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Organizational Factors Shaping Software Process
Improvement in Small-Medium Sized Software
Teams: a Multi-Case Analysis

I. Allison
School of Computing
Robert Gordon University
Aberdeen, UK
i.allison@rgu.ac.uk

Abstract—Previous work looking at software process
improvement (SPI) in small organizations has high@ihted
difficulties faced by small organizations in implenenting SPI
successfully, but there is little analysis to undetand why this is
from an organization theory perspective.

This paper presents an analysis of SPI across sixfsware teams
in the UK using a framework based on Giddens’ Strutration
Theory. Using a structurational perspective helps todraw out
how the process improvements are enabled and conained by
their context. By comparing these across the sixtaations the key
similarities and differences across the cases aréghlighted.

This work extends the existing literature by helpingto identify

the areas of risk that need managing in small SPhitiatives. The
study shows the issues as pertained to the six cexts and actions
in each case. The paper highlights how the contextfluences the
outcome.

Keywords-Software Process |mprovement; Small-Medium
Enterprises; Structuration Theory
l. INTRODUCTION

Software process improvement (SPI) programs supbert
definition and enhancement of the processes addpiethe
software organization. To address these needs dpallity
Maturity Model Integrated (CMMI) has been develofscthe
Software Engineering Institute for organizationsattopt / be
evaluated against [2]. Organizations adopted CMbMedd SPI

limited resource they can put towards any initetivihe
implementation of software engineering techniques ai
difficult task for small organizations as they ofteperate on
limited resources and with strict time constraifis CMMI
and other methods appear to overwhelm SMEs asfueirces
required to implement the detailed processes isrtooh [11].
And so often before they start small business atrai®PI| and
never benefit from process capability maturity hesea“they
consider it infeasible to adopt” [9, p.891]. Todeeks these
difficulties researchers have proposed alternatigproaches
for SMEs. A number of lightweight or agile approasthave
been suggested [For example: 5, 6, 7, 12].

If we are to understand the problems involved irking
process changes in small teams though, we needdtrstand
the organizational factors involved in the chang8].[ It is
therefore appropriate to examine the organizatitssales that
arise as smaller software development groups mowartl a
more structured, process-oriented environment. Heoe we
will address the following research questions:

» How does the context of the SPI initiative affelog t
way it is enacted?

» How are the changes undertaken and what are
constraints actors find when instigating changes
processes?

Using six case studies from different sized teams
different contexts, this paper builds on the redgmin recent

mainly to improve their product quality and project longitudinal studies that SPI understood from aganizational

performance but also to improve process managej@nt

Others question the long-term impact of the SPivikgt
[10]. Not all efforts have been successful or withissues. In
particular, small and medium sized enterprises (SMiave
shunned or struggled to adopt CMMI and other sueakurity
models [4, 12]. However despite these problemsetisea lack
of studies of failed adoption of CMMI-based SPL. [9]

theory perspective helps to draw out the nuanceghef
changes. To help to explain the issues arisinghduttie SPI
initiative, a theoretical framework is adopted lihsen
Giddens’ Structuration Theory to analyze the orgatidnal
features that shape process improvement.

This work extends the existing literature by hedpito
identify the areas of risk that need managing iralsi8PI
initiatives. The study shows the issues as pethio the six

There is a growing body of knowledge developingcontexts and actions in each case. Drawing fromsetfiedings,

addressing process engineering in smaller orgamiiatand

the paper begins to provide a direction forward fhe

teams. The primary reason for the attention on lemal community in addressing these issues.

organizations is that they face specific difficedtirelated to the

the
to



I RESEARCHAPPROACH

A. Research Method

Giddens’ Structuration Theory is used to form aothécal
framework showing the intertwining of these facai$
organizational emergence (see table 2). Beginniith the

This paper presents an analysis of software proced&d!lrent historical context, Giddens’ duality ofustiure weaves

improvement (SPI) across six software teams iflikeCases
were identified from both organizations producirgftware
products and software functions within
organizations, and in different size categoriesrghnizations:
micro < 10; small < 50; medium < 250 [13].

