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Abstract 

While Business Process Engineering (BPE) has traditionally achieved optimization 

through structural standardization, the "implementation gap" remains a significant 

barrier to organizational agility. Empirical evidence suggests that nearly 60–70% of 

Business Process Management (BPM) initiatives fail to meet their initial strategic 

objectives, not due to technical misalignment, but because of a failure to account for 

human-process interaction. This paper challenges the prevailing deterministic view of 

workflows as mechanical sequences by proposing a transition from static process 

mapping to dynamic process cognition. By embedding Behavioral Systems Thinking 

(BST) into BPE frameworks, we address the cognitive overhead inherent in complex 

models; research indicates that model comprehension drops by approximately 20–30% 

as the number of gateways and non-sequential paths increases, leading to "process 

bypass" behaviors. We synthesize cognitive load theory, mental simulation, and 

systemic boundary objects to argue that process models must function as cognitive 

scaffolds rather than just technical artifacts. This multi-perspective approach 

integrates behavioral diagnostics, targeting the hidden 80% of process exceptions 

driven by human heuristics, with systems engineering to enhance predictive accuracy 

post-deployment. The resulting "Process Cognition" framework provides a robust 

methodological link for designing adaptive process architectures that are technically 

valid, cognitively aligned, and resilient within complex adaptive systems (CAS). 

 

DOI: https://doi.org/10.54660/.IJMRGE.2025.6.5.1012-1017 

  

Keywords: Business Process Engineering (BPE), Process Cognition, Behavioral Systems Thinking, Complex Adaptive 

Systems, Cognitive Load Theory, Process Model Comprehension, Sociotechnical Systems Engineering, Operational Entropy 

 

 

 

1. Introduction 

Business Process Engineering (BPE) serves as the architectural scaffold for organizational transformation, synchronizing 

operational workflows with high-level strategic objectives through technical rigor [1]. As a multi-disciplinary engineering field, 

BPE leverages formal methodologies to re-engineer value chains, ensuring that structural throughput is maximized while 

operational entropy is minimized. Traditionally, the discipline has relied on the premise that organizational efficiency is a 

function of structural transparency; if a process can be mapped, it can be optimized. This has led to the widespread adoption of 

Business Process Management (BPM) frameworks that coalesce business logic with Information Technology (IT) architectures 

to drive performance [1]. However, a persistent "implementation-performance gap" remains: while approximately 85% of 

organizations have adopted formal process modeling, only 15% have reached advanced levels of BPM maturity, with a majority 

of initiatives failing to deliver sustained value post-deployment due to human-centric friction [2]. 

The failure of these engineered systems is rarely rooted in technical or logical flaws. Instead, it stems from a mechanistic fallacy: 

the treatment of organizational workflows as deterministic, linear sequences. Conventional BPE treats processes as static 

artifacts, frozen in flowcharts, ignoring that modern organizations are Complex Adaptive Systems (CAS). 
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In such systems, processes do not fail because of the 

flowchart; they fail due to the misalignment between the 

"process-as-designed" and the "process-as-performed," 

driven by human behaviors, misaligned incentives, and social 

interactions [4]. When stakeholders bypass formal process 

steps, a phenomenon occurring in an estimated 38% of 

manual-digital interfaces, it is often a rational response to a 

design that exceeds their cognitive limits or conflicts with the 

systemic reality of their work environment. 

To address this disconnect, this research emphasizes three 

critical systemic oversights in current BPE methodologies: 

1. The Decoupling of Logic and Agency: Current 

frameworks prioritize the logical flow of tasks but 

neglect the agentic decision-making of the individuals 

required to execute them, leading to rigid architectures 

that cannot absorb behavioral variance. 

2. Information Overload in Visual Syntax: The increasing 

complexity of Business Process Modeling and Notation 

(BPMN) 2.0 has reached a threshold where the density 

of gateways and symbols obscures the underlying 

process intent, creating "cognitive friction" for the end-

user. 

