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Abstract

Effective system modeling is essential for understanding, communicating, and refining

software architectures. While various notations exist for representing system structures,

the modeling of typed functional systems remains underexplored. This research aimed to

develop a structural modeling notation tailored to functional programming, integrating

the Physics of Diagrams (PoD) framework to enhance clarity, usability, and cognitive

effectiveness. The proposed notation was designed with a three-tiered structure to improve

organization, distinguish graphical elements for perceptual discriminability, and novel

symbols for representing key functional system relationships.

The effectiveness of the notation was evaluated through a survey incorporating four case

studies: (1) FParsec for parsing system representation, (2) Docutils for adaptability as-

sessment in non-functional systems, (3) Pandoc for evaluating practical applicability, and

(4) a symbol-level analysis to assess user comprehension. Results demonstrated that the

notation improved clarity and usability, particularly in distinguishing definitions, sub-

types, and dependencies. However, challenges were identified in representing invocation

relationships and alternative pathways, necessitating further refinements.

This study confirms that PoD principles provide a strong foundation for designing func-

tional system notations but highlights the need for iterative enhancements. Future work

should focus on refining specific notational elements, expanding empirical validation with

a larger participant base, and exploring integrations with behavioral modeling to create

a holistic notation for functional systems.
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Chapter 1

Introduction

Functional programming has existed since the 1950s, with the first functional language

being LISP (Turner 2012). Functional programming is a programming style based on com-

posing mathematical functions that, when given an input, evaluates an expression to gen-

erate an output. Functional programming emphasizes simplicity and genericity (Hughes

1989). In this paradigm, functions are treated as first-class entities, meaning they can be

created, passed as parameters, returned as outputs, and stored in data structures—just

like any other value. The functional paradigm avoids any kind of state mutation. A

variable, once assigned a value, never changes, ensuring that it always refers to the same

value. This eliminates side effects. Calling a function produces only a result with no side

effects that could alter the value of an expression. As a result, expressions can be evalu-

ated at any time, making the order of execution irrelevant and relieving the programmer

of the burden of controlling execution flow.

Functional programming has grown popular over the years, with mainstream languages

such as C++, Java, and C# adopting more and more of its features. C# supports lambda

expressions, higher-order functions, type inference, and more. Java 8 welcomed the pro-

gramming style by releasing many features that support the programming style (Saumont

2017). Features (to name a few) include support for lambda expressions and higher-order

functions. The popularity of functional programming can also be observed through its

presence in both conferences in academia and the industry. Many companies have adopted

functional programming for software development; for example, Facebook uses Haskell for

spam filtering, and Intel applies functional programming in chip design (Hu, Hughes, and

Wang 2015). Functional programming is also used for financial contracts (see, for exam-

ple, Jane Street Capital); WhatsApp, Twitter, Foursquare, LinkedIn, Tumblr, Klout, and

11
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Google all somehow use functional programming concepts to achieve specific tasks (Hu,

Hughes, and Wang 2015).

Despite its increasing adoption, a critical challenge persists: the absence of a standardized

modeling notation that effectively captures functional systems. This challenge might pose

a substantial challenge for both developers and business analysts interested in adopting

functional programming. From a developer’s perspective, it adds complexity to the task

of designing and implementing functional systems effectively. For business analysts, it

introduces difficulties in evaluating the potential risks and benefits of embracing func-

tional programming, as well as making informed decisions about the when and how of its

adoption.

Motara (2021) addressed this research gap by developing a structural modeling notation

for typed functional programming using the Physics of Notations (PoN). The PoN frame-

work is a rigorous approach to designing graphical notations, emphasizing perceptual dis-

criminability, semiotic clarity, and cognitive fit. It aims to create notations that are both

expressive and easily interpretable by their intended audience. The Physics of Diagrams

(PoD) (Pissierssens, Claes, and Poels 2019) framework presents an alternative approach

by focusing on diagram understanding and graphical parsimony. PoD is grounded in

empirical research, consolidating 81 guidelines and 34 underlying propositions into seven

foundational principles for effective graphical representation design. Unlike PoN, which

emphasizes the design of notation languages, PoD is concerned with optimizing diagram

representations to enhance interpretability and usability.

To address this gap, we introduce a typed modeling notation for functional programming,

leveraging the Physics of Diagrams (PoD) framework. Our approach is designed to im-

prove the expressiveness, usability, and accessibility of functional system representations.

By applying PoD’s principles, we aim to create a notation that enables developers to

effectively design, modify, and reason about functional architectures, while also allowing

business analysts to better evaluate the implications of functional programming adoption.

This research bridges theoretical advancements in notation design with practical applica-

tions, contributing to a more structured and comprehensible representation of functional

programming concepts.
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1.1 Problem statement

While PoD provides a structured approach to diagram design, its application to domain-

specific notations for functional systems remains underexplored and unvalidated in real-

world contexts. The absence of a standardized and accessible notation for functional

systems continues to hinder effective communication and system comprehension. This

research aims to validate PoD’s applicability to functional system modeling, ensuring

that it enhances both technical accuracy and cognitive usability. Our goal is to bridge the

gap between theoretical notation design and practical usability, providing a notation that

is both rigorous and adaptable for developers, business analysts, and other stakeholders.

1.2 Research question

• Can a typed modeling notation for functional programming, designed using the

Physics of Diagrams framework, improve the clarity, usability, and accessibility of

functional system representations for both developers and business analysts?

Modeling and notation play a crucial role in software development, enabling develop-

ers and analysts to represent, analyze, and communicate complex system architectures.

A well-structured notation provides a foundation for understanding both existing soft-

ware systems and the design of new ones. Functional programming, with its emphasis

on immutability, higher-order functions, and referential transparency, presents a unique

challenge for traditional modeling approaches.

The effectiveness of a modeling approach is determined by its notation—the system of

symbols and conventions used to represent structures and relationships within a system.

Historically, widely adopted modeling notations, such as the Unified Modeling Language

(UML), have been tailored primarily for object-oriented systems. UML’s design revolves

around objects, their interactions, and state-based representations, making it better suited

for paradigms where mutable state and encapsulation are key concerns. However, func-

tional programming diverges fundamentally from object-oriented principles, leading to a

mismatch between the paradigm and the available modeling tools.

Given these limitations, there is a pressing need for a modeling notation that accurately

captures the structural and behavioral characteristics of functional systems. Prior work,

such as Motara’s structural modeling notation, leveraged the Physics of Notations (PoN)
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framework to enhance graphical notation design through principles such as perceptual

discriminability and cognitive effectiveness. While PoN has advanced notation design

significantly, it primarily focuses on notation languages rather than the interpretability

and usability of diagrammatic representations.

This research explores an alternative approach, leveraging the Physics of Diagrams (PoD)

framework to develop a typed modeling notation specifically for functional programming.

Unlike PoN, PoD provides a structured, empirical basis for optimizing diagrammatic

representations, emphasizing clarity, interpretability, and cognitive efficiency. The goal is

to create a notation that enhances clarity by making the structures and transformations

in functional systems more intuitive. Improves usability by ensuring that the notation

is practical and aligns with the mental models of developers and analysts. Increases

accessibility by reducing cognitive load and facilitating effective communication between

technical and non-technical stakeholders. By grounding the notation design in PoD’s

principles, this research aims to bridge the gap between functional programming and

effective system modeling, addressing the limitations of existing notations while improving

the broader adoption and understanding of functional architectures.

1.3 Research objectives

The overarching goal of this research is to design a structural modeling notation for

functional programming that effectively represents the components and relationships

within such systems. To achieve this, the following objectives have been defined

• RO1 Design a Structural Modeling Notation for Functional Systems Us-

ing the Physics of Diagrams (PoD) Framework Develop a structural modeling

notation that operationalizes the seven principles of the Physics of Diagrams (PoD)

to enhance cognitive fit, semiotic clarity, and perceptual discriminability. The no-

tation should prioritize simplicity, usability, and effectiveness in representing type

definitions, transformations, and hierarchical relationships within typed functional

systems, while ensuring alignment with the cognitive and perceptual needs of diverse

stakeholders.

• RO2 Applying the Notation to FParsec for Parsing System Representa-

tion: Analyze the notation’s effectiveness in representing the structure of FParsec,

an F# parser combinator library. And evaluate its ability to represent modularity,
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compositionality, and error-handling workflows. Measure participant comprehen-

sion of parsing logic and symbol relationships to identify strengths and areas for

improvement.

• RO3 Evaluating the Notation’s Adaptability to Non-Functional Systems:

Investigate how the notation applies to Docutils, a Python-based system, and deter-

mine whether it maintains clarity and effectiveness outside functional programming

environments. This includes assessing its usability in modeling system components

and their interactions. Compare results with R2 to assess cross-paradigm applica-

bility.

• RO4 Assessing the Practicality of the Notation in Representing Pandoc’s

Architecture: Evaluate how well the proposed notation captures the structural and

functional aspects of Pandoc, a Haskell-based document converter. This includes

analyzing whether the notation effectively represents type transformations and their

relationships. Assess whether the notation effectively represents type transforma-

tions, input/output workflows, and hierarchical relationships, as measured by par-

ticipant understanding and task performance in the survey.

• RO5 Assessing User Understanding and Interpretation of the Notation’s

Symbols and Diagrams: Conduct an empirical evaluation of how users interpret

and understand the notation’s symbols, structures, and diagrams. This includes

assessing clarity, ambiguity, and effectiveness in conveying system relationships and

transformations. Measure participant recall, recognition, and ease of interpreta-

tion to identify potential refinements in symbol design and overall diagram com-

prehension. Compare the new notation with Motara’s notation to evaluate relative

strengths, weaknesses, and areas for improvement.

1.4 Structure

The remainder of this thesis is structured as follows. Chapter 2, the literature review,

explores the historical and theoretical foundations of functional programming, examines

existing modeling languages, discusses the role of system design and modeling, and in-

troduces HLO, a structural modeling notation for functional systems. Chapter 3, the

methodology, outlines the principles of the Physics of Diagrams, details the design process

for determining and combining symbols for the new notation, and explains the evaluation
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design of the research. Chapter 4, the implementation, presents the notation, various sys-

tem models, case studies, and the survey setup. Chapter 5 reports the survey results and

interprets these findings in relation to the research objectives. Finally, Chapter 6 provides

the conclusion, summarizing key insights and outlining future research directions.



Chapter 2

Literature review

This chapter explores functional programming, its historical development, and its the-

oretical foundations. It examines existing modeling languages and their limitations in

representing functional systems. Additionally, it discusses the role of system design and

modeling, focusing on the key components involved in the modeling process to achieve

model abstraction. Furthermore, the chapter introduces a structural modeling notation

for typed functional programming, examining its theoretical foundations and how the key

components of the modeling process contribute to its design.

2.1 Functional Programming

2.1.1 Historical and Theoretical Foundations

Functional programming is a programming paradigm that treats computation as the evalu-

ation of mathematical expressions (Kühne 1999). In this paradigm, everything is regarded

as an expression, a fundamental unit of computation that represents a value or an opera-

tion that, when evaluated, produces a value (Pollak, Layka, and Sacco 2022). Expressions

can be as simple as variables or constants or as complex as functions, operators, or nested

combinations of these components (Church 1985). This emphasis on expressions is a

defining feature of functional programming, setting it apart from imperative program-

ming, which often relies on statements that do not directly yield a value but instead alter

the program’s state.

17
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The central role of functions in this paradigm reflects its mathematical roots. Functions

in functional programming are conceptually aligned with mathematical functions, which

define mappings from inputs to outputs. Unlike subroutines in many programming lan-

guages that might involve side effects or state manipulation, functions in the functional

paradigm are “pure,” meaning they produce the same output for the same input and do

not cause side effects. For instance, a mathematical function f(x) = x2 + 3x + 2 always

produces the same result when x is provided, regardless of external factors. This pre-

dictable behavior contrasts with operations like reading the next line of a file, which may

yield different results on successive calls depending on the file’s state (Goldberg 1996).

The absence of side effects has significant implications for program design and correctness.

Functions that operate without altering global variables, writing to files, or modifying

external states can be reasoned about in isolation. This modularity enables developers to

use the function call chain as a clear representation of data flow and as a tool for verifying

the correctness of their programs (Hinsen 2009). According to Goldberg (1996), functional

programming languages are designed to reflect the way humans think mathematically,

focusing on abstract reasoning and problem-solving rather than the intricacies of machine-

level operations.

A closely related concept in functional programming is immutability, which ensures that

once a value is assigned to a variable, it cannot be modified. In contrast to imperative

programming, where variables often represent mutable states, functional programming

uses immutable data structures as the default. For example, appending an element to

a list in a functional language does not alter the original list but instead creates a new

list containing the additional element. This design choice not only prevents inadvertent

changes to shared data but also enhances program reliability, especially in concurrent

or parallel environments where mutable states are prone to race conditions and other

synchronization issues (Mertz 2015).

The theoretical foundation of functional programming lies in lambda calculus, a formal

system introduced by Alonzo Church in the early 1930s. Church developed lambda cal-

culus as part of his efforts to establish a foundation for mathematics, presenting it in The

Calculi of Lambda Conversion (Church 1985). Lambda calculus provides a minimalistic

yet powerful framework for defining functions and their application, forming the concep-

tual basis for functional programming. In 1936, Stephen C. Kleene demonstrated the

equivalence between the λ-definable numeric functions of lambda calculus and the par-

tial recursive functions, establishing lambda calculus as a universal computational system

(Rojas 2008). A year later, Alan Turing’s work further solidified this universality by
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proving that lambda calculus and Turing machines define the same class of computable

functions, bridging the gap between theoretical computation models (Csörnyei and Dévai

2007).

One of the fundamental principles derived from lambda calculus is purity, a property

where functions avoid side effects entirely. Pure functional languages are those that en-

force this principle, ensuring that all operations within the language are referentially

transparent (Mertz 2015). Referential transparency guarantees that a function, given the

same input, will always produce the same output, irrespective of when or where it is

called. This property is particularly important for reasoning about program behavior, as

it allows developers to substitute function calls with their corresponding results without

altering the program’s meaning (Mueller 2019). For instance, in an expression x=5+3,

referential transparency ensures that x can always be replaced by 8 without affecting the

program. This contrasts with imperative programming, where variables may be reassigned

or depend on external state, making the behavior of the program harder to predict. The

absence of side effects in pure functional programming simplifies debugging and testing by

ensuring that functions can be analyzed in isolation, as their behavior remains consistent

and unaffected by external states or timing (Kühne 1999; Mueller 2019).

Lambda calculus itself embodies purity, with functions defined as mappings from inputs

to outputs. Functions in lambda calculus can be anonymous, meaning they do not require

names. For example, while a mathematical function might be written as f(x) = x2+3x+2,

the same function can be represented in lambda notation as λx.x2 + 3x + 2, where λx

indicates that x is the parameter. This form, known as a lambda expression, is both

concise and flexible, enabling functions to be defined and manipulated without assigning

them explicit names (Baker-Finch 2013).

