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THE SECRETARY' S COMM SSI ON ON ACHI EVI NG NECESSARY SKI LLS

| DENTI FYI NG AND DESCRI Bl NG THE
SKI LLS REQUI RED BY WORK

. 1 NTRODUCTI ON

Which skills are essential to effective work perfornance?
Al t hough this question has been asked many tinmes throughout this
century, there is no generally accepted statenent of the skills
required to succeed at a career in the United States. During
Wrld War 11, the identification of key skills was critical to
the design of training prograns. After enactnment of the G eat
Soci ety neasures of the 1960s, the specification of skills becane
inportant to the devel opnent of bias-free job testing. Today's
concern about our schools' ability to prepare young peopl e
effectively for the world of work has pronpted several studies of
wor kpl ace skill requirenments. ldentification of necessary work
skills has chall enged psychol ogi sts, educators, anal ysts,
enpl oyers, and | awers.

Most attenpts to characterize the skills used at work focus
ei ther on general human characteristics (e.g., intelligence,
reasoning ability, reaction tinme) or on the characteristics of
specific jobs (e.qg., ability to assenble itens, |oad ammunition,
route packages). The |evel of detail conmunicated varies from
the very general (e.g., ability to solve problens) to the very
discrete (e.g., performa tack weld in alum num sheet netal). As
a result, the operational inplications and neaning of these lists
are frequently difficult to determne. 1In short, they |ack
context. Thus they do not provide direct links to the "stuff" of
schools or a sense of the work enabled by the skills identified.

The Secretary's Conmi ssion on Achieving Necessary Skills
(SCANS) has an opportunity to break fromthis practice and, as a
result, to change the nature of both schooling and work. People
| earn best when they are taught in a context of application--in a
functional context. |If teachers and students know what
performance is required for success in nodern work contexts,
school s can organize instruction to teach the skills that support
such performance--and test devel opers and busi nesses can devel op
reliable assessnents of performance. |Identifying and
communi cating this information constitutes a significant
chal I enge for the Comm ssion.

This report suggests how to respond to this challenge. It
is now becom ng widely recogni zed that the United States nust
choose between two futures. W can becone increasingly divided
into rich and poor, a nation of second-rate products and
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services; or, we can continue to be a highly productive and
thriving economc force. To remain the latter we nust
restructure our schools and workpl aces and greatly increase the



skills of much of our current and future workforce--especially
t hose of our frontline, non-college educated workers.

We need not repeat the details of our nation's skills gap
here. The issues have been w dely discussed, starting with the
Hudson Institute's Wrkforce 2000 report (Johnston and Packer,
1987) and nost recently by the Conm ssion on the Skills of the
American Wrkforce (CSAW. As Conm ssion Chairman Brock stated
in reference to the CSAWreport, "The good news is that we do not
have a skills gap. The bad news is that we do not have a skills
gap." In other words, only if we choose the high-skill, high-
wage, high-productivity road do we have a real skills gap.

In recormending the skills required for work readi ness, the
Comm ssion nust identify the skills required for success in a
hi gh-perform ng environnment; its findings nust speak to both the
worl d of work and the world of schools. This report suggests a
| anguage for this nmessage and presents an initial working
inventory of necessary skills.

There are three elenents of this |anguage. The functional
skills that describe what people actually do at work; the
enabling skills, that is, the specific know edge and procedures
devel oped through the traditional teaching and | earning
activities of schools; and the scenario, a communication device
to denonstrate the way in which work integrates these skills into
a productive outcone.

The remai nder of this report is organized into four
sections. Section Il describes how studies of the worlds of work
and of |earning point up the changes needed in schools. Section
11 discusses the | anguage we propose that the Comm ssion adopt
in responding to its mandate and conmuni cating to school s,
corporations, and the general public. It also presents an
initial "working inventory" of required skills. Section IV
descri bes how this proposal was fornul ated--the specific process
and events that resulted in the proposed | anguage structure and
the working inventory of skills. Section V suggests steps that
shoul d be taken next by the Conmm ssion to define workplace skil
requirenents.

1. CHALLENG NG OUR SCHOCOLS TO CHANGE WWHAT
THEY TEACH, HOW THEY TEACH, AND WHO THEY TEACH

Two trends pose a profound challenge to our schools:
(1) changes in the kinds and | evels of performances that even
workers traditionally described as "less skilled" are expected to



exhibit in the workplace and (2) energing research findings on
how people | earn nost effectively. The two trends together inply
t hat schools need to change what they teach, how they teach it,
and to whomthey teach it.

Wor kpl aces Changes

Changes in the workplace have particular inplications for
what schools teach and, to whomthey teach it, as well as for the
performance standards they set for students.

Changes in the Wrkpl ace Have Altered Wat Wrkers Do, How
They Do I't, and Wth Whom They Work

Changes in what workers do. One of the nost profound
inplications of conmputers in the workplace is that they replace
| ear ni ng based on visual observation with | earning acquired
primarily through synbols, whether verbal or mathenati cal
(Zuboff, 1988; Scribner, 1988). For exanple, in textiles,
semliterate operators used to be able to nove into technician
j obs because they literally could see how textile machi nes
functioned. Today, many machi nes have m croprocessors and ot her
el ectroni c conponents that are not observable. To understand,

di agnose, and fix the new machi nes, technicians now have to be
able to represent their structures and processes synbolically in
their heads by decodi ng conplicated manual s, diagranms, and
updat es provided by the manufacturers (Bailey, 1988). Literacy
requi renments have accordingly increased.

One hal | mark of successful conpetition in today's market -
place is flexibility in service and manufacturing industries.
"Total custoner service" and "total quality managenent” are the
bywor ds of hi gh-perfornmance busi ness organi zations. The
variations in product and service associated with this
flexibility multiply the nunber of workplace decisions that nust

be made. I n nore productive conpani es these decisions are being
made at |lower and |ower levels in the corporate structure,
requi ring both higher- and | ower-skill workers to think

critically and regulate their own perfornmance.

The ability of organizations to conpress the tinme between
product desi gn and market pl ace delivery has becone a maj or
conpetitive weapon in both manufacturing and service industries
(Stal k, 1988; Bailey, 1989). Conpanies can no longer afford to
buck deci sions up and down the nmanagenent | adder; decisions nust
be made right at the point of production or point of service. As
aresult, frontline workers have to deal with the unfamli ar,



atypical, and irregular. 1In order to nmake the decisions that
previously were nmade by others, these workers must understand
their firms market environnment and organi zational context. To
m nimze work stoppage by generating initial hypotheses about the
source of equi pnment breakdown for nai ntenance technicians,
frontline workers nmust stay on top of the |l atest technol ogies.

As one personnel manager for a plant noted, "Qur operations
change too fast to be able to spell everything out. Operators
have to be better able to figure things out for thensel ves”

(Bail ey, 1988).

Changes in how they work. Not only nust workers do nmultiple
tasks, they nmust do themwell. As a trainer at Mdtorola
Cor poration said, "Now that the new technol ogi es can be easily
bought, the real edge is in how well you use them W are in a
situation that is like the International Race of Chanpions, where
everyone has the sane cars, and these cars are traded between
races. The prize goes to the nost skilled driver" (Berryman,
1990) .

Changes in those wth whomthey work. Increasingly, workers
have to work in teans™--within the sane function, across
functions, across hierarchical levels, and within supplier-
producer - cust omer networks--and in a nulticultural environnent.
These features of the work environment generate the need for
skills in both interpersonal communication and conflict
resol ution.

The workplace will continue to change. |In the past decade,
shifting international markets and sources of conparative
advant age, fickle custoners, and rapid innovations in products
and processes have forced fundamental changes in corporate
strategies. The speed with which new products are being
i ntroduced suggests that technol ogies and nmarkets will not
stabilize. Ongoing change generates the need for a continuous
adapt ati on of enpl oyee skills.

| mpli cations for Schooling
Changes in the workpl ace have consequences for the skills

that students nust |learn, for the ways in which they are taught
and for the performance standards to which they are held. For

*

Wrk teans are the basic organizational unit at plants in
the Modtorola Corporation, IBM Ford Mtor Conpany, Goodyear Tire
and Rubber, and nunerous other maj or nodern corporations.
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exanple, facing a life of continuous |learning, they need to |earn
how to | earn. The enphasis on teamwork in nore and nore
wor kpl aces neans that instructional approaches nust al so
enphasi ze | earning col | aboratively not just individually. The
need for high-quality work performance neans that students nust
be held to, and cone to hold thenselves to, high standards of
careful and best effort performances.

