
Communication  and 
organization in software 
development: An 
empirical study 

by C. B.  Seaman 
V. R. Basili 

The empirical study described in this paper 
addresses the issue  of communication among 
members  of a software development 
organization. In particular, we have studied 
interactions between participants in a review 
process.  The question of interest is whether or 
not organizational relationships among the 
review participants have an effect on the amount 
of communication effort expended.  The study 
uses both quantitative and qualitative methods 
for data collection and analysis.  These methods 
include participant observation, structured 
interviews, graphical data presentation, and 
nonparametric statistics. The results of this study 
indicate that several organizational factors do 
affect communication effort, but  not always in a 
simple, straightfotward way. Not surprisingly, 
people take less time to communicate when they 
are familiar with one another and when they 
work in close physical proximity. However, 
certain mixtures of  organizationally  “close”  and 
“distant” participants in an interaction result in 
more effort needed to communicate. Also, 
interactions tend to be more effort-intensive 
when they occur in a meeting and when more 
people are involved.  These results provide a 
better understanding of  how  organizational 
structure helps or hinders communication in 
software development. 

S oftware development managers strive to control 
all of the factors that might impact the success 

of their projects. However, the  state of the  art is  such 
that not all of these factors have been identified, 
much less understood well enough  to be controlled, 
predicted, or manipulated. One factor that has been 
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identified’ but is still not well understood is infor- 
mation flow. It is clear that information flow  impacts 
productivity (because developers spend time com- 
municating) as well as quality (because developers 
need information from one  another in order  to carry 
out their tasks well). The study described in this pa- 
per addresses the productivity aspects of communi- 
cation by empirically  studying the organizational and 
process characteristics that influence the amount of 
effort software developers spend in communication 
activities. This study  is a first step toward providing 
management support for control of communication 
effort. 

The empirical study described here aims to identify 
the organizational characteristics that affect process 
communication effort and to determine  the  degree 
of effect. The dependent variable in this  study is com- 
munication effort, defined as the  total effort  ex- 
pended to  share some type of information. The in- 
dependent variables are organizational distance, 
physical distance, and familiarity. These  three var- 
iables are measures of the organizational structure, 
defined as the network of relationships between 
members of the software development organization. 
The types of relationships upon which these mea- 
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sures are based are, respectively,  official relation- 
ships,  physical  proximity, and past and present work- 
ing relationships. 

The study combines quantitative and qualitative re- 
search methods. It is based on data collected from 
the observation of 10  (mostly  design and code) re- 
view meetings and from interviews  with the review 
participants. This study  is exploratory in nature, in 
that no formal hypotheses were tested. On  the con- 
trary, the goal of the study  is the generation of the- 
ory, and one of its contributions is a set of proposed 
hypotheses to guide further study. 

Several interesting findings were discovered concern- 
ing organizational relationships among review par- 
ticipants and the amount of effort  involved  in  dif- 
ferent types of interactions among them. Not 
surprisingly, people took less time to communicate 
when they were familiar with one  another  and when 
they worked in close  physical  proximity to one  an- 
other. However, interactions tended  to  take longer 
when they involved a group of organizationally 
“close” participants, plus a few “outsiders.” These 
types of interactions took longer than when the  in- 
teraction was between all organizationally close par- 
ticipants, or all organizationally distant participants. 
Interactions also tended to require more effort when 
they occurred during a meeting, which  implies that 
participants did not cut short their discussions  in or- 
der to make the meeting shorter.  More obviously, 
interactions involving more people generally took 
longer. 

The relationship between communication and orga- 
nizational structure (in organizations in general) is 
a strong theme running through the organization the- 
ory literature, from classic organization theory, 2,3 to 
organizational g r ~ w t h , ~  to  the study of technolog- 
ical  organization^,^ to business process re-engineer- 
ing. 6,7 Most of this work takes a global, long-range 
perspective. The common proposition is that  orga-’ 
nizational structure evolves  over time to facilitate 
communication and that, in fact, facilitating commu- 
nication is the main purpose of organizational struc- 
ture. Organization theory also states  the benefits of 
organizational and  physical  proximity of communi- 
c a t o r ~ , ~ , ~  as  well  as the importance of various types 
of personal relationships (such as familiarity as we 
have defined it) among  communicator^.^ However, 
organization and communication have not been ex- 
plored in detail in software development organiza- 
tions. Several studies have provided evidence of the 
relevance of both organizational structure (along 
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with other “nontechnical” factors) and communica- 
tion in software development. In particular, at least 
one study’x9 has shown the drawbacks of organiza- 
tional and physical distance and discovered the im- 
portance of “shared internal representations,” which 
has led to  our particular definition of familiarity. 

