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Literature on organisational IS

The focus has been on new IS implementations

/ Digital transformation \
/ IS replacement \
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IS/IT discontinuance processes can turn out
difficult in organizations...

..and they may have unexpected consequences.



Legacy systems: definition

* Information systems in place that embody the organization’s business
model from the time of implementation (kelly et al. 1999)
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Legacy systems: definition

* Typical characteristics 2;“
. 0Id BN
* Large
e Self-made

* Based on old or outdated coding languages
* Run business-critical operations
* Run in the backend

* The "backbone” of an organization




&
“l am not disorganized — I know exactly where everything is! ‘
The newer stuff is on top and the older stuff is on the bottom.”

Typically developed introspectively = siloed



The weight of history

* Legacy systems represent “an established pattern of choices and
actions that tends to continue due to historical commitments.”
(Mehrizi et al. 2019, p. 144)




Issue 1: Technical obsolescence

* Old code deteriorates
* Loss of expertise — people retire

* Decreasing system support
 Security risks




Issue 2: Functional obsolescence

* Better systems have emerged

* Social, Mobile, Analytics, Cloud, and
Internet of Things (SMACIT)

* The environment has changed
1. Globalization

2. Transformation of industrial societies and economies into
knowledge and information-based economies

3. Transformation of the business enterprise away from a
hierachical, centralized structure toward flattened (less
hierarchical) and decentralised (matrix organizations)

— The system is no longer sufficient or relevant



UNEMPLOYMENT CHECKS ARE BEING HELD UP BY A CODING
LANGUAGE ALMOST NOBODY KNOWS

States have been starved of modernization funding for years

"MODERNIZATION OF MAINFRAME
COBOL IS LIKE HOPPING OFF OF
YOUR BICYCLE AND JUMPING

https://www.theverge.com/2020/4/14/21219561/coronavirus- ﬂNTﬂ A HAR[H’ DA W”S[’N

pandemic-unemployment-systems-cobol-legacy-software- "
infrastructure MUTUREI[“E




What can be done with legacy systems?

Easy

* Wrapping
» Refresh with a modern interface for easy accessibility and use
* No change to the underlying systems

* Redeveloping
* Expand, rewrite, bring more modern functionalities

* Pulling the plug
* Replace with a new system
Hard e Often considered desirable but is difficult




Organizations are replacmg their legacy systems
with commercial-off-the-shelf (COTS) systems




COTS systems provide “digital options”

 Adigital platform - offers access to
apps, products, and services
produced by actors in the platform
ecosystem or available in the
organization’s infrastructure

e Digital options represent “the transformative
capabilities that digital platform evolution affords a
user organization” (Rolland et al. 2018)




Especially in global, multi-site organizations, COTS

systems decrease technical inertia
(i.e., rigidity caused by technology)

* Harmonized systems across different operational sites
* Externalized system maintenance

o o

HARMONIZATION




Tightly coupled vs. loosely coupled system

Legacy architecture - Service-oriented architecture -
monolithic modular
Function 1 Function 1 \
t Function 3
Function 2 Function 3
=P
Function 2
Functi Function 5 1 F ion
unction
on 4 Function 4




From tightly coupled to loosely coupled
system architecture

Service-oriented architecture -
modular

* Gain agility

 Able to realize new business Function 1

opportunities \
. t Function 3

Function 2

!

Function 4

Function 5




Stuck with legacy systems — why does this happen?

Monolithic legacy system .
5acy 5 Modular and agile
-— Organization new IS architecture

Scaled Agile Framework Big Picture

xS I UL

Inertia!



Legacy systems are
technically inert

B R T TSR
* Complex

* Monolithic

* Opaque

* Deeply integrated in IT
infrastructure

\




Technical debt — a measure of
technical inertia

IT maintenance obligations that render making technical changes
difficult and risky

Often a result of evolutionary or careless development practices (cutting
corners)

Manifests at different levels

Resolving technical debt:
* Rewriting code
* Producing documentation
e Replacing old components
* Optimizing system architecture

If technical debt is not repaid, it can accumulate 'interest', making it
harder to implement changes later on

Increases software entropy, i.e., the IT architecture becomes
increasingly disorganized and unstable