These changes al so have consequences for who learns. As job
content changes rapidly, narrow, specific skills have becone |ess
i nportant, and broader, nore generic skills nore inportant. The
generic skills required (i.e., metacognitive skills--the ability
to think about what one is doing and its consequences for the
wor k goal ) have becone nore simlar across higher- and | ower-
skill jobs. This blurring of historical skill differences
bet ween occupations inplies a change in who gets taught what. It
rai ses serious questions about our distinct educational
traditions of elite education and mass education (Resnick,
1987a), as usually enbodied in "academ c" versus "vocational"

t racks.

Cogni tive Science and Learning

Cognitive science is a nultinmethod, nultidisciplinary field
t hat studi es how knowl edge is acquired and used. For all types
and |l evels of schooling and training, the field s enmerging
research findings challenge what we teach and when and how we
teach it.

Cognitive science finds that intelligence and expertise are
built out of interaction with the environnment, not in isolation
fromit. These results challenge our traditional distinctions
bet ween:

head and hand,

academ c¢ and vocational educati on,
knowi ng and doi ng,

abstract and applied know edge,
education and training; and
school - based and wor k- based | ear ni ng.

(olelNolNelNoNel

M stakes in Education and Training

Cogni tive science research reveal s several persistent
m st akes in education and training. These m stakes nust be kept



in mnd as this Conm ssion chooses how to sel ect, describe, and
communi cate skill requirenents to schools and corporations.

o

Most K-12 education and work-based training operate on
the fal se assunption that skills are |ike building

bl ocks. But people need not "learn the basics" or
"first things first" before they learn specific
technical or problemsolving skills. For exanple, in
trai ning production workers to handl e a new production
process, we often assume that they need to |l earn

di screte facts about the process before they can begin
to deal with the nore conpl ex problens surrounding it.
But human bei ngs--even small children--are quint-
essentially sense-making, problemsolving animals. By
not involving the | earners' sense-making inclinations
in early learning, we not only m ss opportunities to
begin refining their problemsolving skills in the
domain that we are trying to teach, but we create
barriers to learning itself.

Al t hough | earners are often depicted as resenbling

bl ank sl ates, learners bring their own conceptions to
the learning situation. For exanple, individuals have
their own conceptions of natural phenonmena, such as
light, heat and tenperature, or electricity. These

i deas are personal --constructed fromtheir interpreta-
tions of naive experience, coherent in their own terns,
and resistant to change through traditional training.
Traditional curriculumdesign usually is based on an
anal ysis of the subject matter that ignores what is
already in learners' heads, with the result that
students can play back nenorized know edge and
conceptions but return to their own i deas when
confronted wwth unfam |liar questions or nonroutine
probl enms. Col | ege physics students can sol ve "book"
probl enms in Newtonian nechanics by rote application of
formul as. When faced with an unfamliar problemto
which their formal instruction is in fact rel evant,
however, they revert to naive pre-New oni an

expl anati ons of common physical situations.

Educators often depict | earners as passive receptacles
into which know edge may be "poured." But |earning
actually occurs when the | earner constructs, invents,
and sol ves probl ens.

Skills are often taught in isolation; |earners get
little practice in applying and conbining skills.
Studi es reveal a surprising |lack of transfer of
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theoretical principles, processes, or skills learned in
cl asses to practice. For exanple, research shows that
extensive training in electronics and troubl e-shooting
theories provides very little know edge and fewer
skills directly applicable to perform ng el ectronics
t roubl e- shoot i ng.
o] Al though "l earning to know," "learning to do," and
their "application" are often separated, there is no
effective | earning or understanding of one kind w thout
the other two. As Resnick (1987b) points out, npst
school |earning is synbol -based. Wen synbolic
activities becone detached from neani ngful context,
school | earning becomes a matter of |earning rules and
saying or witing things according to the rules.
Qut si de school, actions are intimtely connected with
t hi ngs and events. \When people are engaged with things
and situations that make sense, they do not forget what
their calculations or what their reasonings are about.
Their nmental activities make sense in terns of
i mredi ate effects, and their actions are grounded in
the logic of imedi ate situations.

o] Know edge and skills are often taught in ways that do
not replicate the settings in which the work nust be
performed. This teaching out of context inpedes the
transfer of training to new settings. For exanple,
both traditional classroom education and corporate
training activities usually require individual
per formance, but increasingly work occurs within the
context of teans. Wat one person is able to do
depends fundanentally on what others do, and
"successful" functioning depends on the nesh of several
i ndi vi dual s' mental and physical perfornmances.
Simlarly, work is intimately involved with tools and
resources of all kinds--from production technol ogies to
conputeri zed data bases. Conpetence requires the
expert use of tools and other resources. Too often
educational and training situations do not replicate
the teamlike nature of work or include the resources
that workers are expected to be able to use in the
conduct of their work.

| mpli cations for School s

Cognitive science strongly inplies that people | earn best
when they are taught in the context of situations, activities,



and problens (Sticht, 1984, 1986, 1987; Resnick, 1987b; Lave,
1988). Learning in context provides neaning and therefore
notivation to learn. It helps to break down the separation

bet ween know edge (know ng what) and practice (know ng how and
when) that has resulted fromthe formal approach to instruction
in schools and the resulting m smatch between school and work.

Appropriate contexts for |earning should be designed to--

o] require the integration of know edge, procedures, and
their application;

o] engage the sense-naking efforts of the student;

o] requi re active construction and inventi on;

o] engage multiple skills of different types and require

students to integrate these in a performance; and

0 i nclude the social interactions and resources and tools
typi cal of non-school situations.

Few school s today routinely follow these precepts in the
education of all the students they teach.

I11. GETTING SCHOOLS TO CHANGE
THE COW SSI ON' S OPPORTUNI TY

The Comm ssion has several opportunities to change Anerican
school s:

1. Educators generally do not understand the skill demands
of high-performance work, especially the skills needed
for what they think of as "less skilled" jobs. For
exanpl e, they may read that |eadi ng-edge conpani es want
production workers who can identify and sol ve probl ens,
but they have no context for understandi ng what these
abstract terns nean. This Conm ssion can define skil
requirenents in ways that put these terns into context
and give nmeaning to them

2. Enpl oyers send di fferent nmessages about the skills that
they need (Commi ssion on the Skills of the Anerican
Wor kf orce, 1990). Sone of the variation is probably
related to conpany size, but nmuch of it has to do with
whet her conpani es have hi gh- or | ow performnce ways of
organi zing the work they perform D fferent nessages
(e.g. concerning the need for m ni mum standards verses



hi gh | evel s of performance or for broadly educated
students verses students prepared for a specific,
discrete job) are confusing to educators and to the
public officials who have power to make policy for
schools. Because these variations are reflected in
corporate hiring standards, they al so nuddy the nessage
to students. This Conm ssion can identify skills that
reflect high performance work and obtain corporate
consensus that these are the critical skills for the
wor kpl ace.

The skill assessnments that states, schools, and the
nation use only rarely eval uate student performance in
meani ngful contexts. Today's assessnent usually

consi sts of paper and pencil, normreferenced,

mul ti pl e-choice tests. These tests show how
individuals performrelative to the popul ati on agai nst
which the test is benchmarked. However, we do not know
how they performrelative to sone criterion or
performance standard that is socially valued and
understood. Miltiple choice tests also do not node

t he performance demands or resources of non-school
settings. They preclude display of problemsolving and
ot her high-level skills, inplicitly presum ng that
"conpetence"” is the ability to retrieve the "right"
fact froma warehouse of facts. They thus encourage
routine drill in bits and pieces and mlitate against

t he devel opnment of intelligent judgnent. Finally,
because they are paper and pencil tests, they do not
show how wel | students can use other tools and
resources in the performance of tasks.

