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veryone has heard of the Qearning curve,Obut simply
producing eLearning that efficiently helps learners up
at slippery slope isn®good enough. To be effective,
elearning must also defeat the learning curve® evil twin,
the Qorgetting curve.OAnd it@ not like the forgetting curve
waits politely to start its work until after the eLearning is

over N forgetting starts as soon as learning begins.

In many situations in workplace set-
tings and in education, we develop
el earning to teach people how to suc-
cessfully complete long sequences of
actions required for specific tasks.
Usually the process is to teach how to
start the task sequence and then we pro-
ceed right along to the end of the chain
of events. But have you noticed when you
do this that:
¥ People learn the first steps better than
the last steps?
¥ People have trouble remembering the
last elements, and they get things
Onixed upOin the middle of the
sequence?

¥ People make more mistakes the fur-
ther they go in the elLearning?

¥ People get bored by the level of detail
presented, discouraged because they
keep Gscrewing up,Oor want to quit in
frustration because they aren® able to
make progress quickly?

When a learning progression is long, it
becomes much more difficult for learners
to add new steps. Many activities have to
be completed before a new step can be
added. It takes the learner a long time to
be able to produce the final result. The
forgetting curve does its best (worst?)
work here. Sooner or later the cumulative
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Learners face

two challenges:
learning and
forgetting. Designs
for edearning tend
to concentrate on
making learning
efficient. There is
a simple technique
for making sure
that edearning also
reduces forgetting,
and this article
explains what it

is and when to

use it. This expert
approach can make
your edLearning
truly memorable!
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The eLearning DevelopersQlournal® is design-
ed to serve the industry as a catalyst for inno-
vation and as a vehicle for the dissemination of
new and practical strategies and techniques for
e-Learning designers, developers and man-
agers. The Journal is not intended to be the
definitive authority. Rather, it is intended

to be a medium through which e-Learning practi-
tioners can share their knowledge, expertise
and experience with others for the general
betterment of the industry.

As in any profession, there are many differ-
ent perspectives about the best strategies,
techniques and tools one can employ to accom-
plish a specific objective. This Journal will share
these different perspectives and does not posi-
tion any one as Qhe right way,Obut rather we
position each article as Qne of the right waysO
for accomplishing a goal. We assume that
readers will evaluate the merits of each article
and use the ideas they contain in a manner
appropriate for their specific situation. We
encourage discussion and debate about articles
and provide an Online Discussion board for
each article.

The articles contained in the Journal are all
written by people who are actively engaged in
this profession at one level or another N not
by paid journalists or writers. Submissions are
always welcome at any time, as are sugges-
tions for articles and future topics. To learn
more about how to submit articles and/or
ideas, please refer to the directions in the box
on page 7 or visit www.eLearningGuild.com.
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memory load, forgetting, and mistakes
interfere with learning, and edearning
becomes less efficient and effective.

There is another, better, way to order
many of your teaching progressions to
avoid these problems and to banish the
evil twin.

In this article, | will introduce you to
this better alternative, backward chain-
ing. You will read about instructional
sequencing principles and effects, and
you will see one very simple example.
The simple example will demonstrate
basic task analysis and GhunkingOthe
results in a fashion that reduces forget-
ting. | will give you some guidelines so
that you will be able to tell when you
have a task that can be taught more suc-
cessfully using backward chaining. And,
most importantly, I@ explain the series
of steps that many designers use to
assemble backward-chained instruction.

Forward and backward learning
progressions compared

We are used to seeing learning pro-
gressions presented in GhronologicalOor
task order: the sequence starts at the
beginning and proceeds to the finish.
This is the standard for classroom deliv-
ery, textbooks, and videos. This task
order has become the default for elearn-
ing, too. Most people, including Subject
Matter Experts (SMESs) just assume that
the logical starttofinish progression is
the best way to go about any teaching or
learning task.

If an eLearning progression is set up
starttofinish, in task order, it is using
Gorward chaining.OIf set up to teach the
last part of the skill first, the progression
is called Gbackward chaining.O (I wrote
at length about learning progressions in
the December 16, 2002 issue of The
Journal, GHow to Build Composite Learn-
ing Progressions Using Approximations.O
You may find it useful to review that arti-
cle if the topics of task analysis and
learning progressions are new to you.)