Study setting 

This study took place at  the IBM Software Solutions 
Laboratory in Toronto,  Canada.  The development 

Organization and  communication 
have not been explored in  detail 

in software development 
organizations. 

project studied was DB2* (DATABASE 2*), an IBM 
commercial database system  with  several  versions for 
different platforms. During  the month of June 1994, 
data were  collected  from 10 (mostly  design and code) 
reviews  in Toronto. Observations of the review meet- 
ings were followed up with  interviews  with  review 
participants in November 1994 and April 1995. The 
review  process  was  chosen  for  study  because  it is  well- 
defined in the DB2 project, it  involves a lot of com- 
munication between participants, and much of it  is 
observable. 

A detailed description of the DB2 development envi- 
ronment, written for the purposes of this study,  was 
used  extensively throughout the investigation. It was 
used to better understand the DB2 review  process  and 
the people involved. Also, it served as a vehicle  with 
which to communicate with developers and  others 
from whom  we were collecting information. Finally, 
it  was  used  as a framework in  which to organize the 
data. 

The description had three major parts, correspond- 
ing to  the  three aspects of the environment most rel- 
evant to this study: the review process, the organi- 
zational structure, and information flow. These parts 
are described in the following subsections. 

Process. The official purpose of the DB2 review pro- 
cess,  as stated in the review process documentation, 



is  twofold. One objective is to discover defects early 
in the software development process. The  other is 
to discover  defects that the author of the code  is  likely 
to overlook, by exposing the code to  a wider group 
of people. Another stated but unofficial benefit of 
reviews  is the sharing of knowledge and team build- 
ing. 

The DB2 review process consists of steps for plan- 
ning, preparing, meeting, rework,  and  follow-up. Re- 
viewers (anywhere from 2 to 13) are picked during 
the planning step; they then read and  review the ma- 
terial individually during preparation.  The meeting 
is generally spent raising and discussing the defects 
that the reviewers  discover,  as  well  as  discussing other 
issues about the reviewed material. During the re- 
work step, the original author is responsible for cor- 
recting the defects found. One reviewer, designated 
the chief reviewer, is responsible for ensuring that 
the corrections are made satisfactorily during the fol- 
low-up. 

Most developers interviewed expressed a strong be- 
lief  in and commitment to reviews. They seemed to 
take  the process seriously  in general, although they 
viewed some process steps (mainly administrative) 
as unimportant. However,  they  felt that properly pre- 
paring for each review  was  vitally important and ex- 
pressed annoyance when a reviewer appeared  to be 
unprepared, or  when the material to be reviewed  was 
not really ready to be  reviewed. Also important was 
choosing the  “right” mix  of reviewers. The review 
meeting itself  was not always seen as a crucial part 
of the process, and developers had differing opin- 
ions about the best way to conduct the meeting. Flex- 
ibility  in the process was seen as valuable. 

The work that goes into each release of DB2 is  di- 
vided into line items, each of which corresponds to 
a single enhancement, or piece of functionality. Work 
on a line item may  involve  modification of any num- 
ber of software components. For each line item, a 
review  is conducted for each major artifact (require- 
ments, design, code, and test cases). In this  study, 
we observed and measured one requirements review, 
five  design  reviews, three code reviews, and one test 
case review. 

Organization. The formal DB2 organization has a ba- 
sic hierarchical structure. First-line managers man- 
age  small teams of developers who  may be respon- 
sible for maintaining specific collections of software 
components, facilitating releases of DB2 products, or 
providing support services,  such as system test, to 
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all the  other teams. Some teams of developers are 
further divided into groups headed by a task leader. 
One second-line manager is responsible for all DB2 
development. 

Other organizational relationships included in the 
description are those corresponding to work patterns 
and physical locations. In particular, groups are  de- 
fined that include developers who  work together on 
a regular basis and are familiar with one another’s 
work. Also, people are grouped who share offices, 
corridors, buildings, and sites. 

Information flow. The third  part of the DB2 environ- 
ment description is made up of the types of inter- 
actions, or instances of communication, that are both 
dictated by the defined review process and that ac- 
tually take place, between members of the organi- 
zation. These interactions constitute the overlap, or 
relationship, between the DB2 process and organi- 
zation. 

We identified 13 different types of interactions that 
take place during the review  process. One interac- 
tion type, for example, called defects, refers to  the 
raising and discussing of defects during the review 
meeting. Another, quite different, example is the 
schedule-meeting interaction type, in which the  au- 
thor of the material to be reviewed  must negotiate 
with  all the reviewers to find a suitable meeting time. 
Not all 13 interaction types occurred during every 
review.  Also, not all interaction types are relevant 
to  the results presented in this paper, so only a few 
of them are described in detail (in the section on re- 
sults). 

