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(ERP) systems presents a complex evolutionary challenge. Existing frameworks fail to capture the divergent strate-
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1	 Introduction

The integration of Robotic Process Automation (RPA) 
with the Enterprise Resource Planning (ERP) systems has 
become a defining feature of contemporary digital trans-
formation. Such transformation is not a singular event but 
an important and ongoing process of leveraging digital 
technologies to create and capture value in novel ways 
(Vial, 2019). While ERP systems were designed to enforce 
discipline and standardization (Davenport, 1998), the rise 
of RPA presents a compelling paradox. Instead of pursuing 
robust, architectural integration, organizations enthusiasti-

cally embraced RPA as a non-invasive tool that emulates 
human interaction with the graphical user interface (GUI). 
This approach prioritizes rapid deployment over architec-
tural stability, operating at the most fragile layer of the 
enterprise stack. This article addresses the central puzzle 
of why organizations choose this technological detour and 
how they evolve beyond it – a phenomenon that existing 
frameworks fail to adequately explain.

RPA is often championed as a workaround for legacy 
system integration challenges. While not a workaround in 
the strict sense of Alter’s (2014) Theory of Workarounds 
- as it is company sanctioned - it fulfills a similar organiza-
tional need - allowing business units to achieve automation 
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goals without engaging in costly deep system integration. 
This dual nature - architecturally superficial yet organiza-
tionally strategic - fuels widespread organizational adop-
tion by what DiMaggio & Powell (1983) label as institu-
tional pressures.

However, as the phenomenon has matured, a more 
challenging reality has emerged. The initial, tactical prom-
ise of RPA has revealed a set of often competing strategic 
tensions that organizations must navigate. The very char-
acteristic that makes RPA so appealing - its surface-lev-
el, non-invasive nature - is also the source of its greatest 
weakness. A simple change in an ERP’s user interface can 
render an entire fleet of bots useless, exposing the organi-
zation to significant operational risk.

The effectiveness of RPA as a circumvention is further 
limited within enterprise contexts, where system complex-
ity and regulatory requirements demand robust and audita-
ble process integration. Studies highlight that overreliance 
on GUI-level automation can exacerbate technical debt 
and governance challenges, especially as business and IT 
teams struggle to maintain consistency across multiple in-
terfaces and compliance boundaries (Plattfaut et al., 2022; 
Flechsig et al., 2022). This tension suggests that RPA’s 
role as a circumvention should be regarded as transitional, 
prompting a more strategic focus on architectural innova-
tion. 

The simplicity of rule-based automation is found to 
be insufficient for the ambiguity and exception-handling 
required by real-world business processes. The automa-
tion of discrete, isolated tasks is proving to be a point of 
diminishing returns, creating a strategic imperative to or-
chestrate entire, end-to-end processes. In parallel to devel-
opments in ERP and RPA, Business Process Management 
(BPM) has matured as both theory and practice, enabling 
organizations to move beyond manual, siloed operations 
toward agile and data-driven process integration (Van der 
Aalst, 2013; Dumas et al., 2018). BPM’s adoption of lean, 
iterative, and process-centric workflows further establish-
es a backdrop for understanding RPA’s strategic role, par-
ticularly as process automation shifts from isolated tasks to 
orchestration at the enterprise level.

This article argues that RPA-ERP integration is not a 
linear progression but a complex journey defined by three 
core strategic tensions. First, an architectural tension exists 
between efficiency of brittle GUI emulation and the resil-
ience of API integration. Second, a capability tension pits 
simple, deterministic rules against the need for cognitive 
intelligence. Third, a scope tension drives a shift from dis-
crete task automation to end-to-end process orchestration.

While the existing literature documents these individ-
ual pressures and trends, it lacks a comprehensive concep-
tual framework to explain their interplay and the divergent 
evolutionary paths they create. The field is in need of a 
multi-dimensional model that can be used to both diagnose 
the current state of an organization’s automation portfolio 

and to chart a deliberate strategic course for its future. To 
address this theoretical gap, a three-dimensional model of 
RPA-ERP evolution is proposed in this article. It is argued 
that the maturity of an automation initiative can be under-
stood by its position in a 3D space defined by the orthog-
onal axes of Integration Locus (Resilience), Task Intelli-
gence, and Scale of Automation. This model yields eight 
distinct quadrants, representing a spectrum of states from 
the brittle, tactical starting point of Tactical Automation to 
the mature, strategic state of Intelligent Process Orches-
tration.

To provide a theoretical grounding for analyzing this 
phenomenon, the lens of architectural innovation (Hen-
derson & Clark, 1990) is adopted. This framework dis-
tinguishes between innovation in a system’s core compo-
nents and innovation in the linkages (or architecture) that 
connect them. The evolution along the Resilience Axis is 
therefore argued to represent a critical shift from a mod-
ular approach, which preserves existing system linkages, 
to an architectural one that fundamentally redefines them. 
This theoretical lens enables an explanation of not only the 
technological trajectory but also the organizational chal-
lenges that emerge during this transition.

This article is structured as follows. In Section 2, the 
proposed three-dimensional model is formally presented 
and its components - the axes, quadrants, and evolution-
ary paths - are defined in detail. Section 3 then outlines 
the structured literature review methodology that was em-
ployed to curate a robust evidence base for the purpose 
of illustrating this model. In Section 4, this evidence is 
presented, with the findings from the literature systemat-
ically organized to provide empirical support for each of 
the model’s three dimensions. Finally, in Section 5, the 
theoretical and practical implications of the model are dis-
cussed, before a brief conclusion is offered.

2	 A Three-Dimensional Model of 
RPA-ERP Evolution

To address the multi-faceted evolution documented in 
the literature and to provide a coherent framework for ana-
lyzing the strategic trade-offs inherent in enterprise auto-
mation, a three-dimensional conceptual model is proposed. 
A simple linear trajectory is insufficient to capture the di-
vergent paths organizations take. The evolution of RPA-
ERP integration is therefore conceptualized as a journey 
through a multi-dimensional space. This model is defined 
by three orthogonal axes: Integration Locus (Resilience), 
Task Intelligence, and Scale of Automation. The interplay 
of these dimensions creates an eight-quadrant evolutionary 
space, visualized as a cube in Figure 1. This framework is 
designed to serve as both a diagnostic tool for classifying 
the current state of automation initiatives and as a strategic 
map for charting their future development.
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2.1	The Three Dimensions of Evolution

Each axis of the model represents a fundamental di-
mension of change, grounded in established theoretical 
concepts and reflecting a core strategic choice for the or-
ganization.