Problems with forward chaining

In addition to the problems with forget-
ting already mentioned, forward chaining
sparks some undesirable learner behav-
iors as the skill being taught gets more
complex. For example, learners may cre-
ate a Gnental checklistOso that they can
be sure their technique is correct and
that they are doing all the steps. Other

Backward chaining
may be ideal for applica-
tions where the final
product is the result of a
linear, heavily cumulative
seqguence of tasks. These
are tasks that tend to be
done the same way every
time and relate to what
Ruth Clark and others
refer to as Onear-transfer.O

learners may create mental roadmaps or
come up with mnemonics to help them
remember everything they are supposed
to do, in the right order. In fact what any
of these practices do is to make cogni-
tive control part of what should be
CovertOor unconscious behavior as the
learner executes the skill. This almost
always makes the skill performance less
effective because of the memory load
involved, and because of the time it
takes to use the mental checklist. And
of course, if the checklist, roadmap, or
mnemonic are badly formed or incorrect-
ly recalled, the performance may turn
into a disaster.

Still more problems with forward chain-
ing spring from increased learner anxiety
associated with this strategy. Negative
self-appraisals increase as the number
of errors increase. The effect of this neg-
ative selftalk is serious and real. What
an evaluator sees is that skills are exe-
cuted well during the start of instruction,
but they deteriorate as the sequence
continues. | believe that, in some cases,
this may be a significant factor in the
high rate of abandonment noted by oth-
ers in eLearning.

What is backward chaining?

Backward chaining is formally defined
as Qhe strategy of teaching tasks in
reverse of the order in which they are



done on the job.OIn many situations,
this is more effective than using the
default sequence (forward chaining) and
avoids common training problems.
Systematic use of backward chaining will
result in learning designs that:
¥ Keep instructional input or presenta-
tion to a minimum, reducing demands
on the learner@ shortterm or working
memory
¥ Facilitate transfer of procedural infor-
mation to longterm memory
¥ Keep learners involved and challenged
¥ Enable learners to successfully com-
plete a task early in the progression
¥ Can be repurposed for use in any
medium or method of presentation
Backward chaining may be ideal for
applications where the final product is
the result of a linear, heavily cumulative
sequence of tasks. These are tasks that
tend to be done the same way every time
and relate to what Ruth Clark and others
refer to as Onear-transfer.OSuch tasks
are common in the use of most computer
software, in many processes at work, and
in many educational situations from
kindergarten through graduate school.
Additional criteria for when to use
backward chaining appear later in this
article. But let® get down to cases for a
minute.

A basic example of backward chaining.
Anyone want a cookie?

When my daughters were small, they
loved to bake cookies. They learned how
in a way that was totally opposite to the
way everyone learns in school, yet it was
totally natural. In fact, 1@ bet that read-
ers with children taught their kids quite a
few things in exactly the way we taught
our girls to make chocolate chip cookies
from scratch.

In school, you always start with the
beginning. The textbooks always show a
sequence of pictures that begins with
the first step. We taught Valerie and
Jessie to do things backwards, at least
as compared to the school standard.
The first thing they learned was how to
safely take cookies out of the oven, wait
until they were cool, and put them in the
cookie jar (with a small Gzookie tollO
being collected along the way). The next
thing they learned was how to safely put
the sheet of cookies into the oven, how
to set the timer, and how to tell when
the cookies were ready. Then they took
the cookies out and put them in the jar

(with the usual toll). Each time we made
cookies, the girls added a step closer to
the start, until eventually they were able
to start by gathering the ingredients and
tools, and to complete the entire pro-
cess under the watchful eye of one par-
ent or the other.

This example, simple though it is, illus-
trates the basic way in which backward
chaining works. To understand it better,
let®@ upgrade the cookiebaking to a
course given in an educational setting.

The cookie curriculum. As part of the
development of the cookie curriculum, a
team of experts analyzed the task of
making cookies. (See Fgure 1, below.)
They decided that all of the many details
involved in making cookies could be
reduced to seven essential steps, which
can be further combined into three
groups. The groupings they arrived at are
discrete GhunksOthat can be taught in
a single module. The chunks are of such
a size that the learner can easily feel
connected to the actual task itself, and
never lose sight of the fact that the rea-
son for learning all of this is to make
cookies. The resulting chart actually pro-
vides a basic domain theory; that is, it
would apply to the making of many, if not
all, types of cookies. In this case, the
outcome is chocolate chip cookies.

