category Description Example

Automated Skills that involve little effort or attention Riding a bicycle

Representational Skills that involve the use of mental models Planning a maneuver

Decision Making The ability to apply general rules and prin-
ciples to make decisions quickly

Reading channel markers in the water to 
know if your boat is on course
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Requirement, the need for the learning environ-
ment of have high fidelity such as gravitational 
pull for parachute instruction, and a Synchronous 
Feedback Requirement, the need for immediacy 
of feedback during training (Clark, Bewley, & 
O’Neil, 2006).

Level of Interaction

Whether in a classroom setting or through dis-
tributed learning, students have multiple levels 
of interaction in learning any task. Moore (1989) 
defines three types of interactions in instructional 
settings: learner-instructor, learner-content, and 
learner-learner. Each promotes learning, but in 
classroom environments, the emphasis is tradi-
tionally on learner-instructor and learner-content 
interactions, as knowledge is seen traditionally 
as flowing towards the learner. More generally, 
Wagner (1997) defines interactions as reciprocal 
events requiring two objects and two actions. A 
feature of effective interactions is that they must 
result in the transfer of knowledge or a change 
in intrinsic motivation. In classifying tasks, the 
breakout of interaction types relate to the ‘people 
level’ of worker functions described earlier. Wag-
ner further identifies thirteen types of interactions 
that can occur in learning environments, presented 
in Table 3.

More contemporary social constructivist 
theories of learning, however, point to learner-
learner interaction as a key to enhancing learning. 

In the classroom, these may occur between train-
ing sessions or in other ways uncontrollable by 
the instructor. A challenge for designers of in-
structional interfaces is how to support such 
learning. For collective tasks, interactions between 
learners (i.e., between team members) is central 
to task execution.

Perishability and Task 
Retention Models

More than a century of research on memory has 
shown that large amounts of forgetting can occur 
naturally over periods as short as several hours or 
as long as many years. Furthermore, research has 
shown that memory for continuous (perceptual-
motor) skills is different from memory for discrete 
(procedural) skills. The task of bicycle riding, for 
example, may last a lifetime, even after years with-
out practice. This is an example of a continuous 
perceptual-motor skill. Remembering the correct 
procedure for changing a flat tire on a bicycle, 
however, can perish since it is a task with discrete, 
knowledge-dependent procedures. Organizations 
makes a large investment in training knowledge-
dependent procedures, with thousands of tasks 
fitting into this category. The issue of retaining 
task knowledge, therefore, is of vital interest in 
considering a task categorization scheme.

In the 1980s, the U.S. Army Research Insti-
tute undertook an effort to organize and integrate 
many of the retention research findings into an 

Table 3. Types of interactions between learners and instructors 

Interaction Types

to increase willingness to engage in learning for negotiation of understanding

to increase participation for teambuilding

to develop communication for discovery

to receive feedback for exploration

to enhance elaboration and retention for clarification of understanding

to support learner/self-regulation for closure

to increase motivation
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instrument for predicting how rapidly individual 
procedural tasks are forgotten. The result of this 
effort is the User’s Manual for Predicting Military 
Task Retention (Rose, Czarnolewski, Gragg,, 
Austin, & Ford, 1985). The manual, which rep-
resents a model of skill retention, was designed 
to guide a trainer or analyst through a process of 
numerically rating an individual task on key fac-
tors just discussed.

The output is a single score that predicts the 
decline in performance among soldiers who start 
out fully proficient. It identifies a curve that gives 
the percentage of soldiers in a unit who will be 
able to perform the task correctly after a given 
interval of no practice. Training managers can use 
the model to answer questions such as:

•	 How quickly will a particular task be 
forgotten?

•	 Among several tasks, which is most likely 
to be forgotten or remembered after a giv-
en interval?

•	 When should reacquisition training on a 
particular task be conducted to keep group 
performance from falling below an accept-
able level?