2.1.1	The Integration Locus Axis (The 
Resilience Path)

This vertical axis describes how an automation agent 
connects to the ERP system. It represents a fundamental 
shift in the system’s architecture and is therefore best un-
derstood through the lens of architectural innovation (Hen-
derson & Clark, 1990). Moving along this axis is a strate-
gic choice to increase operational resilience at the cost of 
higher initial investment and complexity.

•	 Front-End Locus (GUI Emulation): This is the 
initial state, characterized by its form as modu-

lar innovation. The RPA bot is treated as a new, 
self-contained component integrated into the en-
terprise system via the existing, unchanged archi-
tectural linkage - GUI. This linkage, designed for 
human interaction, is inherently brittle from a ma-
chine’s perspective, making automations highly 
susceptible to failure from even minor UI chang-
es. This state prioritizes speed of deployment and 
non-invasiveness over long-term stability.

•	 Back-End Locus (API Integration): This is the 
mature state, characterized by its form as archi-
tectural innovation. The focus shifts from adding 
a component to fundamentally reconfiguring the 
linkages between systems, primarily through the 
adoption of robust, machine-to-machine Appli-
cation Programming Interfaces (APIs), IDocs, or 
other direct data-level connections. This architec-
tural shift provides high operational resilience, as 
the integration is no longer dependent on the frag-
ile and mutable presentation layer.

Figure 1: The 3D Cube of RPA-ERP Evolution
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2.1.2	The Task Intelligence Axis (The 
Intelligence Path)

This horizontal axis describes what the automation is 
capable of doing. It represents a shift from deterministic, 
pre-programmed execution to cognitive agency. Moving 
along this axis is a strategic choice to increase the capabil-
ity and scope of tasks that can be automated.

•	 Low Intelligence (Rule-Based): This is the foun-
dational state of traditional RPA. Bots are de-

signed to execute simple, pre-programmed, deter-
ministic rules. Their operation is analogous to a 
script, following a rigid if-then logic with limited 
ability to handle ambiguity, exceptions, or un-
structured data.

•	 High Intelligence (Cognitive/AI-driven): This is 
the advanced state where automation is infused 
with capabilities from Artificial Intelligence (AI), 
Machine Learning (ML), and Large Language 
Models (LLMs). These bots can perform tasks 

Quadrant Scale Locus Intelligence Description

Q1: Tactical Automa-
tion Task Front-

End Low

The de facto starting point. A single, simple, 
rule-based bot performing a discrete task (e.g., 
data entry) by emulating a human on the GUI. 
Offers quick efficiency gains but is the most 
vulnerable to failure.

Q2: Cognitive Task 
Emulation Task Front-

End High

A single, intelligent bot performing a complex, 
cognitive task (e.g., classifying an unstruc-
tured document) by interacting with the GUI. 
Powerful but perilous due to its reliance on a 
brittle linkage.

Q3: Resilient Task 
Execution Task Back-

End Low

A single, simple, rule-behaving bot performing 
a discrete task via a robust API call. Highly 
reliable and stable, but limited to rudimentary, 
well-defined processes.

Q4: Intelligent Task 
Agent Task Back-

End High

A single, intelligent bot performing a complex, 
cognitive task via a robust API (e.g., an AI agent 
making a fraud detection decision and logging 
it). Combines intelligence with resilience for a 
focused task.

Q5: Brittle Process 
Sprawl Process Front-

End Low

A dangerous state of maturity. A fleet of sim-
ple, rule-based bots are chained together via 
the GUI to automate a full process. The failure 
of one bot can cause a cascading failure across 
the entire process.

Q6: Cognitive Process 
Emulation Process Front-

End High

A powerful but high-risk state. An intelligent 
“hyper-bot” orchestrates an entire complex 
process by navigating multiple GUIs. Capable 
of end-to-end automation but remains vulner-
able to UI changes.

Q7: Systemic Process 
Integration Process Back-

End Low

The classic EAI/BPM state. An entire process is 
automated through a rigid sequence of simple 
API calls and data transfers between systems. 
Highly reliable but often inflexible and unable 
to handle exceptions.

Q8: Intelligent Process 
Orchestration Process Back-

End High

The aspirational end-state. A fleet of intelligent 
agents collaborates via robust APIs to manage 
an entire, dynamic business process, making 
decisions and adapting to exceptions in a 
resilient manner.

Table 1: Characteristics of the Eight Quadrants of Automation Evolution
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that require cognitive judgment, such as interpret-
ing unstructured text in documents, making pre-
dictions based on historical data, or engaging in 
natural language dialogue to resolve exceptions.

2.1.3	The Scale of Automation Axis (The 
Orchestration Path)

This depth axis describes how much of the business 
workflow the automation encompasses. It represents a 
shift in strategic scope from localized optimization to end-
to-end process re-engineering. Moving along this axis is a 
strategic choice to increase the impact and systemic value 
of automation.

•	 Task Automation: This is the initial scope, where 
automation is applied to a single, discrete activity 
within a larger business process (e.g., automating 
only the post invoice step). The value is localized, 
and the impact is measured in the efficiency gains 
of that specific task.

•	 Process Orchestration: This is the mature scope, 
where automation is applied to an entire, end-to-
end business process that spans multiple tasks, 
systems, and even departments. This is aligned 
with the concept of hyperautomation, where a 
fleet of bots, potentially of varying intelligence 
and integration loci, are orchestrated to manage a 
complete workflow (e.g., from invoice receipt to 
final payment and reconciliation).

2.2	The Eight Quadrants of the 
Automation Evolution Cube

The interplay of these three dimensions creates the 
eight-quadrant evolutionary space. Figure 1 provides a 
visual representation of this cube, while Table 1 offers a 
detailed description of each quadrant’s unique characteris-
tics, challenges, and strategic implications.

2.3	Evolutionary Paths and Their 
Enabling Drivers

The primary strategic goal for organizations is to 
evolve their automation portfolio out of Quadrant 1 (Tacti-
cal Automation). The model reveals that this is not a single 
path but a series of strategic vectors through the cube, each 
propelled by a specific set of enabling technologies and 
methodologies.

•	 The Resilience Path (a vertical move, e.g., Q1 → 
Q3) is driven by architectural enablers, primarily 
the development and use of robust APIs to replace 
fragile UI-based linkages.

