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ABSTRACT

Inereasing computer capability together with
greater understanding of the learning process
have resulted in improvements in the instrue-
tional capability of training devices. This
complexity has spawned a great diversity in
training device design approaches. Nowhere is
thiz diverasity more apparent (end often less
understood), than in the design of maintenance
trainers. The military is currently procuring
both leck-step and free-play maintenance train-
ers at significant cost, Lock-step trainers
lead the trainee through prescribed maintenance
training in a pre-determined, pre-programmed
fashion. Free-play trainers have no prescribed
maintenance path. Traeinees, therefore, are free
te perform any set of procedures 1n any
sequence. The deviece simulates real equipment
in every way possible and will not automatically
freeze when a mistake is made. Unfoertunately,
the purposes of the two device types are often
confused. Decreased training effectiveness and
inereased cost are commonly the result.

This paper examines differences between
lock-step and free-play maintenance trainers and
explores appropriste uses of each., Major issues
which should be conaidered when determining how
much free-play and/or lock-step to design into a
training device are discussed in the paper.
These issues include the expertise of the
trainee; complexity of the tasks to be learned;
the number and skill lavels of the instructors;
the nature of the actual operational equipment;
and the cost of procurement.

Introduction

The military's use of training devices 1is
continuing to grow at a rapid pace. For
example, the Navy's inventory of simulated
training devices is currently well over $1.2
billion dollars, and that figure is axpected to
grow at a rate of 15 percent a year (Nauta,
158432,  While erities have been &ble to
accept the general concept of simwlators as
components of effective training systems, they
continue to question the way in which training
devices are used.

"We found that the services are not always
analyzing their training needs and thus do not
know what tasks can best be taught on simulators
.... A3 @ result, the simulators are mnot being
gsed as effectively as they could be." (p. 1,
GAO, 1983)1.

The problems of proper training device

'design and usge apply not just to operater train-

ing devices, but also, to an array of mainte-
nance devices.

Confusion over the type of maintenance
training devices increases the risk that
ineffective devices mey be built. This discus-
gsion is based upon the experience of the writers
in designing maintenance training systems, pri-
marily Device 1162 {Close-in Weapon System Main-
tepance Trainer)} and Device 1163 (MK92 Fire Con-
trol System Meintenance Trainer). We could find
no empirical research in thiz area and so the
readers are invited to Interpret the opinions
and conclusions in light of their own experience.

It is important to realize that we view the
two types of trainers not ag mutually exclusive
concepts but rather as end points on a contin-
uum. Training systems may end up having a
design which combines both device types. Im
most cases the issue is not whether a mainte-
nance training system will be either lock-step
or free-play, but rather where on the continuum,
the final training device design will fali. For
example, Windmueller (1984)% describes a
system which allows both lock-step and free-play
training to be done using the same trainer.
Another approach mipght use a large, free-play
trainer for most of & training system and small,
part~task, lock-step trainers for some selected
agpects of the system. Ineffective designs
oceur becauge designers ignore the existence and
characteristics of thisz continuum.

A final note. Generally, a training device,
be it lock-step or free-play, is no more effec-
tive than the training system of which it is
part. In like manner, a training system is only
as effective as the training strategy which it
implements. While we recognize the wvital
importance of the concepts of lock-step and
free-play training strategies and systems, we
have 1limited our discussion here to training
devices.

Lock-Step and Free-Play Training Devices Defined

The 1lock-step device is defined as thet
which leads a trainee through each portion of
each exercise with very little, if any, devia-
tion feom the prescribed program of instruc-
tion. The intention of & lock-step trainer is
to teach hard and fast procedures im the most
efficient manner possible. TUsually, only those
portions and functions of the actual equipment



which must be simulated for sake of the training
objectives are programmed intoe a lock-step
trainer. If the analyst is able to specify
exactly which skills must be taught sand then
develop objectives for them, it would be ineffi-
cient to build & device which includes more
equipment and functioms than iz reguired. A
lock-step device's programming ig done in serial
order. With thia method of sgimulation, the
computer's real-time programming capacity and
eracution gpeed become relatively unlmportant.
The storage medium mey ianvolve a large capacity,
but high retrieval speeds are usually not
required.

The free-play training device allows
trainees to define and pursue their own course
of maintenance training within the limits of the
curriculum. The device is designed to replicate
the actual equipment as closely as possible, in
function and often in form. A general differ-
ence between the two types of training devices
centers on the freadom of the trainees to
explore different approaches to analyzing and
remedying maintenance problems.

In the free-play device, programming is used
to model the actuel performance of the egquipment
for which training is designed. This
programming then allows the students to either
follow & pre-set procedure or take alternative
paths in order to experlence the same effects of
correct and incorrect actions as they would in
the real-world enviromment. With this method of
simulation, the program, which gsimulates the
full range of the real equipment cues, is resi-
dent in the computer's memory, so the device
emulates accurately 2 real-world environment
allowing student free-play. A free-play device
requires & relatively large, high speed computer.