Since functions are anonymous in lambda calculus by default, they can be directly used as

expressions without requiring a name. This flexibility allows lambda terms to be treated

like any other value, such as numbers or variables. This property leads to a fundamental

concept in functional programming: higher-order functions. A higher-order function is

one that takes another function as input, returns a function as output, or both. Lambda

calculus inherently supports higher-order functions because it treats functions as first-class

citizens, meaning they can be passed around and manipulated like other expressions.

The concept of higher-order functions naturally introduces currying, another important

aspect of functional programming. In lambda calculus, functions strictly take in one argu-

ment and return one value. However, by leveraging higher-order functions and currying, a
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function of multiple arguments can be transformed into a chain of nested functions, each

taking a single argument. For example, the lambda term λx.λy.(x y) represents a curried

function, which accepts two inputs sequentially—one at a time. Currying simplifies func-

tion composition and reuse, making it a powerful tool in both theoretical and practical

applications of functional programming (Reynolds 1972).

Lambda calculus can be divided into two primary forms: untyped and typed. The untyped

lambda calculus, the original form introduced by Church, imposes no restrictions on the

types of terms, allowing any expression to serve as input to any function (Csörnyei and

Dévai 2007). Its syntax consists of variables, applications, and abstractions, with terms

recursively defined as follows (Barendregt 1997; Christoph 2022):

var = a ∣ var′

term = var ∣ term term ∣ λ var term

This unrestricted flexibility enables powerful abstractions but can lead to issues such as

nonsensical operations. For instance, applying a function designed for numbers to a string

may produce undefined behavior. To address these challenges, the typed lambda calculus

was introduced in the 1940s. By associating types with variables and expressions, the

simply typed lambda calculus restricts the formation of invalid terms, ensuring greater

safety and predictability in computations (Csörnyei and Dévai 2007). Types are con-

structed from type variables and function types, as represented by the grammar below

(Barendregt 1997):

tvar = α ∣ tvar′

type = tvar ∣ type → type

The inclusion of types not only prevents errors but also facilitates reasoning about program

behavior. In the simply typed lambda calculus, A→B→C is interpreted as A→(B→C),

reflecting the right-associative nature of function types and supporting concepts like cur-

rying (Christoph 2022).

Functional programming also incorporates inductive types and algebraic data types for

modeling complex data structures. Inductive types allow recursive definitions, enabling

the creation of structures like lists and trees. These types facilitate structural recursion,

where functions are defined by cases corresponding to the structure of the data (Far-

aldos 2023). Algebraic data types combine sum types (representing mutually exclusive

possibilities) and product types (representing combinations of values), offering a flexible
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framework for defining and manipulating structured data (Pepels, Plasmeijer, and Proper

2006; Pierce 2002).

Another significant concept in functional programming is evaluation strategy. Functional

languages can employ eager (strict) evaluation or lazy (non-strict) evaluation (Christoph

2022; Mueller 2019). In eager evaluation, all terms in an expression are fully evalu-

ated before the function executes, potentially wasting computational resources on terms

that are ultimately unused. Conversely, lazy evaluation defers computation until the

value is needed, allowing programs to handle infinite data structures and optimize re-

source usage (Mueller 2019). For instance, consider the expressions F = λa.aaa and

A = (λx.C)abcdefghi. Under eager evaluation would proceed as follows:

FA = (λa.aaa)((λx.C)abcdefghi)

→β (λa.aaa)C

→β CCC

F A reduces to CCC after fully evaluating A. In contrast, lazy evaluation defers the com-

putation of A, performing reductions only when A’s value is explicitly required (Christoph

2022):

FA = (λa.aaa)((λx.C)abcdefghi)

→β ((λx.C)abcdefghi)((λx.C)abcdefghi)((λx.C)abcdefghi)

→β CCC

In conclusion, this exploration has traced the development and core concepts of functional

programming, from its theoretical foundations in lambda calculus to its practical applica-

tions in modern software development. As a foundational model of computation, lambda

calculus, while historically challenging to implement directly in hardware compared to

Turing machines (Christoph 2022), has profoundly influenced programming language re-

search, informing the design of type systems in languages like Haskell and ML and even

providing a framework for understanding object-oriented paradigms (Baker-Finch 2013).

Though not programming languages themselves, lambda calculus and Turing machines

serve as prototypes, offering abstract models for computation (Christoph 2022). While

the shift to functional programming requires a significant learning investment and a de-

parture from the imperative model prevalent in current hardware architectures (Hinsen

2009), the benefits are substantial. Functional programs are recognized for their robust-

ness, testability (Hinsen 2009), and suitability for parallelization due to the absence of
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side effects, aligning well with the trend towards multi-processor and massively parallel

hardware (Kühne 1999). Although the mathematical foundations, particularly lambda

calculus, present a learning curve, the concise and mathematically expressive nature

of functional languages enables a stronger focus on algorithmic design, model building,

and experimentation (Goldberg 1996). This ultimately results in succinct, robust, and

high-performance code (Kühne 1999) that aligns more closely with human mathemati-

cal reasoning than with machine architecture (Goldberg 1996). This makes functional

programming a valuable approach for both theoretical exploration and practical software

engineering challenges.

2.2 Review of existing modeling languages

Flowcharts stand as one of the earliest modeling notations, dating back to the 1940s (Sand-

vig 1942). They serve as visual representations of the logical structure of computer pro-

grams and processes, using symbols and arrows to illustrate the flow of control and data

within them. Traditionally, flowcharts found their primary applications in algorithm de-

sign and process visualization (Ensmenger 2016).

In algorithm design, a flowchart functioned as a design blueprint for a computer program.

Analysts would examine problems, devise algorithmic solutions, and create a flowchart

diagram that outlined the algorithm. These flowcharts were subsequently translated into

machine code by programmers. As a central design document, the flowchart provided a

visual depiction of the program’s structure and logic.

Flowcharts also played a crucial role in process visualization, enabling people to com-

prehend and communicate complex systems. They served as invaluable tools to solve

problems, analyze systems, plan projects, and develop solutions, allowing for the antici-

pation, analysis, and resolution of various challenges.

Functional programming, despite its simplicity, power, and practical utility, often faces

challenges related to the visual presentation of programs (Mitkin 2012; Weck and Tichy

2016). The nature of functional programming, which heavily relies on recursion and

higher-order functions, can lead to code structures that may be less intuitive for those

accustomed to imperative programming paradigms (Wallingford 2002; Weck and Tichy

2016). Additonally, the human cognitive process, when dealing with textual represen-

tations of algorithms, can pose challenges, as the inherent nature of the human brain

is not inherently compatible with parsing textual information (Mitkin 2012). Therefore,
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traditional text-based notation can sometimes hinder the readability and intuitiveness of

functional programs. This underscores the need for exploration of alternative visualization

methods, such as graphical languages like DRAKON, that leverage our visual processing

strengths.

Nonetheless, it’s important to acknowledge that flowcharts have not been exempt from

challenges. As the complexity of algorithms increased, flowcharts grew in size and com-

plexity, often resulting in cluttered representations (Ensmenger 2016; Mitkin 2012). This

clutter could render flowcharts difficult to difficult to read and understand, even for ex-

perienced developers. Despite this limitation, flowcharts have persisted in the realm of

computer programming, albeit with adaptations and improvements. These adaptations

include the development of structured flowcharts (Grouse 1978; Nassi and Shneiderman

1973), Data Flow Diagrams (Tao and Kung 1991), and the development of graphical pro-

gramming tools that generate and execute code based on flowcharts, such as Flowgorithm,

Raptor, and DRAKON (Balać and Vidaković 2017).

DRAKON is a visual language optimized for ergonomics, specifically designed to improve

the readability of diagrams and algorithms. It offers simple yet effective rules that signifi-

cantly enhance the clarity and understandability of the visual representation of programs.

Examples of some rules are:

• Clarity Over Space: his rule emphasizes that it is better to sacrifice space than

readability, ensuring that all important aspects of an algorithm are immediately

visible.

• No Hidden Paths: DRAKON ensures that all important things are visible, elimi-

nating any hidden paths in the visual representation of the algorithm. This rule

prevents ambiguity and ensures that the flow of the program is transparent.

• The Further to the Right - The Worse: This rule adds an additional dimension

to the algorithm, making it easier for the reader to distinguish between good and

not-so-good paths. It provides a visual cue to immediately see how badly things

have gone in a particular icon based on its position on the diagram.

• No Redundant Visual Details: DRAKON eliminates redundant visual details, en-

suring that the visual representation of the algorithm is clear and uncluttered. This

rule helps in focusing on essential elements, enhancing the overall readability.

DRAKON’s focus on human visual habits and its ergonomic design ensures fast and

easy understanding of algorithms, additionally, it stands out by offering a significant
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Figure 2.1: Example of pattern matching for branching (reproduced from (Mitkin 2012)

improvement over traditional flowcharts, making it an excellent choice for improving the

visual appearance of functional programs.

Notably, DRAKON, as cited in (Mitkin 2012), can be described as flowcharts optimized

for ergonomics. Mitkin (2012) incorporates DRAKON with the functional programming

language Erlang, yielding DRAKON-ERLANG, aimed at enhancing the visual clarity of

functional programs.

Figure 2.2: pattern matching in Drakon-Erlang (reproduced from (Mitkin 2012)

Erlang (Armstrong 2010), as the chosen functional programming language for integration

with DRAKON, offers several advantages that make it a suitable candidate for this pur-

pose. Erlang is well-known for its simplicity, reliability, and built-in support for concurrent
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programming (Virding, Wikström, and Williams 1996). Its design from the beginning to

facilitate concurrent programming aligns with the modern trend of increasingly prevalent

multi-core processors and the growing importance of distributed computing and cluster-

ing. These features, combined with DRAKONs visual clarity, make DRAKON-Erlang

a promising technology for enhancing the visual representation of functional programs.

Figure 2.2 shows how the code in figure 2.1 might be represented in Drakon Erlang.

While flowcharts excel at representing processes, a significant challenge emerges when

applying them to functional systems: the difficulty of depicting recursion (Roy, Kelso,

and Standing 1998). Recursion, a fundamental concept in functional programming, can

pose challenges when rendered in flowchart form.

One of the widely embraced business modeling techniques, emphasizing data and informa-

tion systems at different abstraction levels, is the Data Flow Diagram (DFD). DFDs offer

a distinct perspective by placing less emphasis on control flow and focusing on the flow

of data through various functions and processes. Comprising elementary building blocks

like processes, data flows, data stores, and external entities, DFDs visually represent the

movement of data from one point to another. Each building block possesses a graphical

notation, as detailed in Table 2.1.

Table 2.1: Graphical Notation for DFD Components (Dennis, Wixom, and Roth 2008)

Symbols
Element
Name

Process

Data Flow

Data Store

External Entity

According to (Ibrahim et al. 2010), a process signifies an activity or function performed

for a specific business purpose, a data flow represents a single piece of data or a logical

collection, a data store is a repository of stored data, and an external entity is an external

person, organization, or system interacting with the system. A critical insight is provided:

a process lacking input data flows would be incapable of receiving data and, consequently,

unable to execute any work.

An example of a DFD diagram is illustrated in figure 2.3, showcasing processes that
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Figure 2.3: Example of a data flow diagram (modified from Ibrahim et al. 2010)

transform input data into output data, data stores housing information, and data flows

connecting these elements. DFDs excel in presenting the information flow within a sys-

tem and prove to be comprehensible and verifiable, often used in discussions between

analysts and users. They can be further dissected into lower-level DFDs for detailed in-

sights (Aguilar-Savén 2004). There are a set of rules that must be followed by analysts

when constructing DFDs. Some examples are (Ibrahim et al. 2010):

• At least one input or output data flow for external entity: Each external entity in

the DFD must have at least one input or output data flow, ensuring that the system

interacts with external entities.

• At least one input data flow and/or at least one output data flow for a process:

Processes in the DFD must have at least one input data flow, one output data flow,

or both, representing the flow of data into and out of the processes.

• Output data flows usually have different names than input data flows for a process:

This rule emphasizes the need for distinct naming conventions for input and output

data flows of a process, ensuring clarity and differentiation.

• Data flows only in one direction: Data flows in the DFD should have a unidirectional

flow, representing the movement of data from a source to a destination.

• Every data flow connects to at least one process: Each data flow in the DFD must



27

be connected to at least one process, depicting the processing of the data within the

system.

• Unique name in data flow diagrams: Each element in the DFD, including processes,

data flows, data stores, and external entities, must have a unique name and a

description, ensuring clarity and differentiation.

• Every set of data flow diagrams must have one context diagram: A set of data

flow diagrams must include a context diagram to provide an overview of the entire

system

• Balancing: Every data flow, data store, and external entity on a higher-level DFD

must be shown on the lower-level DFD that decomposes it

In their most basic form, DFDs provide a limited view of a system because, unlike

flowcharts, they do not explicitly depict the control flow of a system. DFDs focus more

on the transformation of data as it moves through various processes, rather than the

specific sequences of actions or decisions that dictate this transformation. To overcome

these limitations and provide a more comprehensive view of the system, DFDs are often

combined with other modeling tools and techniques, such as data dictionaries, control

flow diagrams, state transition diagrams, decision tables, and mini-specifications (Larsen,

Plat, and Toetenel 1994). A Data dictionary is a centralized repository or document that

provides detailed information about the data used in a system. It serves as a reference

for data elements, their characteristics, relationships, and other relevant details (DRAFT

1989). Control flow diagrams are a visual representation of the sequence of execution of in-

structions in a computer program. They illustrate the flow of control from one instruction

to another, typically using nodes to represent instructions and directed arcs to represent

the flow of control between them. These diagrams are useful for understanding the logic

of a program and are commonly used in software design and maintenance (Gustafson

1981). State transition diagrams are a graphic notation used in software engineering and

system design to represent the different states of an object or system and the transitions

between those states. They consist of nodes representing states of a system and ar-

rows representing transitions between states. State transition diagrams have been widely

used to model complex software systems and have played a major role in hardware de-

sign (Desharnais, Frappier, and Mili 1998). Decision tables are a tabular method used

to represent complex logic and decision-making processes. They consist of segments for

conditions and actions, allowing for a clear display of the relationships between different

conditions and the corresponding actions. Decision tables are concise, easily interpreted,
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and can readily accommodate changes, making them an effective tool for analyzing and

documenting business problems and their solutions (Fisher 1966). Mini specifications are

smaller documents that describe a part of a system instead of the entire system. They

are used to gradually elaborate on the details of requirements in iterative development

or enhancement projects. These documents are considered easy to handle, but challenges

arise because a system may have many such specifications, which are interrelated (Liskin

2015).

DFDs align well with functional programming principles, which emphasize data manipula-

tion through function composition. Notably, (Weck and Tichy 2016) explores an approach

to automatically transform Haskell programs into data-flow diagrams enriched with type

information. The visualization, rooted in category theory and lambda calculus, aids in

understanding function interactions and data processing, supporting various use cases.