Study design 

This empirical study examines the role of organiza- 
tional structure in process communication among 
software developers. Our research design combines 
qualitative and quantitative methods. Qualitative 
methods were used to collect data which were then 
quantified, or coded, into variables that were ana- 
lyzed using quantitative methods. 

The unit of analysis in this  study is the interaction, 
defined as an instance of communication in  which 
two or more people are explicitly required (by the 
process they are executing) to share some piece of 
information. It should be noted that only process- 
oriented interactions are considered in this study, 
as opposed to unplanned interactions that do not cor- 
respond directly to some step of a defined process. 
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Although such informal communication has been 
shown to be more valuable,” there is still a need for 
focused studies of process communication because 
it  can be planned for and controlled if  we know the 
factors that can be manipulated to make it more ef- 
ficient. 

The  data collection procedures used  in  this  study are 
participant observation” and structured interviews.” 
The data gathered from these different sources over- 
lap, thus providing a way  of triangulating,I2 or cross- 
checking the accuracy of the data. After the data were 

The choice of dependent 
variable  is  motivated by 
the  goals of the study. 

collected, they  were coded and transformed into  a 
set of quantitative variables, such as the number of 
people present at  the observed meeting, the lengths 
of different  types of interactions that took place, and 
the type of communication medium used. 

Data collection. The data for this  study  were  collected 
during an initial visit to IBM in Toronto in June 1994 
and two  follow-up  visits  in  November  1994  and April 
1995, and with several e-mail communications be- 
tween the visits. The bulk of the  data came from di- 
rect observation of 10 reviews  of DB2 line items in 
June 1994. Administrative information pertaining to 
each review  (e.g., participants, date, time, material 
reviewed, preparation time) was collected from sev- 
eral sources, thus providing opportunities for trian- 
gulating the  data. These sources included review 
announcements, IBM data collection forms, and ob- 
served statements during the review meeting. Dur- 
ing every observed review, each separate discussion 
was timed. The beginning and ending times, the  par- 
ticipants, and the type of each discussion were re- 
corded. 

Interviews with  review participants were also con- 
ducted to elicit information about other  parts of the 
review process that were not observed, to clarify dis- 
cussions that took place during the meeting, and  to 
triangulate data that had already been collected. The 
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initial interviews were conducted within a few  days 
of each DB2 review. Other interviews tookplace  later 
in November 1994 and April 1995. For each review, 
an author and several reviewers were interviewed. 

Variables. The variables chosen for analysis  fall into 
three categories. First is the dependent variable, 
communication  efort. Second, a set of independent 
variables represent organizational structure, defined 
as the network of relationships between review par- 
ticipants. Several different measures have been cho- 
sen that are based on different  types of organizational 
relationships. Finally, a large set of intervening var- 
iables threaten  to confound the results if not taken 
into account. 

The  dependent variable, labeled CE (for commu- 
nication effort), is the amount of effort, in person- 
minutes, expended to complete an interaction. How 
CE is determined for each interaction depends  on 
the interaction type. For example, for interactions 
that take place during the review meeting (e.g., de- 
fects type interactions), the information recorded 
during observations about individual  discussions  is 
used  to calculate CE, along with information about 
preparation time. Calculation of CE for some other 
types of interactions depends on interview data. 

The choice of dependent variable is motivated by 
the goals of the study. One objective is to consider 
aspects of communication that might be affected by 
organizational factors, i.e., effort. Another is to pro- 
vide useful information that can be used for man- 
aging and planning, hence the emphasis on process 
communication as opposed to informal, unplanned 
communication. 

There  are four organizational structure variables. 
The first  two, XOD and MOD, are  both based on or- 
ganizational  distance, which quantifies the degree of 
management structure between two members of the 
organization. It is calculated as the length of the 
shortest path between the two in a graph represent- 
ing the reporting structure of the organization (the 
“org chart”). XOD is defined as the maximum or- 
ganizational distance, and MOD is the median or- 
ganizational distance, among  all pairs of participants 
in an interaction. Therefore,XOD would  be  high for 
those interactions in  which  even just one participant 
is organizationally distant from the others. MOD 
would be high  only for those interactions in which 
many of the participants are organizationally distant. 
At IBM, the management structure tended  to change 
frequently, in part because there was an effort to 
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make it reflect actual work patterns in the organi- 
zation, which tended  to shift over time. Therefore, 
organizational distance provides a more accurate pic- 
ture of working relationships in this setting than it 
would  in an organization in  which the reporting struc- 
ture is more stable. 