There is far less technical risk involved in
febricating a2 lock-step maintenance trainer in
comparison to its free-play counterpart. In the
lock-step design, each step or action the stu-
dent will, and must, take Is well defined allow-
ing a very accurate sstimation of programming
labor. Conversely, in the free-play simulator
the student can take many paths to a maintenance
golution which requires complete and precise
system modelling to the required level of fault
isolation to be trained. A lock-step trainer
can be designed around a “"limited"” model of the
prime equipment., If 3o, changes to goftware can
be made parametrically as im the free-play
trainer. Accurate, detailed modelling demands a
thorough knowledge of the equipment to be simu-
lated. This reaquireg access to the actual
equipment and detailed desigh and performance
data.

In comparing the use of these methods of
maintenance trainer simulation, it becomes
apparent that the lock-step trainer is actually
a procedures trainer which imposes serial
actions on the student in order to function. It
cannot function in a free-play mode. The free-
play trainer is a simulation of the actual
aquipment and as such responds to student
actions, both correct and incorrect, as would be
experienced on the job. Additionally, the
free-play trainer can be employed in a lock-step
mode by overlaying the simulator programming to
1imit the student to a single path to a solu-
tion. Thig overlay technigue could be further
modified to allow the student to take any pre-

designated number of incorrect steps before the
program halts the student's interaction. In
short, a fres-play trainer can be used as &
lock-step tralner, but the opposite is not true.

Cost Comparison of Lock-Step and Free-Play
Davices

The lock-step trainer is generally less
costly to acquire, initially, than the free-play
gimulator, assuming comparable task and equip-
ment complexity. Generally, our experience
indicates that the one-time cost of software
programming labor will be many times greater for
the free-play simulator than the comparable
lock-step trainer, There is some contreversy
about the relative cost of hardware with each
trainer type, but since the cost of hardware in
most modern trainers is a relatively small
amount, when compared to seftware cost, we will
not discuss the topic in detail.

Certain 1life-cycle factors can actually
alter the overall costs in such a manner as to
make the free-play less expensive in the long
run., Further, should modificationsz be required
to meintain the trainer in compatible configura-
tions to the actual equipment simulated, the
modifications will be substantially simpler to
accomplish om the system software. It 1is
possible to simply change the simulator software
at the same point in the model as the eguipment
simulated change occurred. Conversely, for
lock-step, there is no relationship between the
actual equipment change and changes in the
trainer. Actual eguipment changes can cause
substantial unanticipated problems and attendsant
expense in modifying the trainer. Free-play
changes eare usually parametric. Lock-step
changes may have to be made numerous times
thronghout the program.

With these generalities in mind, one can see
that & crossover cost for free-play versus
lock-step may occur., Initial cost is higher for
free-play, but gignificant actuel eguipment
changes can bring free-play's total life-cycle
cost below that of lock-step. The exact cross-
over dquantity will, of course, vary with the
hardware to goftware ratio and the actual
complexities of the operational equipment to be
trained.

Confusion Fattorg

At least two factors lead to the decisien to
use one device type exclusively, when the other
device type or a mix is more appropriate, The
first major factor is related to amalysis and
design issues. Various systems approaches used
for analysis and design {e.g., the military's
Instructional Systems Development model)} may be
misused in developing maintenance trainers. The
second factor relates either to the designer's
misunderstanding about differences between main-
tenance training devices or to an inability te
make use of the knowledge.

Analysis Problems. The task anelyses used
to define the training system design sometimes
lack the quantity or guality of information
reguired. Lack of time, resources, analysis
expertise, or a combination of these produce
task analyses which fail to define the kind or
number of tagks which are performed on the

‘actual equipment. This 1lack of specificity



hampers efforts to select the key tasks which
need to be trained and must be degigned into the
training system. When the training task selec-
tion process produces an incomplete or inaccu-
rate list of criticsl tasks, this in turn makes
media selection & difficult and error prone pro-
cess. It is at the media selection step of the
system design process that key decision errors
can occur concerning the type of maintensnce
trainer to build., Reynolds, Dwyer, and Rizzo
{1983)3, present an excellent description of
steps and procedures required for the proper
identification of maintenance training device
functional requirements.

Inappropriate Selection Problems. An
instructional strategy {i.e., lock-atep approach

vs. free-play} snd the delivery wehicle that
will be used to present that strategy and its
attendant instruction to the trainee (e.p.., CAI,
2-D £flat ©panel, 3-D, actual equipment) are
related but separate entities. Designers can
become 8o concerned with decisions about the
delivery vehicle (e.g., flat panels, actual

equipment, CAI, 3-D) that they forget to con- -

sider key issues about the instructional strat-
egy most appropriete for maintenance training.
This danger is compounded when the task analysis
data is deficlent in some way.