This Comm ssion can identify skills and comruni cate
themin ways that inply major changes in assessnent
strategies. Rethinking assessnents is one |ever for
restructuring the educational enterprise. As Resnick
and Resnick (in press) observe, public, conparative
assessnment results that affect the reputations of
school s, teachers, principals, and school graduates
al so powerfully affect curriculumand pedagogy. What
we neasure and how we neasure it gets taught and is
reflected in instructional practice; what we do not
measur e does not get taught.

Schools do not routinely teach skills in contexts that
have neaning for and notivate students. Yet cognitive
sci ence teaches that people learn skills best when they
are taught in neaningful contexts and that people are
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more likely to use knowl edge appropriately in applied
settings if they acquire it in such settings. This
Comm ssion can define skill requirements in terns of
what people actually do at work and thus give schools
the information they need to use functional context

i nstructional techniques.

| V. DEVELOPI NG A NEW LANGUAGE FOR SKI LLS

The opportunities just described have inplications for how
t he Conm ssion conceives of "necessary skills,” what skills it
sel ects as "necessary,"” and how it conmmunicates this
understanding to the corporate and educational conmunities. W
suggest the follow ng | anguage: functional skills, which reflect
what people in a wide range of jobs actually do at work; enabling
skills, which underlie the performance of functional skills; and
wor kpl ace scenarios, which describe skills in the context of rea
work activities.

Functional Skills

Functional skills reflect what people in a w de range of
j obs actually do at work. These skills are exhibited at many
different levels and in different proportions, depending on the
j ob, but with enough common aspects of content and cognitive and
behavi oral performance to constitute a "skill."

The commonal ity of functional skills anong jobs and their
relationship to the acquisition of other skills make them key to
many career opportunities. For exanple, being the | eader of a
work teamin a conpany nmay call for supervisory skills simlar to
those required of a plant nanager, even though they may be a few
times renoved.

The functional skills are different froma person's
"technical" or "domain-specific" knowl edge and skills. For
exanpl e, the functional skills of accountants and manufacturing
technicians in a manufacturing facility may be nmuch nore simlar
than their "technical skills" but equally inportant.

Functional skills that are sel ected nmust be--

o] Keyed to effective performance in a broad range of
| obs;
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o] Limted in nunber to between 20 and 40, so they can be
wi del y under st ood,;

o] Representative of the conplexities of work;

o] I ncl usive of a wide range of the enabling skills
typically taught in school

o] Open-ended, that is, capable of being defined for
students ranging in ability from bel ow average to the
graduates of four-year and professional schools;

o] Explicit enough to permt the devel opnent of
instrunments to assess the |level of performance; and

o] Capabl e of being taught.

Using these criteria, a group of experts in workplace
per formance devel oped a working inventory of 27 functional skills
for the Comm ssion's review (see Exhibit 1). (Section V
descri bes the procedures by which this set of functional skills
was identified.) The skills are grouped into five classes of
activity perfornmed in nost work settings: (1) resource
managenent; (2) information managenent; (3) social interaction;
(4) understandi ng of systens behavior and perfornmance; and
(5) human and technology interaction. A sixth class of skills,
the affective domain that pertains to personal attitudes and
characteristics such as notivation and integrity, were identified
as needed, but the experts did not attenpt to specify which
particul ar itens should be included.

The specific skills identified were assuned to have generic

properties. They represent perfornmances required in a variety of
jobs and at a variety of levels of skill and application. This
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wor ki ng inventory is not presuned to be conplete, but, it is
presented as a well-grounded starting point for the Comm ssion to
develop a final statenent of the functional skills necessary for
ef fective work performance. (Section VI discusses the next steps
required to conplete the skills inventory).

Enabling Skills

Enabling skills are skills that underlie the performance of
functional skills. They include reading and witing, mathenatics
and conputer skills, |listening and speaking, and other areas. A
maj or task for this Commssion is to work out the enabling skills
inplied in the functional skills of Exhibit 1. Enabling skills
relate to the basic know edge a person must have to devel op
functional skills, such as a core vocabulary required for
di scourse in many contexts or the basic arithnetical procedures
required to conpute at different |evels.

Wor kpl ace Scenari os

The traditional solution to the nmandate given this
Comm ssion is to develop a list of skills. Lists have a |ong
hi story, although they vary in several ways, including whether
the list describes skills as properties of individuals or of
j obs.

Dependi ng solely on a list, however, poses at |east three
problenms: First, skills on a list are abstracted fromthe work
contexts in which they have neaning. Wen skills are described
W t hout context, their nmeaning is |left unanchored, and they inply
instruction wi thout context. However, we know that |earning
occurs nost effectively in contexts that are neaningful to the
i ndi vi dual .

Second, skills on a list, whether they are properties of
j obs or of the person, do not reflect the individual's
interaction with the environnment. The distinction between a
static list of skills versus a dynam c performance is inportant
for how we think about "good" performance. A static approach
i nclines schools and educators toward "one right way" and "one
right answer" performances. However, enpirical observations of
how real people performreal tasks in real situations show that
there are many ways to skin a cat, and often nore than one "good"
resolution to a problem

Third, skills on a list do not capture the integration of
mul tiple skills that any real performance requires. Again, this
Commi ssion can convey to educators the nature of real work, which
requires that students not only devel op individual skills, but

13



also learn to integrate them appropriately in the act of
perform ng worKk.
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VI .

EXHBIT 1

Functional Skills Needed for Effective Wrk Performnce

Resource Managenent: Identifies, organizes, plans, and
al | ocates resources

A Time: Understands, follows, and prepares a schedul e
B Money: Prepares and foll ows a budget

C. Material: Allocates material resources

D People: Al l ocates personnel resources

I nformati on Managenment: Acquires and uses necessary

i nformation

| dentifies, finds, and selects necessar¥ i nformation
Assim |l ates and integrates information fromnultiple
sour ces _ _ _
Represents, conveys, and comuni cates information to
others effectively

Converts information fromone formto another
Prepares, interprets, and maintains quantitative and
nonquantitative records and information, including
vi sual displ ays

mo O W»

Soci al Interaction

Partici pates as an effective nenber of a team
Facilitates group | earning

Teaches others new skills

Serves clients/custoners _

I nfluences (informs, explains, persuades, convinces) an
i ndi vi dual or group o

Negotiates to arrive at a decision

Wrks well with all kinds of people

Under st ands how t he soci al / organi zati onal system works

ImOm moowr

Systens Behavi or and Performance

UndFrstands how system conponents interact to achieve
goal s

Identifies, anticipates, and nanages consequences
Monitors and corrects performance, identifies trends
and anonal i es

Li nks synbolic representations to real-world phenonena
Integrates nultiple displays

mo Ow >

Human and Technol ogy I nteraction

Sel ects and uses appropriate technol ogies

VisEallzes operations and prograns machines to perform
wor

Enplors conputers for input, presentation, and analysis
Tr oubl eshoots and mai ntal ns technol ogi es o

Desi gns systens to perform conplex tasks efficiently

mooO wx

Affective Skills: Attitudes, notivation, and val ues

15




Appendi x A gives several exanples of workplace scenari os,
whi ch are inportant conpanion pieces to any list of skills. The
scenarios contain enpirically based synopses (although at
different levels of detail) of real activities, in context,
conducted by individuals working at a task, and revealing the
functional and enabling skills required for the successful
performance of these activities. Each scenario has the five
conponents identified in Exhibit 2.

Vel | - grounded and desi gned scenari os enabl e the Comm ssion
to realize the opportunities described earlier:

First, scenarios let the Conmm ssion discuss skil
requirenents in ways that put theminto context and give them
meani ng for educators.

Second, if the functional skills selected and displayed in
t hese scenarios reflect high-performance work, these scenarios
beconme a way of conmunicating what hi gh-performance work | ooks
like to the wi der corporate community.

