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Abstract

Business process automation (BPA), through robotic process automation, workflow engines and increasingly Al-based
document and decision handling, is usually evaluated for its cost savings. Its consequences for how organisations are
structured and what employees do receive less systematic attention. This paper develops a task-portfolio model in which
automation is applied to task types in descending order of routineness, and derives the implications for headcount by role,
span of control, exception handling and the composition of remaining human work. A simulation of 1,000 task types with
varying routineness and volume shows that as the automated share rises from 0 to 80%, transactional headcount falls by 70%,
supervisory headcount falls by 85% as spans of control widen, automation and analyst roles quadruple, exception-handling
load grows continuously because automated tasks generate exceptions in proportion to their non-routineness, and the non-
routine share of remaining manual work rises from 51% to 83%. The paper argues that these dynamics flatten hierarchies,
shift the centre of gravity of human work toward judgement and exception resolution, and create a new role family around
automation design and oversight. It discusses the transition problem for supervisors and transactional staff and proposes a
design sequence that aligns structural change with the pace of automation.

Keywords: business process automation; robotic process automation; organisational structure; employee roles; span of
control; exception handling.

the automation. Organisational theory has long held
that structure follows the technology of the core task
[3], [4]; BPA changes that technology, and structure
will follow whether or not it is planned.

This paper models the consequences explicitly. It
develops a task-portfolio model in which automation
proceeds through task types in order of routineness,
and derives headcount by role, span of control,
exception load and work composition as functions
of the automated share. The model is examined in
a simulation with a known task portfolio, and the
results are used to anticipate structural and role
transitions and to propose a design sequence.

Introduction

Business process automation applies software to
execute, route and monitor the tasks that make up
business processes. Its current wave, built on robotic
process automation (RPA), workflow platforms
and machine-learning components for document
and decision handling, extends automation from
structured transactions to semi-structured work
that previously required clerical judgement [1],
[2]. Business cases for BPA are framed in terms
of cost per transaction, cycle time and error rates,
and the organisational consequences are treated as
implementation details.

The consequences are not details. Automation
removes task types from human work, and the task
types it removes first, the most routine, are precisely

Background

Automation and the routine—non-routine distinction

those around which transactional roles and their
supervision are organised. As routine work leaves,
the composition of the remaining human work
changes, the ratio of supervisors to staff changes,
and new roles appear to design, monitor and repair
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Autor, Levy and Murnane [5] showed that
computerisation substitutes for routine tasks, both
manual and cognitive, and complements non-routine
tasks. BPA follows the same logic at the process
level: tasks with stable inputs, explicit rules and
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low variance are automated first. Recent Al-based
components extend the automatable frontier into
tasks with semi-structured inputs, but the ordering
by routineness persists.

Structure and technology

Contingency theory holds that effective structure
depends on the nature of the core task [3]. Routine
technologies support tall hierarchies with narrow
spans of control, because standardised work can be
supervised by exception against known standards;
non-routine technologies call for flatter structures
with wider spans, because supervision shifts from
monitoring to support [4]. BPA moves the human
task portfolio from routine toward non-routine and
should therefore flatten structure.

Exceptions and the automation paradox

Automated processes generate exceptions, that is,
cases the automation cannot handle, in proportion
to the variability of their inputs. As more task
types are automated, the exception stream grows,
and because exceptions are by construction the
non-routine residue of routine tasks, handling them
requires judgement. The paradox is that automation
designed to remove judgement from routine work
concentrates judgement in the handling of what the
automation cannot do [6].