•	 The Intelligence Path (a horizontal move, e.g., Q1 

→ Q2) is propelled by cognitive enablers, such as 
AI, Machine Learning, and Large Language Mod-
el capabilities.

•	 The Orchestration Path (a depth move, e.g., Q1 → 
Q5) is enabled by scaling technologies and meth-
odologies, such as bot orchestrators, centralized 
governance, and a strategic focus on end-to-end 
process design.

The ultimate aspirational state, Quadrant 8 (Intelligent 
Process Orchestration), requires a synthesis of all three 
types of enablers. This reframes the managerial challenge 
as a strategic portfolio management problem: for each pro-
cess, managers must decide which evolutionary path - and 
which corresponding investment in enabling technologies 
- offers the best risk-reward profile.

2.4	Theoretical Grounding and 
Limitations

This three-dimensional framework’s structure builds 
upon the tradition of evolutionary stage models (e.g., 
Markus & Tanis, 2000), but advances this tradition by 
proposing a multi-dimensional, non-linear space of stra-
tegic choice rather than a single, predetermined track. The 
Resilience Axis is a direct manifestation of architectural 
innovation (Henderson & Clark, 1990), explaining the 
challenges of moving away from the initial, modular state 
of RPA. The Intelligence Axis charts the emergence of so-
ciotechnical agency in automation, creating new challeng-
es for organizational control and governance. Finally, the 
Scale Axis connects the automation of discrete tasks to the 
broader strategic goals of Business Process Management 
and, by extension, the established principles of Enterprise 
Application Integration (EAI) that focus on creating ro-
bust, process-oriented architectures (Puschmann & Alt, 
2005).

It is important to note the limitations of this framework. 
As a conceptual model derived from a literature synthesis, 
it is an abstraction designed to explain broad evolution-
ary patterns. It does not prescribe a single correct path for 
every organization, nor does it capture the full granularity 
of every contextual factor that might influence an automa-
tion decision. Its value lies in its utility as a diagnostic lens 
and a strategic map, rather than a deterministic predictive 
tool. The validation and refinement of this model through 
empirical case studies is a critical next step for research.

3	 Methodology for Evidence 
Curation

To provide a robust and representative evidence base 
to illustrate the proposed 3D model, a structured literature 
review was conducted. The goal of this process was not to 
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inductively generate a theory from the literature, but rath-
er to transparently curate a set of high-quality, illustrative 
exemplars from the extant literature that directly corre-
spond to the components of the proposed framework. This 
approach ensures that the model is grounded in empirical 
phenomena while maintaining the article’s deductive, the-
ory-first structure. The process involved two distinct phas-
es: a broad identification of the relevant literature, followed 
by a focused curation of the most powerful evidence.

3.1	Literature Identification

To illustrate the proposed conceptual model, a struc-
tured search was performed on the Scopus and Web of 
Science databases to identify the population of relevant 
literature. The search was conducted for papers published 
up to August 1, 2025. To ensure a comprehensive initial 
sample, a broad search string was used, restricted to the ti-
tles, abstracts, and keywords of publications: ((“Enterprise 
Resource Planning” OR ERP) AND “Robotic Process Au-
tomation”).

This initial search yielded a total of 57 unique records, 
of which 5 records were not retrievable. Full-text review 
showed that 10 were not really on ERP and RPA. This pro-
cess resulted in a foundational set of 42 pertinent articles 
and conference papers. This foundational set represents 
the comprehensive body of contemporary, peer-reviewed 
work on the topic and serves as the basis for the subse-
quent curation phase. Figure 2 (see Appendix) presents the 
PRISMA flowchart detailing the selection process.

3.2	Evidence Curation

Consistent with a theory-driven approach, the founda-
tional set of 42 papers was subjected to a rigorous curation 
phase. The goal was not to conduct an exhaustive review, 
but to select exemplars that illustrate the model’s axes and 
quadrants. Each of the 42 papers was evaluated against a 
set of specific inclusion criteria designed to prioritize illus-
trative power:

•	 Clarity of Illustration: Does the paper provide a 
vivid, detailed, and unambiguous example of a 
specific axis (Resilience, Intelligence, Scale), a 
quadrant, or an enabling driver in the proposed 
model?

•	 Direct Relevance: Is the paper’s central focus on 
the automation of enterprise processes, or is the 
RPA-ERP link a peripheral point in a study fo-
cused on another topic (e.g., sustainability, finan-
cial reporting regulations)?

•	 Conceptual Power: Does the paper offer a strong, 
citable finding, a well-articulated case study, or a 
robust conceptual argument that can serve as an 
exemplar?

Applying these stringent criteria resulted in a final, 
curated evidence base of 26 papers (see Appendix). This 
curated set represents the most potent illustrations of the 
model’s components found within the literature. It in-
cludes foundational case studies, cutting-edge research on 
AI/LLM integration, and key conceptual pieces on govern-
ance and strategy that are essential for a rich and textured 
discussion. This curated set forms the exclusive basis for 
the empirical illustration presented in the following sec-
tion.

4	 Empirical Illustration of the Model 
from the Literature

The literature provides compelling evidence for the 
existence and relevance of all three dimensions of the 
proposed model. The findings within the curated evidence 
base are not disparate observations but can be systemati-
cally organized to illustrate the tensions and evolutionary 
trajectories defined by the framework. However, a crucial 
insight that emerges from this literature is that movement 
along these axes is not a purely technical matter. These 
shifts are profound sociotechnical endeavors, whose suc-
cess depends on establishing critical success factors. The 
literature on enterprise system implementation, for exam-
ple, consistently identifies factors such as sustained top 
management support, clear strategic goals, and effective 
change management as essential conditions for success 
(e.g., Ferrer-Gilabert et al., 2025). With this sociotechnical 
context in mind, this section presents the curated evidence, 
organized by each of the three axes in turn.

4.1	Evidence for the Integration Locus 
(Resilience) Axis

The model’s vertical axis posits a fundamental archi-
tectural evolution from a brittle, front-end locus of integra-
tion to a resilient, back-end one. This is arguably the most 
well-documented and critical challenge in the RPA-ERP 
domain. The literature provides a clear and consistent pic-
ture of the initial, flawed state and the architectural shift 
required to overcome its limitations.

