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Abstract ization theory [21] to frame our hypotheses on how orga-
nizational volatility may affect the productivity of sofawe

The key premise of an organization is to allow more ef- developers. As in [15], we assume that productivity reflects
ficient production, including production of software. To innovation. We have borrowed and extended measures of
achieve that, an organization defines roles and reporting re organizational change based on archival records as consid-
lationships. Therefore, changes in organization’s stuwet  ered in, for example, [12].
are likely to affect organization’s productivity. We inties At a high level, the primary positive results of volatility
gate several measures of organization and organizationalwould be the innovation brought by incoming people. The
change and relate them to developer productivity. We find negative side involves the overhead for the existing team to
that the proximity to an organizational change is strongly train new developers, the initial lack of experience of new
associated with a reduced developer productivity. developers, and the gaps in tacit knowledge produced by

departures of experienced developers. From the emotional
perspective, the positive results would include increase i
1. Introduction the usage of direct action (focusing more energy on one’s
job) coping strategies that would lead to increase in per-
formance. The negative side of the emotional responses
would involve increase in withdrawal strategies (avoidanc
nd disengagement) and decreased health of the employees
hat stay, leading to reduced productivity.

We propose a variety of measures of organizational
volatility, obtain them for a multi-year sample involving
more than one thousand developers, and test our proposi-
tions using a linear model.

We start by discussing related work in Section 2 and
present the context of the study and data collection in Sec-
tion 3. The hypotheses are presented in Section 4, oper-
ationalizations in Section 5, and results in Section 6. We
conclude in Section 8

The key premise of Organization is that it allows more
efficient production [22], including production of softvear
Organizational design defines roles, processes, and form
reporting relationships to make organization more produc-
tive. Therefore, changes in organizational design ardylike
to affect organization’s productivity, including the prod
tivity of development processes. Furthermore, according t
Conway’s law [10], the structure of an organization is re-
flected in the structure of the systems it designs. Thergfore
the change in a software organizations may have particu-
larly adverse effects if the changed organization no longer
matches the initial design of the software. In particular,
it was shown that tasks requiring participation from mul-
tiple sites take almost three times longer to complete [13].
Our investigation is focused on studying how the organi- 2. Related work
zational change, rather than organizational structufecaf
software development. Past work investigating software or ~ Organizational change has significant amount of reserch-
ganizations found that effective organizationshave veny |  and practice-oriented literature. While much of it is ac-
worker turnover [9] due to what authors call “social cagital tion oriented and prescriptive, little is devoted to method
invested in the workforce through culture of trust and re- to measure organizational volatility from archival date; d
spect, generous benefits, and recognition of importance ofspite Webb et al [23] raising the issue as early as 1966
peoples personal lives. Itis, therefore, of interest tantjfya well summarized by a Chinese proverb: “the palest ink
the benefits of low turnover or costs of high volatility. is clearer that the best memory.” A notable exception is

Because organizational churn relates to people enteringwork by Geisler [12] that proposes a nhumber of organiza-
and leaving the organization we used organizational social tional change measures based on archival records. Unlike



the measures we use that are based on human resource sysf organization embodied by employment models are per-
tems, that work required manual search through documentistent and the organizations would be destabilized and dis
records. rupted if these blueprints were to change. We consider

A particular form of volatility related to downsizing has Phenomena at a much finer micro level of individual per-
received substantial attention. Notably, the results apige ~ formance. However, it is worth noting that the company
be similar to what would be predicted from organizational under study has gone through a radical change in manage-
socialization theory as described in Section 4. In parigul ~Ment during the course of being taken into private owner-
a study of mid-level managers and executives in Canadianship. Therefore, some of the macroscopic effects observed
civil service [3] found that downsizing has been associated in [5] may be relevant in our case as well.
with reduction in productivity of the survivors (individlsa
that remain), increase of their workload demands, increase3, Context and data sources
in escape coping strategies, and increase in the incidence

health problem symptoms. The study used four surveys — .o investigate software development in Avaya with

one prior to, two durlr_lg, and fourth after the downsizing many past and present projects of various sizes and types
over a three year period. The four survey response rate%nvolving more than two thousand developers. Two pri-
were 58 45, .44’ and 43 percent corre_spondmgly. The an_al'mary sources of data were utilized in the study. The changes
ysis d'Stmg.u.'SheO.l cqntrol-b asgd coping strategies mat iy, the source code were obtained from a variety of version
cluded positive .thlnkmg.(recastmg the downsizing event a control systems used in Avaya, including SCCS, ClearCase,
a chaIIenge), direct-action (focusing more energy on your o5 and SubVersion. The data were cleaned to eliminate
job), and instrumental su_pport (see_kmg |nf9rmat|on from administrative changes (changes made for the purpose other
others), and escape coping strategies that |nclgded avoidt A to enhance or fix the product) using a variety of tech-
ance of the situation and disengagement (putting less ef+; o5 appropriate for each system and each project. For ex-
fort into work and spending more time on activities outside , 0 the initial delta for branches in SCCS or in CearCase
yvor.k). Othe_r emplrlcal ewdence_also shows that downsiz- that do not change the source code were excluded. The data
Q1S assouate_q with decregsed job performanpe, for e)_(am'cleaning and validation was done to support project mea-
ple, [2]. In addition to studying developers, unlike in prio o ment and prior studies, for example, [17] and, theeefor
work, we also look at more general volatility that includes is not described in more detail here. We used developer ID

