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Abstract

Electronic Performance Support Systems (EPSS) have been heralded as the solution to some of
the challenges arising from today’s military operational requirement.  These challenges include
the desire for faster, cheaper training to satisfy the need for rapid deployment of personnel to
widely dispersed locations, to maintain more reliable systems resulting in increased skill fade.
They also have been identified as playing a critical role in the Royal Navy’s synthetic training
solution.  To that extent then human performance measurement should play a role in this
environment; however the current EPSS solutions have no facility to manage or monitor such
performance.  Further there are no EPSS solutions designed to run within a Learning
Management System (LMS) framework.

This paper will highlight the role of an LMS for the effective management of performance in a next
generation performance support environment, and discusses the findings of the current Type 45
Chilled Water Plant EPSS project which is not only building an EPSS demonstrator for the Type
45 destroyer, but is also defining an effective end-to-end process for building next generation
performance support solutions.
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Introduction

The training industry is undergoing
significant and unprecedented changes.
More and more training is occurring at the
job site as part of an individual’s regular job.
This “training on demand” provides the user
with the capability to receive “refresher”
training before they go out and perform a
difficult procedure. They can also refer to
this training while performing the actual
procedure.  The traditional model of course
based instruction where students register for
whole courses covering several topics is
now changing to event based training where
the user receives training on a specific topic
necessary to complete a single event.  The
delivery of training at the point of need, vs.
in a classroom environment has led to a
resurgence in the use of Electronic
Performance Support Systems.

Unfortunately the term Performance Support
Systems have become a catch all phrase
that means different things to different
individuals. For the purposes of this paper
an Electronic Performance Support System
is an electronic infrastructure that provides a
supportive context in which work is done.
Everything needed to do the job—
information, software, expert advice,
guidance, and learning experiences—is
integrated and available, enabling a desired
level of worker performance in the fastest
possible time and with minimal support or
intervention by others. (Cichelli, 2001)

Electronic Performance Support Systems
are taking on more significance in the U.K.
Royal Navy as part of their initiative to move
more and more training out of the school
houses and to the ships.  However to date
these systems are targeted for specific
systems such as the Merlin Deck Handling
System or the 1007 Radar system. (Joyce,
2001).  These systems are designed and
developed as stand alone entities.  As such
these systems do not permit data reuse
across systems, or even allow reuse of
training content developed for classrooms.
Without permitting reuse these systems
become expensive to maintain.  They also

do not run within or interface with a Learning
Management System.

Recently the United Kingdom Royal Navy
has begun exploring a holistic approach to
Electronic Performance Support Systems
that would not only focus on the reuse of
information across various systems, it would
also manage and track user performance for
an entire ship.  (Joyce and Cichelli, 2002).
This next generation Performance Support
System will be used to manage significantly
more information and to support complete
job functions.  They will also be used to
deliver “Just-In-Time” training to individuals
and will therefore need to update Training
Records.  As such they will need to
maintain, or have access to user records.
These records will not only be used to
control what information a particular user will
see, they will also need to be updated based
on user performance.

During formal training, tracking user
performance is the role of a Learning
Management System.  According to the
Shareable Content Object Reference Model
(SCORM), an LMS is defined as a server-
based environment which has the
intelligence for controlling the delivery of
learning content to students. The LMS has
the capability to determine what to deliver
and when, and track student progress
through learning content. An LMS allows a
student to log-in, enrol, and take ADL-
compliant lessons (Advanced Distributed
Learning, 2004).

Learning Management Systems are
primarily geared toward formal training
events.  The students are manually enrolled
in a course of instruction, and their
performance is measured via formal
assessments against pre-established formal
objectives.   This process normally requires
an instructor, or other training administrator
to manually perform this registration.  The
course of instruction is based on a fixed
formal path consisting of lessons and
modules based on a curriculum of
instruction.  As more and more training
moves away from formal training
environments, and is incorporated into “just-
in-time” training events and into
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performance support environments, there
must be a capability to assess this human
performance.

In 2004 the U.K. Royal Navy contracted with
BAE Systems, the Type 45 Prime
Contracting Office, to develop a functional
Next Generation EPSS for the Chilled Water
Plant.  The intent of this program was to set
the stage for a wider scale implementation
of next generation EPSS for the Type 45
Warship.  One of the most important
requirements of this prototype was that the
CWP EPSS must have a strong training
benefit and as such should be able to be
used in the classroom as well upon ship.  As
such one of the tasks during this effort was
to determine what the interface
requirements are for an EPSS and Learning
Management Systems.  This paper will
highlight the importance of measuring
performance in a performance support
environment, and will review the findings of
the Type 45 CWP EPSS prototype including
the LMS and EPSS interface requirements.