4.1.1	The Brittle Front-End Locus: The 
Tactical Starting Point

The initial state of RPA-ERP integration is consistently 
defined in the literature by its reliance on GUI. This ap-
proach is conceptualized from an architectural perspective 
by Ritschel et al. (2021), who serve as a pillar exemplar 
for this concept. In their analysis, the “initial idea of RPA” 
is the “simple emulation of user input and output,” which 
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assumes “no changes of the used software systems and ex-
isting Enterprise Architecture (EA).” This is described as 
a “lightweight solution that does not change the existing 
application architecture”; this perspective, which is echoed 
in numerous other studies that emphasize RPA’s non-inva-
sive nature (e.g., Plattfaut et al., 2022; Lai & Hsieh, 2024), 
perfectly aligns with the proposed model’s definition of the 
Front-End Locus as a form of modular innovation (Hen-
derson & Clark, 1990), where the RPA bot is treated as a 
new component plugged into the existing, unchanged ar-
chitectural linkage of the GUI.

While this approach is tactically appealing due to its 
speed of implementation, the literature is replete with ev-
idence of its core limitation: operational brittleness. Wor-
now et al. (2024) provide a stark, empirical account of this 
problem. In their case studies, RPA adoption was severely 
inhibited by unreliable execution, noting that because RPA 
“relies on hard-coded rules, bots cannot adapt to slight 
variations in input (e.g., a button changing location on a 
screen).” This leads to a “death by a thousand cuts” where 
the space of potential failures is essentially unbounded. 
This critical finding is broadly corroborated across the lit-
erature, with numerous studies identifying sensitivity to UI 
changes as the primary technical challenge, necessitating 
constant monitoring and frequent maintenance to keep 
bots operational (Hong, Ly, & Lin, 2023; Sarilo-Kankaan-
ranta & Frank, 2024). 

The Front-End Locus, therefore, represents a tactical 
trap: the initial ease of deployment, often highlighted in 
practitioner-focused work (Desai, 2020), masks a signif-
icant and often unsustainable long-term cost of mainte-
nance and operational risk. Such a phenomenon is a text-
book example of incurring technical debt (Kruchten et al., 
2012), where the short-term benefits of a quick implemen-
tation are traded for long-term fragility and refactoring 
costs that act as a drag on future innovation. This technical 
fragility is mirrored by an organizational challenge, as the 
proliferation of ungoverned, business-led automations ne-
cessitates the creation of robust governance frameworks 
and central oversight, a recurring theme in the literature on 
critical success factors (Plattfaut et al., 2022).

4.1.2	The Resilient Back-End Locus: The 
Architectural Solution

In response to the inherent fragility of the Front-End 
Locus, the literature documents a clear and decisive evo-
lutionary shift towards a more resilient, Back-End Locus 
of integration. However, the transition is not merely a 
technical decision but a significant strategic hurdle, often 
hindered by organizational frictions such as the difficulty 
of justifying high initial costs and the scarcity of skilled 
resources (Sarilo-Kankaanranta & Frank, 2024). This rep-
resents a move towards architectural innovation, where 

the focus is on reconfiguring the linkages between systems 
from the human-centric GUI to machine-centric Applica-
tion Programming Interfaces (APIs).

A vivid illustration of this transition is provided by 
Jamithireddy (2025a) in a detailed case study of automat-
ing foreign exchange operations in SAP. The proposed ar-
chitecture is explicitly hybrid, using a mix of integration 
methods. While some tasks still utilize GUI scripting, the 
core, mission-critical data movements are re-architected to 
use robust back-end channels, including “IDoc and BAPI 
calls as secure pathways for data movement, and OData 
endpoints for non-blocking communication.” This case 
demonstrates a conscious strategic choice to invest in ar-
chitectural change to achieve resilience, a benefit unattain-
able through a purely front-end approach.

This architectural shift towards resilience extends 
beyond the application interface to the underlying infra-
structure. For mission-critical ERP processes, ensuring 
business continuity is paramount. A salient exemplar of 
this is provided by Hung, Chuong, & Diep (2022), who 
propose a detailed high-availability architecture for RPA 
systems interacting with ERPs. Their model incorporates 
active-standby application servers, load balancers, and 
clustered databases (e.g., MariaDB Galera Cluster with 
MaxScale Proxy) to prevent single points of failure. This 
level of infrastructure engineering represents a mature 
state of the Back-End Locus, where resilience is not just a 
feature of the integration method but a fundamental prop-
erty of the entire automation platform.

This trend is not an isolated case but is identified as 
a key element of mature automation strategies. The sys-
tematic review by Moreira et al. (2024) on business pro-
cess automation notes the general trend towards API in-
tegration as a more stable and scalable solution. This is 
further substantiated by case studies that detail the use of 
specific API-like connections, such as SAP RFCs (Ozkan 
& Esgin, 2023), and by more complex architectural frame-
works. For example, the advanced manufacturing system 
proposed by Banta et al. (2024) explicitly grounds its inte-
gration between SAP and non-SAP systems in a dedicated 
API. Collectively, this body of evidence provides strong 
support for the Resilience Axis, demonstrating a clear evo-
lutionary path from the brittle, modular innovation of the 
Front-End Locus to the resilient, architectural innovation 
of the Back-End Locus.

4.2	Evidence for the Task Intelligence 
Axis

The model’s horizontal axis posits an evolution in au-
tomation capability, from the simple execution of deter-
ministic rules to the application of cognitive, AI-driven 
intelligence. The curated literature provides a clear and 
compelling narrative of this shift. The foundational state 
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of RPA is defined by its low intelligence, while the most 
significant recent trend is the infusion of advanced AI ca-
pabilities to handle tasks that were previously considered 
the exclusive domain of human judgment.

4.2.1	Low Intelligence: The Rule-Based 
Foundation

The starting point of the Intelligence Axis is consist-
ently defined in the literature as the automation of simple, 
repetitive, and rule-based tasks. This focus is a direct re-
flection of the economic logic of automation, which has 
historically targeted routine cognitive tasks that can be ful-
ly specified and codified (Autor et al., 2003). This low in-
telligence state is the bedrock of the traditional RPA value 
proposition. A perfect pillar exemplar of this is provided by 
Nguyen et al. (2023) in their design of an RPA model for 
the order fulfillment process in SAP. The automation is a 
direct, 1:1 translation of a manual, highly structured work-
flow. The bot’s logic is entirely deterministic: it navigates 
through a pre-defined sequence of screens, enters data into 
specific fields, and clicks pre-determined buttons. There is 
no ambiguity, no handling of unstructured data, and no de-
cision-making beyond a simple, pre-programmed if-then 
logic. This state, while highly efficient for its intended pur-
pose, is fundamentally limited in scope to tasks that can be 
perfectly codified into a rigid set of rules. This limitation is 
a recurring theme, with numerous case studies focusing on 
similarly structured tasks like data entry or simple recon-
ciliations, which form the bulk of initial RPA implementa-
tions (e.g., Banta et al., 2021; Fernandez & Aman, 2018).