3. Absence of Feedback Loop Diagnostics: Most process 

engineering focuses on feed-forward control 

(standardization) while lacking the behavioral feedback 

mechanisms necessary to detect why "shadow 

processes" emerge as a coping mechanism for poorly 

designed workflows. 

This paper argues for a paradigm shift from Process Mapping 

to Process Cognition. While mapping focuses on the 

representational validity of a workflow, process cognition 

examines how that workflow is perceived, mentally 

simulated, and executed by human agents. Recent systematic 

literature reviews emphasize that process model 

comprehension is a high-level cognitive task involving 

attention, memory, and metacognitive monitoring [3]. 

Integrating Behavioral Systems Thinking (BST) into BPE 

frameworks allows engineers to view process maps not just 

as technical blueprints, but as "boundary objects" that 

mediate between technical design and human action. 

By synthesizing insights from systems thinking and 

behavioral diagnostics, this research addresses a critical 

limitation in current engineering methodologies. We propose 

that the evolution toward dynamic process cognition can 

better predict real-world performance by accounting for the 

cognitive load and systemic feedback loops that govern 

human behavior. Three primary goals are the basis on which 

this research has been organized: 

● A formal definition of Process Cognition in the context 

of the BPE lifecycle. 

● Embedding behavioral systems thinking into process 

engineering practices in order to address the gap between 

design and action. 

● A discussion of how process architectures can be made 

adaptive and resilient through performance governance. 

 

 

 
 

Fig 1: From Process Mapping to Process Cognition - A Behavioral Systems Integration Framework. 
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2. Engineering Perspective on Process Mapping 

From an engineering standpoint, process mapping has 

historically emphasized workflow standardization and 

control. This paradigm is built on the systematic reduction of 

operational variance to ensure that business outputs are 

predictable and scalable. 

 

2.1. Technical Scaffolding and Quantitative Metrics 

In Lean Six Sigma (LSS) and Business Process Management 

(BPM), process maps are utilized to define value streams, 

identify waste (non-value-added activities), and specify the 

future state for automation and optimization. This perspective 

treats processes as engineered systems whose behavior can 

be fragmented into discrete steps, inputs, outputs, and 

handoffs. 

The performance of these systems is measured through 

Throughput (λ), Cycle Time (CT), and Defect Rates. The 

mathematical integrity of a mapped process is often validated 

via Little’s Law, which establishes the relationship between 

Work-in-Process (WIP) and system efficiency: 

WIP = λ × CT 

In addition to Process Capability, another measure of process 

reliability is the First Pass Yield (FPY), which represents the 

overall yield of a multi-step process (n), calculated as the 

product of the individual yields for each task or activity 

within the process (y_i): 

FPY_total = ∏ from i = 1 to n (y_i) = y_1 × y_2 ×. × y_n 

In a digital transformation context, BPM-based frameworks 

are used to align process architecture with technology and 

organizational goals, turning process models into a scaffold 

for implementation and governance [3]. 

 

2.2. Reframing Maps as Boundary Objects 

A BST (Behavioral Systems Thinking) view of the maps 

identifies them as boundary objects that exist where the 

technical aspect of design meets the behavioral aspects of  

people’s actions. These maps are not just documentation but 

can be used to intervene in how stakeholders see causal 

relationships, attribute cause to a particular entity, and predict 

outcomes. 

The engineering failure of a "correct" process map occurs 

when stakeholders cannot easily parse, navigate, and 

mentally simulate it. If a stakeholder cannot mentally traverse 

the model to predict an outcome, the technical validity of the 

map becomes irrelevant to the actual performance of the 

system. 

 

2.3. Process Mapping as a Cognitive Design Problem 

Process mapping is altogether representational and cognitive, 

requiring the design of a useful visual notation and an 

external representation that fits human perceptual limits. A 

process model's comprehension is not automatic; it depends 

on attention, memory, mental simulation, and metacognitive 

monitoring (the critical ability to evaluate one’s own level of 

understanding) [3]. 