Third, scenarios beconme a nodel for thinking about
redesi gni ng assessnent, and ultimtely, as assessnent shifts,
curriculum The scenarios carry nessages about skills valued in
t he workpl ace. They show the inportance of testing situations
that indicate whether students can select and integrate nultiple
functional and enabling skills. They indicate the inportance of

a setting for assessnment that reveals effort and the wllingness
o exert sustained attention

EXHBIT 2

Conmponents of a Wbrkpl ace Scenario

1. A context, that is, the "arena" or "setting" for
any activity (Lave, 1988). For this Conmm ssion,
rel evant arenas or contexts are industries; the
Comm ssion's industry sector task forces will have
an inportant role in devel oping and verifying
accurate and realistic workplace scenari os.

2. Activities, such as preparing a proposal or
arriving at a group solution to a process change.

3. A person or persons in action within the context.

4. Performances that display a variety of functional

and enabling skills, and their integration.
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A |l ong enough tinme period to reveal persistence
and effort.
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Fourth, by displaying work in its context, scenarios provide
an effective counterpoint to the tendency to instruct out of
context. Scenarios display many of the conmponents of | earning
situations that facilitate the acquisition and appropriate use of
know edge and skill, such as the social interactions, resources,
and tools typical of non-school situations. Therefore, scenarios
can stimulate the use of functional contexts for |earning.

V.  FORMULATI NG THE COW SSI ON' S APPRCOACH

Thi s approach to the Conm ssion's inquiry energed from
Comm ssioners' comrentary and suggestions, visits to corporations
t hat enphasi ze hi gh-1evel enployee skills, review of contenporary
research, and discussions with a wi de range of researchers and
ot her experts.

Conmi ssi oner Comment s

At the initial neeting of this Comm ssion in May 1990,
Comm ssi oners Pal ko and Sticht described some of their activities
related to the subject of this investigation. Conm ssioner Pal ko
di scussed Project C® (corporations, classroons, and conmunity) in
Fort Worth, Texas, which is an attenpt to better |ink educational
activities and busi ness needs through a careful analysis of 1,000
| ocal jobs. Comm ssioner Pal ko and his coll eagues are
identifying the job tasks and basic skills associated wth these
occupations. Conm ssioner Sticht discussed the findings of his
research for the U S. Arny which denonstrates the val ue and
i nportance of |earning in context.

Since this neeting Dr. Packer and other Conmm ssion staff
have di scussed the inplications of this functional context
approach to instruction with Senator Brock and several other
Comm ssioners. In each case the Comm ssioners encouraged the
staff to identify and describe skills in functional terns. This
direction was confirmed during the first neeting of the
Comm ssion's Steering Commttee, when the group accepted the
initial Operational Plan that distinguished functional and
enabling skills.

Visits to Corporate Training Centers
Comm ssioners and staff also visited the training centers of

two maj or manufacturing and sal es organi zati ons whose executives
serve as Conmm ssioners. On July 9 and 10, staff of the Mdtorol a
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Corporation's Trai ning and Education Center in Schaunburg,
II'linois, hosted a group of Conm ssion staff and briefed them on
Motorola's training operation and strategic plan for education
and training. On July 16, the |IBM Corporation provided a day-
long briefing for Conm ssioners and staff at its Arnonk, New
Yor k, managenent devel opnent facility.

I n both organi zations, training and education prograns were
built on real job requirenents, and the curriculumreflected
actual workplace needs. Training took place close to the work
situation and was reinforced i medi ately by actual work
performance. Both organizations are inplenenting new job
structures that call for levels of skills much higher than those
previ ously demanded of workers.

Revi ew of Research

The Comm ssion staff held discussions with key researchers
in a variety of fields. The Conm ssion's research team consi sted
of researchers on education policy and |abor force training from
Pel avi n Associ ates; researchers on job anal ysis and assessnent
fromthe Arerican Institutes for Research (AIR); and researchers
on work and cognition fromthe Institute on Education and the
Econony (I EE) of Teachers Coll ege, Colunbia University.

Al R hel ps organi zati ons develop tests to screen for a
vari ety of conpetencies, including those required in the
wor kplace. AIRis currently a contractor to the U S. Arny for
its revision of the Arned Services Vocational Aptitude Battery
(ASVAB) and the Departnent of Labor (DOL) for the refinenent of
the General Aptitude Test Battery (GATB). AIR was asked to
devel op a paper review ng past attenpts to determ ne workpl ace
skill requirenents.

AR s paper, "ldentifying Necessary Job Skills: A Review of
Previ ous Approaches,” which is available to Conm ssioners, showed
that nost attenpts to characterize the skills used at work have
energed either fromthe research of industrial psychol ogists or
from ot her groups such as this Comm ssion. The research of
i ndustrial psychol ogists has focused primarily on general
characteristics of individuals (e.g., intelligence, reasoning
ability, reaction time) or on the characteristics of jobs (e.g.,
assenble itens, | oad ammunition, route packages). The |evel of
specificity captured by past efforts has varied fromthe very
general (e.g., problemsolving ability) to the very discrete
(e.g., performa tack weld in alum num sheet netal).
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The research of groups like this Comm ssion has frequently
resulted in lists of skills that integrate these dinensions
(i.e., of individuals and of jobs), but such lists, as well as
t hose generated by the industrial psychol ogists, tend to be
nei ther specific nor rooted in a context. Therefore, they do not
provide direct links to schools or a sense of the work enabl ed by
the skills identified.

| EE at Teachers Col |l ege, Colunbia University, serves the
Educati on Departnent as the National Center on Education and
Enpl oyment. | EE staff have conducted pioneering research on
changes in work requirenents and |l earning on the job. Key
findings of their recent work were included in the earlier
section on inplications fromworkplace studies and cognitive
sci ence.

Comments from Experts

This Comm ssion's m ssion has been reviewed with a w de
range of experts on workplace skill requirenments, who offered a
vari ety of useful coments. Staff of the three contractor
organi zati ons, experts in schooling and | earning, enphasized that

sinply communicating a |list of workplace skill requirenents to
schools was unlikely to result in change. Oher researchers and
sonme Comm ssioners agreed. Put sinply, lists alone have not

changed education in the past, and they are unlikely to do so in
the future. To change education at the |l evel necessary to

i nprove wor kpl ace preparation, appropriate outcome neasures
(i.e., assessnents) nust be avail able and used, and instruction
must build on an understanding of real-world work situations.
Both these requirenents inply that the Conmm ssion nust
communicate its findings in a rich, highly illustrative, and
actionable manner (i.e., as in the scenarios described earlier).

Criteria for Functional Skills and an Initial List

Bui Il ding on this background work, Dr. John Wrt, the deputy
director of this Conmm ssion, prepared a brief concept paper for
w der review. This paper was used as the basis for the
del i berati ons of a panel of national experts on workpl ace issues
(described in the next subsection). The paper defined functional
and enabling skills and di scussed conmuni cating the Conmm ssion's
findings through scenari os.

The paper concluded with a set of criteria for functional
skills (presented in Section IV of this report). The paper
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proposed an initial list of functional skills to illustrate the
i deas.

The Meeting of Experts

On August 9 approximtely 30 experts in anal yzi ng workpl ace
skill requirenents convened to discuss the concept paper just
described (the participants are listed in Appendix B). The group
i ncluded 18 researchers and human devel opnment specialists from
t hroughout the nation as well as Comm ssioner Tom Sticht, the
Comm ssion staff, and contractor staff. These experts were asked
to test the approach: Could the draft set of skills be revised
and extended to descri be adequately and understandably many or
nmost of the nost inportant aspects of what people do to work
effectively?

Dr. Larry Leher of the Defense Systens Managenent Coll ege
hel ped the Comm ssion staff plan the neeting and facilitate the
initial discussion. The whole group held a discussion prior to
meeting in tw sub-groups for two separate three-hour sessions.
For part of those sessions each subgroup was divided further into
three small working teans. Drs. Kane and CGoslin of the
contractor teamfacilitated the sub-group sessions.

Participants generally agreed that a set of generic
"functional" skills or performances that were needed across
mul tiple work settings could be identified. They also agreed
that refining the list and presenting the skills wthin a
scenario format could overcone Iimtations they perceived with
the draft list of skills.

On August 10 the subgroup neetings continued. One group
focused on refining the skills list, while the other group
focused on refining the concept of scenarios as a presentation
devi ce.