You can see that there are at least
two logical orders in which to teach this
whole task. You can start with preparing
the ingredients and conclude with the

baking. Or you can start with the baking
and conclude with preparation of ingredi-
ents. For the purposes of this article
we ignore the other possibilities (start
with arranging the workstation and con-
cluding either with ingredients or with
baking). The alternatives are sometimes
useful, but in this case they would just
complicate the problem of the next step
in designing the cookie curriculum, which
is sequencing the instruction.

The designer decided to use backward
chaining as the sequence for the basic
course (the complete curriculum also
includes a course on decorating cookies,
for example). The progression the de-
signer created is summarized in Fgure 2
on page 4. It is important to recognize
that in both Modules 2 and 3, the learn-
er will complete the task by baking a
batch of cookies. It is also possible for
the designer to decide to cover OMleasure-
mentOas a short introduction to Module
3, rather than all the way at the begin-
ning of the course. Measurement could
also be addressed in another course, or
as a course of its own. To keep the pro-
gression simple for this example, | elect-
ed to show all prerequisites grouped at
the beginning of the course. Usually, you
would prefer to address important skills
like measurement closer to the point in
the progression where they will actually
be used.

The final step the designer performed
was to set up the exercises in each of

Chocolate Chip
Cookies!

Can Prepare Can Arrange Can Bake
Ingredients Warlstation Cookies
Cecide amounts et oven to Grease cookie-
needed. right temp. sheet, spoon

Wi needed Fut items in aut dough.
amounts. place an Flace cookie-
wiorktable. sheet in owven.

- Cookie Sheet
- Bowl of dough
- Zpoon

Rermowve from
oven when ready.

FIGURE 1 The expertsQview of cookie production
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the modules. Fgure 3, below, shows one
way to do this, using learning theory bor-
rowed from a number of sources.
Without getting lost in the details that
will be covered later, notice that Module
3 includes four exercises. In the first
exercise, learners are provided with pre-
computed ingredient amounts, which
they then mix. At the end of the fourth
exercise, the learners set up their work
station and bake the cookies (this has
been summarized as Groduce a batch
of cookies(). Subsequent classes of
would-be pastry chefs in Modules 1 and
2 can use all those mixed ingredients
from the first three exercises. Presum-
ably it is no problem to dispose of all the
cookies produced.

How backward chaining fixes
learning problems

The biggest advantage to backward
chaining from the learner® point of view
is that it offers immediate satisfaction.
The learner completes the activity in
every exercise or module. The step sizes
minimize mistakes and this makes for
higher probability of success. Unlike for-
ward chaining, backward chaining steadi-
ly increases skill strength instead of let-
ting interference degrade the skill ele-
ments that have already been taught.

Interference does not occur because
the learner is always Quorking intoOand
practicing elements that have already
been done with success. This allows the
learner to put undivided attention on the
new content.

In addition, the learner feels less ten-
sion or anxiety because the task and its
steps are @hunkedOin a way that keeps
them simple. The learner always has a
clear understanding about what to do
next. Fnally, because the first thing the
learner experiences is a successful out-
come, it is easier for the learner to visu-
alize and anticipate success. This in-
creases learner confidence and further
raises the probability of success.

Studies done years ago showed that
backward chaining is superior in develop-
ing speed, accuracy, fluency, and skill
maintenance. Subjectively, my experi-
ence with backward chaining is that
learning takes place faster, learners
develop greater confidence, and perform-
ance is generally better on the job. In

INTRODUCTION
AND OWERWVIEWS

TEACHIMG SEQUEMCE
[Exercizes in Madules)

CRITERION CHECHK
iwerification)

wihat will be taught module 1

by it will be taught Baking Cookies
Theory as needed

measurement

Safety Precautions

module 2

setting Up
Wlorkstatian

[Produce a batch

of cookies) of cookies)

mModule 2

Preparing the
Ingredients

[Praduce a batch

Prepare cookies fram scratch
ingredients, without assistance,
in B0 minutes.

Appearance, taste standards.