Roles as bundles of tasks

Roles are bundles of task types, and automation
unbundles them. A transactional role typically
combines routine processing with a minority of non-
routine cases; when the routine share is automated,
the role is left with the non-routine remainder, which
may be too small to occupy a full-time position
and too demanding for the original job grade.
Organisations respond either by rebundling the non-
routine remainders of several roles into new, broader
roles or by leaving the original roles in place with
diminished content. The first response preserves
meaningful work and matches the wider spans
that flatter structures require; the second produces
underemployment and the gradual erosion of the
role’s status. The task-portfolio model below treats
roles as derived from the task portfolio precisely
so that this rebundling can be analysed rather than
assumed.
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Task-Portfolio Model

An organisation’s work comprises N task types,
each with routineness 7, € [0, 1] and volume v,.
Automation is applied to task types in descending
order of routineness until a share a of task types is
automated. The model derives:

Manual load L(a) = Zy¢ 5 Vk» Exception load E(a) =
¢ Ziea@ Ve 1 =70, (1)

Transactional headcount Hy = L/Ar + E//g, Span of
control a(a) = o, + x a, Supervisory headcount Hg

= Hylo(a), (2)

where A(a) is the automated set, ¢ is the exception
rate per unit of non-routineness, Ay and Ay are the
annual task and exception capacities of one employee,
and the span of control widens with the automated
share because remaining work is less routine
and supervision shifts from control to support.
Automation and analyst headcount /7, grows linearly
with a. The non-routine share of remaining manual
work is Xy, V(1 — r)/L.

Simulation Design

The harness generates N = 1,000 task types with
routineness drawn from a Beta(2, 2) distribution and
volume from a log-normal distribution. Parameters
are ¢ = 0.05, A1 = 400, Az = 100, 6, = 8, k = 10, and
H, =2+ 8a. The automated share a is varied from 0
to 0.8 in steps of 0.1. Headcounts are reported relative
to their values at @ = 0. All parameters are design
values chosen to produce plausible magnitudes; the
harness examines the shape of the relationships, not
their absolute levels.

Results

Headcount by role

Table 1 reports relative headcount at selected
automated shares, and Figure 1 plots the full
trajectories. Transactional headcount falls steadily
to 30% of its initial level at a = 0.8. Supervisory
headcount falls faster, to 15%, because it is reduced
by both the decline in staff and the widening span of
control. Automation and analyst headcount rises to
4.2 times its initial level. The organisation becomes
smaller, flatter and more specialised.
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Table 1: Relative headcount and work composition by automated share of task types (task-portfolio simulation)

Automated Transactional roles Supervisory roles Automation/analyst roles  Exception load Non-routine share of
share (relative) (relative) (relative) (annual units) manual work

0.0 1.00 1.00 1.0 0 0.51

0.2 0.79 0.64 1.8 67 0.60

0.4 0.63 0.42 2.6 174 0.66

0.6 0.46 0.26 34 340 0.74

0.8 0.30 0.15 4.2 530 0.83

Role composition as automation deepens

| Transactional roles (relative)
=& Supervisory roles (relative) &

=+ Automation/analyst roles (relative)
—4— Non-routine share of remaining manual work Lt

Relative headcount / share
[38)

T T T T
0.3 0.4 0.5 0.6
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Figure 1: Relative headcount by role family and non-routine share of
remaining manual work as the automated share of task types rises.

Exceptions

Exception load rises from zero to 530 annual units
ata = 0.8, and its growth accelerates with a, because
the task types automated later are less routine and
generate more exceptions per unit of volume. At
high automated shares, exception handling becomes
a substantial component of transactional headcount,
and it is work of a different character from the
transactions it replaces: each exception requires
diagnosis and judgement.

Composition of remaining work

The non-routine share of remaining manual work
rises from 51% to 83%. The human workforce
that remains after extensive automation is doing
qualitatively different work from the workforce
before automation, even though it occupies the
same process. This shift, more than the headcount
reduction, is what drives the structural implications.

Sensitivity to parameters

The shapes in Figure 1 depend on the parameters
in Section 4, but their directions do not. A lower
exception rate ¢ flattens the exception curve without
removing its acceleration, which follows from
automating progressively less routine task types; a
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smaller span-of-control response x slows the decline
in supervisory headcount but leaves it steeper than
the decline in transactional headcount; and a different
routineness distribution changes the automated share
at which the non-routine share of remaining work
passes a given threshold but not the fact that it rises
monotonically. The qualitative conclusions therefore
hold across plausible parameter ranges.