Exhibit 1 displayed the outcone of the work on the skills
list, and Exhibit 2 identified the conponents of a workpl ace
scenario. |In response to a suggestion that scenarios with a
common t hene coul d be devel oped across nultiple industry sectors,
four generic situations were identified: (1) making a proposal,
(2) managing a project, (3) developing a group solution for a
process change, and (4) providing custoner service.

In the final session the group of experts agreed on the
foll ow ng recommendati ons:
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Thi s Comm ssion should define "skills that high school
graduates need to ensure a productive career.” The
Comm ssi on should not focus solely on entry-Ievel
skills but should al so include those skills required
for novenent up a career |adder. |Individual progress
and corporate success inply that the ability to |learn
effectively and to take on newroles is a required
entry-level skill, regardless of the nature of the
initial job assignnent.

The Comm ssion shoul d enphasi ze the i nportance of the
affective dinension in workplace performance.

The Comm ssi on shoul d enphasi ze that students | eaving
school nust be able to do nore than read, wite, and
conpute as neasured by standard assessnent instrunents.
They nust be able to apply those skills in real-life,
aut hentic performance situations.

The Comm ssion should state that textbook-based
training alone is insufficient for effective workpl ace
performance. Skills devel oped through |iberal studies
must be exercised in reality-based applications in
order to transfer effectively to workplace settings.

The Comm ssion shoul d recogni ze that scenarios can
cover a variety of situations, fromthose that are
wor k- based to those that are nore personal (e.g., the
pl anni ng and budgeting to afford a car). For purposes
of the Comm ssion's report, the scenarios should be
based on work situations. In this way students w ||

al so | earn about the world of work.

VI . DEFI NI NG WORKPLACE SKI LLS: NEXT STEPS

The set of functional skills required by high school

graduates to achieve work readi ness depicted in Exhibit 1
provides a starting point for this Conmm ssion. The working
inventory of skills and the scenarios to communicate themrequire
refinement and further definition, a process in which key

i ndustry | eaders and organi zati ons nust be involved. It is also
i nportant that both the functional skills and the scenarios be
assessed by people actually in the workplace, including workers,

first

I i ne supervisors, and senior executives. The Conm ssion's

next steps are as follows:
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1. Task force investigation and testinony by industry

experts;

2. Devel opnent and verification of workplace scenari os;
and

3. Review of the literature, industry studies, and other

data sets on skills requirenents.

Each of these steps nmust be taken before the Comm ssion reviews
its main report and the reports of each sector task force.

El aborati ng and defining workplace skills conpletely will entai
determ ning the enabling skills necessary to support the

per formance of functional skills.

Task Force Investigation and Testinony by |Industry Experts

The neeting of the expert group in August began this
process. On January 18, the full Comm ssion will neet at the
Motorola facility, so that all Conm ssioners wll have the sane
briefing that the Conm ssion staff received.

Most investigation will occur at the sector task force
| evel, where staff will help task force nenbers identify key
i ndustry associ ati ons and | eadi ng busi nesses and busi ness | eaders
in the sector. These people and organi zations will be invited to
suggest refinenents and expansions of the initial skills
inventory consistent with the needs of their sector.

Devel opnent and Verification of Wrkplace Scenari os

The five sector task forces will identify a total of 50 jobs
that represent the range of opportunity for recent high school
graduates. The working set of functional skills nust be verified
by establishing the need for their application within these jobs.
The enabling skills required for effective performance in each of
the jobs to which they apply al so nust be determ ned.

The | ast three scenarios contained in Appendix A are
exanples of the results of workplace studies that have been
conducted over the past decade. As this report has indicated,
ant hr opol ogi sts, econom sts, and cognitive scientists are
provi di ng sone inportant new insights into the actual cognitive
skills involved in conducting work. The Conm ssion's effort wll
draw on the expertise of these researchers in several ways. The
researchers will be asked to share previously collected data and
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insights, to develop scenarios fromtheir data, and to confirm
the contents of the scenarios with people at work.

Once the 50 jobs are identified, researchers who have
observed the industries in which these jobs occur will be asked
to use their extant data (supplenented perhaps by sone tel ephone
interviewi ng) to construct scenarios such as the last three in
Appendix A. In this process the researchers wll provide
feedback on the initial skills list and its relationship to the
skills required by the job being described. The researchers wll
al so provide any data they have on the enabling skills required
in their sectors.

The first scenario in Appendi x A, describing the nedical
transcri ber, was devel oped by interview ng persons involved in
that work. It provides a nodel for the devel opnment of additional
scenari os when existing research is not available to capture the
particul ar requirenents of a specified job. Wrking with
experienced researchers, staff of key industry associations
(e.g., the National Association of Manufacturers (NAM and the
Nat i onal Restaurant Association (NRA)) will be asked to devel op
scenarios in this manner based on their experience in the sector.
Comm ssion staff working with sector task forces will provide a
simlar scenario witing resource when necessary.

The devel opers of each scenario will be required to subject
t he proposed scenario to review by people working in the settings
described. Wbrkers and supervisors will be asked questions such
as these:

o] Does this description accurately reflect what you do or
supervi se?

o] What functional skills are displayed by each scenario?

o] What critical behaviors are not represented anong the

skills identified and the scenari o comruni cating then?
The responses of these people will be used to verify the

conpl eteness of the functional skills inventory and to refine the
scenari os.

Revi ew of the Literature, Industry Studies, and Oher Data Sets
on Skills Requirenents

The paper prepared by AIR provides a starting point for the
revi ew of existing studies and data bases. The sector task
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forces wll supplenment the studies reviewed in this paper by
identifying and reviewi ng studies of skill requirenents and

rel ated data bases. Governnent-sponsored research, such as a
recent series of studies sponsored by the Departnent of Labor on
literacy requirenents of maintenance, dietary, |aboratory, and
manuf act uri ng workers, provides one source of such data.

O her research and data are avail able through the industry
and occupational associations. The Anmerican Banki ng Associ ation
and the National Restaurant Association have each perforned
consi derabl e analysis of the skill requirements for workers in
their respective industries. Studies and data bases such as
these will be used by sector task forces to refine the working
set of skills.
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APPENDIX A

WORKPLACE SCENARIOS



Adaptability in the Medical Transcription Office

Job: Medical Transcriber

Background: Sweetwater General Hospital is a 350-400 bed hospital with an 85 percent occupancy rate. It has an in-house
medical transcription department which normally has six medical transcribers, but currently is short-handed with only four
available. The job of the medical transcriber isto receive tapes from physicians and transcribe them. The tapes contain
narrative summaries of patients course of hospitalization and treatment. In this hospital the narrative has to be transcribed
and in the patient's folder before patient check-out.

Action: Sylvia Slater is atop-notch medical transcriber at Sweetwater General. This has been a particularly busy week and
today she has six tapesin various stages of being transcribed. Three doctors have patient check-outs by 11:00 A.M.
tomorrow; Dr. Moon who is foreign born with a heavy accent that makes his tapes difficult to understand; Dr. Allegro who
likes to take his written transcripts, edit them heavily and return them to the transcriber for revision; and Dr. King who wants
immediate service on his tapes no matter how many other doctors are ahead of him.

Sylvia doesn't think she can finish the tapes in time for all the patient check-outs so she goes to Nan Leukmeyer, her
supervisor, to discuss the problem and possible solutions. She and Nan make the decision to call in a contract transcriber
company that the hospital uses as a back-up. Nan special requests a particular transcriber who is from the same country as
Dr. Moon and seemsto have less difficulty understanding his accent. Sylviathen calls and leaves a message on Dr. King's
service. Heisin surgery, probably for six hours. She tells him his narrative has been transcribed and will be delivered to his
office. She explainsthat if he wants the transcript completed in time for his patient check-out he will need to return it for
revision by 9:00 A.M. the next day. Sheisable to reach Dr. Allegro with whom she discusses her time constraints. Sylvia
works out a schedule whereby she will have his transcript ready by 4:00 P.M. and he will read it before he leaves for the day;
he agrees to hold his changes to a minimum so she can finish transcript in time for his patient check-out.