However, it primarily focuses on transforming existing Haskell programs, leaving a gap in

exploring DFDs for visualizing new systems before the coding phase.

An alternative widely-used method for modeling business processes, recognized as the in-

dustry standard in process modeling (Kocbek et al. 2015) and rooted in conventional

flowcharting techniques (Rosing et al. 2015), is Business Process Modeling Notation

(BPMN).

BPMN offers a richer set of semantics compared to DFD, and other modelling techniques,

enabling the representation of a wide range of control flow patterns and sequences (Aldin

and De Cesare 2009), making it a valuable tool for modelling complex processes.

A key advantage of BPMN is its ability to bridge the communication gap between business

process design and implementation, serving as a common language that can be readily

understood by all business stakeholders, including business analysts, technical developers,

and business managers (Aldin and De Cesare 2009; Rosing et al. 2015). It supports

execution semantics, mappings to other languages, and the construction of simulation

models, enabling process testing and visualization prior to implementation (Aldin and

De Cesare 2009; Rosing et al. 2015).

BPMN’s versatility stems from its comprehensive range of notations, which cater to var-

ious modeling needs. These notations encompass different diagram types, each dedicated

to representing specific facets of business processes (Rosing et al. 2015). Fig. 2.4 provides

an example of a BPMN diagram. The inherent flexibility of BPMN enables the develop-

ment of diverse business process models, further enhanced by its extensive support among

over sixty vendors (Decker et al. 2009).
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Figure 2.4: Example of a business process model with data in BPMN (reproduced
from (Decker et al. 2009))

As illustrated in Fig. 2.4, data manipulation within a business process can be specified

using data objects in BPMN. These data objects serve as placeholders for various types

of information, including documents, data structures, and other relevant materials. Each

object is identified by a name and may optionally carry a state indicative of its current

status. Data objects can be linked to activities, indicating their role as inputs or outputs

of those tasks. Additionally, they can be associated with flows, illustrating their transfer

between activities (Decker et al. 2009). While data objects provide a means to represent

the types of messages involved in a process, they lack the ability to capture the detailed

content and structure of those types. This limitation makes BPMN less suitable for typed

functional programming languages, that place a strong emphasis on data types and their

precise definition.

2.3 UML and its shortcomings in representing func-

tional systems

Unified Modeling Language (UML) stands as a powerful tool in the software development

landscape, widely recognized for its utility in visualizing and documenting software sys-

tems. However, its prevalence in the industry as the de facto modeling language may

not seamlessly extend to functional programming systems. In this section, we delve into

the challenges that arise when applying UML to represent the unique characteristics of

functional programming.
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UML consists of a collection of diagrams that can be used to provide multiple views

of the system under design. These diagrams are categorized into two main groups: struc-

tural diagrams and behavioral diagrams. Structural diagrams (Class diagrams, Object

diagrams, Package diagrams, etc.) are designed to capture the static aspects of systems,

such as the classes, objects, and their relationships. They provide a snapshot of the sys-

tem’s structure at a specific point in time. Behavioral diagrams (Use Case diagrams,

Sequence diagrams, Activity diagrams, etc.) show the dynamic nature of systems, illus-

trating how system components interact and behave over time. They capture the system’s

behavior in response to various events and stimuli.

UML’s design, rooted in the object-oriented paradigm, encounters challenges when at-

tempting to model systems adhering to functional programming principles. The object-

oriented emphasis on objects and relationships stands in contrast to the fundamental

tenets of functional programming.

One of the fundamental challenges stems from UML’s lack of explicit support for key

functional programming constructs (Alam 2015). Notably absent is notational support

for parametrically polymorphic functions or values, a cornerstone of many functional lan-

guages. Polymorphism is a crucial concept in functional programming, enabling functions

to operate on data of different types without requiring type-specific code. UML’s lack of

explicit support for parametric polymorphism makes it challenging to represent such poly-

morphic functions. In object-oriented design, methods are encapsulated within classes,

leading to the representation of functions inside classes in UML. This requirement to place

functions inside classes may not align with the functional programming paradigm, where

functions are typically standalone and can be passed around as values.

Functional programming’s emphasis on higher-order functions and currying, techniques

that enhance flexibility and composability, faces a roadblock in UML. The language’s lack

of native support for specifying higher-order or curried functions hinders the accurate

representation of the functional programming paradigm, making it challenging to model

systems where these concepts are prevalent.

An important feature of functional programming languages is that functions are treated

as first-class citizens, allowing them to be assigned to variables, passed as arguments,

and returned as values. Representing functional features as first-class citizens clearly in

a UML class diagram can be problematic (Bijlsma et al. 2020).

UML’s division between static and dynamic models introduces complexity when applied to
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functional programming. The dynamic model, designed to express system behavior over

time, relies on changes in system state—a concept foreign to functional programming. In

a pure functional subset, where explicit state or fixed execution order is absent, UML

faces difficulties in effectively modeling dynamic aspects.

The use of UML for functional programming sparks ongoing debate within the program-

ming community. The clash between UML’s foundational principles, rooted in mutable

states and object relationships, and the stateless, function-centric nature of functional

programs gives rise to differing opinions on its appropriateness (Alam 2015).

Despite the challenges, some have explored the adaptation of UML-style diagrams for

functional programming (Bijlsma et al. 2020; Szlenk 2011; Wakeling 2001). Yet, prevailing

conclusions assert that UML, with its inherent object-oriented focus, is not well-suited

for functional programming development (Alam 2015).

2.4 The role of system design and modeling

There is no doubt that modelling is one of the the most important aspects of the human

mind, enabling us to comprehend and interact with the world around us. As eloquently

stated by Rothenberg (Rothenberg et al. 1989), “Modeling underlies our ability to think

and imagine, to use signs and language, to communicate, to generalize from experience,

to deal with the unexpected, and to make sense out of the raw bombardment of our sen-

sations.” Modeling is our way of comprehending the world around us. There is no doubt

that modelling is one of the the most important aspects of the human mind, enabling us

to comprehend and interact with the world around us. As eloquently stated by Rothen-

berg (Rothenberg et al. 1989), “Modeling underlies our ability to think and imagine, to

use signs and language, to communicate, to generalize from experience, to deal with the

unexpected, and to make sense out of the raw bombardment of our sensations.” Modeling

is our way of comprehending the world around us.

To distinguish models from other artifacts, Stachowiak proposes three essential features (Sta-

chowiak 1973): the Mapping feature, where a model is based on an original system; the

Reduction feature, specifying that only the relevant parts of the system should be present

in the model; and the Pragmatic feature, emphasizing that a model must serve a purpose.

Regarding the Mapping feature, the original system need not be physically present. Mod-

els often come in two flavors: descriptive, portraying existing systems, and prescriptive,
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acting as specifications for creations. Interestingly, a model can transition between these

roles as requirements evolve. The Reduction feature ensures that the model is a simplified

version of the system, containing only the pertinent parts and allowing extension with

additional features to enhance it. This may seem like a loss, making the model weaker,

but, in fact, it renders it more powerful, focusing on what matters (Ludewig 2003) — a

power known as abstraction. Abstraction allows us to grasp complex systems by simplify-

ing and breaking them down into their component parts, helping us avoid the complexity,

danger, and irreversibility of reality (Rothenberg et al. 1989). Lastly, the Pragmatic fea-

ture ensures that models are not merely abstract constructs — it ensures that a model is

purposeful; otherwise, creating a model without a purpose would be futile.

Referencing Stachowiak’s work, Kühne (Kühne 2006) introduces a formal equation, pro-

viding a mathematical representation of the modeling process:

α = τ ○ α′ ○ π

In this representation, Model abstraction (α) involves a projection (π) of the original onto

the model, some further abstraction (α′) , and a translation (τ) to another representation.

Kühne further categorizes models based on their relationship to the original system:

• Token models: “Elements of a token model capture singular (as opposed to univer-

sal) aspects of the original’s elements, i.e., they model individual properties of the

elements in the system.”

• Type models: “Most models used in model driven engineering are type models. In

contrast to token models, type models capture the universal aspects of a system’s

elements by means of classification.”

Token models involve no further abstraction beyond projection and translation. When

creating a token model, the focus is on selecting specific properties of the original elements

(projection) and representing them in a way that suits the modeling context (translation).

This approach is particularly useful when the goal is to capture individual details of

elements without introducing additional layers of abstraction beyond what is necessary

for representation and understanding. Examples include maps in geography, blueprints

in architecture, and molecular diagrams in chemistry.

Type models organize elements into types or categories, emphasizing similarities and

common features. Creating a type model involves selecting specific aspects of elements,
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translating them, and classifying elements into types based on shared properties. This

results in a more condensed and organized representation of complex systems.

Models serve to represent both the structure (what it is) and behavior (what it does) of

systems. In functional programming, the structure is often defined using immutable data

types that describe entities and relationships within the system. The declarative style of

functional programming, expressing what computations should be performed rather than

how, aligns with modeling behavior. The emphasis on pure functions and immutability

contributes to a clearer expression of behavior, making it easier to understand and reason

about a system. While functional programming defines data structures and types, the

primary focus is often on the functions and transformations operating on these data

structures, placing more emphasis on modeling dynamic aspects.

In functional programming, types play a fundamental role in specifying the structure and

characteristics of data. Strong and static type systems catch errors at compile-time and

provide clarity about the expected structure of data. Types in functional programming

can be expressive and capture intricate details of data structures. This expressiveness

aligns with the detailed representation of elements in token models.

2.5 HLO (Hello)

This section introduces HLO, a notation developed by Motara in (Motara 2021) to model

the structure of Typed Functional Programming (TFP). It explores the components of

HLO (pronounced as Hello), its theoretical underpinnings, and the principles guiding its

design. Motara (2021) emphasizes the importance of a robust philosophical and math-

ematical foundation for creating a modelling language that is both comprehensible and

applicable across various domains. The research addresses the limitations of existing mod-

elling approaches and proposes a structurally sound, type-focused notation applicable to

diverse fields.

2.5.1 Philosophical Investigations (PI)

Wittgenstein’s Philosophical Investigations (Wittgenstein 2009) provides a language-centric

philosophical framework, emphasizing the contextual nature of language. Central to

Wittgenstein’s philosophy is the concept of language-games, which explain how mean-

ing arises from the rules, actions, and purposes surrounding the use of language. For
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instance, the word “bank” might mean a financial institution, a riverbank, or an aviation

maneuver, depending on the context in which it is used.

In language-games, meaning is determined by use rather than isolated definitions. This

inherent ambiguity is not a flaw but a feature of language that enhances understanding

when viewed in context. Wittgenstein underscores the importance of names, which rep-

resent entities without being identical to them. For example, a name retains its meaning

even if the entity it refers to no longer exists.

Motara (2021) identifies three key characteristics of ambiguity in PI. First, a word can

have multiple meanings, each valid within its specific context. Second, a word may have

an inexact meaning while remaining functional. Third, a word’s meaning can evolve as the

language-game progresses. These principles of ambiguity align with both LoM and TFP.

For example, the mathematical term “prime” might refer to prime numbers in arithmetic

or prime elements in algebra, while in TFP, operations like ‘map’ or ‘fold’ might take on

different meanings based on their context.

Philosophical Investigations is written as a series of numbered paragraphs offering an

implicit structure, allowing for cross-referencing and logical flow.

2.5.2 The Language of Mathematics (LoM)

Mathematics is often described as a language that combines symbols and text to commu-

nicate ideas with precision and clarity. Its structured nature ensures logical consistency

and facilitates the systematic organization of concepts. At its core, the Language of

Mathematics (LoM) provides a framework to parse, understand, and represent arbitrary

symbolic and textual expressions with full semantics, enabling a deeper comprehension of

mathematical discourse (Ganesalingam and Ganesalingam 2013).

Mathematical discourse is divided into blocks, each with a distinct purpose. Definitions

introduce terms or concepts, while lemmas, theorems, and propositions develop these ideas

further, ranging from minor results to major conclusions. Corollaries follow as immediate

consequences of a Lemma, Theorem, or Proposition. Cross-references link these blocks,

creating a cohesive narrative that builds on foundational concepts.

Variables and definitions are central to mathematical language. Variables serve as place-

holders for generalization and abstraction, while definitions provide the necessary context
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for reasoning. Together, they form the backbone of mathematical communication. Math-

ematics operates in two modes: the formal mode, which comprises precise and com-

putable statements like equations, and the informal mode, which includes commentary

or insights providing additional context.

One of the defining features of mathematics is its adaptivity—the ability to refine and

redefine meanings as new contexts emerge. For instance, the fraction 5
8 might initially

represent “five parts of eight” but later evolve to mean “five divided by eight.” This

adaptability parallels the evolving nature of TFP, where types and functions acquire new

meanings as they are extended or composed.

2.5.3 Translating to HLO

The development of HLO draws from the principles of projection (π) and further abstrac-

tion (α′) to identify and refine constructs for TFP modelling.

Projection involves identifying elements that can be directly mapped between LoM, PI,

and TFP. For instance, formal and informal modes in LoM align with type annotations

and comments in TFP. Similarly, definitions and variables in mathematics correspond to

their functional equivalents in programming, making them foundational to HLO’s design.

Further abstraction builds on these mappings, refining elements into standardized con-

structs. Mathematical rhetoric, for example, establishes logical relationships by linking

blocks like definitions, theorems, and proofs. In TFP, types and functions serve similar

rhetorical purposes, with product types grouping related data and sum types offering

alternatives. However, TFP lacks explicit high-level rhetoric for connecting components

into cohesive narratives.

Structured blocks and cross-referencing are another key aspect of HLO. Borrowing from

LoM’s block structures and PI’s numbered paragraphs, block structures are created with

the purpose of separating and allowing easy cross-referencing.

Variables and definitions are simplified in HLO to provide consistency and clarity. While

TFP uses diverse representations for variables—such as function arguments, closed-over

values, and type annotations—HLO unifies these into a simpler representation from LoM.

Similarly, mathematical blocks such as lemmas, propositions, and theorems are merged

into a single construct for simplicity, while corollary blocks are omitted due to their limited

relevance in TFP contexts.



2.5.3 Translating to HLO 36

HLO’s design follows the Physics of Notation Systematized (PoN-S) (Silva Teixeira 2017)

design process to create a workable notation that adhered to the principles of good no-

tation suggested by Moody (2009). The PoN-S process focused on improving the speed,

ease, and accuracy with which a representation can be processed by the hu- man mind.

It began by considering cognitive fit, determining the symbols to be used in the notation,

and identifying legitimate ways in which symbols may be combined. The process also em-

phasized semiotic clarity (representing a one-to-one mapping relationship between visual

syntax and semantics), semantic transparency (a diagram should employ a visual no-

tation that provides unambiguous representations of its semantic constructs), perceptual

discriminability (the ease with which individuals can visually distinguish and differentiate

between elements or components within a visual display), and complexity management

(use of a minimal number of symbol types in a diagram) of the notation .

HL0 was designed to allow a typed functional system’s structure to be expressed, modified,

and understood by a broad and general audience, including students, developers, and

business analysts. This design process aimed to create a notation that was not only

theoretically justified but also practical and accessible to a wide range of stakeholders.