Architectural technical debt

* Unsystematic dependencies, violation of modularity, technological gaps
» Causes complexity, maintenance costs, and difficulty of maintenance

e Give rise to other types of technical debt (e.g., when poor architectural solutions
are left undocumented)
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Architectural debt is especially relevant for legacy system
replacement projects

e |
THE LIFE OF A SoFTWARE MUCH LATER...
ErainEER . | EI
' ' OW M™Y. 1'VE
DoME T AGAie),
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The dynamics between digital options and technical debt:
DeSign MOoves (Woodard et al. 2013)

Technical Debt

Low

High

I: Option Constrained

Low debt, but few options
to fuel innovation or development
of complementary assets

IV: High Quality

Low debt and many options;
strongly positioned for innovation
and platform leadership

IIl: Low Quality

High debt and few options;
weak position saps resources
with little strategic benefit

lll: Debt Constrained

Many options, but high debt
impairs the firm’s ability
to exploit them effectively

Low

High

Option Value

Technical debt

Low

High

Option constrained

High quality

Low quality

Debt constrained

Low

High

Option value




COTS implementation and legacy system discontinuance efforts
face social inertia

Processes -~ _ |
Tar o
Employees Managemen &

CustomeN



Overcoming legacy systems’ social inertia

(Mehrizi et al. 2019)
A

/

Major efforts especially

Self-reinforcing mechanisms

Realization
Limitedly observed because many of the

Relegitimizing old system:

< e—

—» Reversion

=il ‘/Axpproving many clients’ major retjikes\ts

to update DOS-based systems

\ 4

g
. iousl d b ducti : i
g due to the complexity gf *"iouSlY Pursoed by production - system: often via R&D.
5 the products and their| g y A-n y projects on old system an
2 et : ;
E interdependencies | marketing team ext€rnally linking them with the major
\ improvements tasks

Frequenl major change requests by clients even after terminating
e — SR support contracts

Frequently iterating R&D and R
production teams on old and
“.new IS and the gateways :

Learning more about old

Learning more about
old system extensively to
design new products and S
gateways to make legacy “\\ \
data transferable to new \

—> Handover

Various projects to \\\
L customize
gateways for clients

‘(;\,

Projects for i
customizing gateways N

systems

resources from old to new ‘

system: mainly legacy data \ ‘
and moving internal technical \

teams to new system \ ‘

\
v \

Dedicaled R&D teams
: for improving and
maintaining gateways

shortcomings of operating system were
E addressed by the technical team 3 3 3
é ‘ Marginalization
A/ :
= Scrutinizing old system . e N In a gradual and iterative way
E limitations: extensively done Discrediting the VIablllt;/ of fi T v
g = due to the large number of produgts based on old system . . . .
g E interconnected products and extensively done by by the R&D Ceasing learning on old De-routinizing old IS: in a
o e technological tools with manager due to the dominance of IS: often by stopping formal gradual process and often with
hg sophisticated DOS-related seasoned DOS experts : learning actions such as the collaboration of each client
‘2 A technologies ‘A : A official trainings and formal to make old IS less accessible
PO : i : R&D projects andused A
] : A ¥ I :
] e RS i S S Sy A ) ) o
TO use some untapped potentials of Often in an iterative and gradual way,
MS-DOS systems not forced :
v Progression of discontinuance proces$
Triggers )

1993: The limitations of MS-DOS, Late 1994: The major decision
relative to Windows especially and  to change the basic designs of
their strategy to focus on state of the the products to be more easily
art technologies customizable

1996-2002: Long delay in
developing the integrated systems
and making them stable & running,
increasing demand for MS-DOS
systems and their support

2000-2002: The development
of new total products and
implementing them for various
clients & major design
differences between old and

new products

2005 ~: No formal support
contracts but still receiving
and accepting support

requests once every season

2002: The stability of the new
(Windows-based) systems and
the cost of maintaining and
supporting the old (DOS-based)
products



Caught between — a product of technical inertia, social inertia, and
digital options during a change process

Monolithic legacy system

Modular and agile
Organization new IS architecture

Technical
/ inertia ™\
Digital options
. 4

AN 4

\\\__‘ /./’




Research questions

1. How do social inertia, technical inertia, and digital options interact
in replacement of legacy systems with COTS ones (especially in
organizations with multiple sites)?