The two other organizational variables are familiar- 
ity (Fum) andphysical distance  (Phys). Familiarity re- 
flects the degree to which the participants in an in- 
teraction work together  or have worked together 
outside the review, and thus presumably share com- 
mon internal representations of the work  being done. 
This factor was found to be relevant in the study 
by Krasner et aL9 of large software development 
projects. The familiarity measure also attempts  to 
capture  the important informal networks that  do not 
make up part of the management structure  (mea- 
sured by organizational distance). It is calculated  first 
as the percentage of pairs of interaction participants 
who  have indicated (in interviews) that they are fa- 
miliar  with each other’s work, based on past or 
present working relationships. It is then coded into 
a four-level ordinal variable. So a high  value for fa- 
miliarity means that most of the interaction partic- 
ipants have worked together in the past or currently 
work together on a regular basis. 

Physical distance reflects the number of physical 
boundaries (walls,  buildings, cities) between the in- 
teraction participants, which  was mentioned as im- 
portant by numerous people in the study setting. The 
variable is ordinal and in ascending order.  It has four 
levels corresponding to, respectively, interaction par- 
ticipants who share an office,  who  have  offices on the 
same corridor, who  have  offices  in the same city, and 
who work  in different geographical locations. 

Although the set of interveningvariables in  this  study 
is large, it  is  still  probably inadequate  to  capture the 
full richness of the study context. A number of fac- 
tors outside the scope of this study, such  as culture 
or personality types, may have  significantly  influ- 
enced communication effort. However, the chosen 
intervening variables represent  a reasonable com- 
promise between practical concerns (availability of 
data, measurability, researcher expertise, etc.) and 
an effort to eliminate confounding factors. A few  of 
the intervening variables  most relevant to  the results 
presented in  this paper  are listed  below: 

N is the size of the set of interaction participants, 
or  the number of people who expend effort  in an 
interaction. 
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Mr is the communication medium used to request 
the information shared in an interaction; it can be 
N/A, verbal, or e-mail. 
Mp is the communication  medium  used to prepare 
the information to  be shared; it can be a  paper 
form, verbal, a  short written message, a  structured 
document, or an unstructured document. 
Mt is the communication medium used to trans- 
fer  the information between participants; it can be 
a face-to-face meeting, a conference call, a video 
conference, an electronic transfer (e-mail, FTP, 
etc.), on paper,  or  a normal telephone call. 
Size  is the  amount of information shared in an in- 
teraction; it  is measured on an ordinal scale that 
folds together measures in  pages and lines of code. 
Type  is the kind of interaction, e.g.,  defects. 

Data analysis. Our analysis method involved parti- 
tioning the  data based on the values of one or more 
variables, then analyzing those subsets. The subsets 
of interactions that we analyzed are: 

The  entire set of interactions 
High-effort interactions (CE > 500) 
Technical interactions that take place during the 
review meeting (interaction types-questions, de- 
fects, and discussion) 
Partitioned by the 13 interaction types 
Partitioned by combinations of the organizational 
variables (e.g., low physical distance and high 
MOD) 

For each of these subsets, histograms (to show dis- 
tributions of one variable) and scatterplots (to show 
relationships  between CE and the organizational var- 
iables) were generated.  To test relationships, Spear- 
man correlation coefficients were calculated. An- 
other two-variable relationship that we explored  with 
scatterplots is the relationship between CE and the 
number of participants (N>. We also ran ANOVAs 
(analysis of variance tests) on some combinations of 
variables for some  subsets, but there were not enough 
data to  yield  meaningful  results.  Mann-Whitney tests 
were also  used to test some special hypotheses about 
combined effects of organizational distance. The 
strongest  and  most  interesting of our findings are  pre- 
sented in the next section. 

Results 

Space does not permit a presentation of the results 
of  all the analyses described in the previous section. 
Instead, we present three of the most interesting sets 
of findings  in the form of hypotheses that we have 

I6M SYSTEMS JOURNAL, VOL 36, NO 4, 1997 



Figure 1 Distribution of communication  effort  (in  person-minutes)  over  all 100 interactions 
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generated  and  the evidence supporting  them.  Before 
that, however, is a brief characterization of the scope 
of the  data, in particular the distributions of the  de- 
pendent  and  independent variables. 

Data characterization. First,  as  can  be  seen in Fig- 
ure 1, the distribution of the  dependent variable, 
communication effort, is  highly skewed toward the 
low end.  The box plot at  the  top shows another view 
of this distribution. The box itself is bounded by the 
25th and  75th  percentiles,  and the 90th  percentile 
and  upper  extreme  are shown as vertical lines. The 
diamond  indicates the  mean of the  data. Ninety per- 
cent of the  interactions  had  a CE of less than 600 
person-minutes. The maximum amount of effort any 
interaction  required was 1919 person-minutes,  and 
the minimum was three person-minutes. The median 
was 38 and  the  mean was about 190. 