In order to determine the relationships essential for the model’s utility, Motara (2021)

employs a representation inspired by dictionaries, thesaurus, and etymology. This involves

using a set of symbols and relationships to depict elements and connections within the

model.

For the dictionary notation, the focus is on addressing the question, “What words exist,

and what do they mean?” A distinct shape the rub-’al-.hizb (pronounced roob-El-Hizb), is

employed to encapsulate symbolic notation accompanied by expandable space for textual

definitions (see Fig. 2.5). This notation ensures that definitions exclusively refer to pre-

viously established terms, creating a structured hierarchy where foundational definitions

precede more advanced ones.

Figure 2.5: Notation for definition (left) and thesaurus (right)) (Motara 2021)

Conversely, the thesaurus notation (see Fig. 2.5) tackles the question “Which words are

similar?” This notation begins with a bold title indicating the basis of similarity, followed
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by a list of similar items accompanied by concise descriptions. These descriptions, pre-

fixed with a colon, elucidate why each item belongs to the specified group. Notably, the

thesaurus section follows all dictionary definitions.

The etymology notation, focused on unraveling a word’s ancestry, utilizes symbols and

lines to depict relationships between definitions. A diamond-terminated line signi-

fies a structural subset relationship, indicating an “alias” connection between definitions.

Conversely, a circle-terminated line denotes a “relies” relationship, highlighting a

dependency where one definition builds upon another. These lines delineate etymological

connections.

The following symbols are reserved in the notation:

• The symbol “�” is commonly used in textual definitions to denote a set of cases that

are patterned based on the definition. These cases delineate specific scenarios or

patterns within the definition, guiding how each scenario maps to its corresponding

entity. This approach provides a concise and systematic way to represent conditional

logic, functional mappings, or type structures. In the context of sum types, � is

typically used to separate and indicate the various cases or alternatives. A sum

type, being a type that can hold one of several different values, benefits from this

notation as it makes the distinctions between cases explicit and easy to understand.

For product types, the “●” symbol is used to describe the components or members

of a group. A product type aggregates multiple values into a single compound

value, and this symbol visually represents their cohesive relationship. It succinctly

indicates how different components combine to form a structured entity.

• The “→” symbol is employed to represent the mapping or transformation of one

entity to another. In functional programming or similar contexts, it often signifies

the transition from an input or pattern to an output or result.

• The “ ” symbol is often employed as a placeholder for a fall-through case. This sig-

nifies a default scenario that captures any input or condition not explicitly handled

by prior cases. It ensures robustness in definitions by accounting for unforeseen or

edge cases.

• Parentheses, represented by “(” and “)”, are integral for grouping and organizing

expressions. They ensure clarity by explicitly delineating the scope or precedence

of operations, particularly in complex expressions or nested structures.
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• Subscripts are commonly utilized in sum types to distinguish between different cases

or variants.

• The symbol is used to represent ’some type or value’. This abstraction is partic-

ularly useful in the context of parametric polymorphism, where functions and data

structures are designed to operate generically on any type.

2.5.4 Example

Figure 2.6: Example of a HLO diagram (Motara 2021)

Figure 2.6 presents a model of a system using the HLO notation. This section provides

a brief walkthrough of the diagram to illustrate how the notation functions. The model

represents FParsec, an open-source parser combinator library written in F#. The diagram

is read from top to bottom, and left to right, beginning with the definition of a parser,

which includes its associated symbol alias ( ). This is followed by sub-definitions that

represent more specific components of the parser, each introducing their own symbolic

representations (e.g., , , ). These sub-definitions extend the main parser and serve

to modularize its functionality.
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Subsequent definitions in the diagram demonstrate how these parser components are

applied or composed to produce output parsers. These are illustrated by a set of symbolic

definitions such as , , , ... etc, which build upon the earlier parser blocks.

Definitions which rely on other definitions are indicated using a circle-terminated line; for

example, the definition relies on the definitions and . And the definition

relies on the definition . The diagram concludes with the two thesaurus notations shown

in the bottom right, where definitions are grouped under labeled sections. Each group

has a descriptive title and includes a list of relevant definitions, providing stakeholders

with insight into the relationships among the definitions and helping them understand

how different tasks can be achieved using the notation.

This research adopts a new set of guiding principles to develop a structural modeling

notation aimed at improving the HLO framework. One key observation is that the original

notation follows a staged structure: first defining fundamental building blocks, followed

by sub-definitions that refine those blocks, then introducing definitions that manipulate

or apply the fundamental components to generate new outputs. Finally, the diagram

includes a thesaurus-like grouping of related definitions. To improve clarity, our proposed

approach separates these stages explicitly into distinct visual groups:

• Group A – contains the fundamental definitions and their sub-definitions.

• Group B – contains definitions that make use of or manipulate those in Group A.

• Group C - contains thesaurus-style groupings that aid interpretation and task

understanding.

This grouped approach has several advantages over the traditional method of combining

all elements in a single, continuous diagram. By structuring the notation into clearly

defined conceptual layers, it becomes easier for users to understand the flow of the system,

reduce cognitive load, and avoid visual clutter—especially in complex models with many

interdependencies.

Another observation relates to the use of symbolic aliases. As the model scales, the accu-

mulation of symbols for both fundamental definitions (e.g., parser) and their respective

sub-definitions can make it difficult for users to recall and differentiate between them. To

address this, we propose strategies to reduce the number of distinct symbols introduced,

thereby improving usability and supporting better comprehension and recall.
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These examples illustrate early considerations for improving the notation. While prelim-

inary, they suggest that even modest structural changes could significantly enhance how

the notation is understood and utilized by users. Additional improvements are introduced

and supported in the following chapters, each grounded in the design principles proposed

in this research.

2.6 Conclusion

This literature review has systematically examined functional programming’s theoreti-

cal foundations, existing modeling languages, and the principles of effective system de-

sign. Key findings reveal that while functional programming offers significant advan-

tages—including mathematical rigor, robustness, and parallelism—its core concepts like

higher-order functions, recursion, and immutability pose challenges for visual representa-

tion. Existing modeling languages (e.g., flowcharts, DFDs, BPMN, UML) exhibit limita-

tions in capturing these functional abstractions due to their imperative or object-oriented

biases.

The analysis underscores the critical role of modeling in achieving abstraction, empha-

sizing Stachowiak’s criteria of mapping, reduction, and pragmatic purpose. In response

to identified gaps, HLO emerges as a specialized structural notation for typed functional

programming. Grounded in Wittgenstein’s language-games and mathematical discourse

principles, HLO prioritizes clarity, cross-referential integrity, and adaptability. Its de-

sign—informed by the Physics of Notation Systematized (PoN-S) framework—addresses

the unique demands of functional systems through dictionary-style definitions, thesaurus-

like groupings, and etymological dependencies.

While preliminary refinements to HLO (e.g., staged grouping, symbol simplification) sug-

gest enhanced usability, further empirical validation is warranted. Ultimately, this review

highlights the necessity of domain-specific modeling tools that align with functional pro-

gramming’s paradigm, paving the way for more intuitive, effective, and human-centric

design practices.
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Methodology

This chapter presents the research design and methodology for developing a structural

modeling notation for functional systems using the Physics of Diagrams (PoD) frame-

work. Adopting PoD as an alternative to Physics of Notation Systematized (PoN-S),

the study aims to enhance the notation’s cognitive fit, semiotic clarity, and perceptual

discriminability. The chapter outlines PoD’s seven foundational principles, which guide

the notation’s design through three key steps: evaluating cognitive fit, determining sym-

bols, and identifying legitimate symbol combinations. Validation is conducted via three

case studies (Pandoc, Docutils, and FParsec) and a survey-based evaluation, gathering

qualitative and quantitative feedback from students, developers, and analysts. Ethical

considerations and expected outcomes are also discussed.

3.1 Backgound

While Motara (2021) introduced the Physics of Notation Systematized (PoN-S) design

process as a foundational framework for creating a modeling notation, the work presented

here takes a different approach by adopting The Physics of Diagrams (Pissierssens, Claes,

and Poels 2019) design process. This alternative design process builds upon the principles

of visual representation and cognitive processing to develop a notation that aligns with

the specific requirements of our research domain. By leveraging the Physics of Diagrams,

our work aims to enhance the cognitive fit, semiotic clarity, and perceptual discriminabil-

ity of the notation, thereby improving the speed, ease, and accuracy with which the

representation can be processed by the human mind.

41
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In this study, we deliberately opted for a distinctive design choice, selecting The Physics of

Diagrams as our framework to explore an alternative perspective. The rationale behind

this choice lies in its empirical grounding and the potential it holds for elevating the

quality and effectiveness of graphical representations.

The Physics of Diagrams stands out due to its empirical foundation, drawing insights from

a comprehensive literature study that meticulously compiled and organized 81 guidelines

and 34 underlying propositions, resulting in the derivation of 7 foundational principles for

graphical representation design. This structured approach not only provides a scientific

basis for diagram design principles but also offers a well-rounded framework to guide

designers in making informed decisions. By bridging the gap between best practices and

academic knowledge, this framework aims to mitigate the consequences of differences in

understanding between novices and experts, ultimately enhancing diagram readability

and usability.

Figure 3.1: “Whereas Moody’s “Physics of Notations” focuses exclusively on the bottom-
left hand quadrant, the “Physics of Diagrams” proposed in this paper focuses on the
top-left quadrant of the figure. Both artefacts leave the right-hand quadrants out of
scope. (adapted from (Moody, 2009))” Pissierssens, Claes, and Poels (2019)

Moreover, “The Physics of Diagrams” serves as a complementary counterpart to the

“Physics of Notations.” While the latter concentrates on the design of graphical repre-

sentation languages, the former is dedicated to the design of graphical representations

themselves (see Fig. 3.1). This comprehensive approach ensures a holistic perspective on

graphical representation design, addressing both the overarching language and the specific

instances of graphical representations. This integration strives for a unified framework,

fostering effective design practices across the entire spectrum of graphical representa-

tion.The 7 principles of The Physics of Diagrams are described in the next section.
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3.2 Fundamental Principles

The Physics of Diagrams consists of seven fundamental principles for graphical represen-

tational design. These seven principles are organized into three categories: Fundamental

principles, Practical principals, and Integrating principles (Fig. 3.2). The first two foun-

Figure 3.2: The Physics of Diagrams: Seven Core Principles for Graphic Representation
Design (reproduced from (Pissierssens, Claes, and Poels 2019))

dational principles are:

• Principle 1: Focus on diagram understanding. This principle emphasizes the

critical importance of prioritizing diagram understanding and cognitive processing.

Rather than solely pursuing completeness and correctness, designers should strike

a balance between cognitive ease and the completeness of diagrams, ensuring they

fulfill their purpose of conveying information effectively.

• Principle 2: Graphical parsimony. This principle advocates for simplicity in

graphical representations, urging designers to use the minimum number of symbol

types and instances. Overcrowded diagrams, resulting from an excess of graphical

elements, can impede comprehension. By adhering to graphical minimalism, de-

signers enhance readability and address challenges posed by the growing complexity

of data.
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The following three principles provide concrete guidelines for achieving diagram effective-

ness:

• Principle 3: Chunking. This principle recommends grouping information into

meaningful parts, using hierarchical structures to represent element relationships.

Chunking not only aids in understanding relationships but also supports creative

thinking and simultaneous learning.

• Principle 4: Flow of thought. Emphasizing the importance of readability, this

principle advocates for maintaining a continuous and consistent information flow

direction. Internal and external linking of diagram elements enhances comprehen-

sion and prevents the loss of the logical flow of thought.

• Principle 5: Optimal use of visual variables. This principle highlights the role

of perceptual discriminability in improving diagram readability. It stresses the need

for clarity in semantics, syntax, naming, and diagram structure, achieved through

the expressive use of visual variables.

The final two principles guide designers in resolving conflicts and facilitating the evaluation

of design choices:

• Principle 6: Differentiation. This principle suggests that diagram readability can

be improved by tailoring the design to user characteristics, task characteristics,

and semantic requirements. Differentiating design based on these factors optimizes

graphical representation effectiveness.

• Principle 7: Balancing. Acknowledging situations where graphical representations

must accommodate multiple users and tasks, this principle advocates for using mul-

timedia techniques and assigning weights to different design principles. Balancing

ensures a thoughtful approach to meet the varied needs of users and tasks.

These principles offer a structured framework for diagram designers to make informed

and optimal design decisions when creating graphical representations. They are intended

to guide the design process, facilitate comparison between different designs, and formalize

quality assurance of diagram design. Additionally, the principles aim to benefit vari-

ous stakeholders by improving diagram readability, standardizing design processes, and

minimizing the consequences of novice-expert differences in understanding graphical rep-

resentations (Pissierssens, Claes, and Poels 2019).
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3.3 Design process

Step 1: Evaluate Cognitive Fit. Our design process begins by ensuring that the

notation aligns with the specific requirements and expectations of its users. This involves

evaluating the cognitive fit, ensuring that the notation is well-suited for the task at hand.

Similar to Motara (2021), our audience comprises students, developers, and business

analysts with a broad technical background but varying levels of familiarity with software

development intricacies. The specific tasks for evaluating cognitive fit include:

• Expressing the architecture of a typed functional system, encompassing its compo-

nents, interactions, and relationships.

• Modifying the structure of the system to accommodate changes in requirements or

design decisions.

• Facilitating understanding and analysis of the systems structure by students, devel-

opers, and business analysts.

Table 3.1: Guidelines (G) about perceptual discriminability found in litera-
ture (Pissierssens, Claes, and Poels 2019)
Guidelines Sources

G34. Consider using textual differentiation (Cierniak et al., 2009)

G35. Use modularization
(Ambler, 2005; Gerjets et al., 2004;
Regnell et al., 1996)

G36. Spread nodes uniformly over the display space (Schuette & Rotthowe, 1998)

G37. Use barriers to separate object groups
(Ambler, 2005; Cox, 1996; Ding &
Mateti, 1990)

G38. Provide sufficient distance between diagram ele-
ments

(Buagajska, 2003; Ding & Mateti,
1990)

G39. Avoid close lines, spatial overlap, and line cross-
ings

(Ambler, 2005; Purchase, 2002;
Ware et al., 2002) G40. War-
rant minimum angle between cross-
ing lines & (Purchase, 2002)

G41. Avoid diagonal or bended lines (Ambler, 2005; Purchase, 2002)

G42. Use reasonable and consistent element sizing (Ambler, 2005; Koshman, 2010)

G43. Use distinctive shapes and use them consistently (Peebles & Cheng, 2003)

G44. Use colors to increase element distinctiveness
(Cox, 1996; Ding & Mateti, 1990;
Moody, 2009)

G45. Use labels and diagram legends (Ambler, 2005; Moody, 2009)

Step 2: Determine Symbols. Next, we embark on determining the symbols to be

incorporated into the notation. This step is guided by the Principle of Optimal Use



46

of Visual Variables. This principle underscores the importance of leveraging visual at-

tributes to enhance perceptual discriminability, clarity in semantics, syntax, naming, and

diagram structure, as well as the expressive use of visual variables. Symbols are designed

to facilitate both perceptual and cognitive processing phases. They should be easily dis-

tinguishable and visually clear to support rapid and accurate perception. Furthermore,

symbols must map to concepts unambiguously, employing visual variables to express their

meanings transparently. Various visual characteristics such as position, shape, size, color,

hue, orientation, and texture are utilized to augment the visual expressiveness of symbols,

ensuring their readability and conveying specific meanings. It is imperative to maintain

visual clarity and consistency across the notation, providing annotations or legends for un-

familiar symbols as needed. Tables 3.1, 3.2, and 3.3 give the language designer important

guidelines for determining the symbols to be incorporated into the notation.