2. How and under what conditions does the state of being caught
between emerge and stabilize during this process?



Case EngineShop (Rinta-Kahila et al., 2023)

e A factory in Helsinki producing electrical engines,
part of the multinational “EngineGroup”
corporation

* A pioneer in system development

* The factory got caught between — has not been
able to fully remove their legacy system called
”Driving Glove” (DG)




Legacy system: DG

“It was so tailored, fit-for-purpose, and made precisely for these
operations. You could not find corresponding functionality from any
commercial system or their combinations.”

- DG worked like a dream for the local purposes. However, it was
getting old and the organization had adopted a global strategy which
demanded digital options: need to be able to collaborate globally



Legacy system: DG

Development had been evolutionary/introspective, accumulating
technical debt:

“..instead of rethinking our processes, it has been more about
identifying inefficiencies and then developing the system to decrease
the lead times. So, if an engineer does not have certain data and has to
spend a long time to retrieve it, instead of thinking whether s/he even
needs that data, we have just developed DG...”



2005: Initiative to move into modular IT architecture
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2010: Only some business functions get migrated...and only partially
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2021: The situation has not changed, but still intentions to get rid of the legacy
system



Outcome of the implementation

”...after engaging in the actual projects, we came to realize exactly how
far thought the business logic of DG was. How hard it was to replace it
with generic commercial systems. ... [now we are IS] architecture wise

pretty much in the same situation as we were after these projects in
2010. Still.”

EngineShop accumulated more technical debt (especially architectural)
but did not solve the problem of old systems.



ow to study complex organizational change
ike legacy system discontinuance?

Two Approaches to Explaining Strategic Change®

Variance theory Process theory
Explaining strategic change with Explaining strategic change with

a variance model a process model
Attributes of
* environment
* leadership Qz Extent of 3— o]
® decision xi_ ___—» Y strategic Strategy | Strategy 2

processes / change
¢ performance * events
Y=1£xI,..., xn) * activities
* choices

t0 » tn




Va rl a n Ce t h e O ry (e.g., Furneaux & Wade 2017)

System
Capability
Shortcomings

Institutional

System
Support
Availability

_______ o Replacement

Intention

H6a
(+)

System
Investment

Héb
(+)

Complexity
Capacity for Effective Response




Process theory .. sz
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SOCIO-TEC h n ICa | I\/l Od e‘ a.k.a Leavitt’s diamond (Leavitt 1964)

(Development tools and technical

platform)
Technology
A
(Users, Manager and
Designers)
Structure < > Actors
(Project org
and institutional \ 4
arrangements)
Task

(Goals and Deliverables)

Leavitt, H. J. 1964. “Applied Organisation Change in Industry: Structural, Technical and Human
Approaches,” in New Perspectives in Organization Research, New York: Wiley.
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Punctuated Socio-Technical IS Change (PSIC) Model

(Lyytinen & Newman 2008)

t t+8
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Levels of analysis in PSIC

* Work system: incumbent organizational work
processes

* Building system: resources and activities assembled
for an implementation project

* Organizational context: e.g., top management,

and institutional

aaaaa gements)

(Development tools and technical

platform)

v

» Technology |«

Structure

(Project org 4

Actors

h 4

different departments, parent company, subsidiaries

* Environmental context: e.g., legislative and
competitive environment

> Task <

(Goals and Deliverables)

(Users, Manager and
Designers)



People don’t have enough
expertise to use the
technology required to
implement the new
information system =2 a
gap between actors and
technology

Intervention needed to
bridge the gap: hire people
with more expertise /
educate people / change the,

Example:

Vertical Interactions

Path Dependency

Environmental Context: Critical events concerning organization' social, economic, political, regulatory and competitive context

/
/ww ISD
y 4

Antecedent Conditions
D and other features and commitments to understa

process unfolds over time.

