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A group charged with developing a training program for troubleshooting 
at Philip Moiris learned some important lessons. 

During the past year, the man-
ufactur ing training and de-
v e l o p m e n t d e p a r t m e n t at 

Phi l ip Morris USA has w o r k e d to 
improve troubleshooting in the com-
pany's cigarette-manufacturing plants. 

A comprehens ive assessment of 
Philip Morris's technical training pro-
grams had pinpointed troubleshoot-
ing as a h igh -p r io r i t y c o n c e r n at 
e v e r y p l an t a n d fo r n e a r l y every 
emp loyee group , including hourly 
workers , first-line supervisors, and 
upper-level managers. 

T h e s y s t e m w i d e n a t u r e of the 
troubleshooting problem demanded 
a systemwide response. The training 
department assembled a study group 
of w o r k e r s , p l a n t - b a s e d t ra iners , 
engineers, and department staff. The 
study group was charged with ana-
lyzing the problem, developing and 
implement ing a pilot training pro-
gram, and evaluating results. 

The pilot program that emerged 
varied somewhat from plant to plant. 
But at all sites, troubleshooting train-
ing s h a r e d n ine e l emen t s that the 
study group identified as keys to the 

pilot's success. The troubleshooting-
training model: 
I targeted work groups rather than 
specific occupations 
» inco rpora t ed the th ree types of 
knowledge (procedural, declarative, 
and strategic) necessary for effective 
troubleshooting 
» re l ied on c o o p e r a t i v e - l e a r n i n g 
s t r a t e g i e s to bui ld c o l l a b o r a t i v e 
working relationships 
» e n c o u r a g e d p lan t m a n a g e r s to 
demonstrate support for the training 
t relied on a troubleshooting proce-
dure widely applicable to machines 
I o r g a n i z e d t r a i n i n g by m a j o r 
machine components 
I used varied instructional methods 
and media , d iscuss ions , instructor 
and trainee presentations, question-
a n d - a n s w e r games , v ideos , mock-
ups, and actual equipment 
» u s e d t eam t e a c h i n g by t h r e e 
instructors representing three areas 
of expertise (operational, mechani-
cal, and electrical) 
t provided follow-up for trainees in 
their factories and optional advanced 
technical training for mechanics and 

electricians, where resources allowed. 
Here 's how the study group ful-

filled its charge and what it learned 
about troubleshooting training. 

Types of knowledge 
Throughout the project, the g roup 
conduc ted extensive research. The 
s t u d y g r o u p a n a l y z e d s u r v e y s of 
basic and applied research related to 
t roub leshoo t ing , r ev iewed assess-
ments of experimental U.S. Navy and 
Air Force programs, and examined 
other companies ' t roubleshoot ing-
training strategies. Group members 
also talked at length with technical 
a n d s u b j e c t m a t t e r e x p e r t s b o t h 
inside and outside the company. 

The g r o u p d e c i d e d tha t t rou-
bleshooting training had to 
t address the varied needs of opera-
tors, mechan i c s , e lec t r ic ians , and 
supervisors 
t address the needs of people with 
different levels of knowledge, skills, 
and troubleshooting ability 
i be c o s t - e f f e c t i v e a n d d o a b l e 
within the constraints of a unionized, 
high-speed production environment 
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» be adaptable to the varied and 
complex machines used in cigarette 
production. 

The group resolved the last con-
cern by opting to build prototype 
training around a single machine 
type, test it, and then adapt the train-
ing to other machines. 

To devise training that filled the 
first three requirements, the group 
first had to determine: What knowl-
edge and skills do workers need in 
order to troubleshoot? 

Some members of the g roup 
thought the training mainly should 
bolster the generic skills used in 
troubleshooting, such as problem 
solving and critical thinking. Others 
resisted a completely generic ap-
proach. They argued that experts 
have more than we l l -deve loped 
skills; exper t s also have a larger 
body of subject-matter knowledge. 

Research conducted by the human 
resources laboratory at Brooks Air 
Force Base in Texas helped resolve 
this debate. Air Force studies show 
that troubleshooters need to know 
» how to do the s teps in a task, 
such as taking measurements, swap-
ping components, and running diag-
nostic tests (procedural knowledge) 
» how a device or system works 
(declarative knowledge) 
* what to do and when, such as set-
ting goals, making plans, and making 
decisions (strategic knowledge). 