After finishing her scheduled daily work, at Nan's request Sylvialooks over the first draft of a new transcriber to determine if
her knowledge of anatomy and physiology is adequate for the job or she should be sent to a medical terminology brush-up
training course offered by the hospital. Sylvia states that, in her opinion, the course would greatly help the new transcriber.

SKills Demonstrated:

Resour ce M anagement:

Time: understands constraints on producing a usable end product
Human resources: makes good use of colleagues and supervisor to achieve objectives

Information M anagement:

Identifies, finds, and selects necessary information to convey sense of urgency to supervisor and to doctors

Represents, conveys, and communicates information to others effectively particularly the doctors who are the
clients

Converts information from one form to another by transforming oral information into a written report



Social Interaction:
Serves clients the doctors and ultimately the patients who pay for the services

Influences an individual by using persuasion and charm to convince doctors to compromise on usual proceduresin
order to accommodate everyone to the extent possible

Negotiates to arrive at a decision with doctors over what is acceptable

Works with human diversity through demonstrating her ability to handle communication with different cultures
and with different educational classes

Systems Behavior_and Performance:

Understands how system components interact to achieve goals in a complex hospital setting with conflicting
objectives

I dentifies, anticipates and manages consequences by realizing in time that the end product (medical histories) will
not come out on time without some adjustment of process

Links symbolic representation to real world phenomeng, i.e. by transforming doctors oral transcriptions into actual
written reports

Monitors and corrects performance by looking over reports and making any corrections necessary

Human and Technology | nteraction:

Uses technology appropriate to tasks, a transcribing machine
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Problem-Solving in the Stockroom

Job: Material Handler

Background: Mickey isamaterial handler in the stockroom of an electronics factory. Heisworking on ajob that is part of
the routine for material handlers, known as "pulling” orders. This job entails locating, counting, and moving bins of
component parts which eventually become assembled into a final product.

Action: Mickey needs 150 pieces of a certain part but discovers that the bin in which the parts are stored has only 100
piecesinit. He seemsto be 50 pieces short. However, when he consults the "bin card" -- aform lying inside the bin which
is a handwritten record of parts added or taken out -- it shows that 4,000 pieces should be in stock. Where are the other
3,900 pieces? Mickey searches the stockroom, looking for bins at other locations that might contain the same part. He finds
two full bins, which together contain 5,000 pieces. Mickey can now complete his order and get on with his routine work.
But a problem remains. there is adiscrepancy between the number of parts physically in the bins (5,100) and the number
recorded on the bin card (4,000) and Mickey knows that if this discrepancy is not straightened out now, there will be
continuing problems with this part.

Mickey consults his supervisor, Bert, to discuss reasons for this mismatch. Bert is unsure of the reason, but encourages
Mickey to pursue the problem. Mickey decides he can get to the bottom of it by consulting another inventory record located
in the computer. According to the computer inventory file, 21,000 pieces are on hand. If the computer is accurate, then
nearly 16,000 pieces are physically missing! Mickey has either a surplus of 1,100, if he believesthe bin card, or amassive
shortage of 15,900, if he believes the computer.

While he investigates the records, Mickey banters with co-workers in the stockroom, learning who had worked on this part
and collecting information to help solve the problem. He deduces the computer record iswrong since it is so far off the
physical count. In order to correct what he presumes is a computer error, Mickey needs access to a screen that displaysthe
history of all transactions for that particular part. He asks Bert to enter his code into the computer (as a materia handler,
Mickey is not authorized to see al the screens). By comparing the transaction history on the computer screen with the
handwritten bin card history, he discovers that the supervisor had neglected to enter into the computer the fact that 15,900
pieces were pulled out of stock two weeks ago.

This error is adjusted, so that the computer record matches the physical count. However, the physical count still does not
match the bin card, so Mickey makes that correction aswell. When these corrections are made and when the three sources
of information about the number of partsin inventory -- physical, computer, bin card -- finally conform, Mickey at last pulls
his order.

In a high performance workplace Mickey and the supervisor would work together to develop a process so that in the future
such errors would no longer happen.

Commentary: The situation Mickey encountered occurs quite frequently in the stockroom and although it is "nonroutine” it
may be considered part of the normal day's work for material handlers.

Skills Demonstr ated

Information M anagement:

Mickey needed to understand that information about partsis of severa kinds: quantity, location, receipts, and
withdrawals; and that records for such information are stored simultaneously in several places (identify, find, and
select necessary information). He had to assimilate and integrate information from multiple sources (physical bins,
bin cards, computer screens, and humans) and, to act upon it he had to represent, convey, and communicate
information to others (supervisor, co-workers) effectively.

Social Interactions:




Mickey operated in an existing relationship with co-workers, with established routines for communication. He
knew his supervisor and fellow material handlers well enough to communicate the problem and seek advice and
information (understands how the social/organization system works; participates as an effective member of ateam).

Under standing Systems Behavior :

In the workplace, problems do not always announce themselves. Mickey might have simply pulled his order once
he found the extra bins and never made the effort to resolve the discrepancy at the level of record keeping. To
recognize that a serious problem existed (identifies anomalies), he needed to know a great deal about the
relationship of the stockroom to the rest of the plant (understand how systerm components interact to achieve goals).
For example, he needed to know that the company had a computerized system for keeping track of inventory; he
needed to know how information was entered and processed in that system as well asin the stockroomitself. To
recognize the significance of discrepancies in the records and to resolve them, he needed to link symbolic
representations (on bin card and computer) to real world phenomena (parts in bins and past actions of co-workers)
and he had to integrate information from multiple displays.

Human and Technology | ntegr ation:

Mickey used the computer system as a device for analyzing the nature of the problem and predicting sources of
error (employing computers for input presentation and analysis).

Adapted from Scribner, S. and Sachs, P. (1990). A Study of On-the-Job Training. Technical Report #13. New Y ork:
National Center on Education and Employment, Columbia University.




Teamwork in an Airlines Oper ations Room

Job: Baggage Service Planner

Background: Chrisworksin"ops', the operations room of Atlantic Airlinesin abusy metropolitan airport in the Western
United States. "Ops' is a communications and control center which isin charge of coordinating all activities having to do
with the arrival and departure of Atlantic planes. Thisairport isahub for Atlantic Airlines, and most passengers who arrive
here have to make connections. Several times during the day, aflock of AA planesfrom al corners of the country descend
fromthe air, roll into the eight gates, exchange passengers, baggage, and crews, are serviced with fuel and food, and go out
again to different destinations. Chris sometimes thinks of the ops room and the areas associated with it (the ramp, the gate,
the baggage area etc.) as a pulsing organism which periodically sucks in planes, people and objects, takes a deep breath, and
then expels them again - hopefully on schedule. These periods of heightened activity, each lasting about an hour, are called
"complexes.”

Tonight, Chrisisworking with four other people in the opsroom: Victor, the supervisor; Dave, the Passenger Service
Planner, who isin charge of communication with gate agents, Kendon, OPS-A, who talks to jet pilots, either by voice or
through an onboard computer; and Rob, OPS-B, whose duties involve communication with the pilots of Atlantic Hawks, the
airliness small commuter planes.

Chrisis the Baggage Planner in the ops room. Her duties center around maintaining the vital link between the ops room and
"the ramp", where the ground crew stands ready to service the airplane and take care of the all-important baggage transfers.
Before she bid into the ops room (thisis a union job and seniority counts), Chris herself worked on the ramp. She had
started there several years ago as a baggage handler, had become a baggage transfer driver, then a crew chief on the ramp.
This experienceisinvaluable to her in her present position.

In the ops room, Chris and her colleagues are seated back-to-back, facing the various communication technologies arranged
along the walls: computer terminals, radios, phones, flight information displays (FIDs), and the like. Information about the
next batch of planes comesin over radios, phones, computer screens, printers, and video monitors. It istaken in, processed,
and hen sent out again in the form of directives to other parts of the system (i.e., pilots, fuelers, baggage loaders, maintenance
people, etc.). The placeis noisy, with phones ringing, printers starting up, and radios squawking; the radio channel for
Tower and Ground Control are on much of the time, which exposes ops workers to a constant barrage of directivesto planes
approaching, landing, on the ground, etc. Of great help to Chris and her colleagues is the fact that they can "look at" the
gates where planes arrive. A video camerais mounted at each gate facing the incoming plane. This camera can be
controlled from the ops room, so that operators can zoom in on a particular plane to check how far along it is in the boarding
process. A bank of eight video monitors, corresponding to the eight gates, is mounted high up on the back wall of the ops
room.