down3|z_|ng. Furthermore, we look at a full sample of devel- making the change and the date of change to calculate de-
opers without an inconvenience of large non-response rate§/eloper productivity,

and our observations cover the entire period without restri The second source of data was an organizational

tions to survey administration times. database (POST) that lists individuals, their organizgtio

A yet another view on volatility touches a theoretical and contact information. We had collected frequent snap-
framework developed for emotional labor. Emotional labor shots of this data over a period of seven years. The pri-
was initially developed for airline attendants [14] and was mary purpose of this data was to establish the identity of
initially defined as “the management of feelings to create each developer and to calculate measures of organizational
publicly observable facial and body display.” It was later ypolatility. As with any other source of data, it had its share
substantially generalized, because most corporate werk re of anomalies and issues. First, developer logins were not
quires some level of emotional labor. The aspect salientaays identical to email handles in POST. Second, logins
to VOIat|I|ty relates to the empirical findings in, for exam- have Changed over time for some deve|0pers because a re-
ple, [8], showing that surface acting (modifying and con- cent policy required logins to match email handles. Third,
trolling emotional expressions) requires much more effort the email handles and even organizational IDs have changed
than deep acting (consciously managing feelings) and thusor some developers. For example, offshore developers who
reduces job performance. Furthermore, the downsizing,started at a US location and later went back to their per-
which is a common cause of volatility, produces negative manent offshore site got a new ID at their home site. To
emotions that are much harder to control via deep actingdeal with these issues we used a NIS database (snapshots of
than positive emotions, see, for example, [7]. which we have also collected over seven years) that mapped

A macroscopic view of the effects of turnover on organi- login to the organizational ID and the full name of the per-
zation’s performance is presented in, for example, [5]. Au- son authorized to use the login. This extra piece of informa-
thors study turnover in a number of young high-technology tion allowed us to establish the identities of developeerov
companies and find that changes in employment modelstime despite changes in the organizational ID’s, email han-
embraced by organizational leaders increase turnover andlles, and sometimes even names (for example, as a result
adversely affect subsequent organizational performanceof a marriage). We have used these sources of data to map
They argue that their results indicate that cultural blirgpr ~ logins and organizational IDs to unique numeric IDs identi-



fying each participant. These unique IDs were then substi-  Furthermore, if such departures are related to unfavor-
tuted for logins in the code change data and for organizationable business conditions and downsizing, that may exert
IDs in the POST data to normalize identity information and additional stress on the remaining employees thus reducing
to provide more privacy (some developers could be recog-their performance for reasons discussed in Section 2.

nized from their login). While there were more than ten

thousand emploees in POST, only around two thousand ofProposition 6 Layoff related departures may exert emo-
them modified the source code. tional toll and increase performance reducing coping

strategies on all remaining developers.

4. Hypotheses
yp 5. Measures of organization and its change

To formulate effects of organizational change on devel- ) ) o
oper productivity we borrow from a variety of theoretical Ve followed [12] in measuring organizational change.
frameworks and empirical results. Based on the extensivel10WeVer, our data and our hypotheses were substantially

work discussed in Section 2, it is reasonable to expect that: different, therefore the operationalizations of the measu
also have little resemblance. One of the factors that we con-

Proposition 1 Organizational volatility affects productiv- Sidered was the reporting hierarchy of the organization to
ity of the development process capture changes in organizational structure brought by a re
organization. The staff reductions discussed above are of-
The manner in which the volatility affects productiv- ten associated with the reorganization. Because our @salys
ity depends on a variety of factors and theoretical assump-has a response corresponding to the productivity of an indi-
tions. In particular, the arrival of new experienced member vidual developer, we also look at the organizational fesgur
is likely to increase productivity through innovationsyhe of comparable size. Therefore, we look at the number of
may bring [21]. Therefore, employees in the organizational unit developer belongs to.
The organizational unit was operationalized in two ways:
Proposition 2 New experienced members would bring in- through a supervisor ID and through an organizational ID.
novations and, therefore, have higher productivity or find The analysis results are very similar for both of these opera
new ways to improve quality. tionalizations. In Table 1 we present one of the operational

