
Coordination in Soitware
Development

i nce i ts inception, the software  industry  has been in crisis. As Blazer
noted 20 years ago, “[Software] is unreliable, d&wed  late, unrespon-
sive to change, mefficient,  and expensive and has been for the past
20 years” [4]. In a survey of software  contractors and government con-
tract officers, over half of the respondents believed that calendar over-
runs, cost overruns, code that required in-house modifications before
being usable, and code that was  difficult to modify were common prob
lems in the software projects they supervised [22]  Even today, problems
with software systems are common and highly-publicized occurrences.

While there is no single cause of the software  crisis, a major contrib-
utor is the problem of coordinating activities while developing large
software  systems. We will argue that this coordination becomes much
more dficult as project size and complexity increase. Coorclmation
dfficulties  are not limited to software development, though, but are
an inherent aspect of work in any large organization. Viewed from
this perspective, some of the mechanisms used to coordmate  work in
large organizations in general ought to have applicability to software

development. In particular, we examine the respective roles of formal and miormal commumcatlon
mechanisms in coordinating work on software  projects. We will argue that most of the existing coordina-
tion support tools have used formal communication procedures, and that there is a need for nurturing
informal communication procedures as well.

Coordination has been defined as the direction of “inditiduals’  efforrs toward achieving common and
explicitly recognized goals” [3]  and “the integration or linking together of different parts of an organiza-
tion to accomplish a collective set of tasks” [23].  In software development, it means that dierent people
working on a common project agree to a common definition of what they are building, share informa-
tion, and mesh their activities. They must have a common view ofwhat  the software  they are constructing
should do, how it should be organized, and how it should fit with other software systems already in place
or undergoing parallel development. To build the software efficiently, they must share detailed design
specifications and information about the progre’ess  of software modules. In sum, they must coordinate
their work so that it gets done and fits together, so that it isn’t done redundantly, and so that components
of the work are handed off expeditiously.

Characteristics of software Development
Achieving a successful software  system requires tight coordination among the various efforts involved in
the software  development cycle. Yet this coordination is dimcult to achieve. As Curtis, Kramer and Iscoe
[ll] note in their study of large software development projects, communication bottlenecks and break
downs are very common. Indeed, several characteristics of software  development make these coordina-
tion problems not just common, but inevitable [6,8].

. !3de. A fundamental characteristic of many software systems is that they are very large and far beyond
the ability of any individual or small group to create or even to understand in detail. If a software system
were small, effective coordination could occur because a single individual or small group could direct
its work and keep all the implementation details in focus. Indeed, large projects are more successful if
a single, often exceptional, individual with both applicationdomain knowledge and software  knowledge
guides and coordinates the project [ll]. But this ideal is impossible for many large software  systems,
where system size is measured in millions or tens of millions of lines of code and the life of the



project  LS measured m years.’
Efforts of this scale mvarlably lead

to  apecmhzatmn  and a dwlslon  of
labor. These orgamzatlonat  responses
m furn lead to compartmentahsat~on
of Interdependent actors through
geographic,  orgamzatlonal,  and so-
cml boundaries  W,thm these bound-
anes, umque subgroup perspecwea,
coheweness, ethnocentrism,  a n d
unwllhngness t o  trade mformatmn
,ncrease  (e g  , [7]) Bar I ,ers-geo-
graphtc,  orgamzatmnal,  o r  social-
reduce people‘s opportumurs  and
eagerness to share mformauon  and to
learn from distant colleagues [IS]
While compartmcnt~haatron  p r o -
m o t e s  organlaatlonat  effc,ency  I,,
large groups by shreldmg  people
from unnecessary mformdtlon,  it
nonetheless create!, new coordmaoon
tasks Compartments hm~t people’s
breadth of expenence,  leadmg to er-
rors, narrowness, and msuff,c,ent
opportunxy  for comparmg  knowl-
edge, and can reduce the motwafmn
to mteract  wth relevant others and to
accept new Ideas

Uncertainty. The Inherent  once,-
tamty  m software development com-
pounds the coordmaon  problems
produced by large scale alone By
uncertamty, we mean the unpredlrt-
ablhty  of both the software and the
tasks that software engmerrs  per-
form Unhke much manufactu~mg,
software development IS a nonrou-
one act,v,ty.  Many software systema
are one-of-a-kmd  projects wth no
exlsung prototypes, apphcatmns or
systems to simply modify or change

Further, uncertamty  mcreases be-
cause spec~ticatmns of the software’s
functlonahty change over ume [9,
111 Change m software speaficat,ons
arises because the external world that
the software was deslgned to support
changes, as busmess needs, user de-

h i r e s , computer ptdtforma,  mput da,
a n d  the physrcal woxtd aself a l l
change The hkehhood of change II
greatest whenever software 1s urrd
dlrcctty by people, because ,t LS  often
only by usrng software that purchas-
e, s and users undrratdnd ,ts capabd,.
oes and hmltatlons When software 15
u s e d  m c~cumstances  for which ,t
wdsn’t  desrgned  spec~fic~tty,  the users
are hkety to demand new capabdmea
that had not been envwmed durmg
the mmdt des,gn