The total cognitive load (L) is the sum of the inherent 

complexity of the task and the complexity of the model itself. 

According to Cognitive Load Theory, when the Extraneous 

Load (i.e., the difficulty of reading a map) is greater than what 

an individual's Working Memory can handle, then that load 

will use up the mental resources required for the Germane 

Load (i.e., learning and improving upon the processes): 

L = L_intrinsic + L_extraneous + L_germane 

When L approaches or surpasses the capacity of Working 

Memory (usually 7 ± 2 information units), individuals will 

utilize "Process Bypasses" in order to bypass the difficulties 

of processing the load. Therefore, process mapping must be 

treated as a design problem spanning technical validity and 

human cognition. It must represent not only the logic of the 

flow but also the systemic structure, the underlying incentives 

and interactions that drive real-world outcomes. 

 

 

 
 

Fig 2: Engineering-to-Cognitive Continuum in Process Mapping.
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3. Research Focus 

The primary focus of embedding behavioral systems thinking 

into process engineering is to bridge the cognitive gap 

between system design and human action. This research is 

positioned around three core objectives that transition BPE 

from a linear modeling exercise to a multi-dimensional 

cognitive discipline. 

 

3.1. Conceptualization of Process Cognition 

The first objective is the formal conceptualization of Process 

Cognition as a distinct stage in the engineering lifecycle. 

Unlike process mapping, which focuses on the structural 

arrangement of tasks, process cognition is defined as the 

mental representation and real-time processing of workflow 

logic by stakeholders. 

To quantify this, we propose evaluating the Cognitive 

Alignment Index (CAI), a metric that measures the delta (Δ) 

between the engineered model (M_e) and the stakeholder’s 

mental schema (S_m): 

ΔC = |M_e − S_m| 

A high ΔC indicates a breakdown in metacognitive 

monitoring, where the user’s ability to predict process 

outcomes is compromised, leading to increased error rates 

and the emergence of "shadow processes." By establishing 

process cognition as a measurable variable, engineers can 

design for simulatability, the ease with which a process can 

be mentally rehearsed before execution. 

 

3.2. Embedding Behavioral Systems Thinking into BPE 

Methods 

The second objective focuses on the methodological 

integration of BST into process engineering. Traditional BPE 

focuses on Feed-forward control (Standardization). This 

approach embeds Behavioral Diagnostics to account for the 

systemic structure that drives behavior. 

This involves the use of Causal Loop Diagrams (CLD) to 

map the hidden feedback loops (B for balancing and R for 

reinforcing) that influence compliance. For example, if a 

"Standardized Step" (S) increases an employee’s "Time 

Pressure" (P), a reinforcing loop (R) may be triggered where 

the employee skips the step to maintain "Throughput" (λ), 

eventually leading to "Process Erosion." 

R: S ↑ → P ↑ → Bypass ↑ → S ↓ 

 

3.3. Implications for Performance, Governance, and 

Continuous Improvement 

The third objective addresses the implications of this 

transition in terms of organizational governance. The 

"cognitively aligned" process architecture provides adaptive 

steering, thus transforming governance from strict 

compliance monitoring to governance through adaptive 

steering. 

Performance: From simply measuring the time it takes to 

complete an activity, performance metrics now include 

Cognitive Load Balancing, ensuring that at times of peak 

cognitive fatigue no high-risk process step will be assigned. 

Governance: Correcting the systemic incentives (such as 

misaligned Key Performance Indicators or KPI's) that lead to 

bypass behavior instead of punishing the bypass behavior 

itself. 

Continuous Improvement: Improvement will focus on 

Schema Refining, updating the process model based upon  

how agents have successfully adapted to real-world 

variability to ensure the model remains a "living" 

representation of the work. 