Six software teams were chosen: one for each aisgary
within the two sets of organizations (see table viijh the
focus on the size of the software unit rather tti@n whole
organization for comparison purposes. The cases haen
selected from a set of action research projectemtaibn with

together action and social structures through a et
modalities. The enactment of, and changes to, tfevare

non-softwareProcesses are seen to embody the modalities atitheturing

process. The process of change is understood to tmough
the linkage between action of software practice igmdontext.
So through time there is a metamorphosis of thaestnthe
actors’ understanding and intentions, and the swévprocess
as it is enacted.

Using a structurational perspective helps to draiviow
the process improvements are enabled and constraintheir

companies. Due to the nature of the research with t context. The process of change can be analyzedghrthe
organizations, ready access was given to people arfiré® modalities: interpretive schemes, facilit@s norms. By
information so that data was captured through activcomparing these across the six situations commctoriaare

participation and observation. This paper is ngioréng the
action research findings as such, but reflectianmess the set
of cases to develop a more holistic response teuhats.

TABLE I. CASES SELECTED
Size of Autonomous unit Unit within a larger non-
team developing software software specific
products/ services organization
Medium Pharmaceutical Telecommunications Systems
Services [medium 1] [medium 2]
Small Bespoke Business systemsMarket Analysis Packagep
[small 1] [small 2]
Micro E-Commerce ManagementEducational  Qualificationg
[micro 1] [micro 2]

B. Theoretical Framework

Software processes can be considered to emergeehgsm
of a structuring process between the context aaatdmtent of
the action [1]. The contextual factors include thesthin the
organization and those external to it. So throtirgle there is a
metamorphosis of the context, the actor's undedatgnof the
situation, and the processes enacted (see Fig. 1).

ﬁ\(ironmental context
O isational context

Infoxymiation systems context
\ enacts and

\/ \/ \ reproduces
/\ \ \ \\ Action to improve software process
Contorms™
9 4

Action to develop software products

‘ Metamorphosis through time >

Figure 1. Emergent view of SPI (from [1])

highlighted.

Human communication uses interpretive schemes t®ema
sense of actions, so knowledge is drawn on and gethn
through action. Developers draw on knowledge, paftware
engineering frameworks, and shared experiencesistisand
undertake the SPI changes.

Next, human agents also draw on facilities, suchuasan
and technical resources, to maintain or modify cstmes of
domination. To draw on (or not) personal or orgatianal
resources in order to retain or alter existing gafe
approaches is within the control of all practitimeEach
member of the organization has the power to confoam
challenge a suggested change. Individuals and groogy
exercise power to resist in some circumstancesnahdthers.
Managers also can resist initiatives from employéesugh
their disinclination to mobilize resources.

Thirdly, we sanction our actions by drawing uporrm®
thereby creating or recreating structures of legition. Norms
are the rules or standards that govern appropdateluct,
constraining and enabling action. So, software ¢sec
improvement is a constant process of negotiation,
communication and establishment of norms through th
everyday relationships enacted within the procegsavement
program and software development process. Software
processes and methods used within the group avendrpon
as norms, and in so doing recreate structuresgitinf@tion.
The norms that develop are legitimated through ghared
language of the community-of-practice developedifrautual
knowledge of their traditions.



TABLE II. ANALYTICAL FRAMEWORK

Structural Context
Organizational History; External environment;
Organizational Culture and Structures; Softwarentea

Emergence of Process and Products
Dialectic of defined process and process-in-use
Planned and unintentional change &consequences

Process of Change
Interpretative Schemes(stocks of knowledge;
frameworks for learning)
Facilities (use of personal or organizational reses to change/retain
current approaches; trust between managers antitipraers)
Norms (the defined process acts as the norm; peatpirocess becomes the
norm; language as active process of legitimisaiuh institution)

emging approaches a

7]

Ill.  CASESTUDIES

This section briefly outlines the factors noted time
analysis of the six cases. Each of these caseanedgzed in a
longitudinal manner to ascertain the factors ay #merged
through time. So whilst the factors are drawn autimore
static fashion here, this does not infer that tiyxeadhic nature
of the cases is not important. The above analyfremhework
is used to discuss the cases: the context anchadtivolved in
the change are outlined in this section, and tHeving
section discussed the process of change acrosaghs.