Action: So far, the second shift has been pretty ordinary but they have all been briefed by the supervisor that a plane switch
has to be made during the next complex. Aircraft #677 coming in from Seattle and scheduled to go on to Santa Ana has
developed a problem with one of its fuel tanks. The repair shop that speciaizesin thistype of repair happensto bein Los
Angeles. So, during complex 8, aircraft 677 will switch destinations with aircraft 676, which comesin from Reno at
roughly the same time with destination Los Angeles. As complex seven wraps up, Chris and her colleagues begin to focus
on the upcoming swap.

To get the situation clear in her mind and to help her decide what she needs to do, Chris makes the following note for
herself:

Gate 14: aircraft #676

SKED: 1091 from RNO to LAX
TODAY: 1091 from RNO -> 1018 to SNA
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Gate 15: aircraft #677

SKED: 1018 from SEA to SNA
TODAY': 1018 from SEA -> 1091 to LAX

She circles gate 14 and gate 15. Obviously, she has to communicate with the crew chiefs at these gates to make sure that
they are aware of the planned changes. In anideal world, they would have consulted their computers but she knows from
experience that things often get hectic on the ramp. She figures she'd better make sure nothing will fall between the cracks.
If you "ramp rats' weren't ready, there might be a delay in getting these planes out and that would be a delay counted against
them in their performance rating. Thiswould be reflected in their bonuses but maybe more importantly, it would be a black
mark on their excellent record.

Chris picks up theradio: "Opsto gate 15"; "opsto gate 15, comein please." A voice comes over theradio. It is Redge, the
crew chief at gate 15. "Go ahead, ops." Chris explains that the aircraft for 1018 today will "take out" 1091 to Los Angeles
because of aproblem in the fuel tanks. "So, please, let your transfer drivers know." Obvioudly, it wouldn't do to have the
Santa Ana baggage show up in Los Angeles.

While she makes sure that the ramp personnel at both gates are properly informed and prepared, she aso, almost
unconscioudly, listens for other relevant information in the babble of noises that fills the room. Dave is updating the "leads"
at both gates about the impending swap. Rob is placing afood order for one of tomorrow's flights, and Kendon is talking on
theradio. Her phonerings. She hears the beginning of a Tower communication about flight 1018 but picks up the phone.
It's Grosso, one of the transfer drivers for tomorrow morning shift who wants to switch places with a friend on the afternoon
shift. Chrissays: "that's fine" and makes the requested changes on her record sheet. Keeping the ramp crew recordsis one
of the duties that comes with the job.

Meanwhile, Kendon, raising his voice dightly, and half turning his head into the room announces. "108 is on the ground."
She knows this is information he picked up from listening to the Tower and Ground Control. She picks up her radio and,
with an intonation that sets this communication off from others, announces to the ramp: "1018 is on the ground for gate
fifteen." She knows that the ramp crew at gate 15 are getting ready to roll out the stairs, that the baggage driver isready to
collect the bags coming off the plane, distribute them to the appropriate gates for their connections and load on the baggage
going to LAX. She enters the plane's touch-down time on her complex sheet, amatrix listing incoming against outgoing
flights that shows how many bags from each incoming flight have to be transferred to the various outgoing flights.

Dave, who has put on a headset to cut down on some of the noise in the room, has been talking on the radio. Now he turns
to face the room and says. "1091 was 16 minutes late out of Reno; he's trying to catch up some but it'll betight." Chris
knows that to switch passengers, crews and baggage between the two planes and have them both leave on schedule will
require good planning and quick work by everybody. She turns to the supervisor: "Victor, do you think we could give 1091
an extra set of stairs?' Victor thinksthat's agood idea. So Chris callsthe crew chief at gate 14 and asks him to have rear
stairsready for 1091. Dave, who had been listening, picks up his phone at the same time to call the lead gate agent at gate
14. They will use the rear stairs to board outgoing passengers while the arriving passengers disembark via the front stairs, a
procedure that substantially speeds up the turnaround time for the plane.

Chris gets up from her workstation and walks over to the camera controls at the opposite wall. Looking at the monitors for
gate 14 and 15, she manipulates the camera controls. Gate 14 isempty. At gate 15, she sees the Marriott truck in place but
the fuel truck has already pulled away. So they are making good progress.

While she's standing there, Rob asks her: "Hey, Chris, can you see how many Hawks are out there?' The Hawks, the airlines
small commuter planes, are parked at the most distant gate and are often hard to see. Chris focuses the camera and tells Rob
that the gate is still empty but it looks like oneistaxiing in.

Commentary: Chrislikesto think of the whole ops room crew as constantly working on updating their collective take on
the current state of the world. Everyone is working on what "the picture" is, i.e. engaged in absorbing and in turn making
available to co-workers information about the current situation. That iswhy people in the ops room are constantly engaged
in monitoring each other'sinformation needs. They ask each other for help, they offer assistance, and they provide others
with whatever pieces of information they pick up. Much of the information the ops room works with is relevant to different
operators for different reasons. For example, the delay of one plane may pull in its wake disturbances in the departure of
others and it is extremely important that information about changes be available to everybody who isinvolved in shaping the
directives that go out of the room.

Skills Demonstr ated
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Resour ce M anagement:

Time: isaert to time-sensitivity of required actions;
Material: schedules appropriate technology;
Human: involves peoplein and outside her immediate work environment to get job done

Information M anagement:

Identifies salient information as it comesin through voice (phone and radio) or computer against a noisy
background,;

Appropriately "packages' information for co-workersin ops and on the ramp; is able to project herself into their
position sufficiently to do so;

Trandates video, auditory and electronic information into other modalities;
Understands and fills out complex paper forms.

Social Interaction:

Participates and identifies as team member;

Orientsto an is responsive to others information needs,

Is able to take initiative and make suggestions to co-workers, including supervisor.

Under standing Systems Behavior and Perfor mance and | nteraction with Technology:

Understands the ways in which the ops room is tied to its associated locales, i.e. the ramp area, the gate area, ticket
counters, pilots, maintenance, etc.;

Understands information needs of different parts of the system; pilots, ramp, gate agents,

Is able to communicate through appropriate technol ogies with remote parts of the system: video, radio, phone,
paper documents, computer;

Monitors consequences of directive sequences as they propagate out of ops room into other parts of the system;

Takes action to increase efficiency of the entire system.

Prepared by Jordan, B. Institute for Research on Learning. Palo Alto, CA. 1990 from the Workplace Project funded by
Steel case Corporation and Xerox.



Working with Machinesin a Shop

Job: Machinist

Background: Tony and Jose are sitting in the machine shop office with a blueprint in front of them. They are experienced
machinists who recently learned to work with new computer-controlled (CNC) machines. Each CNC machine has the
capacity for performing awide variety of operations on asingle part. Tony and Jose have to plan the sequence of operations
and write a computer program in alphanumeric code that instructs the machine on how to carry them out. The particular part
they are working on now requires nine different machine tools and ten operations (drilling, milling, threading, etc.) which
have to be coordinated in a machining plan before they even approach the machine.

Action: Tony and Jose discuss how they will sequence the turning and milling operations. Tony suggests the possihility of
alternating them. Jose points out that it would save machine timeif all the milling operations could be done together; they
wouldn't have to keep stopping and starting rotation of the part. Tony sees the point but reminds Jose that if they do this,
they will have to make sure that the threading is done before any milling takes place: milling thins the part and makes it more
subject to bending and this will affect the accuracy of the threading operation. Jose agrees. After they have laid out the full
sequence of operations and chosen the appropriate tools, Tony pulls a sheet of line paper from the desk drawer and starts to
write the computer program. He specifies the paths the tools have to take to execute the machining plan in terms of pointsin
Cartesian space. As Tony works on the program, Jose uses a hand calculator to figure out one of the part dimensions that
was left off the blueprint but has to be specified in the program. When the program is completed they will enter it in the
terminal mounted on the machine and test run it without any material. If it works, they will feed in the material and step
through the program one operation at atime, correcting as they go, until they are sure they are ready to start up production.