Software devctopment also 1s or>-
certam because rpecdicatmns f o r  ,t
are mvudbly mcomptere I n c o m -
pleteness part~atty results from hm-
lted domam knowledge and dwslon
of labor typlcat  of softwar protects
[ 1 I ] Too few people workmg on d
s o f t w a r e  pro,ecr have  suiiic,rnt
knowledge about the doman m
which t h e y  are wcnkmg  A pro,ect
group wrmng software fo, a heads-
up dlrptdy fox pdots needs u-depth
knowledge of arcraft and avmuon,  as
welt as knowledge of computer SC,-
ence Typratty, analysts wth varymg
degrees of domam knowledge mter-
wew customers and users, and the,,
wrar  apec~ficatrons for software arch,.
tecu and designers In th,r plocess,
relevant domam mformatmn  1s mev,.
tably lost

Some of the users’ needs wtl not be
uncovered by the analysts, and some
of the analysts’ dlscoverles  wit not be
reflected m the speaficat~ons  Thus, a
mayor coordmauon  problem m soft-
ware development IS that at many
pomts the mformaoon  that software
architects and programmers need to
m a k e  decmons 1s not avadable  to
them through documents, although
users, analysts, and others ,n the proj-
ect may have the knowledge neces-
sary for these deasmns

Fmalty,  software IS uncertam  bc-
cause the dlfterent  subgroups ,n-
valved m 16 development often have
dlfferent  behefs about what ,t should
do and how ,t should do ,t For exam-
ple, dnatysts translate users’ needs
mto requirements  for system capablh-
nes This  task IS exceedmgly dlficutt
and open to error and m~srepresen-
muon, smce IL mvolves synthesmng,
representmg,  and often reconahng
d&rent user needs and wews, as IS
the case when dlfferent  groups of
end-useIs  have ddferent  levels of

compuwr  skill. White  anatyata may
try to adopt the point of view of the
software’s users, designers and pro-
grammers often have a more techni-
cal focus, with an emphasis on ease of
development and efficiency of com-
putation. As more groups become
involved in software development,
disagreements among them inevita-
bly increase. These differences in
points of view must be resolved for
coordination to succeed.

Interdependence. The large six
and uncertainty in software work
would be less of a problem if software
didn’t require precise integration of
its cornp;nent; M u c h  a;ftwxe  IS
butt of thousands of modules that
must mesh with each other perfectly
for the software system to operate
correctly. The recent disruption of
the AT&T tong distance network [ZO]
shows how unanticipated interactions
among software modules can havr
disastrous consequences. Poor coor-
dination between subgroups produc-
ing software modules could lead to
failure in integrating the modulea
themselves.

Informal  communicatim. Both
practical experience and organiza-
tional theory suggest that previous
efforts in software engineering have
not solved the coordination problems
in large software projects. The combi-
nation of large size, uncertainty, and
interdependence requires special
coordination techniques that may not
be necessary in more routine produc-
tion environments. At the risk of
ovcrsimplitication,  one can say that
most proposed remedies for the soft-
ware crisis have taken one of three
approaches: (1) technical toots, rang-
ing from new workstations to synmx-
directed editors and higher level lan-
guages, fo improve the productivity
of individual developers, (2) modu-
larization, both technical, such as ob-
ject-oriented programming, and
managerial, such as the organiza-
tional separation ofthe requirements,
coding, and testing functions, to en-
capsulate the behavior of program
elements and individual software
professionals, and thereby reduce the
needs for coordination, and (3) for-
mal procedures, both technical, such
as version control software, case tools,
and specification languages, and
managerial, such as test plans, detiv-
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such as status i-ev,ews or destgn  re-
views, are mtermedtate  on thts for-

cry schedules, and requirrments  do‘-
uments, to control communication
among development personnel.

While these techniques have un-
doubtedly contributed to a modest
increase in software productivity over
the past twenty years 161 they only
partially address the problems of co-
ordination in software development.
Tools to increase the productivity of
individual programmers by deiini-
tion  do not solve coordination prob-
lems. Likewise, while successfully lay-
ered architectures and structured
programming techniques may re-
duce the number of interfaces be-
wren  modules, different people with
different perspectives still must agree
on what is to be built and must fit to-
gether pieces of software. Problems in
conbensus formation, information
sharing and coordination that don’t
show at one level invariably surface at
another. Finally, formalization, while
necessary and applicable for many
tasks, may be misapplied to tasks that
arc difficult  to routinize.

Prior rcscarch shows that formal
and informal communication are best
suited for different types of activities.
By formal communication we mean
communication through writing,
structured meetings, and other rela-
tively non-interactive and impersonal
communication channels. In the case
of software development, formal
communication includes trchniques
such as written specification docu-
ments, formal specification lan-
guages, status review meetings, and
automated reporting and tracking of
program errors. These are in contrast
to informal communication, by which
we mean personal, peer-oriented,
and interactive communication. For-
mal communication is useful for cocw
dinating  routine transactions within
groups and organizations, but it often
fails in the face of uncertainty, which
typifies much software work. Under
these circumstances, informal corn-
munication  may be needed for COOT-
dination  [23].