A. Medium organisation 1

1) Context

The Mediuml case examines a software engineeramg te
of 60 in a Global Telecommunications company. Awell
established organization, the team had clearly nddfi
processes in existence prior to this initiativet puooblems
remained with getting products to market quick eiouSo
they introduced Scrum in the belief that it wouiffedtentiate
them from the competition by producing higher oyali
solutions quicker.

2) Emergence of Processes and Products
The approach adopted wrapped other engineeringigeac
including eXtreme Programming and Rational Unifiddcess.
An expert in the Agile methods was employed tosassith
the change of working practices and values requivechake
the new process a success.

designed and implemented, customer buy-in andggzation
would be a requisite for the success of the procEsss the
conflict between conventional and Agile ways of king
caused issues with the expected delivery of softwar

Originally, the change was thought to affect juke t
engineers, not the management. However, the Scrum
framework requires management to change from atitradl
project management perspective to a more mentog lik
approach. Once a Sprint backlog has been assigre&print
initiated, the management should not interfere witinterrupt
the team, other than to facilitate the removal afy a
impediment.

Thus the change to having self-managing teamsrrétha
having one person in charge meant that manageroatt oot
keep up with the dynamics in the teams. One teambae
expressed his frustration, “Either [the manageméatle to
trust us to get on with task or not.”

After nine months, due to increased pressure from t
customer, management allowed the process to regoess
traditional phased approach to meet the expectatibthe rest
of the organization. Although several aspects @& tyile
process, such as scrums and continuous integratienstill
being used, the current situation is an ad-hoc urexof top
down structured projects and a bottom up agilegsec

B. Medium organisation 2

1) Context

Medium2 is a 13 year old development group workdsg
an independent software group providing services
pharmaceutical companies. A team of 50 developenemgted
software tools for the industry. As such they wesubject to
stringent regulation and audit. Business requirésmbad to be
traced into the software for compliance purposdse Tools
were developed through a common architecture, bat t
architecture was compartmentalized, with functios#bs.
Projects were affect by “scope creep”, and ofteersan. The

to

also the company’s aim was to get to level 2 ofGlapability
Maturity Model as a form of external legitimatiohits quality.

2) Emergence of Processes and Products
Following a gap analysis two specific, and indemamnd
change projects were introduced one on project gemant
methodology and one on requirements capture. Tlisvae

To encourage significant behavior change within thédevelopment Manger noted that “obtaining interredources

organization, the new working practices were eigthbt
straight away allowing problems with the practides be
identified and dealt with early on. Engineers @ddphe new
practices with enthusiasm.

Rather than piloting the scheme with a single teama
small project, the process was used on a large-graject for
another division of the organization. The projegtresented a
significant investment that incorporated most of goftware
engineering department’s effort.

The company waterfall approach was retained as
overarching feature with agile being used somewbaertly.
But, the way in which the Scrum framework was aifyi

is difficult”.

So, both of these projects were undertaken witleraat
resource and expertise. The consultants worked widrnal
champions and developed new processes for the inagjan.
The issues then came as they were introduced irtetma.
Training and support was provided but the existipgroaches
remained the norm with only minor evidence of chlang
initially. The underlying issue of the siloed pratiarchitecture
was identified as a core issue that required ttiednction of a
technical architect to address. Overtime the nepragches

3Fegan to become accepted following their use onifipeilot

projects with consultant involvement.