Past experience Las shown that even when
designers understand the differences between the
trainer types, they may have dJifficulty Iin
making the right choice. User bias creates
pressure to build & certain kind of trainer, and
this may override rational decisions. The
school for whiech the trainer iz intended may
have always used one Lype of tralmer, regardless
of the training requirements. The schoel per-
sonnel may not allow another kind of trainer to
be used. The contractor who fabricates the
trainer may be able to write e proposal which
corresponds to one maintenance trainer design
but lacks the technical expertise to actually
produce that device. Despite the designers'
best efforts, the trainer ends up funetioning in
an ineffective menner.

Because of the higher initial cost of pro-
curing free-play trainers, some designers, under
pressure from sponsors, may shy away from speci-
fying that approach. Cost is certsinly a seri-
ous consideration and may, at times, prohibit
use of the proper trainer design. However, even
if this decision is forced upon the users, the
designer should meke every effort to explain why
the decision is necessary, what sacrifices are
being made, and what can be done (if anything)
to overcome the situation.

The negative results of incorrect training
device choice have given justifiecation to the
eritics of  maintenance simulation. These
erities include some instructors, some hardware
manufacturers, and various governmental evalua-
tive groups (e.g., GAO). While it is not possi-
ble to deny all the criticism of past treiners,
it is possible to improve training system design
in the future. It is to that end that the
suggestions in this paper, and especially those
in the next section, are aimed.

Decision-Making Issues for Maintenance Training

Device Selection B

Based upon our experlence, we have developed
g .list of key issues/criteria for training
device selection. OQur first notion was to build
a classicel decision tree algorithm. However,
we soon found that the key elements of the deci-
gion process were disparate enough to prevent an
effective use of the mnormal binary decision
points of a true algorithm. We then attempted
to construct a five point rating scale for each
decision ceriterion. This also proved to be
difficult since a clearly definitive lock-step/
free-play decision iz not constant for each cri-

_ terion. For example, it is usually the case

that if the schedule for the course is extremely
tight, & lock-step training system would be the
best choice because of its normally efficient
use of time. However, that is not always true.
It depends greatly upon the previous background
of both the students and instructors. Thiz same
problem of non-constancy plagued virtwvally all
the decision criteria that were identified., &s
mentioned previously, there is very 1little
researech in this area %o guide the developers
and users of such 2 rating scale and so we
abandoned the idea,

What we are left with are the twelve crite-
ria for selection. We do not feel comfortable
in doing anything more than merely listing and
discussing them. We do feel, however, that each
criterion should be carefully considered by ana-
lysts and training system designers when & main-
tenance training device is developed. In addi-
tion, it is strongly urged that the research
community continue to examine these criteria and
others soe that eventually, a prescriptive tool
can be develdped with some confidence to aid
system deaigners.

The criteria are listed below, along with
the renge of possible variables for each crite-
rion which & designer is likely to find in a
training situation. Remember that a training
device continuum is advocated here. 8o, even
though full lock-step or free-play approaches
are discussed below, most training situations
will ecall for some combination of the two
approaches.

A final note - For each criterion we provide
what we feel would be & "usual prescription.”
That is, in most circumstances, we feel certain
responses would lead the designer to choose par-
ticular device designs. However, these
prescriptions are not cast in concrete, and the
gnalyst may find reasons for choosing a device
which is diemetrically opposed te the '"usual
prescription.” In short, use  your  best
judgement.

Decision Criteria )

1. Irsining tasks and procedures - Training
tagsks can range from very well defined te
virtually undefined.

Usnal prescription - Tasks that are well
defined allow detailed objectives to be
developed and so lend themselves to a lock-
step approach. Tasks that are undefined at
the time of design require much flexibility
for later system definition and so a free-
play approach is advised.



Training objectives - objectives ecan range

from very well defined to virtually unde-
fined.

Usual prescription - The rationmale for pre-
seription is much the same as that given for
training tasks discussed above. Well
defined objectives, with detailed conditionm
and standard statements, can best be accom-
plished with 2 lock-step device. Virtually
undefined objectives require greater strat-
egy flexibility and thus can be accommo-
dated by free-play.

Trainee background in meintenance pre-requi-
siteg - Background can range from no back-
ground to deep background.

Usual prescription - No background means the
trainee must be led through every objective
and so lock-gstep is prescribed. Deep back-
ground means the trainee is better able to
learn in a lese controlled environment and
so free-play 15 warranted.

Trainee expogure to actual equipment while
on__the job - Exposures can range from no
exposure to considerable exposure.