4.2.2	High Intelligence: The Emergence of 
Cognitive Agency

The most consequential evolutionary trend document-
ed in the recent literature is the move towards high intelli-
gence, which dramatically expands the scope of what can 
be automated. This is not merely an incremental improve-
ment but a qualitative shift, driven by the integration of AI, 
ML, and LLMs. An empirical illustration of this is found 
in Jamithireddy (2025b), which details a framework for 
enhancing cash flow forecasting in SAP. The automation 
moves far beyond simple data extraction. It employs a so-
phisticated pipeline of predictive analytics, using machine 
learning and deep learning models such as regression trees, 
LSTM networks, and ensemble methods to generate fore-
casts. The system is designed not just to execute rules, but 
to learn from historical data, model complex patterns, and 
provide outputs that are probabilistic and nuanced, repre-
senting a fundamental shift from automating a transaction 
to automating an analytical judgment process, a hallmark 
of the high intelligence state.

The capabilities of this axis are pushed even further 

by the application of LLMs, as shown in Schnepf et al. 
(2024). This groundbreaking case study on using LLM-
based agents to automate the entire, notoriously complex 
procure-to-pay (P2P) process in SAP serves as an exam-
ple of high intelligence. The LLM agent understands the 
P2P process from high-level natural language descriptions. 
Critically, it also demonstrates advanced error handling 
through natural language interaction. When an error oc-
curs, the agent can engage in a dialogue with a human ex-
pert to diagnose the problem and receive instructions for 
resolution. This ability to handle exceptions and ambiguity 
through reasoning and interaction is a defining characteris-
tic of the high intelligence state and stands in stark contrast 
to the rigid determinism of the low intelligence state.

This trend is further corroborated by a growing body 
of work focused on infusing AI into specific automation 
tasks. For example, Chi et al. (2023) propose using Natural 
Language Processing (NLP) to classify unstructured text 
on supplier invoices, a task impossible for rule-based bots. 
Similarly, Suleiman and Kassem (2024) propose a cogni-
tive RPA framework that uses NLP to automate data entry 
from unstructured emails, a finding echoed in other work 
on intelligent document processing (Wornow et al., 2024). 

This infusion of intelligence is also being democ-
ratized through low-code platforms. A compelling case 
study by Santos & Trigo (2023) details the automation of 
invoice processing using the Microsoft Power Platform. 
Their solution uses RPA to orchestrate the workflow but 
relies on Microsoft’s AI Builder to perform Optical Char-
acter Recognition (OCR) and extract data from unstruc-
tured invoice documents. This is an example of moving 
along the Intelligence Axis, as a task that was impossible 
for a rule-based bot is made feasible by an integrated cog-
nitive service. Critically, they also note the primary limi-
tation of this approach: the need for human intervention to 
train the AI model on new invoice layouts, illustrating the 
new operational challenges that emerge in the high intel-
ligence state. Collectively, this body of evidence provides 
overwhelming support for the Intelligence Axis, charting 
a clear and significant evolution from simple, rule-based 
mimics to sophisticated, cognitive agents capable of auto-
mating complex judgment and analysis.

The scope of high intelligence also extends to complex 
mathematical optimization. Kocsi et al. (2020) demon-
strate this by coupling RPA with Genetic Algorithms to 
solve real-time production scheduling problems in high-
mix low-volume manufacturing. In this context, the intel-
ligence is not merely linguistic or predictive, but compu-
tational, allowing the automation to dynamically optimize 
production sequences based on risk analysis - a cognitive 
task far beyond the reach of simple rule-based scripts. 
However, high intelligence does not always guarantee a 
shift to the back-end. Tang et al. (2022) propose a Smart 
Virtual Robot Automation framework for the SAGE X3 
ERP system that utilizes Deep Learning not to bypass the 
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GUI, but to master it. Their approach uses computer vision 
(Sikuli) and deep learning to navigate dynamic web inter-
faces that are resistant to standard scripting, effectively 
using cognitive capabilities to mitigate the inherent brittle-
ness of the Front-End Locus.

This evolution towards high intelligence is not merely 
a technical exercise; it is a core component of broader stra-
tegic initiatives within the enterprise. The case study of an 
automotive manufacturer by Banta et al. (2024) provides a 
pillar exemplar of this strategic integration. Their work de-
tails a system architecture that uses intelligent RPA (iRPA) 
in concert with AI and additive manufacturing as a direct 
response to the demands of Industry 4.0. In this context, 
intelligence is not just for handling exceptions or unstruc-
tured data; it is for enabling higher value-added processes, 
product customization, and dynamic reconfiguration of 
manufacturing systems. This demonstrates that the move 
along the Intelligence Axis is ultimately driven by the stra-
tegic need for greater agility and competitiveness in a rap-
idly changing industrial landscape.

4.3	Evidence for the Scale of Automation 
Axis

The model’s third dimension, the depth axis, posits an 
evolution in the strategic scope of automation, from the 
localized optimization of discrete tasks to the systemic or-
chestration of entire, end-to-end business processes. The 
curated literature provides clear evidence for this trajec-
tory, illustrating a growing organizational maturity that 
moves beyond simple point solutions towards a more ho-
listic and impactful automation strategy.

4.3.1	Task Automation: The Granular Starting 
Point

The initial and most common application of RPA in 
ERP environments is at the level of Task Automation. In 
this state, the scope of automation is deliberately con-
strained to a single, well-defined activity within a larger, 
often still manual, workflow. The value is measured in the 
efficiency gains of that specific step. A pillar exemplar of 
this is found in the work of Nguyen et al. (2023), where 
the focus is exclusively on automating the order fulfillment 
process in an SAP ERP system. The bot is designed to ex-
ecute a specific set of transactions but does not manage the 
preceding or subsequent steps in the broader supply chain. 
The efficiency gains at this granular level are quantifiable. 
Ratchatawetchakul et al. (2024) provide precise metrics 
for this state by comparing manual versus automated ex-
ecution in a cloud-based ERP environment. They report 
that manual purchasing tasks take 1.29 times longer than 
their RPA counterparts, while goods receipt tasks take 1.22 

times longer. This empirical data validates the immediate 
operational value of Task Automation, even if the strategic 
scope remains limited to individual activities. This gran-
ular focus is characteristic of the vast majority of initial 
RPA case studies, which detail the automation of discrete 
tasks such as invoice processing, data entry, or simple re-
port generation (e.g., Fernandez & Aman, 2018; Banta et 
al., 2021). While effective for generating quick wins and 
building organizational momentum, a point often empha-
sized in practitioner guides (Desai, 2020), this state repre-
sents a limited strategic vision, as the larger, cross-func-
tional process remains fragmented.