The task retention model was not designed to 
address the difficulty of learning a task or how to 
conduct training. It focuses on task characteristics 
and does not take into account any techniques 
or strategies used during initial training or dur-
ing the retention period to counteract forgetting. 
However, factors identified in this model provide 
information about task complexity and the ways 
that tasks vary in terms of how they are forgotten 
(and perhaps learned as well). The ten task factors 
considered by the Task Retention Model are: 1) 
are job aids used; 2) what is the quality of the job 
aid; 3) how many steps are required; 4) are the 
steps ordered; 5) is there built in feedback; 6) is 
there a time limit; 7)what are the mental require-
ments (e.g., Blooms level of intellectual behavior); 
8) how many facts must be memorized; 9) how 

difficult are the facts, terms to remember (e.g., 
use of mnemonic devices); 10) are there motor 
control demands.

Summary of Task Categories

The goal of developing a set of categorization crite-
ria for the training of tasks was to identify discrete 
categories of tasks that vary in terms of training and 
learner interface design considerations. Ideally, a 
task classification system should separate tasks on 
distinct processes that have implications for the 
mode of instructional delivery (Sugrue & Clark, 
2000), which in turn can influence the interface. 
Depending on the purpose of training, such as 
regulatory compliance, safety, product familiarity, 
future performance, long-term retention, different 
categorical sets can then contribute to issues in 
designing a learner interface to training content 
(Robinson, 2007). There may be no best approach, 
and just as there is overlap between the schemes 
there is also uniqueness.

Among the factors identified in our literature 
review, three stand out as particularly important in 
the context of learner interface design. First based 
on the work of Rose et al. (1985) is the Perish-
ability of tasks and the underlying complexity 
of the task. Issues related to how quickly tasks 
can be forgotten, how frequently they need to be 
retrained, and how quickly they can be reacquired 
are important factors to consider in the design 
phase. The second criteria from cognitive task 
analysis is Decision Making. Skills that require 
Decision Making tend to be complex, which cre-
ates specific training challenges. Finally, from the 
instructional requirements category, the Sensory 
Mode requirement where the sense of touch, smell 
or touch are required to perform a task clearly 
has unique training design considerations. While 
there are certainly additional criteria that warrant 
further consideration, these three are addressed in 
our initial framework presented here.
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A FRAMEWORK FOR LEARNER-
CENTERED DESIGN AND 
TRAINING TASK CATEGORIES

This final section attempts to unify elements from 
the reviews. A notional subset of principles and 
categories have been arbitrarily selected for fur-
ther consideration in the framework. There were 
thousands of possibilities, so we have limited 
our analysis to a notional set of three principals 
or categories, identified earlier, from each of 
three fields of inquiry. This leads to 3 x 3 x 3 or 
27 separate configurations to evaluate as having 
relevance to an interface design to digital content 
for training that is learner-centered, sensitive to 
design principles, and focused on a particular 
category of training. The subset of principles and 
categories seleted are presented in Table 4.

The analysis of the various configurations was 
accomplished through a consensus building pro-
cess of independent rater judgments using three 
judges with a combined experience of more than 
50 years in the field of training analysis. Each of 
the 27configurations, such as Construction of 
Knowledge by Versatility by Sensory Mode, were 
rated as having high, medium, or low relevance 
for an interface. By this, we mean that high rel-
evance configurations should check against the 
features of a user design for training content, and 
the medium and low relevance are less important. 

The results of this very preliminary analysis are 
presented below.

High Relevance for Interface Design

•	 Context of Learning x Familiarity x 
Sensory Mode

•	 Context of Learning x Affinity x Sensory 
Mode

•	 Construction of Knowledge x Familiarity 
x Perishability

•	 Construction of Knowledge x Versatility x 
Perishability

•	 Construction of Knowledge x Affinity x 
Perishability

•	 Construction of Knowledge x Familiarity x 
Sensory Mode

•	 Construction of Knowledge x Versatility x 
Sensory Mode

Medium Relevance for 
Interface Design

•	 Construction of Knowledge x Familiarity x 
Decision Making

•	 Construction of Knowledge x Versatility x 
Decision Making

•	 Individual Differences x Versatility x 
Sensory Mode

Table 4. Notional set of considerations for learner-centered training interfaces 

Source Principal or Category

Learner-Centered Psychological Construction of Knowledge

Learner-Centered Psychological Context of Learning

Learner-Centered Psychological Individual Differences

User-Interface Familiarity

User-Interface Versatility

User-Interface 
Training Category

Affinity 
Perishability (task characteristics)

Training Category Decision Making (cognitive task analysis)