Skills Demonstr ated

Resour ce M anagement:

Time -- understands the need to plan ahead before beginning job.
Social Interaction:
Works well collaboratively in ateam by contributing specific consideration to the final plan.

System Behavior and Perfor mance:

Understands the specia capabilities of the new machine and how to sequence operations efficiently. Has expert
knowledge of how operation affects various metals. Can link symbolic representation to real world phenomenon
through understanding programs which involve new forms of specia representation, and has a knowledge of formal
mathematics.

Human and Technology | nteraction:

Has the ability to select and use appropriate technology to see various ways of sequencing operation to produce the
same parts.

Prepared by S. Scribner, L. Martin and K. Beach, Laboratory for Cognitive Studies of Work, Graduate School and University
Center, City University of New Y ork.
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APPENDIX B

EXPERT MEETING
PARTICIPANTS



SCANS
FOCUS GROUP MEETING

AUGUST 9-10, 1990

ATTENDEES

Dr. Thonmas Bail ey

Col unbi a University
Conservati on of Human Resources
2880 Broadway, 4th Fl oor

New Yor k, NY 10025

(w) 212-280-2132

Fax 212-222-0867

Edwar d Bal es

Mot orol a University
1303 E. Al gonqui n Road
Schaunmburg, IL 60196
(w) 708-576-2901

Fax: 708-576-8591

Dr. Sue E. Berryman

Di rector

Institute on Education and the Econony
Box 174

Teachers Col | ege

Col unbi a University

New Yor k, Ny 10027

(w) 212-678-3091

Fax: 212-678-4048

Loui se Bertsche

Di r ect or

Nati onal Alliance of Business
1201 New Yor k Avenue, NW
Suite 700

Washi ngt on, DC 20005

(w) 202-289-2818

Fax: 202-289-1303

Anbrose (Red) Bittner
Executi ve Assi stant

Depart ment of Labor

ETA/ SCANS

200 Constitution Ave., NW
Room C- 2318

Washi ngton, DC 20210

(w) 202-523-4840

Fax: 202-523-0467

Dr. Wi Jing Chia

Research Sci enti st

Anerican Institute for Research
3333 K Street, NW

Washi ngt on, DC 20007
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10.

11.

12.

(W) 202-342-5000
Fax: 202-342-5033

Dr. Allan Collins
BBN Labs

10 Moul ton Street
Canbri dge, MA 02138
(w) 617-873-3377

Deni s Doyl e

Hudson Institute

110 Sumerfiel d Road
Chevy Chase, MD 20815
(w) 301-986-9350
Fax: 301-907-4959

Paul G ddens
Manager, Human Resources Pl anni ng,
Trai ning & Organi zati onal Devel opnent
GE Aircraft Engine
1 Neumann Wy
Mai | Drop 0231
Cincinnati, OH 45215-6301
(w) 513-243-7752
Fax: 513-786-2176

Dr. David A. Goslin

Pr esi dent

Anerican Institutes for Research
3333 K Street, NW

Washi ngt on, DC 20007

(w) 202-342-5000

Fax: 202-342-5033

Dr. Sherry GCott

Airforce Human Resources Institute
AFHRL - MOM

Brooks A.F.B., TX 78235-5601

(w) 512-536-3942

Fax: 512-536-2902

Dr. Allene Grognet

Center for Applied Linguistics
4937 Landi ngs Court

Sarasota, FL 34231

(w) 813-921-2183

Fax: 813-924-3215

B-2



13.

14.

15.

16.

17.

18.

Dr.
Seni

El am Hert zl er
or Educati on Advi sor

Depart ment of Labor
ETA/ SCANS

200

Constitution Ave., NW

Room C- 2318
Washi ngton, DC 20210

(w)

Fax:

Dr.

Institute for

202-523- 4840
202-523- 0467

Brigitte Jordan

2550 Hanover Street
Palo Alto, CA 94304

(w)

Fax:

Dr.

415- 496- 7935
415- 496- 7957

M chael Kane

Pel avi n Associ at es
2030 M Street, NW
Suite 800

Washi ngton, DC 20036

(w)

Fax:

Dr.

202- 785- 3308
202- 785- 0664

Irwin Kirsch

Educati onal Testing Service

Mai

Stop 05P

Pri nceton, NJ 08541

(w)

Fax:

Dr.

Pr of essor

609- 734- 1516
609- 734- 5075

Larry Lerer

of Educati on/Director

Research on Learni ng

of Educati on Research

Def ense Systens Managenent Col |l ege
Bl dg. 205
DRI - E

Ft.
(w)

Fax:

Bel voir, VA 22060
703-664- 4795
703-780-1785

Thomas Li ao
Technol ogy & Society Entry Program
State University of New York
St onybr ook

Long Island, NY

(w)

Fax:

516- 632- 8765
516- 632- 8205
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19.

20.

21.

22.

23.

Ann Mel t zer

Pel avi n Associ at es
2030 M Street, NW
Suite 800

Washi ngton, DC 20036
(w) 202-785-3308
Fax: 202-785-0664

Dr. Larry M kul ecky
School of Education

I ndi ana Uni versity

Room 211

Bl oom ngton, IN 47401
(w) 812-855-7167

Fax: 812-855-3044

Dr. Arnold Packer
Executive Director

Depart ment of Labor

ETA/ SCANS

200 Constitution Ave., NW
Room C- 2318

Washi ngton, DC 20210

(w) 202-523-4840

Fax: 202-523-0467

Consuel o Ricart

Seni or Technical Training Advisor

Depart ment of Labor

ETA/ SCANS

200 Constitution Ave., NW
Room C- 2318

Washi ngton, DC 20210

(w) 202-523-4840

Fax: 202-523-0467

Dr. Judah Schwartz

Pr of essor of Educati on

Educati on Technol ogy Center

Harvard Graduate School of
Educati on

Canbri dge, MA 02138

(w) 617-495-9373

Fax: 617-495-0540
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Pr of essor of Engi neering
Sci ence & Educati on

Massachusetts I nstitute of
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24.

25.

26.

27.

28.

29.

Dr. Sylvia Scribner

Prof essor and Director, Laboratory
for Cognitive Studies of Work

Graduate School and University Center

City University of New York

33 West 42nd Street

New York, NY 10036

(w) 212-642-2521

Fax: 212-642-2580

Gary Standridge
Research and Devel opnent
Fort Worth |1SD

3210 West Lancaster

Fort Worth, TX 76107
(w) 817-878-3807

Fax: 817-878-3822

Dr. Tom Sticht
Pr esi dent

Appl i ed Behavi oral and Cognitive Sciences

2062 Val |l ey Vi ew Bl vd.
El Cajon, CA 92019-2059
(w) 619 444-9595

Davi d Tharp

Manager of the Conpetency Center
| BM

HO5G1

4111 Nort hsi de Par kway

Atlanta, GA 30327

(w) 404-238-4168

Fax: 404=238-4302

Pat sy Ter hune

Admi ni strative Assistant
Depart ment of Labor

ETA/ SCANS

200 Constitution Ave., NW
Room C- 2318

Washi ngton, DC 20210

(w) 202-523-4840

Fax: 202-523-0467

Dr. John Wrt

Deputy Director

Depart ment of Labor

ETA/ SCANS

200 Constitution Ave., NW
Room C- 2318

Washi ngton, DC 20210

(w) 202-523-4840

Fax: 202-523-0467
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STAFF- RESEARCH AND EVALUATI ON ASSOCI ATES, | NC.

Lesli e Cohen

Project Director

Research and Eval uati on Associ ates, |nc.
1030 15th Street, NW

Suite 750

Washi ngton, DC 20005

(w) 202-842-2200

Fax: 202-842-0467

Sheritta Cooper-Porter

Conf erence Coor di nat or

Research and Eval uati on Associ ates, |nc.
1030 15th Street, NW

Suite 750

Washi ngton, DC 20005

(w) 202-842-2200

Fax: 202-842-0467
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