4.3.2	Process Orchestration: The Strategic 
Destination

The literature documents a clear evolutionary pressure 
to move beyond the limitations of task-level automation 
towards the more strategic and impactful state of Pro-
cess Orchestration. This represents a fundamental shift in 
scope, where the goal is to automate an entire, end-to-end 
business process that spans multiple tasks, systems, and 
even departments. The conceptual foundation for this shift 
is articulated by Szelagowski et al. (2022) in their analysis 
of the future of ERP. They argue that the convergence of 
ERP with intelligent Business Process Management Sys-
tems (iBPMS) is leading towards the emergence of Process 
ERP Systems. This vision moves beyond the traditional, 
transaction-focused view of ERP to one where the system 
is capable of designing, managing, and executing entire 
end-to-end business processes. The paper explicitly iden-
tifies hyperautomation - the orchestrated use of multiple 
technologies including RPA, process mining, and AI - as 
the key enabler of this shift. This provides the theoretical 
language for the Process Orchestration end of the model’s 
Scale Axis, defining it as a strategic move towards holistic, 
process-centric automation.

This theoretical trajectory is supported by increasingly 
sophisticated empirical examples. The framework for au-
tomating foreign exchange operations detailed by Jamith-
ireddy (2025a) is a clear illustration of a move towards 
Process Orchestration. An empirical example of this shift 
in scale is the SOPRANO solution for SAP sales order 
management, as detailed by Ozkan & Esgin (2023). This 
pre-packaged, certified RPA solution is explicitly designed 
to orchestrate the entire process, from automatically col-
lecting purchase orders from customer emails to aggregat-
ing them, creating the sales orders in SAP via robust RFC/
BAPI calls, and finally sending notifications. The entire 
process is managed and monitored from the SAP iRPA or-
chestrator cloud factory. This case study is an illustration 
of moving from a localized task to a fully orchestrated, 
end-to-end process, a hallmark of the mature state of the 
Scale Axis. The automation is not limited to a single task 
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like posting a journal entry, but is designed to manage the 
entire FX lifecycle, including rate retrieval, journal post-
ing, month-end revaluation, and settlement tracking.

Similarly, the advanced manufacturing architecture 
proposed by Banta et al. (2024) is explicitly designed to 
automate an end-to-end make-to-order process, integrating 
multiple systems from ServiceNow for ticketing, to SAP 
for production planning, to Autodesk Fusion for design. 
This focus on automating entire value streams, rather than 
discrete tasks, is further corroborated by studies on the 
need for robust governance frameworks and Centers of 
Excellence (CoE) that take a holistic, process-wide view 
of automation opportunities (Plattfaut et al., 2022; Hong, 
Ly, & Lin, 2023). Externally, it is driven by the strate-
gic imperative to compete in modern digital ecosystems, 
which requires the seamless, end-to-end integration of not 
just internal systems, but also those of customers and sup-
pliers (Moreira et al., 2024). This body of evidence pro-
vides strong support for the Scale Axis, charting a clear 
evolution from localized task efficiency to systemic pro-
cess orchestration.

This evolution is not only driven by internal stra-
tegic imperatives but is also propelled by external forc-
es. A study by Remlein et al. (2022) on the digitization 
of accounting in Poland provides a stark example. They 
demonstrate how the government’s mandate for a struc-
tured, electronic Standard Audit File for Tax (JPK) acted 
as a powerful forcing function, compelling organizations 
to “gradually computerise and even robotise their account-
ing processes.” This regulatory pressure forces a move 
away from automating discrete, ad-hoc tasks towards the 
standardized, auditable, and fully orchestrated processes 
characteristic of the mature end of the Scale Axis.

A parallel external pressure is observed in the domain 
of sustainability accounting and reporting. Dumitru et al. 
(2023) argue that the complexity of modern environmental 
reporting requires a holistic approach where RPA (includ-
ing iRPA) are not used for isolated data entry, but are inte-
grated into the ERP to aggregate non-financial data across 
the entire value chain. This reinforces the finding that ex-
ternal compliance demands - whether for tax or sustaina-
bility - are primary drivers pushing organizations toward 
the Process Orchestration end of the Scale Axis.

5	 Discussion

The preceding analysis has provided empirical illustra-
tion for a three-dimensional model of RPA-ERP evolution. 
The evidence curated from the literature demonstrates that 
the maturation of enterprise automation is not a simple, 
linear progression but a complex journey through a stra-
tegic space defined by the competing pressures of archi-
tectural resilience, cognitive intelligence, and automation 
scale. This section now moves from illustration to inter-

pretation, discussing the implications of this multi-dimen-
sional framework for Information Systems theory, mana-
gerial practice, and the agenda for future research.

5.1	 Implications for Theory

The 3D model’s primary contribution to theory is its 
synthesis of multiple, often separate, theoretical streams 
into a single, coherent framework that explains a critical 
contemporary phenomenon. It is demonstrated that the 
classic path of architectural innovation (Henderson & 
Clark, 1990), represented by the Resilience Axis, is now 
complemented and often challenged by a parallel path of 
infusing cognitive agency into technical artifacts, repre-
sented by the Intelligence Axis. This creates a new theoret-
ical tension. This evolution mirrors Zuboff’s (1988) semi-
nal distinction between technologies that merely automate 
routine work and those that informate, creating new data, 
insights, and challenges for organizational control. The 
emergence of intelligent agents transforms bots from sim-
ple tools into informating artifacts, fundamentally altering 
the nature of governance required.