Table 3.2: Guidelines (G) about pragmatic clarity found in literature (Pissierssens, Claes,
and Poels 2019)
Guidelines Sources

G23. The diagram should have edge and node vertical-
ity

(Ware et al., 2002)

G24. The diagram should have top-bottom ordering (Purchase, 2002)

G41. The diagram should have minimal bending of lines (Ambler, 2005; Purchase, 2002)

G45. Provide a diagram legend (Berenbach, 2004)

G46. Choose a semantically transparent notation
(De Westelinck et al., 2005; Lowe,
2003)

G46. Choose a semiotically clear notation
(Cox, 1999; De Westelinck et al.,
2005; Moody, 2009)

G47. First focus on content, then on appearance (Ambler, 2005)

G48. Ensure clarity in structure (Cox & Brna, 1995)

G49. The diagram should have a single and clear entry
point

(Berenbach, 2004)

G50. The diagram should have symmetry (Field et al., 1993; Ware et al., 2002)

G51. The diagram should have moderate length of path
(Schuette & Rotthowe, 1998; Ware
et al., 2002)

G52. Be consistent in the use of visual syntax
(Ambler, 2005; Van Merriënboer &
Kester, 2005)

G53. Be consistent in diagram legend placement (Ambler, 2005; Berenbach, 2004)

G54. Use concrete and explicit naming and labelling
(Amar & Stasko, 2004; Ambler,
2005)

Step 3: Identify Legitimate Symbol Combinations. In the final step, we focus on

identifying legitimate ways in which symbols can be combined effectively. This process

is guided by the Principles of Graphical Parsimony, Chunking, and Flow of Thought.

Symbols are combined with graphical minimalism in mind, aiming to use the minimum
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Table 3.3: Guidelines (G) about visual expressiveness found in literature (Pissierssens,
Claes, and Poels 2019)
Guidelines Sources

G50. Maximize diagram symmetry
(Purchase, 2002; Schuette & Rot-
thowe, 1998)

G52. Be consistent in the use of visual syntax
(Ambler, 2005; Van Merriënboer &
Kester, 2005)

G55. Balance the size of elements (Ding Mateti, 1990)

G56. Vary in brightness (Pilgrim, 2003)

G57. Use color to differentiate between element types (Ormrod, 1999)

G58. Use shape to distinguish element types (Ding & Mateti, 1990)

G59. Use texture to differentiate between element types (Irani & Ware, 2003; Pilgrim, 2003)

G60. Be consistent in element orientation (Field et al., 1993)

G61. Attach importance to horizontal and vertical po-
sition

(Schuette & Rotthowe, 1998; Ware
et al., 2002)

G62. Use intensity to signal critical elements (Ormrod, 1999)

G63. Use novelty/unexpectedness to increase expres-
siveness

(Ormrod, 1999)

possible amount of symbol types to avoid overcrowding and cognitive overload. Hier-

archical structures are employed to organize symbols into meaningful groups, reducing

cognitive load and enhancing comprehension. The arrangement and positioning of sym-

bols ensure a logical and consistent flow of information within the notation, guiding users

through the sequence of data or processes. Symbols are internally and externally linked

to convey the flow of thought effectively, with input and output data represented logi-

cally. Throughout this process, it is essential to remain flexible, as new symbols may be

identified, necessitating revisiting the symbol determination step to ensure the coherence

and effectiveness of the notation. Tables 3.4, 3.5, 3.6, and 3.7 give the language designer

important guidelines for identifying legitimate ways in which symbols can be combined

effectively.

Step 4: The Validation Phase. The validation phase encompasses a multifaceted

approach to ensure the robustness and effectiveness of the developed notation. It begins

by employing the notation system to create a series of diagram instances, each tailored

to different scenarios, use cases, or system requirements.

Furthermore, the validation process hinges on the execution of three distinct case stud-

ies, each centered on modeling a real-world system. These case studies serve as practical

demonstrations of the notation’s applicability, enabling an in-depth evaluation of its per-

formance in capturing the intricacies of diverse systems. Within each case study, model

instances are generated to illustrate the system’s structure, providing comprehensive cov-
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Table 3.4: Guidelines (G) about visual chunking found in literature (Pissierssens, Claes,
and Poels 2019)
Guidelines Sources

G12. Group diagram information into 3 to 5 units (Sweller, 1988)

G13. Chunk by spatial proximity
(Bertin, 1981; Koshman, 2010;
Rockwell & Bajaj, 2005)

G14. Chunk by similarity
(Koshman, 2010; Ware, 2004)
G15. Chunk through symmetry
(Koshman, 2010)

G16. Chunk by common fate (Koshman, 2010)

G17. Use visual variables to enhance category distinc-
tion

(Ware, 2005)

Table 3.5: Guidelines (G) about hierarchical chunking found in literature (Pissierssens,
Claes, and Poels 2019)
Guidelines Sources

G18. Gradually increase element refinement (Van Merriënboer & Sweller, 2005)

G19. Keep the depth of decomposition manageable (Cox, 1999)

G20. Introduce black boxes to increase diagram com-
plexity

(DeMarco, 2002)

G21. Ensure strong diagram cohesion (Zugal, 2013)

Table 3.6: Guidelines (G) about direction of information found in literature (Pissierssens,
Claes, and Poels 2019)
Guidelines Sources

G22. Align graph elements on continuous and smooth
paths

(Field et al., 1993)

G23. Draw edges along orthogonal vertices
(Purchase, 2002; Schuette & Rot-
thowe, 1998)

G24. Maintain consistent flow direction (Purchase, 2002)

erage and insight into its modeling capabilities.

To assess the quality and effectiveness of the generated diagram instances, we employ

an evaluation framework rooted in the seven foundational principles of notation design.

These evaluation criteria encompass factors such as visual clarity, semantic transparency,

graphical parsimony, chunking, flow of thought, optimal use of visual variables, and dif-

ferentiation. By systematically evaluating the diagram instances against these criteria,

we can gauge their adherence to fundamental principles of notation design and identify

areas for improvement.

The evaluation process begins by analyzing each diagram instance with a keen focus on

visual clarity. This entails examining the extent to which the symbols and graphical ele-
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Table 3.7: Guidelines (G) about internal and external linkage found in litera-
ture (Pissierssens, Claes, and Poels 2019)
Guidelines Sources

G25. Model the diagram breadth first, drill down after-
wards

(Berenbach, 2004)

G26. For low-interactive diagrams, make relations ex-
plicit

(Caillies et al., 2002; Rockwell &
Bajaj, 2005)

G27. For high-interactive diagrams, use text segmenta-
tion

(Zugal, 2013)

G28. Activate prior knowledge
(Sweller et al., 1998; Van
Merriënboer & Kester, 2005)

G29. Provide an overview (Ormrod, 1999; Spence, 2007)

G30. Use familiar modelling languages
(Ambler, 2005; De Westelinck et al.,
2005; Sweller et al., 1998)

G31. Make use of reusable patterns (Van Merriënboer & Kester, 2005)

G32. Use extreme words, visualizations, and examples (Boyle & Encarnacion, 1998)

G33. Use annotations
(Rockwell & Bajaj, 2005; Van
Merriënboer et al., 2002; Van
Merriënboer & Kester, 2005)

ments within the diagram are clearly defined and easily distinguishable. The Principle of

Graphical Parsimony guides this assessment, emphasizing the importance of minimalism

in graphical representation to prevent cognitive overload and enhance comprehension.

Semantic transparency is another crucial aspect evaluated during the assessment. This

principle, derived from the foundational principles of notation design, emphasizes the

need for symbols to transparently convey their meaning. Each symbol should intuitively

represent the concept it signifies, facilitating rapid understanding and interpretation by

users.

The evaluation also considers the Principle of Chunking, which advocates for organizing

symbols into meaningful groups or chunks to reduce cognitive load and enhance compre-

hension. Diagram instances are assessed based on their ability to present information in a

structured and coherent manner, leveraging hierarchical structures to represent relation-

ships between elements.

Furthermore, the Principle of Flow of Thought is integral to the evaluation process, ensur-

ing that the diagram instances guide the viewer through a logical sequence of information.

This involves assessing the arrangement and positioning of symbols to facilitate smooth

information flow and comprehension.

The evaluation also encompasses the Principle of Optimal Use of Visual Variables, which
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underscores the importance of leveraging various visual characteristics such as color,

shape, size, and orientation to enhance expressiveness and convey additional meaning.

Diagram instances are evaluated based on their effective utilization of these visual vari-

ables to improve comprehension and interpretation.

Additionally, the Principle of Differentiation plays a pivotal role in the evaluation, fo-

cusing on the distinctiveness and clarity of symbols within the diagram instances. Each

symbol should be visually distinguishable from others, minimizing the risk of confusion

or misinterpretation.

Finally, the Principle of Balancing guides the evaluation by encouraging designers to make

purposeful trade-offs between competing design objectives such as clarity, expressiveness,

and completeness. This principle ensures that the diagram instances strike a delicate

balance between these objectives, optimizing their overall quality and effectiveness.

Throughout the validation process, meticulous documentation and reporting are paramount,

capturing the findings, observations, and insights gleaned from applying the notation in

real-world scenarios. This documentation serves as a valuable resource for offering valu-

able insights into its strengths, weaknesses, and potential areas for enhancement. Ulti-

mately, the validation phase plays a pivotal role in refining and optimizing the notation,

ensuring its usability, effectiveness, and relevance in modeling complex systems.

3.4 Case Studies in Action: Methodology and Selec-

tion Rationale

Case studies are a valuable research method that involves an in-depth and detailed exam-

ination of a specific instance or phenomenon within its real-life context. This qualitative

approach is particularly adept at uncovering complexities and providing nuanced insights.

In the realm of information technology and information systems research, case studies are

often used to evaluate the impacts of technology on individuals and organizations (Her-

mes and King 2013; Jancewicz and MacKenzie 2002; Myers 1997). Case studies are an

appropriate way to research areas with limited prior studies, offering valuable insights

into emerging topics in the rapidly evolving field of information systems (Bourget 2014).

The practical utility of case studies is paramount when demonstrating the real-world

application of proposed methodologies or interventions. Researchers, seeking to validate
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the effectiveness of their findings, often turn to case studies. For instance, in (Izadikhah,

Saen, and Roostaee 2018), a case study is used to showcase the applicability of a model

for evaluating the sustainability of suppliers, demonstrating how proposed approaches

address tangible challenges. Similarly, Odarushchenko et al. (2022) employs an industrial

case study to underscore the effectiveness of a proposed approach in improving software

failure rate prediction. Hajiagha et al. (2018) further exemplifies the use of a real-

world case study to validate the proposed method for determining common set weights

in a multi-period DEA. Numerous other examples (Edington et al. 2018; Hagspiel 2018;

Jeffries and Brodsky 2017; Nobakht and Truscan 2013) reinforce the notion that case

studies are pivotal in illustrating how methodologies address real challenges and generate

tangible outcomes.

In the context of our research, centered on the introduction of modeling notations for

functional systems, case studies take on a crucial role. The proposed notation which is

designed to depict the structural aspects, needs validation in real-world scenarios. A case

study offers the ideal platform to showcase their applicability and effectiveness. Our aim

is to demonstrate how these notations function in practical settings.

Through the case study, we intend to provide empirical evidence, illustrating how the in-

troduced modeling notations effectively capture the organization and relationships within

functional systems. This empirical validation directly addresses the identified research

gap – the absence of suitable methods for designing and modeling functional systems. By

choosing a real-world system as our case study, we are not only validating the theoretical

constructs but also ensuring that the proposed notations are practical and beneficial to a

broader audience.

The use of case studies in our research serves a dual purpose. It not only aligns with the

broader trend in software engineering research but also provides a concrete platform to

demonstrate the applicability and impact of our proposed modeling notations. The case

study is not merely an illustrative example; it is a crucial component in establishing the

real-world relevance and effectiveness of our contributions. This approach ensures that

our research is not confined to theoretical constructs but resonates with practitioners and

researchers alike by showcasing the practical utility of our proposed methodologies.
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3.5 Exploring Structural Modeling Notations: Three

Case Studies

In this section, we delve into three comprehensive case studies aimed at elucidating the ef-

fectiveness and applicability of our proposed structural modeling notations across diverse

software systems. Each case study provides valuable insights into how our notation cap-

tures the organizational intricacies of software systems, catering to various programming

paradigms and domains.

Our first case study embarks on modeling the structure of Pandoc, a potent Haskell library

renowned for its versatility in converting between diverse markup formats. Operating

through a set of readers and writers, Pandoc parses text in various formats, generates an

Abstract Syntax Tree (AST), and converts it into the desired target format. As Pandoc

is deeply rooted in the functional programming paradigm, our goal is to evaluate how

effectively our notation captures the organizational intricacies of functional systems. By

leveraging Pandoc as our subject, we seek to demonstrate the practical utility and appli-

cability of our notation in modeling real-world functional systems, while also garnering

insights into its strengths and limitations.

In our second case study, we shift our focus to modeling Docutils, an open-source text

processing system designed for generating documentation in multiple formats from plain

text. Unlike Pandoc, Docutils primarily operates with reStructuredText (reST), a markup

language, and processes reST input to produce various output formats. Docutils repre-

sents a non-functional system, providing valuable insights into how our proposed modeling

notation functions within such environments. By examining Docutils, we can assess the

adaptability and efficacy of our notation in modeling the structure of systems that operate

outside the realm of functional programming. This case study serves as a crucial compo-

nent in validating the versatility and applicability of our notation across a spectrum of

software systems, enriching our understanding and refinement of the proposed modeling

approach.

Our final case study embarks on modeling FParsec, an F# open-source parser combinator

library. Utilizing parser combinators, FParsec facilitates the construction of parsers that

analyze and transform textual input based on predefined rules. This case study allows

for a comparative analysis between our proposed modeling notation and the original

notation utilized in Motara (2021) for modeling FParsec. By examining both approaches,

we can discern any advantages or drawbacks inherent in our notation, informing potential
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refinements or optimizations. Similar to the Pandoc case study, FParsec offers insights

into modeling a functional system; however, its use of F# presents unique challenges

and considerations. Ultimately, the inclusion of FParsec as a case study enhances the

comprehensiveness and robustness of our research findings, bolstering the credibility and

applicability of our proposed modeling approach.