HistoN

Organizational context of the building system: Events concerming the resources, authority, culture, politics of 1S change

-

Context Event
hapes IS Socio-Technical (usually a planned Socio-Technical IS change
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Timeline of events

Teamcenter Episode 1. Teamcenter Episode 2: Teamcenter Episode 3:
Implementation project (2006-2009) System improvement (2010-2011) Replication at other sites (2011-2013)

\ A \

L | \

Teamcenter is customized to
function with the Estonian
implementation (T3A)
Teamcenter is customized to

function with the Chinese

Teamcenter receives
performance
improvements and
more customization

Teamcenter
replaces DG’s
PDM capacity but
functions poorly

Teamcenter is
customized more
because of legacy
data issues (T1C)

Some legacy functions are
omitted from the PDM
implementation (T1A)

The site opts for a customized

Teamcenter
is integrated
with the SAP
system (T2A)

implementation (T1B) (T1D) (T2B) implementation (T3B)
2006 2007 2008 — 2009 — 2010 — 2011 — 2012 2013 ——
A custom A custom document-~ e SAP system Excel-based A custom A custom item-

implementation

mediation module is

replaces DG’s

shadow systems are

manufacturing-

traceability module

. . . ERP capacity but developed t execution module is .
l(sstl)gj)eprlnted built (S1B) lacks ke‘; y p?c;/\idogfhe ?acking developed (S2B) is developed (S2C)
functionality (S1C) functionality (S2A)

SAP Episode 1:
Implementation project (2008-2010)

SAP Episode 2:
System improvement (2010-2013)




Vertical effects

Siemens

Environmental The need to provide after-sales services for Global financial crisis makes EngineGroup mare careful with IS investments, mandates a
factors long-lived products create needs for legacy which makes legacy IS discontinuance even more difficult major
process and data compatible system Teamcenter
version update
Initiating business-
unit wide legacy . .
engineering function Global engineering Global SAP Despite , Gradually, resources granted for Teamcenter Sitesin
replacement; management implementation EngineShap’s legacy No resources functionality improvement Sweden, ltaly,
Er? ineShon. demands that rr? ram arives to issues, Teamcenter granted for Poland, and
Global-level g P Budget for thlinew productivity must prog . implementation Teamcenter India integrated
selected as pilot site il tati t 00 down due EngineShop with a dered devel t SAP in the shared
factors implementati not ga down due to fixed schedule, puts considere development;
Group-wide SAP granted the implementation, ressureon successfuland implementation Sites in Estonia and China integrated in the Teamcenter
implementation which incentivizes '?'eamcenter replications to the and development shared Teamcenter environment; their environment;
program sets a narrower scope and implementation business unit's other prioritized Teamcenter implementations require require
deadline for the customization sites initiated customizations due to the sites’ incumbent customizations
engineering change legacy systems
Teamcenter receives Other sites' TC
igati SLE ) - customizations Teamcenter
r:ss\?gfltéon Project scope Teamcenter found more customizations; Teamcenter's performance is improved by cause receives more
Project initiated; roduct 98 narrowed to only too inflexible despite more people hired to User conducting additional integrations and compatibility customizations to
Legacy system prodt ] PDM; decision to customizations; repair the corrupted - ’ customizations issues with make it compatible
scrutinized and conflglurator high leave configurator Teamcenter found T legacy product data; _dlssat\sfaml:lonk f EngineShop’ with other swtges
3 ] ) ’ : ngineShop's
Local-level found inadequate; complexity 3d hig and other functions too inflexible to be eameenter Increases, lack o q P

integration; Moject

receives heavy

design data gets

Teamcenter replaces

resources prevents

implementation

project events Charting different resouUrces for later, integrated into customizations currupted_ln DG as PDM system development. Other sites' TC

options for replacing inadequate Teamcenter legacy architecture migration; but is unstable and Teamcenter customizations Teamcenter

engineering q selected as the new insufficient slow; some legacy receives more Version update Some prior

. Ny replace the - - integrated to SAP cause compatibility N .
functionality enaineerin PDM, project to resources ta carry data remain issues with customizations to challenging to customizations
G o initiate out the migration corrupted; users . make it compatible conduct due to killed with version
functions ergrely dissatisfied EngineShop's with other sites i i update
implementation customizations p
— 1§
I |
B1 B2 B3 I B4 B5 B6
R -] .
S S o ST S ot S S o ST S5 0 T ML T
events Y =11 DT ] = “m— “-'““
B - pT] -
W2 W4 We
L ‘“ - 3
Work-system -_-‘ ......... B
events ’“ DG i i
inuse DG in use and remains largely i
= unchanged while TC is customized

TC replaces DG's
PDM function

TC in use but faces
userresistance

TC gradually improves, DG's engineering components remain in the background

Architectural debt

-Customizations plant further debt

-Gap between old and new tech plants debt
Digital options

-Teamcenter enables global collaboration,

Architectural debt
-Customizations plant debt via
introducing more unsystematic
dependencies