Traditional IS theories of control and governance are 
largely predicated on managing deterministic, predictable 
technologies. The proposed model, however, identifies 
eight distinct states of sociotechnical agency, from the 
simple, tool-like Tactical Automation (Q1) to the aspira-
tional, partner-like Intelligent Process Orchestration (Q8). 
The emergence of advanced states like Cognitive Emula-
tion (Q2 & Q6) presents a theoretical challenge: how can 
organizations govern and trust automations that are simul-
taneously powerful and intelligent, yet architecturally frag-
ile and perilous? This suggests that existing governance 
frameworks, which are well-suited to the predictable risks 
of Systemic Process Integration (Q7), may be dangerously 
inadequate for the novel risks presented by intelligent but 
brittle agents. This necessitates new theoretical work on 
managing risk, ensuring algorithmic transparency, and de-
veloping frameworks for human-AI collaboration within 
the core transactional systems of the firm.

Unlike traditional linear life cycle models of ERP im-
plementation (e.g., Ferrer-Gilabert et al., 2025), which 
prescribe a sequential path through distinct project phases, 
it suggests that for modern digital phenomena like RPA, 
evolution is not a single, predetermined track but a se-
ries of strategic vectors. This challenges the teleological 
assumptions of some earlier stage models and calls for a 
more contingent view of technological maturation, where 
the optimal path is dependent on a firm’s specific strate-
gic context. Furthermore, the entire evolutionary journey 
through the cube can be powerfully interpreted through 
the lens of Orlikowski’s (1992) duality of technology. The 
model demonstrates that the relationship between automa-
tion technology and the firm is not one of simple impact, 
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but of recursive interaction: organizational choices and 
constraints shape the form of automation, which in turn 
creates new structures and capabilities that enable subse-
quent technological and organizational change.

While the lens of architectural innovation provides the 
sharpest explanation for the technical challenges of the Re-
silience Axis, the model’s robustness is underscored by its 
resonance with other foundational theories. The evolution 
through the cube can also be framed as a search for a bet-
ter Task-Technology Fit (Goodhue & Thompson, 1995), 
where the driver for change is the organizational pain 
caused by a misfit between the automation’s capabilities 
and the process’s requirements. From a strategic perspec-
tive, the ability to successfully navigate the cube can be 
conceptualized as a core Dynamic Capability (Teece et al., 
1997), separating firms that can continuously reconfigure 
their automation assets from those stuck in brittle, tactical 
states.

Finally, a Sociotechnical Systems perspective would 
frame the entire evolution as a process of joint optimiza-
tion, where each move to a new quadrant requires a co-ad-
aptation of both the technical system and the organiza-
tion’s social structures, skills, and governance models. The 
challenges inherent in states like Brittle Process Sprawl 
(Q5) can be seen as a direct consequence of failing to joint-
ly optimize the social and technical subsystems, prioritiz-
ing technical expediency at the expense of organizational 
stability and resilience (Trist, 1981). Acknowledging these 
alternative theoretical lenses opens up a rich and multi-fac-
eted agenda for future research into this critical phenom-
enon.

5.2	 Implications for Managerial Practice

The traditional approach of evaluating automation on 
a simple ROI basis is revealed by the model to be danger-
ously insufficient, as it often prioritizes the short-term effi-
ciency of Tactical Automation (Q1) while ignoring the hid-
den, long-term costs of its inherent brittleness. Managers 
can use the framework to visualize hidden systemic risks; 
for example, a finance manager might map their current 
“Invoice Entry” bot to Quadrant 1 (Tactical Automation) 
because it uses screen-scraping (Front-End) for a single 
task (Task Scale) using if-then logic (Low Intelligence). 
Recognizing the high maintenance costs caused by UI 
changes, the manager can use the model to chart a path to 
Quadrant 3 (Resilient Task Execution) by investing in an 
API connector, or to Quadrant 5 (Brittle Process Sprawl) 
by linking multiple bots together—a move the model flags 
as high-risk.

More importantly, the model reframes future invest-
ment decisions. The question is no longer a simple “should 
we upgrade?” but a conscious choice of evolutionary path 
for each process:

•	 Should investment be directed towards architec-
tural enablers (like APIs) to increase resilience 
(a vertical move)? This path is appropriate for 
mission-critical processes where stability is par-
amount.

•	 Should investment be directed towards cognitive 
enablers (like AI/LLMs) to increase capability (a 
horizontal move)? This path is suited for complex, 
exception-prone processes where human judg-
ment is the current bottleneck.

•	 Should investment be directed towards scaling 
methodologies to broaden impact (a depth move)? 
This path is for mature automations that are ready 
to be expanded from a single task to an end-to-end 
process.

This provides a sophisticated language for a more nu-
anced strategic dialogue between business and IT leaders, 
allowing them to consciously balance the competing de-
mands of resilience, intelligence, and scale across their 
entire automation portfolio.

5.3	Boundary Conditions

While the model addresses the prevalent challenge of 
integrating RPA with legacy ERPs, it has specific bound-
ary conditions. The model is less relevant in “greenfield” 
environments utilizing modern, cloud-native ERP stacks 
(e.g., SAP S/4HANA Public Cloud) where GUI scripting 
is restricted or impossible, and API interaction is the man-
datory standard. In such cases, the Resilience Axis is ef-
fectively removed, collapsing the model into a two-dimen-
sional space of Intelligence and Scale. Furthermore, the 
model assumes a high volume of transactional work; for 
low-volume, highly variable processes where no “stand-
ard” workflow exists, the concept of “Process Orchestra-
tion” (Scale Axis) may not apply.

5.4	Limitations and Agenda for Future 
Research

The model’s primary limitation - its conceptual nature 
- also defines its most urgent contribution: a clear agenda 
for future empirical research. Key questions emerge di-
rectly from the framework:

•	 Validation of Paths: What contextual factors (e.g., 
industry regulation, firm size, competitive pres-
sure) lead organizations to prioritize one evolu-
tionary path over another? A comparative case 
study of firms in the high-risk Cognitive Emu-
lation (Q6) state versus the high-reliability Sys-
temic Process Integration (Q7) state could yield 
insights into the strategic drivers of these choices.

•	 Governance and Skills: How do governance 
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frameworks and required skill profiles differ 
across the eight quadrants? Ethnographic or sur-
vey-based research is needed to understand the 
new roles (e.g., AI trainer, bot orchestrator), skills, 
and control mechanisms required to manage a ma-
ture portfolio of automations.

•	 Performance and Value: How does business value 
differ across the quadrants? While Intelligent Pro-
cess Orchestration (Q8) is the aspirational state, 
it is likely the most expensive and complicated 
to achieve. Research is needed to understand the 
contingent performance outcomes and to develop 
ROI models that can account for the distinct value 
propositions of resilience, intelligence, and scale.