Usual prescription - No exposure mesns that
the trainees need detailed guidance
{lock-step). Deep background indicates a
set of advanced trainees who basgically can
develop and follow their own maintenance
strategies in learning (free-play}.

Time allowed for the training course - Time
ranges from extremely Eight schedule to

virtually no limits on time available,

Usual prescription - Extremely tight sched-
ules mean it is necessary to choose the most
time efficient device (lock-step}. Broadly
defined time limits gllow trainee explora-
tion of new maintenance strategies which
lead to the free-play approach.

Maintenance strategy for the actual equip-
ment - Maintenance strategy can range from

very wall defined to virtually undefined.

Usual prescription - When the maintenance
strategy is well defined, the procasses of
maintenance can be clearly identifled, and
detailed objectives can be developed (lock-
step). Undefined strategies require much
greater traianing system flexibility end so
the free-play approach is desired.

Documentation for the operational system -
Documentation can range from complete, well

written, detailed instructions which require

no_interpretation on the part of the techni-
cign to imcomplete, poorly written instruc-

tions which require great interpratation.

Usual prescription - Documentation which
requires no interpretation fits nicely inte
the lock-step mode. Free-play training
gystems allow much trainee interpretation.

10.

11.

State of the actusl equipment - -Actual
equipment can range from non-dynamic with neo
future equipment changes prejected to
dynamie, rapidly changing, with future
changes likely. '

Usual prescription - Since the cost of modi-
fying a lock-step training device is signif-
icantly higher than it is for a free-play
deviece, the designer would opt for the
lock-step epproach only when the actual
egquipment is in a stakic state.

Amount of proceduralizarion of job - Proce-
duralization can range from highly procedur-
alized to non-proceduralized, highly fluid.

Usual Prescription - Highly preceduralized

jobs usually have clearly stated training
tasks and objectives and lend themselves
well to efficient lock-step devices. A lack
of proceduralization typically calle for
training system flexibility te accommodate
more ampiguons instructional requirements
{free-play).

Number of instructors - Instructors range

from shortage of instructors o excess of
ingtructors compared to requirement.

Usual prescription - Instructor shorteges
mean that trainees will recelve less indi-
vidual gttention. Therefore, more ingtruc-
tional automation is reguired. A lock-step
device will allow more automatic instrue-
tional aids to be used since the training
paths are more clearly defined in a Iock-
step approac¢h. When it is possible to have
a relatively low instructor/student ratio,
less automation is required and so, a
free-play device, with its opportunities for
more interaction with dynamic cues, is per-

_ heps more useful.

Instructional skill/background of instrue-

tors - This criterion can range from po
background, skill level expected to be low

to all instructors have teaching experience
and training in instruction.

Usual preseription - When the instructors
are inexperienced and have few instructional
skills, it is usually better to design the
training system so thet each training phase
iz as efficiently constructed as possible.
This tight definition places less require-
ments on the instructors to develop novel,
yet effective, training approaches as new
problems arise in the course ({lockstep).
Highly skilled instructors are better able
to cope with the ambiguities and new discov-

eries which & free-play device is likely to

produce.

12. Need for trainee performance measurement -

Need ranges from great to no need.

Usual prescription - It is more difficult teo
build performance measurement capabilities
into a free-play device than Iinte a lock-
step device. Therefore, if the analyst
datermines that a great need exlsts for
trainee performance measurement, it will
probably be advantageous to select the lock-
step strategy. If no mneed exists, the
designers would feel more comfortable in
gpecifying the free-play approach.



It is possible that the experienced reader
will be able to identify more criteria than have
been specified above. In addition, different
types of pregeription rationales may be identi-
fied. The analyst should carefully weigh the
situationsl specifics of each decision criterion
before designing the training system. We feel
that more thought, discussion and research are
required for all of these design decision issues
and welcome an ongoing dialogue on these topies.

Conclusions

The necessity to accurately determine how
best to present training in the maintenance area
is cerucial. Declining skill levels of trainees
will mean thaet the training community will no
longer be able to present instructional materi-
alg and devices which are not as effective and
efficient 25 possible. Maintenance technicians,
with appropriate skill levels, are needed in the
field and fleet as guickly as they can be placed.

4s the treining community attempts to
counter its critics, it is vital that the proper
training devices be designed and developad. We
believe that the issues reised in this paper
must be satisfactorily addressed before mainte-
nance training can truly reach its full pofen-
tial. The training device issues discussed in
this paper should cause training analysts and
engineers to think about the most ugeful means
of attaining appropriate maintenance training.
Hany research questions need to be examined in
relation to these device iasues. However, the
training community cannot wait for all of the
questions to be answered before training devices
are designed. Decisions are being made daily
about maintenance training, and this paper has
hopefully set forth some key topics which should
be c¢onsidered in maintenance training device
design.
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