FIGURE 2 Overview of the cookie curriculum

Module 3: Preparing Ingredients (Given: Murmbear of conkigs o prapara)

Exercise DEMONSTRATE PROMPT RELEASE
1 Mix needed amount B Procuce a batch
of ingredients of cookies
” Compute nesded Mix needed Produce 3 batoh
amount of ingredients amount of ingredients of cookies
_ Compute needed Wix needed amount of ingredients
3 amount Ofir‘lgredients and produce a bateh of cookies
Compute & mix ingredients,
4 - - produce a bateh of cookies

FIGURE 3 Exercise design for Module 3 of the cookie curriculum



addition, if a learner quits early, the
chances are better that he or she
stopped because the backward progres-
sion arrived at the level of task elements
they had already mastered. In my opin-
ion, backward chaining should at least be
considered seriously whenever designing
el earning to teach progressions or
sequences of skills and behavior.

Applications of backward chaining.
Backward chaining has a long history of
use in teaching a broad range of skills. It
has been used to teach children to tie
their shoes and it has been used to
teach graduate students to perform
analysis of variance and other complex
statistical computations. It has been
used to teach basic skills in writing in
primary and secondary schools, job
skills to factory workers, and complex
emergency response procedures to mili-
tary personnel.

When to use backward chaining. Earlier,
I mentioned that backward chaining is
best suited to neartransfer training: situ-
ations in which the task is basically done
the same way every time. Backward
chaining may not be as suitable for use
when learners are required to use judg-

ment to vary the steps of a procedure.
However, these statements are also true
for forward chaining.

There are four specific situations when
backward chaining is preferable to for-
ward chaining:
¥ When completion of the task provides

natural reinforcement for the learner;
¥ When GescapingOfrom instruction

would motivate the learner;
¥ When the learner has mastered less
than half of the steps in the task chain

OR when the learner is close to already

having acquired the steps near the end

of the chain;
¥ When the learners are less patient or
less inclined to be cooperative.

How do ﬁou set up a progression
with backward chaining?

Suppose a task to be performed con-
sists of these steps:

Start N > Step 1 N > Step 2 N > Qutput

At the risk of repeating myself too
much, look again at the options for
teaching this task in terms of the point
at which the learner produces output.
The conventional approach, or forward
chaining, is to teach the steps in the

order in which they are done on the job.
The learner only produces the task out-
put in the last exercise.

In backward chaining, the exercises
are ordered so that learners produce out-
put right away. For example, the learner
is presented with a nearly completed
task, such as a letter on screen that is
already typed, spell-checked, edited, and
formatted. The learner is immediately
shown the steps needed to print the let-
ter, finishing the job. The next exercise
will demonstrate how to format text that
has been typed, spell-checked, and edit-
ed, and the learner will be prompted or
coached through the steps needed to
print it. The third exercise demonstrates
editing, prompts formatting, and releas-
es the learner to print the text without
further help. These steps are repeated
until the learner can do the whole task
unassisted.

Overview of steps

Because backward chaining always
seems somewhat counter-ntuitive to
designers the first time they see it, the
specific design process involved may
also feel a little Qun-natural. OFortunately,
there are only four steps in the process,

San Francisco, California ¥ November 12 | 14, 2003 Pre-Conference Workshops November 11, 2003
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and they are straightforward and simple.

Before starting the development, as
always, you need to have decided what
performance will be taught (in other
words, you need to have decided on your
objectives). You also need to have decid-
ed who will be taught (the target audi-
ence), and how the instruction could be
presented. This last decision involves
thinking about synchronous delivery vs.
asynchronous delivery and the possibility
of blended learning. It also involves
thinking about the appropriate use of
multimedia and text.

Describe the job. This can take a little
time, but it is important to do it right.
The success of any edearning applica-
tion rests on the quality of the descrip-
tion and analysis of the task or skill
being taught. Remember that countless
studies have shown that, when determin-
ing success, the medium of delivery (e-
Learning, classroom, plain text) matters
less than the quality of design.

In this step, you are going to identify,
organize, and describe in measurable
terms all conceivable situations that sig-
nal the start of, or that arise from, the
performance, and all mastery level
actions that lead to the desired results

or goals. As you will see, the result may
look as simple as Fgure 1 did.