Implications for Structure and Roles

Flattening

With spans of control widening and transactional
headcount falling, supervisory layers thin out. In
the simulation, supervisory headcount falls by 85%
at 80% automation. The surviving supervisory role
changes from monitoring throughput to coaching
staff through non-routine cases and managing the
interface with the automation team. Organisations
should expect to remove at least one hierarchical layer
in heavily automated functions and should redesign
the supervisory role rather than simply reducing its
numbers.

A new role family

Automation and analyst roles, which design, monitor,
maintain and improve the automation, grow fourfold.
These roles require process knowledge and technical
skill, and they are best staffed partly from the
transactional workforce, which holds the process
knowledge, through structured reskilling. The
alternative, staffing them externally, loses the tacit
knowledge that makes automation robust and leaves
the displaced workforce without a path.

Exception handling as a designed role

Because exception load grows with automation,
exception handling should be designed as a role rather
than left as residual work. The role needs authority
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to resolve cases, access to the automation team to
feed back recurring exception types for redesign, and
performance measures based on resolution quality
rather than volume. Unmanaged exception queues are
the most common failure of BPA programmes and
the point at which the paradox in Section 2.3 bites.

Transition sequencing

The model suggests sequencing structural change
with the automated share. At low shares (below
0.2), headcount effects are modest and the priority is
building the automation role family. At intermediate
shares, exception handling must be formalised and
supervisory spans widened deliberately. At high
shares, the hierarchy should be flattened and the
transactional role redefined around non-routine
work. Organisations that automate faster than they
restructure accumulate exception backlogs and
underemployed supervisors; those that restructure
faster than they automate lose capacity before the
automation is reliable.

Governance of automated processes

As the automated share rises, process ownership
shifts. In manual processes the supervisor owns
the process and its outcomes; in heavily automated
processes, outcomes depend on the automation’s
design and on the quality of its inputs, which are
owned by the automation team and by upstream
functions respectively. Clear accountability requires
that process ownership be reassigned explicitly, that
automation changes go through a change-control
procedure with business sign-off, and that exception
rates and resolution times be reported alongside
throughput as process performance measures.
Without this governance, automated processes drift
as rules and inputs change, and the exception stream
becomes the only signal that something is wrong.

Workforce transition

The 70% reduction in transactional headcount at high
automation in the simulation is a stock figure; the
flow depends on how fast the organisation automates
relative to natural attrition. At typical attrition rates,
a multi-year automation programme can absorb most
of the reduction without involuntary redundancy,
provided that reskilling into exception-handling
and automation roles begins early. Programmes that
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compress automation into a short period forfeit this
option and incur both financial and reputational costs.

Measuring the task portfolio

Applying the model requires estimates of routineness
and volume by task type. Process-mining tools
extract task types and volumes from system logs
directly; routineness can be approximated by the
variance of handling time and the frequency of
manual interventions per task type, both observable
in the same logs. Organisations that build this task
inventory before automating gain two benefits: a
defensible ordering of automation candidates and
a baseline against which the structural predictions
of the model can be tested as automation proceeds.

Limitations

The model treats automation as a deterministic
ordering by routineness, assumes fixed capacities
and a linear span-of-control response, and ignores
the learning that reduces exception rates over time.
The task portfolio is synthetic and the parameters
are design choices; the reported headcounts and
loads describe the model’s behaviour, not any
organisation. Field studies would need task-level data
on routineness and volume, which process-mining
tools increasingly provide.

Conclusion

Business process automation reshapes organisations
through a predictable sequence: routine task types
leave human work first, transactional and supervisory
headcount fall at different rates, spans widen and
hierarchies flatten, exception handling grows into
a judgement-intensive role, and a new automation
role family emerges. A task-portfolio simulation
made these dynamics explicit and showed that the
character of remaining human work changes more
than its quantity. Organisations should plan structure
and roles alongside automation rather than after it.
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