Analyses of communication in re-
search and development settings, al-
though not looking at software devel-
opment per se, have shown the heavy
and effective use that professionals
make of informal communication for
exchanging information. The major
findings are easy to summarize. First,

mfo,mal,  ,nterprrson‘il  ‘“lnnl”nlLd-
tmn  1s the prmmry  way that mforma-
tmn  flows mm and thlough  reararch
and development orgamzatmns  [I, 2,
211 Second, ,n the world of research
and development as m many other
domams [IO, 251, the ease of acqur-
mg mformduon  1s at least as tmpor-
tam as the quabty  of the mformdtwn
m determmmg  the sources that peo-
ple use Therefore phystcal  proxmuty
of a sclurce 1s a maJO’ constramt  on
engmeers’ work-related mformamn
[2] ‘I‘hrd,  gettmg  mformatmn  a n d
coordmatmg  acwrty  through mfor-
mdl,  interpersonal communication is
valuable both for individuals and for
the,r  orgm,rat,ons, especially  as re-
search and development tasks br-
come “lore  uncerta,n  [l9, 211

The prevmus dlscussmn pomts to a
ma,or  and perhaps unresolvable tm-
SK,”  m large software development
pro,ects B e c a u s e  o f  mterdepen-
dence, dtfferent  groups mvolved  m d
software development project  must
be ughtly  coordmated  Because of the
h,gh degree of unccrtamty  typ~al  of
software protects, mformdl,  mterpcr-
sonal comm~mcatmn  should be a
valuable method for achlevmg thts
coordmatmn But because of the
large s,ze of these protects, the met&
aenc1es of pa,rwse  face-to-face com-
mumcat,on  may preclude the use of
Informal  c~mmumcatmn  as a practl-
al techmque f o r  solvmg coordma-
non problems And because of the
trght  coupbng  neccssay b e t w e e n
software modules, speech, whrch  IS
t h e  pnmary  rnedmm  o f  Informal
comtnumcatmn,  may be too nnpre-
c,se to commumc~te  w e l l  and too
ephemeral to serve as a record of the
mtormatmn  exchange

Thn art&  1s an empncdl exams-
natmn of the condmons under which
d,fferent  techmqucs are used to coor-
dmate software development and the
condxmns  under which  they actually
succeed or fad m tmprovmg  coordl-
natton For  the reasons ,a’ dr-
acnbed, we concentrate on the con-
trast between relatwely  formal,
xnpersonal  techmques, such as de-
s,gn and requrements documents
and status trackmg  methodologtes,
and relawely  mformal,  mterpersonal
techmques, such as peer dncussmn
and unstructured electromc mad
Structured, mterpersonal  meetmgs,

A Survey  Study Of COOrClinatiOn
in Software DeveloDment
We surveyed the mtergroup  coordi-
natmn pr‘%ct,ces  across 65 prgects m
one large software development com-
pany The survey focused on three
factors 1) coordmatmn pract~es
used, 2) structural charactertsucs of
projects that rmght  mterdct  wtth  the
pract~abty  and unbty  of YBIIOUS  co-
ordmatmn  techmques, and 3) the
success of the pro,ects on sevelal dl-
mens,onr  Wc were particularly  mter-
ested m features of the prgects and
the coordmatmn pr~uccs that mtlu-
enced the sharmg  of rnformatmn  and
of go‘&

The research site. The research sltr
was the software development dw-
smn of a research and development
company that employed approx~-
mately 3,000 managers, analysts, soft-
ware engmeers, programmers, teat-
en, a n d  documentatmn  specnbsts
Collect,vrly,  the staff worked on the
development of a wde  range of prod-
ucts for the telecommun~atmns  tn.
dustry,  usmg a wde  range of tech-
n,ques In general, pro,ects were
organned  around a waterfall devel-
opment model and had standard
development env,romnents,  code
rewews,  and quabty  programs In
trrms  of scale, they ranged from two-
to four-person projects, developmg
software for PCs, on the one hand,
and large mamframe  systems, wth  14
mdbon  lmes of code already devel-
oped and 150 people on staff on the
other The medtan pro,ect  had over
15 people on staff at the nme of the
survey, m 1990 In terms of the soft-
ware bfe cycle, the projects ranged
from those ,n the spec,ficat,on stage
w,th  actwe negouatmns wth  cbenta
and other development organza-
tmns,  to more mamtenance-orlented
prgects, where new releases were
meant to fix  bugs and add small num-
bers of features

Whde all protects used both formal
and mformal  c~mrn~mcat~~n  to ccmr-
dmate acuwty,  the balance dlffered
across protects For example, m pn-
ecu on the more formal end, dtffer-
ent umts of the company wrote re-
qwement  specdicanon documents






