) _ izations. Alternative operationalization may be obtaibgd

expe_ri_enced r_ne_mbers would require_training r_e(_jucing Pro- At the high level, we looked at the proximity to the or-
ductivity of eX|.st|ng. developers. A variety of training rhet ganizational change because, for example, [3] found that
ods are described in, for example, [24]. performance reductions were transient and did not manifest
. ) ) . themselves either well before or well after the downsizing.
Proposition 3 New inexperienced members would require \ye 5150 anticipate that the extent of the reorganization mea
training reducing productivity of existing developers. sured in the number of people coming and leaving the orga-
nization should have effects described in Propositions 2, 3
4,5, and 6. The number of new recruits are needed to inves-
tigate Propositions 3 and 4, and the number of employees
leaving the organization is needed to test Proposition 6
We may need to adjust for the possible variation in de-
velopers’ responsibilities by counting the number of em-
Proposition 4 New inexperienced members would be less PIOY€es reporting to a developer. As was found in, for ex-
productive and more likely to introduce defects. ample, [15], the size of the project affects the produgtivit
of new developers. Therefore we may need to adjust for
Finally, the departure of experienced members may leaveOrganization size, product, and geographic location. Due
gaps in the tacit knowledge, see, for example, [19]. Suchto well-known variations among developers, see, for exam-
gaps, may lead the remaining team members to make subple, [11], we may need to adjust for the individual developer

optimal or even disastrous design and implementation deci-Or their organization.
sions. Our response variable operationalized developer produc-

tivity. Conceptually, the productivity of a developer isth
Proposition 5 Outgoing members would leave gaps in the number of product units (output) produced over some unit
tacit knowledge, making suboptimal design and implemen-of effort (inputs). For commercial developers who are em-
tation decisions more likely by the remaining team. ployed full-time, the inputs may be roughly approximated

As was shown in, for example, [18], it may take new de-
velopers several years to reach full productivity in a lggac
system. Furthermore, according to [24] new members are
likely to participate in peripheral tasks, further redwgthe
their productivity.



Concept Operationalization
Proximity in time to the orgaq Time (in years) until the next and after the last change irotiganization ID
nizational change

Size of the reorganization Number of employees transferred into and out of the orgéinizérom (other units
in Avaya) over past two months

New recruits Number of employees hired into the or-
ganization over past two months

Departures Number of employees leaving Avaya from the organizatiornr past two months

Developers level in the report- Number of reports (subtree)
ing hierarchy
Size of the organization Number of employees with the same organization ID
Other factors Product, Location, Organization ID, Developer ID

Table 1. Concepts and their operationalizations.

by developer time (staff-months) multiplied by salary and that are directly related to the developers who made changes
other employment costs. However, unlike in manufactur- to the source code. We considered only developers that have
ing, in software the product units are typically not well de- made changes for at least five months, who worked on 58
fined. Most commonly used measures of software outputlargest products, and in eleven largest development sites t
lines of code (LOC) or Non-Commentary Lines of Code exclude unusual cases. The data covered 1227 developers
(NCSL) are easy to obtain but tend to have numerous draw-who had 334 distinct supervisors, worked on 58 different
backs and have to be adjusted for system size, staffing levprojects, and were based in 11 geographic sites.
els, development capability, programming language, the ex  Table 2 shows the analysis of variance and regression
tent of reuse, and the type of development activity (see, results for the model with response being the logarithm of
e.g., [6, 11]). Another commonly used measure of output the number of changes a developer made each month. Pre-
is Function Points [1]. However, it is more difficult to cal-  dictors were the developer ID, their supervisor ID for that
culate and was not used in this organization. month (more than half of the developers had at least two
Therefore, we chose to use the number of changes pesupervisors over the considered period) to adjust for indi-
staff-month as a pragmatic measure of developer productiv-vidual and organizational differences. The remaining pre-
ity, because it was readily available (similar to NCSL) and dictors were used to test our propositions in Section 4 and
has been successfully used in the past [4, 16]. In particu-included the number of new recruits within the last two
lar, the study in [4] has investigated a relationship betwee months, the time (in years) until the next organizational
software features that are sold to customers and the numbechange, the time after the last organizational change, the
of changes needed to implement that feature and found anumber of people reporting to the developer, and the num-
strong relationship between changes and sellable function ber of people transferring to other parts of the company or
ality. The summary of developer experience with respect leaving the company within the last two months.
to a part of the system expressed in the number of changes Table 2 presents ANOVA results indicating the degrees
was found to reflect developers’ and managers’ subjectiveof freedom and sum of squares for each variable. The val-
perceptions of expertise [16]. ues for ANOVA F-statistics and the associated p-values are
Because we are comparing the productivity of the samealso displayed. Finally, for the numeric variables, the(itt
developer under the conditions of high and low organiza- regression coefficients and associated p-values caldulate
tional volatility, the comparisons automatically adjust f  from the regression’s t-statistics are also presénted
the inherent differences in making changes to different  Based onthe ANOVA, all predictors except for the num-
applications, using different programming languages, andber leaving the organization in the past two months were

other code- or individual-related factors. significant (p-values for F-statistics are less tha). This
result does not support Proposition 5. Possibly, to see the
6. Results effect of the knowledge gaps we may look at time periods

longer than two months. Alternatively, we may need to in-
- _ _ spect how the centrality of the tasks changes after such de-
To test propositions in Section 4 we collected data for the partures to fully assess the impact of the knowledge loss.