3.6 Evaluation Process

3.6.1 Purpose of the Evaluation

The purpose of this evaluation is to assess the effectiveness of the proposed unified mod-

eling notation in representing the architecture and relationships of functional systems.

The evaluation aims to determine whether the notation meets its objectives of simplicity,

usability, and the ability to enhance understanding and communication among diverse

audiences. By examining its application to real-world systems and gathering feedback

from participants, the evaluation seeks to validate the hypothesis and identify areas for

refinement.

3.6.2 Evaluation Design

The evaluation is designed to measure the notation’s practicality, clarity, and effectiveness

through structured case studies and participant feedback. We include case studies, repre-

senting functional systems (Pandoc and FParsec) and a non-functional system (Docutils),

to ensure a comprehensive analysis of the notation’s applicability across paradigms. A

survey-based approach will collect qualitative and quantitative data from participants,

who will interact with the notation through a series of diagrams. The evaluation is struc-

tured around a survey divided into four distinct cases to assess the modeling notation’s

usability, effectiveness, and clarity. Each case focuses on a different aspect of the notation:

• Case one evaluates its use in another functional system (FParsec)

• Case two explores its adaptability to a non-functional system (Docutils).

• Case three examines its application to a functional system (Pandoc).
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• Case four investigates the clarity, effectiveness, and ambiguity of individual symbols

and diagrams used in the notation.

The survey comprises both closed-ended and open-ended questions. For Cases 1 to 3,

participants are presented with diagrams of the entire system, followed by multiple-choice

questions (MCQs). These questions are designed to evaluate their understanding of the

system and may have either a single correct answer or multiple correct answers, depending

on the question. When a question has more than one correct answer, it is explicitly framed

to ensure participants are aware of this, enhancing clarity and minimizing ambiguity. For

example, a typical question based on a diagram asks participants to identify specific

relationships or outcomes within the system.

Case 4 shifts focus to the evaluation of individual symbols and diagrams. Participants

are presented with specific diagrams, and are asked questions aimed at gathering their

opinions and perspectives on the clarity, usability, and effectiveness of the symbols or

notations. These questions are designed to capture subjective feedback on the design and

interpretation of the notation.

Additionally, open-ended questions are included in Case 4 to encourage participants to

elaborate on their choices. For instance, after selecting an option based on a diagram,

participants might encounter a follow-up prompt such as, “Please provide reasons for your

choices above.” In fact, all questions in Case 4 are followed by this open-ended prompt to

provide richer qualitative insights into participants’ reasoning and perceptions.

The open-ended questions in Case 4 are designed to capture participants’ subjective

experiences and perceptions of the notation. These qualitative responses complement

the quantitative data from multiple-choice questions, providing richer insights into the

strengths and weaknesses of the notation, particularly in terms of clarity, usability, and

effectiveness.

Qualitative feedback from open-ended questions was analyzed using a structured four-

step process adapted from (Ruona 2005). This process has been widely utilized across

various research fields for robust qualitative data analysis, as demonstrated in studies

such as (Kim et al. 2015; Noor et al. 2024; Sun et al. 2023). The four steps are as follows:

• Data Preparation: The survey data was collected using Google Forms, which

allows for easy organization and export of responses into an Excel spreadsheet. To

streamline the analysis, pivot tables were used to isolate responses for each question,
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creating separate sheets for individual questions. This ensured that the analysis

could focus on specific aspects of the notation without unnecessary distractions

from unrelated data.

• Familiarization: This step involved immersing oneself in the data through re-

peated and thorough reading of the responses. The goal was to develop a deep

understanding of participants’ perspectives and identify initial patterns or recurring

ideas. For example, during the familiarization phase for the OR-Arrow symbol in

case four, responses revealed recurring mentions of “sequential flow” and “reliance

on context,” which later informed the coding process.

• Coding: A systematic coding approach was employed to identify themes and pat-

terns in the data. The process began with reading through participants’ responses

and highlighting words, phrases, or sentences that were directly related to the ques-

tions they were answering. These segments were then assigned codes based on their

content. Particular attention was given to recurring ideas or patterns that resonated

across multiple participants. For example, if one participant mentioned “The symbol

shows as if the relationships are linear” and three or more participants echoed simi-

lar sentiments, this became a focus for further analysis. This approach ensured that

the analysis captured shared perspectives and common issues rather than isolated

opinions.

Once all relevant data was coded, the codes were grouped into categories based on

their similarities and differences. For instance, codes related to clarity (e.g.,“Clear”

and “Easy to understand”) were grouped under the category “Perceived Clarity/Ease

of Understanding.” Finally, overarching themes were identified by examining pat-

terns across categories. For example, the theme “Clarity and Understandability of

the Notation” emerged from categories such as “Reliance on Context/Explanation

for Clarity” and “Perceived Clarity/Ease of Understanding.”

• Interpretation: The final step involved interpreting the findings and drawing con-

clusions based on the identified themes. This included examining how the themes

addressed the evaluation objectives and considering their implications for the no-

tation’s design. For example, the theme “Misinterpretations Related to Flow, De-

pendency, and Alternatives” highlighted the need for clearer visual cues to reduce

ambiguity in representing branching relationships. The interpretation phase also

involved revisiting the data to ensure that the themes accurately reflected partici-

pants’ feedback and provided meaningful insights.
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This comprehensive evaluation design, combining structured case studies with both quan-

titative and qualitative data collection, provides a robust framework for assessing the nota-

tion’s practicality, clarity, and effectiveness. By examining the notation across functional

and non-functional systems (Pandoc, FParsec, and Docutils), the evaluation ensures a

thorough understanding of its applicability across diverse paradigms. The inclusion of

closed-ended and open-ended questions in the survey allows for a balanced analysis, with

quantitative data offering measurable insights and qualitative feedback capturing partic-

ipants’ nuanced perspectives.

The four-step qualitative analysis process—comprising data preparation, familiarization,

coding, and interpretation—ensures a systematic and rigorous approach to identifying

and evaluating themes in participant feedback. By focusing on recurring patterns and

shared perspectives, the analysis highlights key strengths and areas for improvement in

the notation’s design. For instance, themes such as “Clarity and Understandability of

the Notation” and “Misinterpretations Related to Flow, Dependency, and Alternatives”

provide actionable insights into how the notation can be refined to enhance its usability

and effectiveness.

Ultimately, this evaluation not only assesses the current state of the notation but also lays

the groundwork for iterative refinements, ensuring that it meets the needs of its intended

users. The findings will inform future design decisions, contributing to the development

of a notation that is both intuitive and effective for modeling complex systems.

3.6.3 Participants and Sampling

Participants will include students, developers, and business analysts with varying levels

of familiarity with system design and functional programming. A purposive sampling

method will be employed to ensure representation across technical and non-technical

audiences. A target of 30 participants has been set to balance diverse perspectives with

feasibility. Participants will be invited to complete the survey and may opt in to follow-up

interviews for in-depth feedback.

3.6.4 Criteria for Analysis

The key criteria for evaluating the notation—simplicity, clarity, usability, practicality, and

effectiveness—can be explicitly linked to the seven principles outlined in Section 3.2, “The
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Physics of Diagrams.” These connections help establish a structured approach to assessing

the notation’s effectiveness in representing system architectures and relationships.

1. Simplicity

Definition: The ease with which participants understand the notation.

Related Principles:

• Principle 1: Focus on diagram understanding – This principle emphasizes

cognitive ease and the balance between completeness and comprehension. A simple

notation is easier to process and understand.

• Principle 2: Graphical parsimony – Advocates for minimizing the number of

symbols and elements in a diagram to avoid unnecessary complexity. By reducing

visual clutter, diagrams become easier to understand, fulfilling the criterion of sim-

plicity. Overcrowded diagrams hinder comprehension, whereas streamlined designs

enhance participant understanding.

2. Clarity

Definition: The effectiveness of the notation in clearly representing system architectures

and relationships.

Related Principles:

• Principle 5: Optimal use of visual variables – Clarity is enhanced through

effective use of visual differentiation, ensuring that relationships and system com-

ponents are easily distinguishable.

• Principle 4: Flow of thought – A clear notation should maintain a logical

flow that guides the user through relationships and system structures, preventing

confusion and misinterpretation.

3. Usability
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Definition: The ability of participants to apply the notation to solve problems or inter-

pret systems.

Related Principles:

• Principle 3: Chunking – Usability is improved when information is organized into

meaningful groupings, making it easier to process and apply the notation effectively.

• Principle 6: Differentiation – Adapting the notation to users’ needs and back-

ground knowledge enhances usability, ensuring that it remains accessible across

various levels of expertise.

4. Practicality

Definition: The extent to which the notation can be applied to real-world systems across

functional and non-functional paradigms.

Related Principles:

• Principle 6: Differentiation – Practicality requires a flexible notation that can

accommodate different system types, which aligns with the principle of tailoring the

design to task characteristics and semantic requirements.

• Principle 7: Balancing – The notation should strike a balance between multiple

design priorities to ensure usability in varied real-world applications.

5. Effectiveness

Definition: Whether the notation facilitates improved communication and understand-

ing across diverse audiences.

Related Principles:

• Principle 1: Focus on diagram understanding – The notation should be de-

signed to optimize comprehension across different stakeholders, ensuring that it

serves as an effective communication tool.
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• Principle 6: Differentiation – Customizes diagrams for diverse stakeholders (e.g.,

developers vs. executives), ensuring the notation resonates across audiences.

• Principle 7: Balancing – Ensuring effectiveness across multiple users and tasks

requires balancing various design considerations, such as accessibility and detail

level, so that the notation remains functional in diverse contexts.

3.6.5 Data Collection and Ethical Considerations

Data will be collected through an online survey, capturing participant responses to ques-

tions and feedback on diagrams. Follow-up interviews, if consented to, will provide deeper

insights into user experiences. All participants will be informed about the purpose of the

study and their rights, including the voluntary nature of participation and the confiden-

tiality of their responses. Ethical approval for the study has been obtained, ensuring

compliance with academic and institutional guidelines (see Appendix A).

3.6.6 Anticipated Outcomes

The evaluation is expected to provide insights into the strengths and limitations of the

notation. Anticipated outcomes include evidence of its effectiveness in simplifying com-

plex system representations and fostering understanding among diverse audiences. The

results will also highlight areas for improvement, ensuring the notation evolves to better

meet its objectives. Success will be indicated by positive participant feedback and strong

performance across the defined evaluation criteria.

3.7 Conclusion

This chapter has detailed a rigorous methodology for designing and validating a struc-

tural modeling notation for functional systems, grounded in the Physics of Diagrams

(PoD) framework. Departing from prior approaches (e.g., PoN-S), PoD’s empirically de-

rived principles—focusing on cognitive processing, graphical parsimony, and perceptual

discriminability—guided the notation’s development through three key steps: evaluating

cognitive fit, determining symbols, and defining legitimate symbol combinations. Valida-

tion was achieved via three diverse case studies (Pandoc, Docutils, FParsec), demonstrat-

ing applicability across functional and non-functional paradigms, and a mixed-methods
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survey evaluating usability, clarity, and effectiveness among students, developers, and an-

alysts. Ethical compliance ensured participant confidentiality and voluntary engagement.

This systematic approach aims to deliver a notation that enhances model abstraction,

communication, and comprehension in functional system design, with outcomes poised to

inform both theory and practice.



Chapter 4

Implementation

This chapter details the development of the new structural modeling notation, outlining

the modifications made, their rationale, and the improvements they introduce. It also

presents the application of the notation across the case studies (Pandoc, Docutils, and

FParsec), describing the process of model creation for each system. Additionally, the

chapter discusses the survey design, explaining the questions formulated for participants

to evaluate the models using the revised notation.

4.1 Notation

The target audience and purpose of our notation remain consistent with Motara’s defini-

tion (Motara 2021): “The audience for the notation is inter alia students, developers, and

business analysts; in other words, a broad and general audience which has some technical

background and may be interested in software, software features, and software design,

but may not necessarily be au fait with the details of software development. The task is

to allow a typed functional system’s structure to be expressed, modified, and understood

by this audience.” The key distinction in our work compared to Motara lies in our en-

hancement of the proposed notation, leveraging the principles outlined in the Physics of

Diagrams. The changes are outlined below, highlighting key observations or limitations in

the original notation, the corresponding design decisions and their underlying rationale,

followed by example applications that demonstrate the impact of each modification.

1. Leveling the Notation:

61
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• (a) The original notation: One key observation is that the original notation

follows a staged structure: it begins by defining fundamental building blocks,

then introduces sub-definitions that refine these components, followed by def-

initions that manipulate or apply them to generate new outputs. Finally, it

concludes with a thesaurus-like grouping of related definitions. However, in

Motara’s original proposal, these stages were not visually or structurally sep-

arated. The notation presented all elements in a flat, continuous diagram,

with no explicit distinction between base definitions and derived manipula-

tions. This flatness makes it difficult for readers to discern which components

represent core types and which depict transformations or outputs. This lim-

itation becomes especially problematic in complex systems, such as Pandoc,

where layered transformations and subtype hierarchies are essential for under-

standing system behavior.

• (b) Design decision: To address this, We introduce a three-tiered struc-

ture to the notation. Level 1 encompasses main definitions and their subsets.

Level 2 involves definitions resulting from manipulating the main types and

their subsets. Level 3 incorporates additional information or summaries for

stakeholders seeking an overview of the design.

• (c) Motivation based on design principles: The modification introduc-

ing a three-tiered structure to the notation aligns with the principle of “Focus

on diagram understanding”, “Graphical parsimony” , and “Chunking.” By in-

corporating a structured approach to the notation, the design aligns with the

principle of “Focus on diagram understanding,” we aim to streamline the cog-

nitive processing of information. Level 1 provides the foundational definitions,

Level 2 illustrates the manipulations of these definitions, and Level 3 offers

additional context or summaries. This structured approach aligns with the

principle by directing attention to specific aspects of the system’s structure at

each level, reducing cognitive load and enhancing overall understanding. The

introduction of distinct levels corresponds to the principle of “Graphical Parsi-

mony” by fostering a minimalist approach. Each level serves a specific purpose

without unnecessary complexity. Level 1 introduces main types, Level 2 illus-

trates manipulations, and Level 3 provides additional information, each with

a clear and focused representation. This adherence to simplicity facilitates a

more efficient visual processing of the notation, ensuring that the diagrams re-

main clear and uncluttered. The introduction of distinct levels aligns with the

“Chunking” principle by organizing information into meaningful chunks. By



63

Figure 4.1: Notation for level definition (left), notation for level 2 definition (middle), and
thesaurus (right)

grouping related information together within each level, we facilitate clearer

visual-spatial characteristics, aiding in the comprehension and learning of the

system’s structure Bower 1970; Lowe 2003.