In doing the task analysis, begin with
the fewest number of steps. Dividing a
skill into smaller and smaller steps
moves the learner further and further
from the purpose of the activity. If there
are steps that turn out to present prob-
lems, you can always break them down
further later on.

Task analysis must include both steps
that can be seen (motor skills) and
those that cannot be easily observed
(thinking, analysis, judgment). Test the
scope of the task analysis by asking if
the learner will be able to complete the
task in a reasonable amount of time,
and will the learner know:
¥ When to begin the task
¥ How to prepare for the task
¥ How to determine if the task has been

done well
¥ What to do if a problem comes up
¥ What to do at the end of the task

If the answer to any of these is (0,0
then the task analysis needs further
work before you continue with the design
of the instruction.

Group the tasks. Organize the tasks into
spans of learning activities. Each span

EXERCISE DERD PROMET RELEASE
1 STEP3 | (NONE) | (NOME)
2 STEP2 | STEP3 | (NONE)
3 STEP1 | STEP2 | STEP3
4 (NOME) | STEP1 |STEPS 2.3
5 (NOME) | (NONE) |aLL STEPS

FIGURE 4 Example of sequencing exercises for a three-step task element

should be the largest gain toward mas-
tery that learners can make successfully.
You want to come up with the smallest
number of these spans that you can.
Think in terms of GeleganceOrather than
QomplexityOor Glumbing down.OAt this
point, | like to show my groupings to
expert performers and to clueless begin-
ners, as well as to other designers. With
the right questions to each group to elicit
feedback, | can find out pretty quickly
whether my groupings are the appropri-
ate size.

Sequence the instruction. The basic
principle is to make sure that learners
reach the goal or produce the desired
outcome early. They should produce the
desired outcome in every exercise or at
least in every module of an elearning
application. Over the whole application,
the span of the learner® activity will
increase with each exercise until it
includes the entire task. If in doubt,
refer to figure 3 again.

Construct the exercises. Fnally, you are
ready to design the actual exercises. You
may choose to be very thorough, as in
Fgure 3, or you may find it sufficient to
show the learner what to do and then
release them to do it on their own.

An exercise is a sequence of steps,
each one of which provides a graduated
level of help to move the learner toward
mastery of the task. There are three lev-
els of help that provide this support:
demonstrate (sometimes called priming),
prompt, and release (sometimes called
performing).

In the context of FAgure 3 and exercise
construction, GlemonstrateOcan simply
mean that the edlearning application
shows the learner what to do, through
instructions or examples. It can also
mean that the elLearning application
tells the learner what to do one little
step at a time and the learner does each
step immediately afterward. In either
case the learner receives instructional
aid from the edLearning system to guide
performance to a successful conclusion.

@romptOmeans that the edLearning
system provides hints or helps as need-
ed by the learner. These helps can be in
the form of partial hints or completely
worked out examples. The system can
do part of the work for the learner by
providing partly worked out exercises,
multiple choice questions, or pictures. Or



the helps can be Gnemory joggers,O
such as mnemonics or examples. This
step can often be skipped, especially if it
seems to be dumbing down the instruc-
tion or prolonging it unnecessarily. You
have to know your audience and judge
accordingly.

(ReleaseOmeans that the learner
does the task without any help from the
e-Learning application. This is the step
where transfer to long-term memory and
to the job begins.

You will need to sequence the exercis-
es using these levels. Fgure 4, on page
6, provides a general plan for teaching a
task element that has three steps.
Remember, if the plan in Fgure 4 results
in a sequence that is too tedious or bor-
ing for the learners, or one that insults
the learnersQintelligence reduce and
simplify to obtain a better experience for
the learners.

What happens next

After you have developed the sequence
and the exercises, you are in a better
position to identify the overview and the-
ory items learners will need. These
items support the learner during the
instruction and also support more gener-
alized performance of the task back on
the job.

At this point, you are ready to begin
development of the eLearning itself. If
your organization uses storyboards, you
have a very good basis for creating
them. For simple edlearning applications,
the sequence and exercise designs may
be sufficient if the designer is also doing
the development. In any case, | recom-
mend trying out the eLearning through
alpha and beta testing and making nec-
essary adjustments before release.