period between January 2004 and December 2008 for therinally, we may need to focus not simply on the number
entire organization. Because our primary concern is with

software developers, we only use organizational measures !The regression and ANOVA were done using R [20] package




Predictor Df SumSq MeanSq Fvalue PK) Coefficient Prg t)
DeveloperID 1226 33918.00 27.67 17.10 0.00

Supervisor ID 267 1752.13 6.56 4.05 0.00
log(Newcomers) 1 12.51 12.51 7.73 0.01 -0.02 0.16
log(From prior) 1 17.14 17.14 10.59 0.00 0.10 0.00
log(Until next) 1 109.34 109.34  67.56 0.00 0.13 0.00
log(Reports + 1) 1 14.23 14.23 8.79 0.00 -0.25 0.00
log(Left + Transfred + 1) 1 0.00 0.00 0.00 0.98 -0.00 0.98
Residuals 24004 38846.39 1.62

Table 2. Results of the analysis of variance for developer pr oductivity. Regression coefficients are
in the right column. Adjusted- R? = 0.43. The largest absolute correlation among predictors was les S
than 0.28.

of departures but only on the departures of the most experi-longer periods of time.
enced developers. The absolute value of correlations among predictors in

As proposed in Proposition 3, the number of newcom- the model did not exced@l27, thus collinearity effects are
ers decreases the productivity of the existing developeisa not likely.
according to Proposition 4, new developers do not reach
full productivity immediately. However, the regression co 8. Conclusions
efficient is not significantly different from zero (p-value
= 0.16). Perhaps some of the new members increase the
productivity according to Proposition 2, thus moderating
the negative impact caused by the need for training.

The proximity to prior and subsequent organizational
change events both have highly significant F statistics (p-
value< 0.01) and the estimated regression coefficients are
significantly different from zero (p-value 10~1°). How-
ever, the proximity to a subsequent reorganization exglain
five times more of the variance than the proximity to a past
reorganization. This appears to support Propositions 6. Fu
thermore, the proximity to the forthcoming organizational
change has more pronounced effect than the proximity to
the past change.

Though not related to our propositions, the number of
employees supervised by a developer has an intuitive effec
of reducing developer productivity, perhaps by requiriog t
spend more time on activities related to supervising.

The organization volatility as measured by the number of
new developers and proximity to an organizational change
was observed to reduce developer productivity. Further-
more, the effect of the arrival of new developers is not as
pronounced as the effects of the proximity to the organiza-
tional change.

The analysis we conducted could not confirm the impact
of the potential gaps in tacit knowledge left by departing
developers, perhaps because these gaps need more time to
manifest themselves, or may affect the quality of the soft-
ware more than productivity.

In this initial analysis we did not attempt to identify
which organizational changes moved the organization away
tfrom the product structure and which changes moved it
closer to the product structure. However, all organiza-
tional changes appear to decrease developer productivity
temporarily, especially prior to the actual change.

o While the negative impact on productivity has been es-
7. Threatsto validity tablished in organizational downsizing situations, we ob-
serve it in a more general organizational change scenarios.

While we considered the change of the organization ID Unlike prior studies we directly and continuously observe
for a developer and arrival and departure of other emploeeysemployee (developer) output rather than having discrete,
from that organization, there are many other types of organi self-reported, and partial (due to non-response) restlts o
zational changes that may affect developer productivity. | surveys. We also introduce a number of measures for or-
particular, we do not distinguish between a developer mov- ganizational change based on reporting structure and find
ing to another project versus the organization changing itsproximity to the subsequent organizational change to be the
ID. most important driver of productivity reductions.

Two-month period we considered for the purpose of ar-  More detailed investigations of the nature of organiza-
rival and departure of emploeeys, may not be sufficient to tional change and the nature of productivity reductions ob-
assess the impact of departures as they may manifest oveserved in this study are likely to provide practical recom-



mendations on ways to organize and reorganize software[16] A. Mockus and J. Herbsleb. Expertise browser: A quantit
development.

We expect this finding to add an important piece to a
puzzle involving the understanding of how the dynamic re-

lationship between the product and the organization affect [1

key software engineering outcomes.
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