The study group built the training 
on this multi level f r amework for 
knowledge. This approach required 
the group to define specific proce-
dures, clarify how different machines 
funct ion and interact, and collect 
expert problem-solving strategies for 
frequent mechanical problems. 

Delivering training 
The research that led the group to 
rethink the types of knowledge nec-
essary to troubleshoot successfully 
also led the group to rethink training 
de lively. 

Traditionally, training at Philip 
Morris has been delivered to groups 
of people who do the same job. At 
first, the study group's plans called 
for mechanics and electricians to 
spend 10 days in training and for 
operators and supervisors to spend 
five days. Most of the time would be 
devoted to occupation-specific, in-

depth technical training. 
Later, the group recognized that 

one consequence of occupation-spe-
cific training is that people often do 
not understand the demands of their 
co-workers ' jobs or how to help 
them. If people in different occupa-
tions are to troubleshoot as a group, 
they must understand each other's 
roles, work in teams, and communi-
cate well. 

The group revamped the training 
to re-create in the classroom the way 
people work together in the factor)'. 
Instructors would, deliver the first 
two days of training to intact work 
groups (operators, mechanics, elec-
tricians, and supervisors); later, the 
instructors extended this span to five 
days. The study group also decided 
to design the training around coop-
erative-learning techniques. 

T R A I N E R S H A D A 

C H A N C E T O N E T W O R K 

A N D E S T A B L I S H 

S U P P O R T S Y S T E M S 

This structure, the study group 
concluded, would 
I promote mutual understanding of 
job demands 
» improve communica t ion and 
encourage workers to share their 
knowledge and concerns 
» increase group cohesiveness 
t promote the transfer of learning 
from the classroom to the factory. 

Both of these strategies—target-
ing t raining to work g roups and 
using cooperative learning—were 
new to Philip Morris USA, and the 
c o m p a n y a d a p t e d them to fit its 
unique situation. 

Cooperative learning provided instmc-
tors with a vehicle for technical training 
and reinforcement. It allowed them to 
model in the classroom the kind of 
behavior they wanted to occur in the fac-
tory. And it gave them the flexibility they 
needed to address employees' diverse 
training needs. 

To p repa re for the training, 
instructors from all four participating 
plants attended a first-ever, five-day, 
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t r a i n - t h e - t r a i n e r s w o r k s h o p . T h e 
workshop introduced the instructors 
to the p r o p o s e d teaching me thods 
and mater ials and he lped deve lop 
their skills as coopera t ive- learning 
facilitators. The workshop also gave 
instructors a chance to network and 
establish peer-support systems. Many 
of the instructors had never met their 
coun t e rpa r t s at o the r loca t ions or 
k n e w t h e m only as voices on t he 
telephone. 

In ano the r depar tu re f rom stan-
dard t r a i n i n g m o d e l s , i n s t ruc to r s 
br iefed plant manager s be fo re t he 
training started and encouraged them 
to suppor t the p rogram. Managers 
w e r e inv i ted to pa r t i c ipa t e in the 
kickoff and wrap u p of each class. 
How extensively managers partici-
pated varied from plant to plant and 
class to class, but their participation 
was generally high, considering the 
lack of precedent. 

Part icipat ion by plant manager s 
ra i sed the p r o g r a m ' s p r o f i l e a n d 
helped motivate trainees. Some man-
agers used the training as a chance 
to f ie ld q u e s t i o n s and c o n c e r n s 
a b o u t a n t i c i p a t e d c h a n g e s in t he 
plants. Plant managers who partici-
p a t e d r e p o r t e d tha t t hey w e r e 
impressed with worke r s ' dep th of 
understanding of issues facing their 
plants. Plant managers also reported 
that they developed a better feel for 
workers ' needs. Trainees reported a 
he ightened sense of management ' s 
interest in their concerns. 

Implementation 
T h e pi lot t o o k p l a c e o v e r t h r e e 
months . At each pilot site, trainers 
ident i f ied g r o u p s of worke r s w h o 
would serve as control groups and 
groups that would participate in the 
pilot training. 

Altogether, 329 trainees from four 
dif ferent p lants par t ic ipated in the 
program. Most of these participants 
w e r e m a c h i n e o p e r a t o r s (138) , 
supervisors (73), mechanics (58), and 
e l e c t r i c i a n s (40) . T h e rest r e p r e -
sented other job classifications, such 
as quality assurance. 