• (d) Example application: In the new FParsec model (see Fig. 4.16), he

base definitions, such as “Parser” (and its subsets) and “some type or value”

are introduced in Level 1. Their transformations (e.g., , , , ...

etc.) are presented in Level 2, where specialized behaviors and derived defini-

tions—such as transformations or combinations of Level 1 types—are modeled.

A stakeholder overview diagram showing which definitions aid in (1) “parsing,

handling failure” and (2) “parse more than one piece of text”, is placed in Level

3. A stakeholder overview diagram—placed in Level 3—summarizes which def-

initions contribute to goals such as (1) parsing while handling failure and (2)

parsing multiple text segments.

Compared to the original model (see Fig. 2.6), which presented all components

within a single flat diagram, the leveled version clearly separates structural

definitions from transformations and high-level summaries. By segmenting the

diagram into conceptual layers, users are better able to follow the logical flow

of the system, reduce cognitive load, and avoid visual clutter—particularly in

diagrams with many interdependencies and reused definitions.

2. Notation Alterations for Definitions and Thesaurus:

• (a) The original notation: In the original notation proposed by Motara,

both foundational definitions and derived ones were represented using the same

visual format (see Fig. 2.5). This uniform appearance risked making it difficult

for future users to distinguish between core system definitions and derived

manipulations. The issue was expected to become more pronounced in models

with many elements, where the visual language might impose a higher cognitive

load. Additionally, the flat appearance could potentially hinder the scanning

and mental grouping of elements, especially when definitions span multiple

conceptual levels.
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While thesaurus definitions did have a different representation, they were ren-

dered using shading. This shading may be difficult to visualize in printed dia-

grams or reproduce in hand-drawn formats, as it requires filling the shape—something

not easily achievable without digital tools.

• (b) Design decision: We revise the notation for definitions and thesaurus.

Square rectangles represent Level 1 definitions, rounded rectangles signify Level

2 definitions, and shaded rectangles for Level 3 thesaurus. The updated nota-

tion is illustrated in figure 4.1. The notation resembles a class diagram, with

the top part indicating the name or overall symbol for the definition and the

lower part providing space for the textual definition.

• (c) Motivation based on design principles: The alteration in shapes and

shading serves the purpose of improving perceptual discriminability and ensur-

ing clarity in the notation’s structure. The chosen visual variables contribute

to the overall readability of the notation, aligning with the principle of “Opti-

mal use of visual variables”. By structuring the notation in a way reminiscent

of class diagrams, we leverage a familiar visual pattern widely used in software

engineering. Additionally, this aligns with the principle of “Flow of thought”,

as the chosen structure maintains a logical flow in representing information in

the design.

• (d) Example application: In the revised Fparsec model (see Fig. 4.16), the

definitions for “parser” (and its subsets) and “some type or value” appears in

a square rectangle, indicating its status as a Level 1 definition. Derived def-

initions steps are presented in rounded rectangles in Level 2, reflecting their

relationship as operations or refinements on core types. Finally, square rect-

angles with a diagonal line on the top right are used to express stakeholder

summaries in Level 3.

In the original model (see Fig. 2.6), all of these elements shared the same visual

format, which made it difficult to visually distinguish between core definitions,

and derived processes. This uniformity raised concerns about potential con-

fusion, particularly in diagrams with a high number of elements. The revised

design aims to reduce cognitive load by clearly separating conceptual levels

and making the structure of the model easier to interpret. The effectiveness of

these visual distinctions will be further examined in the Evaluation Chapter.

3. Symbol Definition Notation:

• (a) The original notation: In the original notation, there was no formal
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Figure 4.2: Definition of a parser (Motara 2021)

method for explicitly defining how a visual symbol related to the concept it

represented. Symbols were placed on the leftmost part of the definitions, in

the rub-’al-hizb shape, and accompanied by descriptive text. Figure 4.2 shows

an example. In this format, the connection between the concept of a “parser”

and the symbol ( ) was never directly stated. Users were expected to infer this

relationship based on the surrounding text. This approach relies on implicit

associations, where the meaning of a symbol had to be inferred from context

rather than being explicitly defined.

• (b) Design decision: A new notation is introduced for defining symbols for

the definitions. Main types are now articulated as ‘label :: symbol,’ where

‘label’ denotes the name of the definition, and ‘symbol’ is the representation

used for the definition. The double colon signifies ‘label is represented by the

symbol’ or ‘label is denoted by the symbol.’ For example, the definition parser

:: ⊙, meaning the parser is represented by the symbol ⊙.

• (c) Motivation based on design principles: The introduction of a specific

notation for defining symbols aligns with the principle of “Optimal use of visual

variables”. The new ‘label :: symbol’ notation achieves two important goals:

it makes the relationship between labels and symbols clear and unambiguous,

ensuring that the visual elements accurately represent their intended meanings.

This supports semantic transparency. Additionally, this notation enhances

perceptual discriminability by making sure that the visual elements are visually

distinct and clear, improving the overall interpretability and effectiveness of the

graphical representation.

• (d) Example application: Figure 4.3 shows an example of a clearly marked

section at the top of the diagram that lists symbol definitions using the ‘label ::

symbol’ convention. For instance, a definition such as ‘parser :: ’ immediately

communicates to the reader that the symbol ( ) represents the parser, without

requiring them to first parse a full textual explanation. This approach enhances

the user’s ability to interpret the diagram by making the meaning of each
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Figure 4.3: Revised definition of a parser

symbol explicitly available at a glance. As a result, readers can recognize

and understand symbols more quickly, reducing the cognitive effort needed to

decipher the diagram. The textual definition then serves to provide additional

context or elaboration, rather than acting as the sole source of meaning. This

layered structure not only supports clearer navigation and orientation within

the diagram but also allows the notation to scale more effectively as complexity

grows. New symbols can be introduced without compromising readability, and

the diagram remains accessible even to users who return to it after some time.

Ultimately, the ‘label :: symbol‘ format fosters a more structured and efficient

interaction between the user and the visual model.

Figure 4.4: An example of a sub-definition (Motara 2021)

4. Subtype Definition Notation:

• (a) The original notation: In the original notation system (see Fig. 4.4),

subtypes or sub-definitions were introduced in a manner similar to main defini-

tions, using unique symbols for each. Each subtype was represented by its own

unique symbol, and just like the main definition, each new symbol required the

user to consult the accompanying textual explanation to understand what it

represented. This meant that for every subtype introduced, a separate symbol

had to be remembered, interpreted, and cross-referenced—adding unnecessary

complexity. The notation not only shared the same limitations discussed earlier

with symbol definition placement, but also compounded them by proliferating

symbols. As more subtypes are introduced, this approach not only overloads
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the user with additional symbols to memorize but also increases the cognitive

load and reduces the interpretability of diagrams.

Figure 4.5: An example of a sub-definition (revised notation)

• (b) Design decision: Another notation is introduced for defining subtypes—definitions

that structurally subset another, effectively aliasing a particular part of the

larger definition. Subtypes are now expressed as ‘symbol : letter,’ where ‘sym-

bol’ is the representation introduced in the main type through ‘label :: sym-

bol,’ and ‘letter’ is a single character offering an intuitive understanding of the

subtype’s functionality. The colon signifies ‘symbol of type letter,’ with the

‘symbol’ part interchangeable with the name of the main definition introduced

in ‘label.’ For example, the definition ⊙:F, represents “a parser of type F”,

where F is used to convey a parser which has FAILED to recognize text.

• (c) Motivation based on design principles: The introduction of a notation

format like “symbol : letter” draws inspiration from common coding conven-

tions found in functional languages (e.g., “a : int”). This familiarity serves

a dual purpose. First, it aligns with established practices in typed functional

programming languages, making the notation more intuitive for users familiar

with these languages. Second, it adheres to the principle of “Optimal use of

visual variables” by leveraging a visual format that carries semantic meaning.

By mirroring a known coding pattern, the notation enhances the overall inter-

pretability of the diagram and supports cognitive effectiveness. This notation

further contributes to the semantic transparency and perceptual discriminabil-

ity of graphical representations by visually representing the relationships be-

tween subtypes and their parent types in a clear and unambiguous manner.

Also, By incorporating a single-letter code that intuitively conveys the sub-

type’s purpose, the notation enhances perceptual discriminability. We went

with this approach instead of introducing additional symbols due to the fact

that introducing new symbols may increase the learning curve for users, espe-

cially those unfamiliar with the symbolism. Memorizing multiple symbols and

their meanings could be challenging. Additionally, designing a set of symbols
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that are both distinct and intuitively associated with specific subtypes can be

challenging. Achieving clarity without introducing ambiguity requires careful

symbol design. Additionally, introducing more symbols for each subtype could

potentially clash with the principle of “Graphical Parsimony”.

• (d) Example application: An example application of this notation can be

seen in Figure 4.5. Sub-definitions in the diagram use expressions such as ‘⊙ :

F’ or ‘⊙ : S’ to indicate subtypes of the parser, such as a failed parser (‘F’) or

a successful one (‘S’). This approach allows the user to immediately recognize

the role of each subtype by referring back to the original symbol while inferring

the subtype meaning from a single-letter extension. As a result, the diagram

becomes easier to scan, interpret, and remember. Users are no longer required

to decode or memorize a growing list of distinct symbols—instead, relationships

and distinctions are conveyed through minimal and familiar visual constructs.

Figure 4.6: Foundational definitions (Motara 2021)

5. Introduction of OR-Arrow Symbol:

• (a) The original notation: In the original notation, a diamond-terminated

line was used to branch from the main definition to its associated subtypes,

as illustrated in Figure 4.6. This approach was sufficient in showing that the

subtypes were linked to the main definition, and allows readers to interpret

that the main definition encompasses several related possibilities. While this

approach does convey a relationship, we wanted to explore an alternate way of

expressing that the main definition could correspond to one or more distinct

subtypes. Instead of a downward-branching layout, which can become verti-

cally elongated as more subtypes are added, our revised notation introduces a

horizontal layout that moves from left to right. This makes better use of space,
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Figure 4.7: Foundational definitions (revised notation)

especially when there are many subtypes, and avoids stretching the diagram

downward, which can make it harder to follow in larger examples.

• (b) Design decision: A new symbol, an arrow with ∥ in the middle, is

introduced to signify “We can use the main definition to represent this subtype

OR this subtype OR this subtype.” The OR-Arrow can be chained together,

with the first one originating from the main definition and subsequent ones

connecting from each subtype.

• (c) Motivation based on design principles: The OR-Arrow symbol aligns

with the principle of flow of thought, emphasizing a logical and consistent

information flow direction. In the context of expressing relationships between

the main definition and its subtypes, the arrow serves as a visual cue for the

flow of possibilities. Additionally, the introduction of the OR-Arrow symbol

optimally uses a visual variable (the arrow) to convey the concept of multiple

pathways or options. This enhances the perceptual discriminability of the

diagram by visually representing the idea that the main definition can lead to

one or more subtypes.

• (d) Example application: Figure 4.7 shows an example of the OR-Arrow

( ) in use. A single main definition is placed on the left, with multiple

subtypes branching rightward using the or-arrows. This arrangement visually

communicates that the main type can represent one of several alternatives.

Compared to the original vertically stacked layout, this horizontal chaining

makes better use of space and reduces vertical scrolling or diagram fragmen-

tation. A comparison between this new OR-Arrow approach and the original

vertical branching method will be conducted as part of the survey

6. The relies relationship:

• (a) The original notation: In the original notation, as shown in Figure 4.8,

relationships between definitions that rely on each other were depicted using
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Figure 4.8: Relies relationship (Motara 2021)

circle-terminated lines pointing from the definition being relied upon to the

dependent definition. This approach effectively conveyed the existence of a

dependency. However, it relied on lines stretching across the diagram, which

introduced visual clutter—especially when multiple definitions depended on the

same source or when relationships crossed over each other. As the number of

dependencies increased, the diagram could quickly become difficult to follow,

with lines weaving through and around other components. While the lines

succeeded in communicating the intended relationship, we sought to explore

an alternative approach that would maintain clarity without increasing visual

complexity or disrupting the overall flow of the diagram

• (b) Design decision: If a definition is built upon another definition, indi-

cating reliance, a rectangular block is added to the bottom of the definition.

This block contains the word “relies,” followed by a colon and the symbol of

the definition it depends on.

• (c) Motivation based on design principles: This addition provides explicit

clarity about the relationship between definitions. It aligns with Principle

1: Focus on diagram understanding, as it prioritizes cognitive processing by

explicitly representing the dependency. By visually encoding this relationship,

it reduces ambiguity and enhances semantic clarity, adhering to Principle 5:

Optimal use of visual variables. The graphical parsimony of this approach

ensures minimal additional complexity, consistent with Principle 2: Graphical

Parsimony.

• (d) Example application: An example of this can be seen in Figure 4.9,

where a definition is extended with a relies: block placed directly beneath

it. This addition immediately signals to the reader that the definition is not
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Figure 4.9: Relies relationship (revised notation)

standalone but depends on another. Rather than relying on lines that stretch

from one part of the diagram to another, the relationship is captured locally

within the same visual unit. This approach offers several advantages. First,

it improves clarity by explicitly stating the dependency in a predictable and

consistent location. Second, it is more space-efficient, particularly in diagrams

with many interdependent definitions, as it avoids the need for long connecting

lines. Third, by removing the visual noise caused by overlapping or intersecting

lines, the diagram remains clean and readable even as it grows in complexity.

Finally, embedding the relies relationship within the block itself helps reduce

cognitive load, as users can quickly grasp the structure without tracing paths

across the diagram. A comparison between this approach and the original

line-based method will be carried out in the survey chapter.

The following set of symbols are symbols that from the original notation that have been

kept due to their usefulness:

• “(” and “)” for grouping

• “⍟” for indicating “some type or value”

• subscripts for the cases of sum types

• “→” for mapping cases

• “ ” for indicating a fall-through case

• “�” and “●” for discrete cases and grouping respectively.
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Figure 4.10: FParsec: Parser definition

4.2 Case One

FParsec 1 is a powerful parser combinator library for the F# programming language.

It allows you to create efficient and readable parsers for various text-based formats by

combining smaller parsers into more complex ones. When parsing fails, FParsec generates

informative error messages that can help you identify and resolve parsing issues.

For our level 1 definitions, we define the main definitions and their sub-definitions. At

its simplest, in FParsec, you create a parser that processes some text. This leads us to

a parser that, when given some text, either recognizes the text, fails to recognize it, or

issues a warning explaining why it cannot recognize the text. Figure 4.10 illustrates the

main definition parser represented by the symbol ⊙. The OR-Arrow originating from

the main definition points to the first sub-definition, ⊙:S, which represents a successful

parser. Subsequently, another OR-Arrow extends from the first sub-definition to ⊙:F,

indicating a parser failure. Finally, the diagram includes ⊙:W, denoting a parser that

issues a warning. Together, these elements visually capture the relationships between the

main definition and its sub-definitions.

A powerful feature of typed functional programming languages is the ability to represent

generic types. Here, we define an additional sub-definition for representing some type or

value (Fig. 4.11). Note the main definition does not have any sub-definitions here.