C. Small organisation 1

1) Context

Smalll is a bespoke software developer for a sdbal
clients, primarily utilizing the Microsoft produdtet. It had
been a start up company 8 years previously, wighManaging
Director forming the initial team. The company lgaewn to a
team of 15, with the owner now acting more in a&sable.
The Software Development Manager initiated the @#®ject
as a way of managing this growth in the team amtidviing
significant cost overruns in recent projects. Thejgzt had
Board approval and was tied into business key pmdace
indicators (KPI). They also desired external beratking of
their approach for marketing purposes and so waokirlg to
achieve CMMI level 2.

2) Emergence of Processes and Products

The previous development approach was a tradition

structured approach, but the processes were nobaftyr
documented. This approach had been drawn fromdfte/&e
Development Manager’'s previous knowledge, but n&aff s
were challenging this perspective — both in terfisnproving
the robustness of the process but also seekingra agile
approach to managing the client requirements. Thess

core product. Due to delays in getting this prodtectthe
market and defects in the early versions of thdegysthe
company lost market share. In
professional environment, the company also begaadtpt a

more mixed sourced approach to the developmenttof i

portfolio of products, buying in components to fopart of the
product set.

2) Emergence of Processes and Products

Small2 had no desire to get externally assessedtgor

process capability, and so focused on goals tlegtfidt would
result in improvements to their products and timenarket. In
tying the SPI activity to both the business goaftsl dhe
motives of the team members they were able to eraatlear
motive. Utilizing process action teams,
Development Manager included everyone in the imgnoant
aﬂctivity, with frequent reviews of progress.

As with other cases, however, resources were @igdrom
the task onto development projects and some inafigd
withheld their resource as they saw the SPI agtis
management’'s  responsibility, but significant
improvement occurred as process ideas emerged fhem
individual developers’ software practice. New pIEBES

project management in place, but the management wascluded the development of improved project plagnand

primarily related to measuring the chargeable fionelients.

Throughout the

putting a lot of his own time into it. It was diffilt to obtain
other time as one of the key business measuresimwassold,
so taking people off income generating projects was
welcome.

The processes focused on were project planning a

control, technical documentation, and peer reviéhe latter
two as a means of improving team communication abiuai
client project. However, whilst these new approachere
trialed, as immediate benefits were not obvioug team
reverted to what they knew. Eventually the focustfe SPI
moved towards looking at forms of project managenzem
life cycles. So a review of external models was autaken,
with an agile approach being preferred.

So despite the approval of the Board, the commitrirem
senior management, and the close ties with thenbssiKPls,
the demands of client projects eventually leachtihitiative
becoming unsustainable — at least in the short. telowever,
over a longer period the company remains commitied
following through on this initiative as they undarsd the
business imperative. The agile approach is noweelaidd in
their standard practice.

D. Small organisation 2

1) Context

Small2 is a 25 person software unit within a duisbf a
global information services business. The busiassa whole
has a turnover in excess of £1 billion. At the tiofethe SPI
initiative, the unit had been in existence 10 yeamd were
developing Market Analysis tools. Whilst processesid be
seen to have evolved over the whole period, theifsp&PI
initiative was instigated following a significanpgrade to the

initiative the Software Development
Manager was committed to making the changes negessa

control, component based development, softwareevewnd
testing, risk management, and project evaluatiohes&
resulted in a significant reduction in defects aeaduction in
the variability on the delivery schedules.

As individuals reflexively monitored their own amtis they
identified actions to change the process. To aehilkis change

they were prepared to apply their own and the team’

r{ﬁsources. By recognizing the relevance of the approach
ey were able to recreate the team’s norm, anmehlyechange
the interpretive schemes of the unit. Aspectsamigliage,
knowledge and communication were all important hagsng

the outcome of the SPI activity. Individuals drew external

forms of legitimation to justify their changes, buas their
prior experiences or evidence from external pradesd

practice. The personal drive for improvement froime t
management was evident through comments made
interviews, but an underlying motive was the desice
strengthen the internal position of the developmeram

compared to other parts of the group. So whilst change
reflected a negotiated state, the initiative reslin improved
business performance.