Table 1 shows the numbers  and cumulative percent- 
ages of data points  at  each level of MOD  and XOD 
(recall that  there  are exactly 100 data points, so sim- 
ple  percentages are  not shown).  About 60 percent 

of the interactions  had  a  median  organizational dis- 
tance (MOD) of two or less, and  more  than  three- 
fourths  had  a maximum organizational  distance 
(XOD) of four  or higher. If we look at MOD and 
XOD  together,  as in Table 2, we see  that  most of the 
data fall into  three  categories: 

24 percent of the interactions have all participants 
organizationally close (low MOD, low XOD) 
37 percent of the interactions have most of the  par- 
ticipants organizationally close, but  a few organi- 
zationally distant (low MOD, high XOD) 
33 percent of the interactions have most of the  par- 
ticipants organizationally distant  (highMOD, high 
XOD) 

Familiarity and physical distance. In this subsection, 
we present two hypotheses. 

Hypothesis: Interactions  tend  to  require  more effort 
when the participants are not previously familiar with 
one another's work. 
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Figure 2 Distribution  of familiarity  over  all 100 interactions 
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Table 1 Frequency table for median (MOD) and 
maximum (XOD) organizational distance 

Table 2 Frequency of  values for  median  and  maximum 
organizational distance 

Hypothesis: Interactions tend to require more effort 
when the participants work in physically distant lo- 
cations. 

Two of the organizational structure variables, famil- 
iarity and physical distance, exhibit straightforward 
relationships with communication effort. Figures 2 
and 3 show their distributions. In Figure 4, they are 
both plotted against communication effort. A box 
plot is also shown for each level of each indepen- 
dent variable. The  top and bottom boundaries of the 
boxes indicate the 75th  and  25th percentiles. The me- 
dian and the 90th and 10th percentiles are also  shown 
as short horizontal lines (the median and 10th per- 
centiles are not really  visible on most  boxes). The 
width of each box (and of the partitions on the  hor- 
izontal axis) reflects the number of data points in 
that level. It appears from Figure 4 that high  effort 
is associated with low familiarity and with  high  phys- 
ical distance (the  latter observation being the  stron- 
gest). That is, interactions tend to require  more ef- 
fort when the participants are not previously  familiar 
with one  another's work. This observation is consis- 
tent with Krasner's findings9 about "common inter- 
nal representations." As for physical distance, inter- 
actions tend to require more effort  when the 
participants work in  physically distant locations. Cur- 
tis' and Allen' have had similar findings. However, 
it  must be noted  that most interactions have low fa- 
miliarity and high  physical distance, as shown  in Fig- 
ures 2 and 3. 
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Figure 3 Distribution of physical  distance  over  all 100 interactions 
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The Spearman correlation coefficients,  which  reflect 
the strength of the relationships between each in- 
dependent variable and the  dependent variable, are 
shown  in Table 3. Physical distance has the highest 
coefficient,  which  implies that it has a stronger di- 
rect effect on communication effort than any of the 
other variables. 

Organizational  distance. We  now present a hypoth- 
esis on organizational distance. 

Hypothesis: More effort  is required when the  set of 
participants includes mostly organizationally close 
members, but has a few organizationally distant 
members. 

The results pertaining to organizational distance are 
both more complex and more interesting. Figure 5 
shows two scatter plots, each with communication 
effort on  the vertical axis, and one of the two ver- 
sions of the organizational distance variable on  the 
horizontal axis. Box plots for each level of each in- 
dependent variable also  show the  loth, 25th, 75th, 
and 90th percentiles, as well as the median. 

From Figure 5, we can observe that  the highest-ef- 
fort interactions are those with a relatively low me- 
dian organizational distance (MOD) and relatively 