Summary

When | teach instructional designers
how to use backward chaining, the con-
tent of this article is the introduction and
overview. The rest of the instruction is
delivered as a backward chain, beginning
with construction of exercises to deliver
instruction for a job that has been des-
cribed, grouped, and sequenced. This
procedure works whether the delivery of
my instruction to the designers is done
in a classroom, in one-on-one coaching,
or as an el earning application.

In this article, | have chosen not to go
that far. Mainly this is in the interest of
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2 UILD. is a Community of
Practice for designers,

developers, and managers of edearning.
Through this member-driven community,
we provide high-quality learning opportuni-
ties, networking services, resources, and
publications. Community members repre-
sent a diverse group of instructional
designers, content developers, web devel-
opers, project managers, contractors, con-
sultants, and managers and directors of
training and learning services N all of
whom share a common interest in
el earning design, development, and
management.

The eLearning DevelopersO
Journal®

The Guild publishes the only online
Ge-JournalOin the elLearning industry that
is focused on delivering real world (how to
make it happen in your organizationOinfor-
mation. The Journal is published weekly
and features articles written by both
industry experts and members who work
every day in environments just like yours.
As an active member, you will have unlim-
ited access to the Journal archive.

People Connecting With People

The CGuild provides a variety of online
member networking tools including an
Information Exchange and a Job Board.
These services enable members to dis-
cuss topics of importance, to ask others
to help them find information they need,
and to provide leads to other members.

Resources, Resources, Resourc

The Guild hosts the edearning industry®@
most comprehensive resource knowledge
database. Currently there are over 3,800
resources available. Members have
access to all of these resources and they
can also post resources at any time!

Guild Research

The Guild has an ongoing industry
research service that conducts surveys
on a variety of topics each year. These
topics are identified by the Research
Advisory Committee. The data collected
is available for all Members.

1tOs About Leadership

The Guild draws leadership from an amaz-
ing Advisory Board made up of individuals
who provide insight and guidance to help
ensure that the Guild serves its con-
stituency well. We are honored to have
their active engagement and participation.
The CGuild has also established two com-
mittees made up of active members

who help steer its events program and
research efforts.

Discounts, Discounts, Discounts

Guild Members receive discounts on all
Guild conferences and on other selected
products and services. Your Guild mem-
bership will save you 20% off the list price
of Guild events!

Join today at wwww.eLearningGuild.com!

Become a member today! Join online at www.eLearningGuild.com.

THANK YOU TO THESE GUILD ENTERPRISE SPONSORS

Because the
most dramatic
learning happens
through first-hand
experience, everything we do is focused
on creating experiences N engaging,
challenging and yes, fun, experiences

N that people will take back to work
and use every day to improve their per-
formances.

www.alleninteractions.com

Contact: Jackie McMillan
jmcmillan@alleni.com

800.204.2635

allen .
interactions

LEARNING. FOR A CHANGE.

Cvclone Cyclone Intera-

\@teractive ctive is an inter-

T o erovr getive media and
web development

firm creating online, CD and presentation

solutions for a wide range of clients and

industries.

www.cycloneinteractive.com

Contact: Earl Dimaculangan

earl@cycloneinteractive.com

617.350.8834

To learn about Guild sponsorship opportunities, please contact David Holcombe at
dh@eLearningGuild.com or call 707.566.8990.

2S space, but it is also because the range of con-

tent suited to backward chaining is so vast
that no one example would be a helpful illus-
tration for every Guild member. | am happy to
field simple questions by email, however.

You will find that backward chaining is useful
whether your philosophical orientation tends
toward the behavioral school or toward the
cognitive school. It@ mainly a matter of choos-
ing a sequence that keeps the forgetting curve
in check, while advancing the learning curve. |
hope you enjoy using this powerful tool in your
el earning designs!

AUTHOR CONTACT

Bill Brandon is the editor of
The eLearning DevelopersO
Journal. He has been
designing, delivering, and
managing learning and train-
ing activities including e-
Learning since 1968, in set-
tings ranging from shipboard to corporation
boardrooms. Bill is a past president of the
former Texas Chapter of ISPI, has done post-
graduate work in Human Behavior and is the
author or co-author of numerous books and
magazine articles on technical and training
topics. You can contact Bill by email at
bill@elearningguild.net. ;E_

Additional information on the topics covered
in this article is also listed in the Guild
Resource Directory.