E. Microorganisation 1

1) Context

Microl is a self-contained business of four devetsp
They had 8 small business clients for whom thewided e-
commerce services. The business model
commission from the web sites as well as a feeffeating it.
Therefore, reduction in cost of development andlatpg
cross-sale opportunities was a key driver for trganisation.
They were keen to overcome the need develop a psiens
for each client by creating a meta-system /inforomat
architecture. The process improvement was therefare
systems architecture design rather than the pri@iiM key
process areas of project management. The compiiatad

line with the externa

the Softwvar

praeces

in

was based on



an improvement to their approach to developing mroon
architecture using semantic web / web servicesaqsc

2) Emergence of Processes and Products

The approach and information architecture conceptew
developed independently using external expertisk mloted
with the organizational data. To change the devetop
approach required the company to restructure iabdaes.
After initiating the change and trialing it sucdedly, the
company regressed to its previous approach. Eveugthin
the long-term this would have brought additionatoime at
reduced development effort and risk, it did thisdese of the
cost and risk involved in making the change.

Eventually a new client project was developed using
new approach, with the intention of migrating ottodients
later. Training and ongoing support was provided this
development from the external consultant.

One of the key constraints in this case was th& tsc
knowledge and experience in the team. Despitetteagth of
software engineering capability the lack of appaten of the
new ideas intensified the concern about their mssinrisk.
Also, ongoing need to bring in revenue using thenesa
resources led to the stalling of the change. Gmdyptersistence
of the consultant and the desire of the seniorrassi partner
brought the project back on track.

F. Micro organisation 2

1) Context
Micro2 is a consortium of four educational awardbuglies
in the UK vocational sector operating as a staodeal
organization with approximately 50 employees acrtss
regional offices. The business has over 1500 m&te. Two
people formed the Systems team. The organizatiah rfta
previous internal systems development experienue,lacked
confidence in external IT vendors. The businessdagas on
developing a strategic system to support the regjiofiices to
enable faster time-to-market for the qualificatipmoduct

development.

2) Emergence of Processes and Products

To achieve this goal, the Chief Executive employed
Systems Manager who draw on his previous experietace
develop a set of agile methods using known pragtisech as
aspects of agile development like prioritization afer
requirements with the customer delivered in defiriede-
boxes, pair programming, database refactoringicatithain
project management. As the decision was primarilyhis
hands there was little need to deal with differéiptvs, other

then where the processes impacted the user comymuni

Employment of the right person to set up the preegsvas
therefore important. Not having established procesems
helped to change the approach, but some initigdteexe was
noted with the users being involved in
development and stage reviews, but once they sawtrking
conformance was quickly forthcoming — and the celtof
partnership with the business was established.eThesxcesses
were introduced successfully and continue to bkzedi and

requirement

implemented within 12 months as planned with minitegel
of defects.

IV. PROCES®FCHANGE:A STRUCTURATIONAL

PERSPECTIVE

This section utilizes the Structurational modaditte draw
out the features that shaped the process of chiangjee 6
cases. These features have been highlighted tsjdesimg the
duality of the context-action interaction as sumiget above.
The organizational history and social structuresiarderstood
to form the context of the actions that changedpitozesses
and products, and in turn the actions reshapedstioetures
and context. Here the focus is on the key simiégitand
differences between the cases.

Across the cases interpretative schemes were drpamto
make sense of the actions and changes as theyredcur
Individuals drew on their stocks of knowledge fr@mevious
experience to make sense of the current situatnohhow it
should change. In order to shape the change ahgtitle the
initiative, the team members explained their positiand
perceived ambition for change or otherwise usimglage that
incited power structures in the organization. Faareple, use
of organizational strategy terminology, existing asd
experiences in the development, and a shared uaddisg of
new approaches, such as agile, were used to cothey
position. As new people were employed their prioowledge
and experiences were drawn on to propose altemativ
approaches, thus changing
understanding. We see in other cases external itantsuwere
brought in to assist in the change of understanding
perception.