Programs varied slightly at each of 
the four plants that part icipated in 
the pilot. Typically, on the first day 
of training, instructors introduced the 
p r o g r a m a n d the g e n e r a l t r o u -
bleshooting procedure and explained 
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how the training would take place. 
Each subsequen t day focused on a 
major component of the machine. 

At the start of the training, about a 
d o z e n work g r o u p s of o p e r a t o r s , 
mechanics, electricians, and supervi-
sors were merged into three teams. 
T e a m m e m b e r s w o r k e d c o o p e r a -
tively for the rest of the program. 

For much of the training, instruc-
tors served primarily as facilitators. 
T e a m s h a d to c o n d u c t r e s e a r c h , 
share information, and give presenta-
t ions on d i f f e r e n t a s p e c t s of t he 
m a c h i n e . This t e c h n i q u e h e l p e d 
trainees see problems from different 
perspectives, alter their communica-
tions to ensure mutual understand-
ing, and develop a shared sense of 
accomplishment. 

Classes wrapped up with a "game-
show" compe t i t i on a m o n g teams. 
T h r e e p l a n t s u s e d t h e t e l ev i s ion 
show "Jeopardy" as their model. The 
four th plant ran a "Factory Feud," 
modeled after the television program 
"Family Feud . " At all l o ca t i ons , 
t eams—not individuals—gained or 
lost points . Winning teams ea rned 
special tributes or small prizes. The 
game-show format p romoted team-
work and communication and rein-
forced new learning. 

Throughout the training, instruc-
tors stressed intrinsic rewards , such 
as praise, positive feedback, and— 
p e r h a p s most potent of a l l — p e e r 
recognition. 

Evaluation 
Four measures were used to gauge 
the effectiveness of the training: 
Trainee reactions. The inst ructors 
assessed trainee reactions by admin-
istering a questionnaire immediately 
after each class. Trainee reactions to 
the t roubleshoot ing p rog ram were 
overwhelmingly positive, More than 
90 pe rcen t of the t r a inees at e ach 
location selected the most positive or 
s e c o n d most posi t ive r e s p o n s e to 
each item on the questionnaire. Most 
participants strongly suppor ted the 
strategy of having groups coopera-
tively add re s s rea l -wor ld t roub le -
shooting problems. 
Trainee behavior. Two to three months 
after the training, instructors adminis-
t e r e d q u e s t i o n n a i r e s to a s se s s 
changes in the behavior of hourly 
workers and supervisors. 

• ' 

Cooperative Learning 
Cooperative learning, familiar in 
many school settings, is not widely 
used in manufacturing training. 

Cooperative learning depends 
on individual and group involve-
m e n t . A d v a n t a g e s of this a p -
p r o a c h i n c l u d e e n s u r i n g t h e 
active participation of all trainees 
in the learning process, building 
rapport among trainees, cutting 
t r a in ing t ime , a n d p r o m o t i n g 
coope ra t i ve w o r k i n g re la t ion-
sh ips . Idea l ly , in c o o p e r a t i v e 
learning: 
> Goa ls are d e f i n e d in a way 
that requires trainees to be con-
cerned about each other 's per -
fo rmance (referred to as "posi-
tive interdependence"). 
» Everyone is assessed and held 
individually accountable for his 
or her own performance, 
I Everyone receives f eedback 
on h o w e v e r y o n e e l se in t h e 
group is performing. 
I G r o u p m e m b e r s receive re-
wards based on the performance 
of the group as a whole. 
» G r o u p s a r e o r g a n i z e d f o r 
diversity. 
I Learn ing act ivi t ies d e v e l o p 
skil ls that e m p l o y e e s n e e d to 
work well with others. 

At o n e p lant , 80 p e r c e n t of re-
spondents agreed or strongly agreed 
that the program had promoted more 
systematic t roubleshoot ing, and 95 
pe rcen t of r e s p o n d e n t s ag r eed or 
strongly agreed that the training had 
promoted a greater understanding of 
h o w the m a c h i n e w o r k s . Most 
respondents from all plant locations 
also agreed or strongly agreed that 
the p r o g r a m i m p r o v e d t e a m w o r k 
and communica t ion on their shifts 
and led to workers ' greater willing-
ness to help others or to seek help 
from others. 