Is it Training or Performance Support?

Gloria Gery first coined the term Electronic
Performance Support System in the late

1970’s to highlight the importance of the
ability to access training wherever/whenever
it was required, not just in a formal training
environment.  The goal of an EPSS is to
provide whatever is necessary to generate
performance and encourage learning at the
moment of need.  (Gery, 1991).  Of course
this also changes the focus of the training.

Training is an activity designed to change an
individual’s behaviour and to make them
proficient at a group of tasks. (Merrium-
Webster Dictionary, 2004).  In order to
accomplish this, a user’s performance must
be measured in order to determine if they
are proficient, or if their behaviour has
changed.  Electronic Performance Support
Systems, on the other hand, have
traditionally focused on the delivery of
information.  While they may deliver training
content, there has been little focus on
tracking human performance.

If next generation Performance Support
Systems are to serve a more “holistic”
function as discussed, they will need to
maintain, or have access to, user records.
These user records will not only be used to
control what information a particular user will
see, they will also need to be updated based
on user performance of a particular job.

Figure 1;  Per formance Attr ibutes in a Per formance Suppor t Environment
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As can be seen in Figure 1, there are a
number of user attributes necessary to be
managed in a performance support
environment (Cichelli, 2004).  This
information has traditionally been stored in
several different locations, including Human
Resource systems, Training Management
Systems, and Learning Management
Systems.   This paper will focus on two of
these elements: Learning Management
Systems that track progress through formal
and informal training events; and Electronic
Training Jackets that are often stored in a
Training Management System.

Performance support systems in the future
will have the capability to dynamically
customize the information a particular user
sees based on their individual profile.  For
example if users are not proficient in a
particular aspect of a job, they may receive
formal training on this aspect before
proceeding with the job.  EPSSs will also
need to measure the user’s performance to
ensure that they are proficient.

Skills are not static, they fade over time.  So
even though a person has been deemed
competent in a particular procedure they
may not have performed this procedure in
several months.  As such, they may need
access to additional information in order to
complete the procedure successfully.
However, once this person has performed
this procedure, they should receive credit for
performing it, by the system updating their
competency in this particular task.  Central
to all of this is the tracking of human
performance, a role that Learning
Management Systems and Training
Management Systems have traditionally
served only in a formal training environment.

Measuring Human Performance

This section will answer the following
questions with respect to the defined role of
EPSSs in an informal learning environment
and a formal training environment:

·  What does measuring human
performance mean?

·  Why should we measure human
performance?

·  What should we measure about human
performance?

·  How should we measure human
performance?

What does measuring human
performance mean?

Whether an EPSS is being used as a job
aid, or for just-in-time training, or as part of a
formal training solution, the effectiveness of
these use cases is determined through
evaluation. This evaluation requires the
measurement of any change in performance
as a result of learning.

The Kirkpatrick model defines four levels for
learning evaluation. These are:

1. Reaction level – measures what
learners think or feel about the learning
event

2. Learning level – measures what
learners actually learned from the event

3. Job behaviour level – measures the
effect of the learning on the learner’s job
behaviours

4. Results level – measures the effect of
the learning on organisational
performance

An EPSS can capture information relevant
to any of the four levels of the Kirkpatrick
model. As a job aid, an EPSS is clearly most
suited to providing information at level 3,
though it is acknowledged that successful
performance aided by the use of an EPSS
does not necessarily imply that required
learning has taken place without additional
assessment. The use of an EPSS at level 3
means that this type of evaluation is much
more likely to happen. Before discussing this
further, it is necessary to answer the second
question.

Why should we measure human
performance?

The present generation of EPSSs have
been designed to support the user in
performing pre-defined tasks, but in general
they do not measure change in human
performance as a consequence of using the
EPSS. Raybould (2000) describes the role
of measurement in the feedback loop that
ensures performance-centred systems
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achieve their goals. If we design EPSSs to
measure human performance, then the
following benefits could be realised:

·  The ability to assess and report on
learner performance

·  A mechanism to support coaching and
mentoring of the learner

·  A method of providing information to
affect competency management

·  The ability to better evaluate the impact
of the use of the EPSS on
organisational performance, and enable
the calculation of the ROI (Altalib (2002)
stresses the need to collect metrics on
performance to enable useful
calculations of the ROI)

·  The ability to adapt the EPSS to better
suit the needs of the learner based on
information captured on current
performance (e.g. through the filtering of
data based on competency)

·  A mechanism to support process
improvement (e.g. the gathering of
evidence to support a change to the
EPSS design to make it even more
effective)

The third question concerns what aspects of
human performance should be measured,
and what could be measured through the
use of the EPSS.