Training Category Sensory Mode (instructional reqmts)
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•	 Individual Differences x Familiarity x 
Perishability

•	 Individual Differences x Versatility x 
Perishability

•	 Individual Differences x Affinity x 
Perishability

•	 Context of Learning x Familiarity x 
Decision Making

•	 Context of Learning x Affinity x Decision 
Making

•	 Context of Learning x Versatility x 
Decision Making

•	 Context of Learning x Versatility x Sensory 
Mode

•	 Individual Differences x Familiarity x 
Decision Making

•	 Construction of Knowledge x Affinity x 
Decision Making

•	 Construction of Knowledge x Affinity x 
Sensory Mode

Low Relevance for Interface Design

•	 Context of Learning x Familiarity x 
Perishability

•	 Context of Learning x Versatility x 
Perishability

•	 Context of Learning x Affinity x 
Perishability

•	 Individual Differences x Familiarity x 
Sensory Mode

•	 Individual Differences x Affinity x 
Sensory Mode

•	 Individual Differences x Versatility x 
Decision Making

•	 Individual Differences x Affinity x 
Decision Making

The ratings for these configurations should be 
applied with caution at this point. Scales need to 
be developed, rating categories need to be better 
defined, and outcomes need to be validated. This 
is the first step in exploring the intricate relation-

ships between designs for training that are learner 
centered, are sensitive to task categories, and 
consider traditional guidelines on user interface 
design.

FUTURE RESEARCH DIRECTIONS

The analysis presented here must be considered 
preliminary. The notional elements represent but 
a small subset of the many combinations and the 
rater judgments have not been validated. Future 
research should systematically manipulate the 
elements as independent variables in a variety of 
experimental settings and consider both the im-
mediate learning outcomes and the longer term 
retention of the training content as an indicator 
of learning (Wisher, Curnow & Seidel, 2001). It 
is possible, for example, that the Versatility of 
an interface when combined with a Construction 
of Knowledge element of learner centered prin-
ciples leads to longer retention. Continuing the 
example, there may be no differences in immediate 
learning outcomes, but a significant difference 
in knowledge retention 90 days later. This is of 
great importance to training since it is transfer to 
of performance to other environments that is the 
key to training success.

Much of the research in online learning has fo-
cused on educational rather than training programs. 
The considerations here may not necessarily apply 
to educational environments, which are much 
more open ended. Parallel considerations with a 
revision from task categories to perhaps Bloom’s 
level of intellectual behaviors presented in Table 
1 may be the appropriate way ahead. The chal-
lenges and opportunities of this volume’s theme, 
including social and cross-cultural dimensions, 
are broad and deep. Research and its coordination 
are needed across many multi-disciplinary areas 
to fully realize the potential of the learner-as-user 
interface to digital content.
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CONCLUSION

There are many facets to designing user interfaces. 
Much is driven by the purpose of the interface. 
Much of the literature on interface design stems 
from the field of software engineering, based on 
fundamental user analysis, such as the GOMS 
model, or how to do a task in terms of Goals, 
Operators, Methods, and Selection Rules (Card, 
Moran & Newell, 1983). Much of the focusing was 
on using rather than learner, although one could 
obviously employ the interface as a stand-alone 
traning device. This chapter aimed to capture the 
many popular views of interface design, learner 
centered principles, and task categories and exam-
ine how they intersect and what that may imply 
for user interface design.
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KEY TERMS AND DEFINITIONS

Affective: In the context of learning, affective 
refers to tasks that involve emotions, motivation, 
and attitudes.

Cognitive: In the context of learning, cogni-
tive refers to the acquisition of knowledge and 
the development of skills.

Individual Differences: The ways in which 
individual people differ in their behavior, prefer-
ences, and abilities.

Physical Fidelity: The extent to which a 
simulator realistically reproduces the aspects of 
the environment in which the actual task will be 
conducted.

Psychological Fidelity: The extent to which a 
training environment replicates the psychological 
processes relevant to the successful completion a 
task in the actual environment.

Psychomotor: In the context to learning, 
psychomotor refers to tasks that involve physical 
movement and refined motor skills.

Training: A systematic set of processes imple-
mented with the goal of helping individuals and 
groups acquire the skills, rules, concepts, and 
attitudes that result in improved performance in 
another environment.