Table 3 Spearman  rho (p) coefficients  comparing each 

variable, CE 
independent  variable to the dependent 

high  maximum organizational distance (XOD). This 
category is the second described in the subsection 
on familiarity and distance, in the discussion of the 
distributions ofMOD andXOD. This observation  im- 
plies that groups require more effort to communi- 
cate when  they include a few (but not too many) 
members who are organizationally distant from the 
others. Less  effort  is required when the group is com- 
posed of all organizationally close members (low 
MOD and low XOD), or all or nearly all organiza- 
tionally distant members (highMOD and highXOD). 
We tested  the statistical significance of this result by 
calculating the Mann-Whitney U statistic. This is a 
nonparametric test meant to indicate whether or not 
two independent samples exhibit the same distribu- 
tion  with respect to  the  dependent variable (CE). In 
this  case, the two groups were those interactions fall- 
ing into the highXODllow  MOD category, and those 
that did not. The test yielded a significant value, even 
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Figure 4 Communication  effort  plotted  against  familiarity (farn) and  physical  distance (Phys) 
~~~~~~~ 
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n 

at  thep < .O 1 significance  level. This result contrasts 
with Curtis,' who hypothesized that  the relationship 
between organizational distance and communication 
ease is more straightforward. 

If  we examine in more detail the subset of interac- 
tions that were effort-intensive, we  find further ev- 
idence supporting this hypothesis. The 11 highest- 
effort interactions all required a communication 
effort greater  than 500 person-minutes. The distri- 
butions of organizational distance in this subset are 
shown  in Table 4. None of the high-effort interac- 
tions had a MOD more than two, and none had a 
XOD less than four. In fact, all  of the interactions 
in this  high-effort subset belong to  the second cat- 
egory  (low  MODlhigh XOD) described above. 

Three of the types of interactions that were most ef- 
fort-intensive were the defects,  questions, and discus- 
sion interaction types.  Most of the interactions of type 
defects involved a set of participants that fell into 
the second category (low  MODlhigh XOD), includ- 
ing  all of those with CE above the mean. Recall that 
defects interactions are  those in which  review par- 
ticipants raise and discuss defects during the review 

558 SEAMAN AND BASILI 

meeting. The questions interaction refers to ques- 
tions raised and discussed during the review meet- 
ing.  Again, the highest-effort interactions of this  type 
fall into  the second category of participant sets (low 
MODhighXOD).  The discussion interactions (which 
include other types of technical discussion during the 
review meeting) tend  to  be less effort-intensive than 
the questions or defects interactions, but still require 
more effort than most interaction types.  Discussion 
interactions exhibit the same patterns in organiza- 
tional distance as mentioned above for the questions 
and defects interactions. 

Meeting  interactions. Two  hypotheses are presented 
for meetings. 

Hypothesis: Interactions that take place during a 
meeting (a verbal request and an unprepared reply) 
tend  to  require  more effort than  other interactions, 
especially when they  involve communication tech- 
nology. 

Hypothesis:  Having more participants tends  to make 
interactions more effort-intensive, even when the ef- 
fort is normalized by the number of participants. 
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Figure 5 Communication  effort plotted against  median  organizational  distance (MOD) and  maximum 
organizational  distance (XOD) 
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Nearly all of the high-effort interactions involved a 
verbal request for information (Mr  = verbal) and 
no written preparation of the information (Mp = 
verbal), and were executed using some sort of com- 
munications technology (Mt  = videoconference or 
conference call). These  patterns in the use of com- 
munication media, shown  in Figure 6, differ dramat- 
ically from the  patterns seen in the  data as a whole. 
interactions  that involved a verbal request and no 
preparation usually took place during a face-to-face 
meeting in  which  many people were present, which 
implicitly increases the communication effort. In 
those meetings in  which conference calling or vid- 
eoconferencing was used, the technology  actually 
slowed  down the process.  Significant amounts of time 
were spent waiting for remote participants to find 
the right page, to clarify  issues for remote partici- 
pants, etc. Also, the communication technology was 
unfamiliar to some participants. This result implies, 
however, that  the meeting participants did not,  or 
could not,  keep  the meeting from running long by 
cutting short their discussions. 

The defects, questions, and discussion interactions 
constitute all of the technical communication that 

Table 4 Frequency of values  for  median  and  maximum 
organizational  distance  for  the 11 highest- 
effort  interactions 

takes place during a review meeting. The effort re- 
corded for these interactions includes the effort re- 
quired to prepare  for, carry out,  and digest  this tech- 
nical information. Since these interactions form the 
core of the work of a review,  it  is comforting to know 
that they are  the ones that  require  the most  effort. 
in fact, over all 10 of the reviews studied, 70 percent 
of the total communication effort expended was con- 
sumed by interactions of these three types. 

One  other variable deserves a little more attention. 
The median number of participants in  high-effort  in- 
teractions is 10, but  the median in the larger set of 
interactions is about half that (5.5). This result is not 
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Figure 6 The  different  communication  media  used  in  the 11 highest-effort  interactions 
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so straightforward  as  it  might seem, however,  because 
the variable N (number of participants) is not com- 
pletely independent from communication effort. For 