What should we measure about human
performance?

Having established that there is a need to
measure performance, there is then a need
to establish what that is. This requires an
analysis of the performance need to
determine what needs to be measured. In
essence we should measure what is of use
to the stakeholders and what is cost
effective to capture. The sorts of things that
we will be able to measure are:

·  Outcome at the job task level (i.e. was
the task completed successfully)

·  Any change in competency as
demonstrated by successful completion
of the task

·  How the task was performed (e.g.
identifying mistakes, or sub-optimal
decision-making and problem-solving)

How should we measure human
performance?

In a formal training environment, level 1 of
the Kirkpatrick model is typically satisfied
with an end of course questionnaire.
Frequently there is inadequate follow-up
evaluation of the impact of the training on
job performance, though this is an important
component of MoD’s Joint Service Systems
Approach to Training Quality Standard
(2001), described as External Validation.
The difficulty and the cost of conducting
such evaluation perhaps explain the reason
for this. EPSS is the ideal tool for capturing
performance information that can be used to
support External Validation of any formal
training or informal learning. This is
explained in the next section, which
describes the challenges of specifying an
LMS for the next generation performance
support environment as part of the Type 45
Chilled Water Plant EPSS project.

LMS in an EPSS

This section discusses the challenges to
specifying and designing an LMS capability
for EPSSs that will realise the business
benefits described in the previous section,
and proposes solutions to these challenges.
This knowledge has come out of an activity
to specify the requirements for an LMS for
the Type 45 Chilled Water Plant EPSS. This
EPSS needs to provide performance
support to the maintainer of the Chilled
Water Plant; with a secondary role as a
media option in scheduled training and
unscheduled learning. Figure 2 illustrates
the high level concept of operation for this
type of EPSS in the maintenance domain.
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Figure 1; High Level Concept of Operation for LMS in an EPSS (Maintenance Example)

At the heart of this endeavour are two
questions that must be answered.

·  Is it feasible to provide an LMS
capability for EPSS for its desired roles?

·  Can the LMS capability for EPSS be
realised?

Based on the work done to support the Type
45 CWP the answers to these two questions
are yes.  The Type 45 Chilled Water Plant
EPSS does support the use of LMS
protocols to communicate between the
EPSS and the content. Further the CWP
shows it is possible and desirable for the
Performance Support System to have
access to user performance information.
The work conducted also provided an
answer to the second question in the form of
a series of challenges that in the main have
been resolved.

The key challenges to realising an LMS
capability for EPSS include the following:
1. Stakeholder resistance to change. This

is a wider issue than LMS in an EPSS
and refers to cultural and organisational
change needed to realise the vision of
performance support in training

2. Defining a cost-effective development
process for EPSS with LMS capability

3. Defining an effective mechanism for
information exchange that supports data
reuse and interoperability requirements.
This challenge means addressing the
issue of the optimum granularity for the
content, and the desire to take account
of international data standards for
technical documentation and learning
content

4. Scope and interfacing issues with other
systems (e.g. agreeing on the
demarcation of responsibility between
LMS, EPSS, a Maintenance
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Management System, and any Learning
Content Management System)

5. Connectivity/bandwidth and
updateability issues. Given the likely
scenario that the EPSS will be
disconnected from the LMS for a period
of time, this will result in the need for
data resynchronisation

6. Tracking progress in an Interactive
Electronic Technical Manual (IETM). It is
assumed that the content in an IETM is
used to define the steps in the job tasks
supported by the EPSS

7. Measuring and tracking human
competencies (e.g. modelling skill fade)

The Type 45 Chilled Water Plant EPSS
project is addressing the first three
challenges and will be discussed in the next
section. Some of these challenges will need
to be addressed by requirements on the
LMS interface.

Requirements capture to satisfy the
business need is at the heart of the fourth
challenge, and this is as much about
effective communication across the parts of
the enterprise responsible for these
systems. Brandon Hall (2002) emphasises
the importance of first defining your
business requirements for an LMS in a
performance support environment.  To
support this environment it is important to
integrate the training, technical publications
and ILS processes. This is important to
establish the collective performance, support
and training needs, and to identify
opportunities for data reuse.  We should
really talk about Performance Needs
Analysis rather than Training Needs
Analysis to reflect this paradigm shift from a
desired training outcome to a desired
performance outcome in an increasingly
integrated performance, training and support
environment.  Whatever the name, a key
output from this analysis is the user profile
requirements. This is the information that
needs to be captured about users and their
performance (e.g. the need to record
assurance checks that health and safety
procedures have been followed). It is also
important to agree the role of the EPSS in
the operational and training environments
(e.g. as illustrated in Figure 2), and the
requirements for reusability and
interoperability.