•	 The Transitional Journey and Organizational Iner-
tia: While the model maps the distinct states, the 
process of moving between quadrants is a critical 
and under-researched area. What are the organi-
zational frictions, capability-building processes, 
and managerial interventions required to navigate 
a transition, for instance, from the tactical trap 
of Q1 to the resilient state of Q3? Longitudinal 
case studies tracking firms during these transitions 
could reveal the dynamic capabilities that separate 
successful evolution from stalled efforts, and iden-
tify the sources of inertia that keep firms locked in 
perilous states like Brittle Process Sprawl (Q5).

•	 Second-Order Effects and the Post-Q8 Landscape: 
The model posits Q8 (Intelligent Process Orches-
tration) as an aspirational end-state. However, 
what are the unintended consequences or sec-
ond-order effects of achieving this state? Research 
is needed to explore potential new forms of algo-
rithmic rigidity, the de-skilling of expert human 
roles, or the emergence of novel systemic risks 
when core transactional processes are managed 
by autonomous agents. This critical perspective 
would investigate whether the solution to one set 
of problems creates a new, more complex set for 
the future, moving beyond a purely aspirational 
view of automation maturity.

Empirical work is needed to validate, refine, and ex-
tend the model presented here, transforming it from a the-
oretically grounded framework into an empirically tested 
theory of enterprise automation evolution - one that ac-
counts for not only the strategic states but also for the com-
plex dynamics of transition and the critical second-order 
consequences of automation maturity.

6	 Conclusion

This article has proposed and provided evidence for 
a three-dimensional model of RPA-ERP evolution. The 
framework reveals that the maturation of enterprise auto-

mation is not a simple, linear path but a complex journey 
through a strategic space defined by the competing pres-
sures of resilience, intelligence, and scale.

The primary contribution of this work is a robust 
conceptual framework that serves a dual purpose. For 
researchers, it synthesizes multiple theoretical streams to 
provide a new, nuanced lens for theorizing about the emer-
gence of sociotechnical agency and architectural change 
in modern enterprise systems. For practitioners, it offers a 
diagnostic and portfolio management tool to guide strate-
gic decision-making in the complex landscape of automa-
tion. The model demonstrates that the central challenge of 
modern automation is not the implementation of a single 
technology, but the strategic navigation of the trade-offs 
between these three fundamental dimensions.

Ultimately, the evidence suggests that RPA is not an 
endpoint but a catalyst. It is the entry point that introduc-
es organizations to the broader, more profound challenges 
and opportunities of intelligent automation. The path for-
ward, charted by the 3D framework, is not a single road but 
a complex strategic landscape. The ability to consciously 
and deliberately balance resilience, intelligence, and scale 
will be the defining characteristic of the next generation of 
intelligent, human-centric enterprises.
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Appendix

Figure 2: PRISMA Flowchart
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Table 2: List of Curated Exemplars

# Citation Primary Illustrative Context

1 Banta et al. (2021) Intelligence (Low): Case study on simple data entry and reconciliation tasks in Big Four 
firms.

2 Banta et al. (2024) Intelligence/Scale: Advanced manufacturing architecture using iRPA and APIs for Industry 
4.0; end-to-end process automation.

3 Chi et al. (2023) Intelligence: Using NLP to classify unstructured text on supplier invoices.

4 Desai (2020) Resilience (Low): Practitioner guide highlighting ease of deployment (Front-End) and quick 
wins.

5 Dumitru et al. (2023) Scale (Process): Sustainability Accounting and Reporting (SAR) requirements acting as an 
external driver for holistic process orchestration.

6 Fernandez & Aman 
(2018) Intelligence (Low): Focus on automating simple, structured accounting tasks.

7 Hong, Ly, & Lin (2023) Resilience: Risks of UI sensitivity; need for governance in process-wide automation.

8 Hung, Chuong, & Diep 
(2022)

Resilience (High): High-availability architecture (load balancers, clustered databases) for 
RPA-ERP.

9 Jamithireddy (2025a) Resilience (High): Hybrid architecture for FX operations using IDoc/BAPI (Back-End) for 
critical data.

10 Jamithireddy (2025b) Intelligence (High): Cash flow forecasting using predictive analytics and deep learning 
(LSTM).

11 Kocsi et al. (2020) Intelligence (High): Use of Genetic Algorithms for real-time production scheduling, expand-
ing intelligence beyond NLP to computational optimization.

12 Lai & Hsieh (2024) Resilience (Low): Emphasizes RPA’s non-invasive nature (Front-End Locus).

13 Moreira et al. (2024) Resilience: Systematic review noting the trend towards API integration for stability.

14 Nguyen et al. (2023) Intelligence (Low): Pillar exemplar for rule-based, deterministic order fulfillment bots.

15 Ozkan & Esgin (2023) Scale: SOPRANO solution for end-to-end sales order management using SAP RFCs.

16 Plattfaut et al. (2022) Resilience: Governance challenges arising from ungoverned, business-led automations.

17 Ratchatawetchakul et al. 
(2024)

Scale (Task): Quantifiable efficiency comparisons (e.g., 1.29x speed gain) for discrete pro-
duction tasks in a cloud ERP.

18 Remlein et al. (2022) Scale: Regulatory mandates (JPK) forcing a move toward standardized, digitized accounting 
processes.

19 Ritschel et al. (2021) Resilience (Low): Pillar exemplar defining the “initial idea of RPA” as UI emulation (Front-
End).

20 Santos & Trigo (2023) Intelligence: Low-code automation of invoice processing using AI Builder for OCR.

21 Sarilo-Kankaanranta & 
Frank (2024)

Resilience: Maintenance challenges due to UI changes; organizational friction in moving to 
APIs.
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# Citation Primary Illustrative Context

22 Schnepf et al. (2024) Intelligence (High): LLM-based agents for the Procure-to-Pay (P2P) process with natural 
language error handling.

23 Suleiman & Kassem 
(2024) Intelligence: Cognitive RPA framework using NLP for unstructured email data entry.

24 Szelagowski et al. (2022) Scale: Concept of “Process ERP” and hyperautomation enabling end-to-end orchestration.

25 Tang et al. (2022) Intelligence (High) / Resilience (Low): Use of Deep Learning and Computer Vision to miti-
gate the brittleness of GUI-based automation in dynamic web interfaces.

26 Wornow et al. (2024) Resilience/Intelligence: Empirical account of “death by a thousand cuts” (brittleness); use 
of foundation models.

Table 2: List of Curated Exemplars (continues)