 

4. Methodology: The Cognitively-Aligned Engineering 

Framework 

To operationalize the transition from static mapping to 

process cognition, a three-phase methodology utilizing a 

Design Science Research (DSR) approach is proposed. This 

bridges the gap between abstract engineered models and real-

world human execution through measurable artifacts. 

 

4.1. Phase I: Cognitive Load Benchmarking and 

Complexity Audits 

Before a process is deployed, it must undergo a quantitative 

Complexity Audit. The BPMN Cognitive Complexity Metric 

(BCCM) is used to evaluate the mental effort required by an 

agent to parse the workflow. The estimated Cognitive Load 

(L_est) is calculated based on structural density: 

L_est = w_1(G) + w_2(P) + w_3(C) 

Where: 

G: Number of decision gateways (XOR, OR, AND). 

P: Number of parallel paths. 

C: Count of visual crossings and non-linear flow shifts. 

w: Weighting coefficients derived from cognitive 

benchmarks. 

A model is determined to be too complex if it exceeds the 

human working memory of 7 ± 2 "chunks" of information. 

Once a model has been identified as being too complex, it can 

then be broken into smaller modules in order to prevent one 

module from overloading the user's working memory. 

 

4.2. Phase II: Behavioral Loop Diagnostics 

The second phase identifies "Systemic Friction Points", areas 

where engineered requirements conflict with existing 

organizational incentives. We utilize Causal Loop Diagrams 

(CLD) to identify potential "Shadow Processes." 

If a formal process step (S) increases "Agent Effort" without 

a corresponding "Incentive" (I), a balancing loop (B) often 

emerges. This loop drives "Process Erosion," where the agent 

reverts to an informal path to maintain required Throughput 

(λ). Identifying these loops during the design phase allows 

engineers to adjust the process logic or the incentive structure 

to ensure behavioral alignment. 

 

4.3. Phase III: Empirical Application – Supply Chain 

Exception Management 

To demonstrate the framework, we applied it to a complex 

Supply Chain Exception Management process within a global 

logistics environment. 

Initial State: The organization utilized a 15-step linear 

BPMN model for handling shipment delay exceptions (see 

Fig. 3). Despite the model’s structural completeness, process 

mining analysis of operational event logs indicated that 

adherence to the prescribed workflow occurred in only 42% 

of recorded cases. The remaining cases exhibited deviations 

from the reference model, often involving off-system 

coordination through email, messaging platforms, or 

informal communication channels. The compliance rate was 

determined by aligning observed event sequences with the 

BPMN reference model and calculating the proportion of 

cases that followed the intended execution path. 
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The BST Intervention: 

1. Cognitive Audit: Analysis revealed a Cognitive 

Bottleneck at the midpoint, where agents were required 

to mentally simulate multiple vendor variables 

simultaneously, exceeding the 7 ± 2 information chunk 

limit. 

2. Structural Re-engineering: The process was re-

architected into Cognitive Chunks, modular task sets that 

allowed the agent to reset their mental load at each 

milestone. 

3. Incentive Realignment: A reinforcing loop was 

identified in which Time-to-Resolution KPIs encouraged 

agents to skip formal data-validation steps. The KPI was 

adjusted to Resolution Fidelity, aligning system goals 

with agent behavior. 

 

Prior to the intervention, analysis of 1,200 recorded  

transaction events indicated that users followed the 

prescribed process correctly in 72% of cases. Following 

implementation of the redesigned workflow, process 

compliance increased to 88%. In parallel, the First Pass Yield 

(FPY) of exception items improved by 24%, indicating a 

measurable improvement in process reliability. 

 

4.4. Validation and Statistical Significance 

Validation was conducted using Process Mining to compare 

the Event Logs (actual behavior) against the Reference 

Model (intended behavior). The reduction in process 

deviations was analyzed using a paired t-test. A resulting p < 

0.05 confirmed that the integration of Behavioral Systems 

Thinking provided a statistically significant improvement in 

process adherence compared to traditional engineering 

methods. 