Digital options

Architectural debt
-Decision to integrate the new system in
the legacy architecture plants debt
Digital options

A

Architectural debt

-DG low in debt

Digital options
-Global-level need for new
options triggers the change

Implications on
architectural debt
and digital options

Architectural debt

-Customizations and
integrations plant debt
Digital options
-Compatibility with other
sites yields new options

Architectural debt
-Customizations and
integrations plant debt
-Killing customizations
resolves debt

Digital options

“NA but to limited extent due to poor functionality -Compatibility with other
sites yields new options
L o\ ]\ J \ J\
| ! | | |
2005-2006 2007-2008 2009-2010 2011-2012 2013-2014

Horizontal effects




Building-system level (i.e., implementation project)

Gap: Task-Structure How to make the
Project resources building system
found insufficient Imbalanced balanced?

building system

for implementing
the system in vanilla Choice:

v Let’s customize v v
Technology the technology! Structure Ii » Technology

x X X
/V

form \

Gap: Task-Actors
People have

inadequate capacity
to conduct a
massive change




Work-system level (i.e., system for daily work)

Before: DG legacy system Now: Teamcenter/SAP

A 4

Structure » Technology I
A

Actors

A 4

Technology: 100 % malleable Technology: much less malleable

When technology can no longer bend, other
socio-technical components have to bend!



e Even with customizations, COTS
systems were poorly alignhed
with incumbent socio-technical
systems

2\ e

| shutterstock.com + 1241344750




Process of legacy system discontinuance

(Mehrizi et al. 2019)
A

-

__» Reversion *

s to update DOS based syslems
2§
/ | v
[ T IETr
: n Relegitimizing old system:
MtjoreHods espeqxallb; seriously pursued by production
due to the complexity of siitiagec intecually gndd by

the products and their|
infer dependencies \ marketing team ex@'nally

Intensifying
Self-reinforcing mechanisms

- 2 Appmvmg many clients’ major reqhegts

Learning more about old
system: often via R&D
projects on old system and
linking them with the major
improvements tasks

Frequently iterating R&D and
"~ production teams on old and

“~_new IS and the gateways

Learning more about
old system extensively to

K

Realization

Limitedly observed because many of the
shortcomings of operating system were
_ addressed by the technical team

Scrutinizing old system

limitations: extensively done Dlscredltmg the “abll'ty of
Ea due to the large number of products based on old system
§ interconnected products and extensively done by by the R&D
o technological tools with manager due to the dominance of
sophisticated DOS-related seasoned DOS experts
A technologies ‘A

Self-reinforcing mechanisms

To use some untapped potentials of
MS-DOS systems

Y

Triggers

———>Handover <

S support contracts

h S

Projects for

S Various pro_iects to \\\
NE customize L
\g'atcxvays for clients

Frequem major change requests by clients even after terminating

. Going through these

\ stages may not be
enough if technical

\ H l
design new productsand ~ Customizing gateways \\\ \ d e bt Isn Ot reso I ve d °
7777777777 \
gateways to make legacy ; . ! \
data transferable to new : \
systems 0 \ ‘

Dedicaled R&D teams
for improving and
mamtammg gateways

Reallocating viable
resources from old to new
system: mainly legacy data
and moving internal technical
teams to new system

| |
\
l

==

— Margmallzatlon

In a gradual and iterative way

Ceasing learning on old
IS: often by stopping formal
learning actions such as
A official trainings and formal
: R&D projects

A

De-routinizing old IS: in a
gradual process and often with
the collaboration of each client
to make old IS less accessible
andused A

Often in an iterative and gradual way,
not forced

Progression of discontinuance procesé

1993: The limitations of MS-DOS, Late 1994: The major decision

relative to Windows especially and  to change the basic designs of

their strategy to focus on state of the the products to be more easily
art technologies customizable

1996-2002: Long delay in
developing the integrated systems
and making them stable & running,
increasing demand for MS-DOS
systems and their support

2000-2002: The development
of new total products and
implementing them for various
clients & major design
differences between old and
new products

2002: The stability of the new
(Windows-based) systems and
the cost of maintaining and
supporting the old (DOS-based)
products