In the larger organizations we noted a greater etegf
conflict and challenge, with team members eithdiingi to put
their own effort towards making the change or witklimg it to
resist this change. In the smaller contexts thigoarg conflict
is less prevalent — at least internal to the softvieam — yet
the dialectic of negotiated change was still eviden the
development of the solution. In the software growpthin
organizations each of them had to change the ptvoepf the
other areas of the company, such as described afwve
Medium2 and Micro 2.

Individual motives were a key influencing factorheke
motives were linked to organizational imperativesinumber
of the cases. So the champion of the initiativewdren
organizational “power”, coming from the perceiveded to
achieve a strategic direction or to react to aneres
perception, as a means of bringing resources to Beawhen
these imperatives were clearly defined and supgatteelped
%o maintain the initiative (e.g. Medium 1, SmallMicro 2). In
the other organizations this influence changed lgan to
undermine the individual’'s domination and abilityapply the
organizational resources for this purpose.

S
Organizational norms, as evidenced through previous

practice, were a damping factor in the change. éscidbed
above a number of the organizations reverted towique
approaches. As the processes began to be undegstdothe

built on as the team grows. The strategic systens warevised practices showed benefits the espousediauticed

practices became the norm. Even where we see iavetlsis

the shared vocabulary and



was not necessarily by the whole group — nor fareS8e the
ability and willingness to challenge the existimpeoach was
seen to regulate the pace of the change.

V. DiscussION ANDCONCLUSION

Address prior experiences — especially either megat
experiences or entrenched positions. Pilot projeats
assist in changing the norms.

Using the Structurational framework has helpeddentify
these risks. The analysis presented in this papea brief

The paper has outlined six cases and utilizing summary of six longitudinal case studies. Furthgra@sion of

Structurational approach has drawn out some kegcaspf
how the change was undertaken. The SPI projects drawn
from small software teams of different sizes. Whilsese
groupings (by size) showed some differences othetofs

these cases would help to draw out the nuancdwedfitferent
projects and scenarios. Ongoing work is thereferpiired to
develop the common factors into a risk managemeoit tb
support SPI champions to deliver improvement, aaffgdn

running across the cases were seen as most impontan smaller development teams.
enabling and constraining the improvement processes

The common factors identified from the cases tleateha
constraining (or enabling) impact can be summarazed

Business motivation / goals for doing the SPI @cbj
and how well these are linked;
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organizational — and resistance to change; resgptfince
the improvement became more of an issue with
reduction in organization size; (1]

Knowledge and prior experiences that the orgamirati
brings to the definition of processes and the m®ce

improvement project itself; (2]

Current norms / structural barriers and how thes¢oa
constrain the change; (3]

Political strength of the champion / other key play ”

These points give rise to risks that management nee
control in the same way that any other project gosece [5]
process would suggest controlling risk. Key suggastarising
from the cases are to:

Ensure the process improvement project is managed &]
a strategic project with senior management
commitment. This commitment was strengthened
when the project was intrinsically tied to the amate (7]
/ unit goals, but even that did not imply successte

own.

Select a process improvement champion who ha¥l
experiences that they can draw on to deliver the
improvement [see 3]. Their political strength is g
important. Aspirations and activities have to be

proportionate. Starting small can help deliver Itssu

Involvement of a number of people in a SPI team caifil0]

help spread this risk, but only if they are comedtto
the initiative.

[11]

Training for the champion and others does help,dut
insufficient on its own. SPI in small teams arejgct
oriented: their processes are rarely driven bynra-lo

term strategy. Consequently, learning and knowledgélz]

management practices can rarely be observed. [5]

Ongoing mentoring from outside the organizationp;3

improves the ongoing knowledge exchange an
development.
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