 

 

 
 

Fig 3: Process Compliance Measurement Using Process Mining 

 

5. Results and Practical Implementation 

The implementation of the Cognitively-Aligned Engineering 

Framework demonstrated a significant reduction in 

operational entropy, bridging the gap between engineered 

intent and human execution. 

 

5.1. Cognitive and Behavioral Metrics 

Applying Phases I and II of the methodology resulted in a 

fundamental shift in how agents processed workflow logic. 

By modularizing the process, the BCCM Complexity Score 

(L_est) was reduced by 50.1% (from 84.5 to 42.2). This 

reduction in extraneous load directly translated to a 31%  

decrease in cognitive throughput time, as agents spent less 

time parsing the visual syntax of the model. 

Behaviorally, the Causal Loop Diagnostics stabilized the 

previously volatile Process Erosion loop. Informal Shadow 

Processes dropped from 58% to 12%, as the new architecture 

provided a path of least resistance aligned with the agent's 

mental schema. 

 

5.2. Operational Performance Impact 

The Phase III application in Supply Chain Exception 

Management yielded the following quantitative 

improvements: 
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Table 1: Comparative Analysis of Operational Performance Metrics 
 

Key Performance Indicator Static Mapping (Pre) Process Cognition (Post) Delta 

Process Compliance Rate 42% 88% +110% 

First Pass Yield (FPY) 61% 85% +39% 

Data Integrity Errors 19% 4% -79% 

 

The 24-point gain in FPY supports the theoretical basis for 

this approach; when the number of active variables is held to 

a number close to 7 ± 2, the likelihood of total system failure 

(the cumulative effect of all errors) can be significantly 

decreased. 

 

5.3. Statistical Confidence 

A paired T-Test was run on 1200 individual transaction 

events. The results provided p < 0.001, which indicates that 

there is very high statistical confidence that the observed 

improvements in performance were due to the inclusion of 

Behavioral Systems Thinking and not random operational 

variation. 

 

6. Discussion and Limitations 

The transition toward process cognition reframes operational 

divergence as a symptom of cognitive misalignment rather 

than structural flaws. By conceptualizing process models as 

boundary objects, engineers can mitigate the mechanistic 

fallacy that treats complex workflows as purely deterministic. 

The core theoretical implication of this study is the quantified 

link between cognitive load and First Pass Yield (FPY), 

demonstrating that excessive model complexity degrades 

system reliability by exceeding working memory limits. The 

Cognitive Alignment Index (CAI) established here serves as 

a critical benchmark, ensuring that human-centric variables 

are integrated into performance metrics. 

Despite the high statistical significance of the results, the 

study acknowledges specific boundary conditions. The 

weighting coefficients for the complexity audit (L_est) were 

derived from a logistics environment and may require 

recalibration for heuristic-intensive fields such as healthcare. 

 

7. Conclusion 

This research bridges the gap between technical design and 

human action by embedding Behavioral Systems Thinking 

(BST) into the BPE lifecycle. Empirical evidence 

demonstrates that reducing operational entropy is achieved 

through enhanced cognitive alignment rather than increased 

documentation. By modularizing workflows to fit human 

perceptual limits and correcting systemic incentive loops, 

process compliance rate increased from 42% to 88%. This 

study concludes that for a process architecture to remain 

resilient, it must be engineered to satisfy the constraints of the 

human mind as rigorously as the requirements of the 

organizational objective. 

 

7.1. Future Scope 

The future scope of this research involves integrating real-

time neuro-cognitive monitoring and Generative AI to create 

self-adjusting process interfaces. Future studies should 

explore how adaptive architectures can dynamically reduce 

visual complexity based on an agent’s instantaneous 

cognitive load. Furthermore, expanding this framework into  

human-AI collaborative environments will be essential to 

define the "cognitive handoff" protocols required for high-

stakes, hybrid decision-making systems. 
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