The remaining challenges are predominantly
technical in nature.  The maturing
international standards for technical data
(e.g. ASD S1000D) and learning content
(e.g. SCORM) can be applied to address
many of these technical issues and also
satisfy the requirements for reuse and
interoperability.  Further there is a
cooperative international effort to integrate
these standards to encompass a
Performance Support Environment.  This
has important implications in the UK military,
as this means that the SCORM-compliant
LMS within the MoD e-learning initiative,
Defence Learning Portal (DLP), should be
able to satisfy the requirements for the LMS
in the EPSS with some possible changes.

Type 45 Chilled Water Plant Project
Overview

The Type 45 training Integrated Product
Team within the United Kingdom Royal
Navy has sponsored the development of a
next-generation EPSS for the Type 45
Chilled Water Plant System.  This CWP
prototype is targeted to marine engineers on
the new Type 45 Destroyer.  The EPSS will
be used as a supplement to formal training
in the Royal Navy schoolhouse environment,
in shore-based facilities, as well as on board
ship.  This CWP prototype is a result of
some initial work performed by BAE
Systems, Boeing, SI International, and
L3Com in developing a Holistic Performance
Support System proof-of-concept for the
Type 45. (Joyce and Cichelli, 2002).

The intent of this prototype was to show how
an object-oriented design and development
model could be employed to deliver a
performance support system.  This hosted
environment manages technical data in the
form of S1000D Data Modules and training
data in the form of Shareable Content
Objects and joins them in the delivery of an
EPSS.  This concept of “joined up”
information is designed to ensure maximum
data reuse while providing the right
information, to the right individual, in the
right way.  An overarching goal was that the
EPSS should be both S1000D-compliant as
well as SCORM-compliant.  By following
these data specifications, data reuse is
facilitated without having to create specific
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EPSS content.  An additional goal that was
continually stressed throughout the process
was that the EPSS should have a strong
training benefit.  In other words it should be
able to be used in a schoolhouse
environment and potentially replace some
existing hardware part task trainers.

The intent of the Type 45 CWP prototype
was also designed to set the stage for the
development of additional Performance
Support Systems during the full-scale
implementation of the Type 45 Training
Media Content development.  As such, the
project was separated into two distinct but
overlapping phases.  The first phase was
the development of a repeatable “end-to-
end” process.  This process would define all
the necessary requirements for designing
and developing a hosted EPSS delivered
from an Integrated Data Environment.  This
process would then be used during the
actual development of the CWP EPSS.  This
would allow the Type 45 program to collect
cost/benefit metrics, and will allow the Type
45 Prime Contracting Office to refine the
“end-to-end process,” which would then be
used during full scale implementation.

During the development of the end-to-end
process was the determination of LMS and
TMS requirements.  These requirements are
documented in a TMS/LMS features and
analysis report and include the capability of
an LMS to be able to record and store
required information relating to user
performance, as well as the importance of
managing a user’s competency model.
This report also details how the SCORM
2004 Run Time Environment Specification
could be used with minor modification to
collect performance data from the EPSS.
This methodology is currently being
implemented during the development of the
CWP prototype, including the management
of a user’s competency model as well the
use of the SCORM specification to collect
user’s performance records.

The second phase was the actual
development of a prototype for the Chilled

Water Plant.  This prototype has clearly
shown that it is possible to join technical
procedures in the form of S1000D Data
Modules, with training material in the form of
Shareable Content Objects (SCO’s) to make
an effective Performance Support
Environment.  Further, this prototype has
shown that the SCORM run-time
specification does permit performance
tracking with an EPSS engine.  This
prototype also demonstrates that by using a
users competency record information can
dynamically be presented to the user based
on his or her requirements.

Conclusion

Measuring human performance is a critical
part of Next Generation Performance
Support solutions.  An EPSS is no longer
“just a support tool”, but instead plays a
critical role in the training and development
of Royal Navy sailors.  As such the
management and tracking of human
performance is an essential element in this
environment.  The work done to support the
Type 45 CWP EPSS system makes it clear
that an LMS can and should play a critical
role in Performance Support and should be
developed and used to manage human
performance information. We have identified
the challenges to achieving this and
overcome some of these, as this paper
discusses. Current data standards can be
adapted to support this desired goal of being
able to measure human performance on the
job and record it in an LMS.  These
performance metrics are an essential
component of the feedback loop that
ensures that the EPSS achieves its
business goals. The current generation of
LMS will need to change to accommodate
this requirement, but this change is modest
compared with the substantial business
benefits that are realisable through LMSs
with this capability. The authors see this as
a natural step towards the vision of an
integrated performance, training and support
environment in the future.
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