=

2005 ~: No formal support
contracts but still receiving
and accepting support

requests once every season



Local perspective at the Helsinki factory

Option cons trained High quality

Architectural debt

High

Low quality Debt constrained

Low High
Option value



Local perspective at the Helsinki factory

Option constrained High quality
2
(@)
] O
Architectural debt
Oy
< “~_¢'I
R
T (Global perspective)
Low quality Debt constrained
Low

High
Option value



Desigh-moves analysis

Design| Episode and Socio-technical gaps Design actions State of Impact of
move | strategic intent design design move
capital
T1A 1: Guarantee local |Building-system structure not Reduce implementation Option Increased debt

productivity while
implementing a
product-

engineering system

supportive of the implementation task,
|because of incompatibilities within DG

work-system structure

scope by excluding some
legacy applications from

replacement

constrained

T1B with global digital Building-system structure and actors Customize Teamcenter for |[Option Increased debt
options linadequate for the implementation task, the sustained legacy constrained
for reason of incompatibility with DG environment
work-system structure
T1C Building-system structure and actors Customize Teamcenter for |Option Increased debt
Inot adequate for the implementation the sustained legacy constrained
task, because of incompatibility with environment and hire
DG work-system structure and people to fix the legacy-
technology system data
T1D Customizations balancing the building |Replace DG’s PDM Low quality [Abandoned
system and enabling Teamcenter functionality with options
limplementation Teamcenter Increased debt
T2A 2. Create Incompatibility of the Teamcenter work [Integrate Teamcenter with |Low quality [Created options
conditions for system’s customized technology with Ithe SAP system by using a Increased debt
global collaborationjthe SAP system customized module
T2B Iennpirr?glejfiL while Incompatibility of the Teamcenter work |[Customize further and fix |Low quality [Created options
9 enng system’s technology with the structure, |significant bugs detected
maintaining tor nd task as hampering engineering Increased debt
acceptable levels actors, a as work
of local productivity
T3A 3: Pursue global Incompatibility of the Teamcenter work [Customize Teamcenter, to |Debt Created options
digital options system’s technology with the structure |create compatibility with constrained Incr d debt
provided by the and task, because of the Estonian site’s|the Estonian site crease €
new shared system|work system
T3B Incompatibility of the Teamcenter work |Customize Teamcenter, for |Debt Created options

system’s technology with the structure
and task, because of the Chinese site’s
work system

compatibility with the
Chinese site

constrained

Increased debt




Desigh moves at EngineShop

Option constrained High quality
Customise COTS
systems
5 -
-
Implement
COTS systems
Architectural debt
<
2
T
Low quality Debt constrained
Low

High
Option value



The consequences of
social inertia

* Insufficient change in people,
processes and structures

* Failure to decommission legacy
systems

* |ncreased customisation of COTS
systems

» Escalation of technical debt
» Less benefit from new systems




Local vs global trade-off

Local perspective (managers and engineers at the factory)
* Poor performance and reliability

* Increased complexity in IS architecture because legacy system
still operational

e Persistent end-user dissatisfaction

Global perspective (top management) /’\
e Scalable modular system

* Enables global operation strategy v
* Externally maintained

© Can Stock Photo

9f I[;Iérd to justify a business case for discontinuing the remnants
0

* Decentralized matrix organization makes change complex




Theoretical synthesis: systems dynamics (SD)
oproach
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T00LS OF A SYSTEFT THINKER
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SD modelling: example

3] 2]
Marketing “4" ;.

Resources Revenue
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Customer Base
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[5] ‘\_ Customer Base
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EngineGroup

EngineShop

External
environment

Global level of
organization

Local level of
organization
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' Global + E
' technical Global digital 1
! v X
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COTS system +
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SD model of
technical debt and
legacy-system
replacement
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technical debt and
legacy-system
replacement
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Implications

* Eternal questions about COTS system implementation
* Vanilla vs customized — depends on the context
* Important to consider short-term vs long-term risks

* We provide a vocabulary for a more systematic understanding of
system implementation pain points familiar to many organizations

* The SD model provides a holistic overview - a tool for understanding
the dynamics that are likely to ensue



aught in between old and new IS architectures

(Socio-Technical Model)
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Questions?
Comments?

..your

attention!

Thank you...

\/

Contact: t.rintakahila@uq.edu.au
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