some interactions, in fact, N is  used  in the calcula- 
tion of CE. For example, CE for an interaction of 
type discussion is calculated by multiplying the 
amount of time spent in general discussion during 
the review meeting by N .  To investigate whether or 
not the number of participants has an independent 
effect on effort, we normalized communication ef- 
fort by dividing  it by N .  Then we picked the 15 in- 
teractions with the highest normalized CE (15  was 
the smallest number that included the 11 interactions 
we analyzed before as the highest effort). The me- 
dian number of participants in  this subset is 8, lower 
than 10, but still considerably higher than the me- 
dian of the  data as a whole  (5.5). So it appears  that 
the highest-effort interactions involve more partic- 
ipants than interactions in general, regardless of 
which way effort  is calculated. 

This result should not be surprising, given that it is 
consistent with the theoretically quadratic growth of 
the number of communication channels among n 
people. That is, there  are n (n  - 1)/ 2 pairs among 
n interaction participants, so, intuitively, the effort 
to communicate in a group of n should also  grow 
faster  than n. 
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Defects interactions included anywhere from 4 to 15 
participants, with a median of 10 participants. All of 
the defects interactions with (normalized or unnor- 
malized) CE above the mean had seven or more par- 
ticipants. The same was true for questions interac- 
tions. 

Lessons learned 

One of the goals of this study  was to serve as a pilot 
for a larger study. Although small, this pilot study 
was valuable in clarifying a number of issues related 
to how  this subject is best studied. The limitations 
discussed  below  have been remedied in the design 
of the larger study, resulting in a more useful and 
relevant study that was conducted more recently at 
the NASA (National Aeronautics and Space Admin- 
istration) Goddard Space Flight Center  under  the 
auspices of the Software Engineering Laboratory. l3 

The main differences between the larger study and 
the pilot study described in  this paper  are its setting, 
size, and scope. Other differences arise as a result 
of remedying the limitations of this study, as de- 
scribed below. The main goal of the larger study, as 
in the pilot  study,  is to learn how organizational struc- 
ture characteristics affect the  amount of effort  ex- 
pended on communication. 
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The major limitations of this pilot study are its  size 
and scope. It examines only 10 reviews, during one 
month, in a single development project. The amount 
of data collected (100 data points), relative to the 
number of relevant variables, is too small to assess 
the statistical significance of many of the findings or 
to generalize the results in  any way. A  better study 
design  would include more data points, although re- 
ducing the number of variables would reduce the 
need for a very large data set. 

The  three-part description built at  the beginning of 
the study (described in the second section) was  ex- 
tremely useful throughout as a framework for orga- 
nizing the  data and for communicating with  devel- 
opers. However, it  could  have been more useful. In 
particular, handling the  data associated with inter- 
actions was cumbersome and somewhat limited the 
analyses that could be done easily. Some automatic 
support for managing this part of the description (or 
even handling the  data through an electronic form 
of the description), as well as a  better notation, was 
needed.  In particular, we  have  used  Yu’s Actor-De- 
pendency models l 4  as a notation and mechanism in 
subsequent studies for organizing information and 
data, and for automating some of the  data analysis. 

Another lesson learned from this study  was that  the 
interactions, as defined, did not naturally fit the way 
the participants thought about the review process. 
This aspect made collecting and validating the  data 
very  difficult. For example, the reviewers’ prepara- 
tion time had to be  divided over several different in- 
teractions in order to fit the model. Some of it  was 
included in the communication effort for the defects 
interaction, some for the questions interaction, etc. 
During the interviews, we asked some reviewers how 
they divided their preparation time. We used their 
responses as a guideline, but we cannot be sure that 
the percentages are accurate or consistent. Model- 
ing more in accordance with the process as  it  is en- 
acted, and  at  a slightly higher level of abstraction, 
would help eliminate doubts about the accuracy of 
the  data. For the larger study, we have chosen the 
review  itself as the unit of analysis. In addition, more 
care was taken to model the process as  it  was en- 
acted, not necessarily  as  it  was defined. 

The design of the research variables and their levels 
in the pilot study  was based on expert opinion and 
the literature, but the process of designing  these  mea- 
sures was not very formal or well-documented. A 
more rigorous qualitative analysis  is needed to  sup- 
port  the design  choices.  Such an “ahead-of-time” 
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analysis  is part of what is calledprior ethnography, 
a technique from qualitative research methods that 
has been used in the larger study. 

During data collection, the follow-up  interviews af- 
ter the observed  reviews were vitally important. How- 
ever, they could have been combined into just one 
interview for each  interviewee. Instead, the questions 
were spread over several interviews during a period 
of 10 months. This length of time led to memory, 
personnel turnover, and discontinuity problems. A 
single interview, done as shortly after  the review as 
possible,  is preferred, which  we were able to  do in 
the larger study. 

The observations in this study were not as rigorous 
as they could have been. The single observer was not 
very familiar with the application domain, which 
sometimes made it  difficult to determine what  type 
of discussions were taking  place during observations. 
In addition, no reliability techniques were employed, 
such  as audio- or videotaping the reviews, or having 