The anecdotal evidence supports 
these findings. The following com-
ments are typical of those heard at 
all pilot sites: 
> "When I came here seven or eight 
years ago, I'd go out on a trouble call, 
and there would be no one around to 
tell me w h a t w a s w r o n g wi th a 
machine. Now, operators, mechanics, 
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and e lec t r i c ians w o r k t o g e t h e r to 
solve the problem. I can see a differ-
ence be tween [groups that received 
the training] and [those] that haven't 
been through the program." 
I "We have more respect, trust, and 
k n o w l e d g e of o n e a n o t h e r ' s jobs. 
Everyone is more willing to put forth 
m o r e e f fo r t to he lp , to w o r k as a 
team." 
Job performance. The training de-
par tment assessed job per formance 
by measur ing mach ine p roduc t ion 
rates. Trainers collected data weekly 
at all p i lo t s i tes fo r bo th t r a i n e e 
g r o u p s a n d con t ro l g r o u p s for at 
least six weeks before the training, 
during the training, and for at least 
10 weeks after the training. 

At o n e p l an t , p r o d u c t i o n r a t e s 
increased at roughly comparable lev-
els o v e r the same t ime pe r iod for 
both trainee work groups and con-
trol g roups . At ano the r plant, pro-
duction rates remained high and sta-
b le fo r t r a i n e e w o r k g r o u p s a n d 
consistently lower for control work 
groups. 

These findings suggest that trou-
bleshoot ing training had a positive 
effect on machine production rates. 
But it was impossible to control for 
all the var iables in the plants that 
c o u l d a f fec t m a c h i n e p r o d u c t i o n 
ra tes , so the c o m p a n y c a n n o t at-
tribute improvements specifically to 
the troubleshooting-training program 
or any other factor. 
Training system results. Department 
staff used personal observations and 
discussions with instructors to evalu-
ate the pilot 's implicat ions for the 
w a y Ph i l ip Morris d e v e l o p s a n d 
delivers training. 

The department identified lessons 
learned from the t roub leshoot ing-
training pilot about how to improve 
its training programs. 

For example , involving t rainers 
f rom different plants in developing 
the pilot helped eliminate duplica-
t ion of e f fo r t . T h e p a r t i c i p a t o r y 
design process also laid the ground-
work for more coordination among 
t ra ining centers in the fu tu re . The 
train-the-trainers workshop allowed 
instructors to meet their counterparts 
from other locations and to expand 
their support networks. 

Also as a result of the pilot, Philip 
Morris will focus more attention on 
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cross-occupational training and the 
use of coopera t ive- learning strate-
gies. Finally, the pilot underscored 
the importance of recognizing peo-
p l e ' s v a l u e a n d c o n t r i b u t i o n s in 
order to motivate them to learn. 

A critical element 
All in all, the manufacturing training 
a n d d e v e l o p m e n t d e p a r t m e n t at 
Philip Morris has gathered consider-
able evidence that the troubleshoot-
ing-training program devised by the 
s t u d y g r o u p was s u c c e s s f u l . T h e 
pilot program 
» e a r n e d e x c e l l e n t r a t ings f r o m 
trainees 
» improved the behavior of workers 
in the plants 
» i m p r o v e d t he w a y t r a i n i n g is 
de s igned a n d de l ivered c o m p a n y -
wide 
> s p a r k e d w i d e s p r e a d in t e re s t 
a m o n g p l an t s in e x p a n d i n g th is 
model for training to other areas and 
for other types of machines. 

The troubleshooting-training pro-
gram was a highly visible initiative, 
i n f l u e n c e d by t he t h o u g h t s a n d 
efforts of many different people. The 
program was des igned to improve 
technical troubleshooting. But it has 
also encouraged increased teamwork 
and communica t ion among hourly 
and supervisory personnel in Philip 
Morris's factories. 

Being a good troubleshooter takes 
more than a head full of technical 
knowledge and a grasp of the trou-
b leshoot ing process . A g o o d t rou-
bleshooter depends on his or her co-
workers for help in solving problems. 
H e l p i n g p e o p l e h e l p each o t h e r 
might no t be the first th ing o n e 
wou ld think of when developing a 
troubleshooting-training program, but 
it turns out to be a critical element. • 

Joel Schendel is the manager of 
manufacturing training and devel-
opment at Philip Morris USA, Box 
26603, Richmond, VA 23621. 

To purchase reprints of this article, 
please send your order to ASTD 
Customer Service, 1640 King Street, 
Box 1443, Alexandria, VA 22313-
2043• Single photocopies, at $6 each, 
must be prepaid. Bulk orders (50 or 
more) of custom reprints may be 
billed. Phone 703/683-8100for price 
information. 
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