a second  observer.  Using  such techniques would  have 
ensured better accuracy of the  data.  The  latter 
method was used in the larger study to assess the 
subjectivity  and  accuracy of the information recorded 
during the observations. Also, with regard to  data 
accuracy, some variables had no triangulation l2 

source. That is, there was only one  data source for 
these variables. It would  be better, and should be 
possible, to have at least two sources for each piece 
of information collected. In the larger study, more 
data sources were used, but still not every data  el- 
ement could be triangulated. 

During observations and interviews,  some  field notes 
were taken in addition to the information on the in- 
terview forms and observation checklists. However, 
these data were not extensive or reliable enough to 
be used as part of the  data analysis. If more faithful 
notes had been kept, such qualitative data could  have 
been used to help explain and interpret  the  quan- 
titative results. The collection of useful anecdotes 
and quotes would also have been facilitated by mak- 
ing the interview questions more open-ended,  that 
is, by relaxing a little the way in  which the interviews 
were structured. Field notes were used extensively 
in the larger study. 

A better study design, then, which results from the 
experience of this pilot study, would  still be based 
on qualitative data from interviews  and  observations. 
However, these data would be better managed 
through an  automated and consistent model, and 
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better exploited through more extensive  use of field 
notes and qualitative analysis. Also, the accuracy of 
the  data would be greater because of reliability tech- 
niques (a second observer or recording of some 
kind), more timely  interviews, and  better triangula- 
tion. The  better study  would  also be larger and would 
begin with a period of prior ethnography in order 
to improve the design of the variables and  more ac- 
curately model the setting. 

Summary 

We have addressed the  broad problem of organiza- 
tional issues  in software development by studying the 
amount of effort developers expend in certain types 
of communication. We  have described an empirical 
study conducted to investigate the organizational  fac- 
tors that affect  this effort. The research design  com- 
bined quantitative and qualitative methods in an ef- 
fort to be sensitive to uncertainty, but also to provide 
well-founded results. These methods include partic- 
ipant observation, interviewing,  coding, graphical 
data displays, and simple statistical tests of signif- 
icance. 

The goal of this  study  was the generation of theory, 
and so the findings are best presented as proposed 
hypotheses. The study results point to  the validity of 
these hypotheses, but they are yet to be formally 
tested. Many of the methods and measures described 
in  this paper may be used to do so. However, even 
as untested hypotheses, these findings provide im- 
portant preliminary insight into  the relevant factors 
affecting communication in software development: 

Interactions tend  to  require  more effort when the 
participants are not previously familiar with one 
another’s work. 
Interactions tend to require  more effort  when the 
participants work in physically distant locations. 
More effort  is required when the set of participants 
includes mostly organizationally close members, 
but with a few organizationally distant members. 
Interactions that  take place during a meeting (a 
verbal request and an unprepared reply) tend to 
require  more effort than  other interactions, espe- 
cially  when  they  involve communication technol- 
om. 
Having more participants tends  to make interac- 
tions more effort-intensive, even when the effort 
is normalized by the number of participants. 

The  independent variables in  this  study can all be 
said to measure different aspects of “closeness,” and 

one might  expect the findings to straightforwardly 
confirm  what  is  intuitive-that “closer” people com- 
municate more easily. The first two statements above, 
in fact, do rather confirm the obvious  (which is still 
a valuable use of empirical evidence). However, the 
third hypothesis reflects the fact that  there is some 
complexity to  the issue of  how organizational struc- 
ture affects  communication between developers. The 
last two hypotheses question the value of meetings, 
especially large meetings, which could be further in- 
vestigated as a  separate issue. 

This study is not sufficient to solve the problem of 
managing information flow  in a software develop- 
ment organization and process, but it  is a first step. 
The findings of this  study could be used to help in 
planning, for example, by pointing out characteris- 
tics that increase communication costs in reviews. 
They might  also help in  diagnosing communication 
problems as they arise. 

But the most important contribution of this work is 
that it enables the  further exploration of this area, 
and  provides methods and proposed hypotheses  with 
which to begin. This study represents  a very  small 
first step in building the experience necessary to ef- 
fectively manage information flow in software de- 
velopment organizations. It also exemplifies a sci- 
entific approach that is applicable to  the study of 
numerous issues  in software engineering and that 
would help the field to  mature toward a  true engi- 
neering discipline. The next step  for  the  authors is 
the larger empirical  study  described  briefly in the last 
section. But there  are several next  logical steps in 
this line of research. No attempt has been made in 
this  study to  determine how communication effort 
affects software quality or development productiv- 
ity.  An understanding of this issue  is  necessary for 
effective management support. In addition, this  study 
does not address the issue of communication qual- 
ity, only quantity. One cannot assume that  the two 
are equivalent. Finally, more work  is  necessary  in the 
area of actually  applying this new  knowledge to  the 
improvement of software development projects and 
the mechanisms needed to achieve such improve- 
ment. 
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