Figure 4.11: FParsec: some type or value

1https://www.quanttec.com/fparsec/
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Figure 4.12: FParsec: Level two definition (a) and (b)

Definitions in Level 2 result from manipulating the definitions in Level 1. For instance, a

parser that successfully parses text produces a specific value, while any other outcome—a

parser that issues a warning or fails—produces a default value. Figure 4.12(a) illustrates

this relationship. This is the first instance where the symbols �, →, and are introduced.

The symbol � marks the beginning of each case. The logic can be described as follows:

• If the parser successfully recognizes text (denoted by ⊙:S ), it produces the type

specified after the ‘!’ symbol.

• In any other scenario, the result is a failed parser (denoted by ⊙:F ).

We may want to discard certain text that is successfully parsed because it may not be

needed in the final output. This is represented in figure 4.12(b).

In FParsec, we can combine parsers to form more complex ones. Therefore, we need a

way to represent the combination of two parsers ( 4.13(c)).

Figure 4.13: FParsec: Level two definition (c) and (d)

In certain scenarios, it may be necessary to discard delimiters at the beginning and end of

a text while preserving the information between them. This can be achieved by building
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Figure 4.14: FParsec: Level two definition (e) and (f)

upon previous definitions, as demonstrated in Figure 4.13(d). In this case, rectangular

blocks appended at the bottom of the definition indicate the other definitions it depends

upon, leading to the text “Equivalent to:”. The phrase “Equivalent to:” is used to de-

note semantics, describing the conceptual outcome or behavior of a definition rather than

its specific implementation. This approach is particularly common in functional pro-

gramming, where the paradigm inherently emphasizes the composition of functions. For

example, when modeling a parser, the implementation code might not directly involve ex-

plicit function composition. However, the functionality often depends on the relationships

between smaller components, such as ⊙# and ⊙+⊙. These dependencies illustrate how

core operations are delegated to achieve the intended behavior, highlighting the modular

and semantic nature of the system rather than focusing on implementation details.

In functional programming, it’s common to represent the presence or absence of a value

using types that encapsulate the possibility of a “missing” or “none” state (Fig. 4.14(e)).

Such definitions enable graceful error handling by ensuring that results clearly indicate

success or failure. This approach integrates error handling directly into the program’s

flow, reducing reliance on exceptions and promoting safer, more predictable code. We

represent this by turning a failure into a qualified success (Fig. 4.14(f)). All non-alphabetic

characters, such as “!”, are considered to be fixed parts of symbolic definitions. The full

set of Level 2 definitions, along with additional definitions, is shown in figure 4.16.

Level 3 builds upon the foundations laid in Levels 1 and 2 by providing a categorical

grouping and a high-level summary of the system. This level emphasizes the modularity

and composability inherent in FParsec. By grouping definitions into categories, Level 3

diagrams facilitate an overarching understanding of how individual components interact

and contribute to the system’s functionality. Figure 4.15 provides this categorical view,

bridging the detailed manipulations of Level 2 with the holistic representation of the full

diagram in Figure 4.16.
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Figure 4.15: FParsec: Level three definitions

The survey for Case 1 was structured to evaluate participants’ ability to understand and

apply the proposed notation to represent and analyze the FParsec model. Designed in a

tutorial style, similar to the structure of this section, the survey guided participants step

by step through the model’s notation. Participants were first asked to identify all main

definitions and their associated sub-definitions in the diagram, as well as any definitions

that relied on others. This line of questioning aimed to evaluate participants’ ability to

recognize and interpret the foundational elements of the notation while identifying how

relationships between elements are expressed.

The questions then delved deeper into how definitions are manipulated. Participants were

presented with specific Level 2 definitions and tasked with interpreting their meaning and

functionality. They were also asked to explore specific combinations of symbolic definitions

and their behavior within the context of parsing. For instance, participants were prompted

with questions such as:

• What does the definition signify in the context of parsing ?

• In , what does the presence of versus indicate ?

• How would you interpret ?

• How would behave in the context of parsing ?

These questions encouraged participants to think critically about parsing logic and the

modularity expressed within the diagrams. By focusing on the symbolic definitions and

their interactions introduced in Level 2, the survey assessed participants’ ability to in-

terpret more complex relationships. Moreover, these questions emphasized the functional

implications of the notation, prompting participants to apply their understanding to hy-

pothetical parsing scenarios. This structured, tutorial-like approach aligned with the
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Figure 4.16: FParsec diagram
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overarching goal of evaluating the notation’s clarity, usability, and practicality. It

provided a comprehensive framework to assess participants’ ability to recognize, inter-

pret, and apply the notation effectively. The participant responses and their implications

will be analyzed and discussed further in the Results chapter.

4.3 Case Two

Docutils is an open-source text processing system written in Python, designed to parse and

transform reStructuredText (reST) documents. It converts reST into formats like HTML,

LaTeX, and XML, making it a popular tool for technical documentation. Its architecture

includes parsers for reading input, a document tree for structure representation,

and writers for output generation. We need a definition to represent the structure of the

document tree.

We need a definition to represent the structure of the document tree.

Readers play an important role in Docutils; they help read the input data and pass it to

the parser. We represent the reader with the following definition:

Parsers generate a document tree (doctree) from the input file. We define the parser as

follows:
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Finally, Docutils has writers who translate the document tree into the output format.

Moving on to level 2 definitions, Readers pass the input data to the parser so it can be

converted into an AST:

The .. notation encapsulates the act of invoking a connection between a reader ( )

and a parser ( ). This act encapsulates the dynamic process in which the reader, after

processing or reading the input data from the source file, actively invokes the parser to

further interpret and process the data. The meaning of each case can be interpreted as:

• When the reader successfully interprets the raw input, it passes the data to the

parser. The parser then processes the data and generates a structured representa-

tion, typically a Document Tree (Doctree) or an equivalent abstract syntax struc-

ture. This success is denoted by the symbol S, indicating that both the reader

and the parser have successfully completed their respective tasks, with the reader

correctly reading the input and invoking the parser to generate the output structure.

• If the reader encounters an issue, such as malformed input or unsupported syntax, it

generates a warning or error message. This indicates that the reader was unable to

pass properly structured data to the parser, preventing the parser from generating

the Document Tree and causing the process to fail.

Thus, a parser generates a doctree:
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Docutils has transformers that modify the document tree:

The name “f” is presented in boldface within the definition to emphasize its role as a

substitutable identifier. This notation underscores that “f” serves as a placeholder or

symbolic reference, allowing it to be replaced with specific instances or values as needed

within the model’s context. In the case of Docutils, the framework incorporates transform-

ers designed to modify the document tree. The symbolic representation of “f” highlights

its function as a flexible and substitutable transformation mechanism capable of imple-

menting targeted modifications to the document tree to fulfill processing requirements.

In functional programming, the presence or absence of a value is often represented using

types that encapsulate the possibility of a “missing” or “none” state. We represent this

in the following definition for a doctree:

Writers translate the doctree into output:
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And finally, our level 3 definitions:

The full Docutils diagram is represented in figure 4.17. The survey for Case 2 was de-

signed to assess participants’ comprehension and application of the proposed notation

in modeling the Docutils framework. The questions began by guiding participants to

identify the main definitions and their associated sub-definitions in the Docutils diagram.

This initial set of questions aimed to evaluate the participants’ ability to understand the

foundational elements of the model.

The survey then transitioned to a deeper exploration of the Level 2 definitions, prompting

participants to interpret their functionality and implications. Specific questions explored

the outcomes of applying symbolic transformations, such as identifying the results pro-

duced by a transformation function or understanding the implications of its application.

Participants were also presented with specific combinations of symbolic definitions and

asked to analyze their collective meaning within the context of the docutils. For example,

the following questions were asked:

• What is the result of ?

• In the definition , what does the transformation imply ?

• What does the combined definition represent ?

• If (absent document tree), is passed to the writer in , what is the outcome

?

• What does the combination imply ?

• Which sequence best represents a full, successful input-to-output workflow using

Level 2 definitions?



81

Figure 4.17: Docutils diagram
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Additionally, participants were tasked with analyzing sequences within the workflow, eval-

uating their understanding of a full, successful input-to-output process using Level 2

definitions. These questions emphasized the functional interplay between symbolic defini-

tions, encouraging participants to think critically about the invocation of readers, parsers,

and transformations, as well as their role in generating a complete document tree.

By focusing on the symbolic representations and their interactions within the Docutils

framework, the survey assessed participants’ ability to interpret complex relationships

and workflows. Moreover, the questions underscored the functional implications of the

notation, prompting participants to apply their understanding to scenarios grounded in

document processing. This structured, tutorial-like approach ensured a comprehensive

evaluation of the notation’s clarity, usability, and practicality. The analysis of par-

ticipant responses and their implications will be presented in the Results chapter.

4.4 Case Three

Pandoc is a powerful document converter written in Haskell that allows users to transform

documents between a variety of markup formats, including Markdown, HTML, LaTeX,

and PDF.

Pandoc utilizes input parsers to convert various markup formats, like Markdown and

HTML, into an abstract syntax tree (AST), which serves as a structured represen-

tation of the document’s content. This AST enables efficient manipulation during the

conversion process. After processing, output writers transform the AST into the de-

sired output formats, such as PDF or Word documents. Additionally, filters allow users

to customize the AST dynamically, modifying the document’s content and structure be-

fore generating the final output. This architecture makes Pandoc a flexible and powerful

tool for document conversion.

To represent these components, we define the following main concepts in level 1, we define

an input handler to help manage which parsers should parse text from an input file:
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Similarly, we define an OutputFormatHandler:

Another necessary main definition is for a Reader, which parses input text to generate an

AST:

Similarly, we define a Writer:

We also need definitions for an AST and output text:

Level 2 definitions are derived from manipulating Level 1 definitions. We might have

a definition for invoking a reader for a given input format to parser the text. Such a

definition would look like:
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Similarly, for invoking a writer:

Focusing on readers, we define a process for producing an AST since readers output ASTs:

Similarly, for a writer that produces output text:

Pandoc also has filters that can transform the AST before converting it to an output

format:
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The complete set of Level 2 definitions, alongside supplementary definitions, is presented

in Figure 4.18. And finally, our level 3 definitions:

The comprehensive Pandoc diagram, incorporating all levels of definitions, is shown in

Figure 4.18. Similar to Cases 1 and 2, the survey for Case 3 included questions de-

signed to evaluate participants’ ability to comprehend the foundational elements of the

Pandoc model. Participants were tasked with identifying the main definitions and their

associated sub-definitions within the Pandoc diagram. This approach ensured that par-

ticipants engaged with the basic structure of the notation before exploring more complex

interactions.

Following the tutorial-style approach employed in previous cases, the survey aimed to

assess the notation’s clarity, usability, and practicality. Participants were presented

with questions that encouraged them to analyze and interpret Level 2 definitions and

their combinations. Examples of the questions include:

• What does the produce ?

• What does the combined definition represent ?

• What does the notation imply in the context of transformation ?
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Figure 4.18: Pandoc diagram
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• If the is used, what does it indicate about the input processing ?

• If occurs, what is the likely outcome ?

These questions were designed to test participants’ ability to understand the relationships

and functional implications within the model. By focusing on specific symbolic definitions

and their transformations, the survey assessed participants’ capacity to apply the nota-

tion effectively to hypothetical scenarios involving Pandoc’s processing workflow. The

participant responses and their analysis will be detailed in the Results chapter.

4.5 Case Four

In Case 4, participants were presented with targeted questions focusing on specific symbols

and diagrammatic elements to evaluate their understanding and interpretation.

4.5.1 Evaluation of the OR-Arrow Symbol

For the first symbol, the focus was on the OR-Arrow, a key component of Level 1

definitions that conveys the possibility of a main definition leading to multiple alternative

sub-definitions. The evaluation aimed to assess the symbol’s clarity, usability, and

effectiveness in representing these relationships.

Figure 4.19: Level 1 definition

Participants were provided with a Level 1 diagram, as illustrated in Figure 4.19, which

included the OR-Arrow symbol. They were then asked to engage with the diagram and

respond to a combination of closed-ended and open-ended questions to provide both

qualitative and quantitative feedback. The survey questions included:

1. Yes/No Questions:
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• Does the OR-Arrow clearly communicate that the main definition can represent

multiple alternatives?

• Is the use of the OR-Arrow symbol effective in conveying the either-or relationship

between sub-definitions?

• Is there any ambiguity when interpreting the sub-definition relationships using the

OR-Arrow symbol?

2. Open-Ended Question:

• Please provide reasons for your choices above.

These questions were designed to align with the evaluation criteria established in the

methodology. Specifically, they assessed the clarity of the OR-Arrow by determining

whether it effectively represented relationships within the diagram. They also explored

the symbol’s simplicity, examining whether it was intuitive and easy for participants to

interpret. Lastly, the evaluation addressed usability, focusing on how well participants

could apply the OR-Arrow to understand Level 1 definitions and their implications within

the context of the model.

By employing a mixed-methods approach, the survey combined quantitative insights from

the closed-ended questions with nuanced feedback from the open-ended responses. This

structured evaluation ensured a comprehensive analysis of the OR-Arrow symbol’s role in

representing relationships. Findings from this case will contribute to refining the modeling

notation, ensuring it remains both practical and accessible while maintaining clarity and

simplicity for diverse systems and audiences.

4.5.2 Comparative Analysis of the OR-Arrow Symbol

For the second symbol, the evaluation continued to focus on the OR-Arrow symbol but

introduced a comparative analysis of two different diagrams: Diagram A, representing the

current notation, and Diagram B, showcasing an alternative representation of the OR-

Arrow symbol. The objective was to determine which diagram more effectively conveyed

the relationships between definitions.
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Participants were presented with the question: “Which diagram makes it easier to

identify the relationship between definitions?” Unlike the previous case, this ques-

tion included an additional option, “Neither,” allowing participants to express neutrality

if they found neither diagram particularly effective. This approach ensured that partici-

pants did not feel compelled to choose a preference between the two notations.

Following this, participants answered a multiple-choice question asking: “How many

sub-definitions are visible in each diagram?” This question had a single correct

answer and was designed to verify participants’ ability to interpret and understand the

diagrams. Finally, participants were asked to provide feedback with an open-ended ques-

tion: “Please provide reasons for your answer.”

This structured evaluation served multiple purposes. First, it sought to identify which

diagram employed the OR-Arrow symbol in a way that was simpler and more effective for

participants to comprehend. Second, by including the multiple-choice question, the survey

ensured that participants were not only making subjective judgments but also demon-

strating an objective understanding of the diagrams. Lastly, the open-ended feedback

provided valuable qualitative insights into participants’ thought processes, highlighting

any challenges or preferences related to the notation. By comparing the two notations

Figure 4.20: Symbol Two

and analyzing the results, this evaluation contributes to refining the design of the OR-

Arrow symbol, ensuring it remains intuitive and effective in representing relationships

between definitions across diverse system models.
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Figure 4.21: Symbol Three

4.5.3 Evaluation of the Notation Label (::) Symbol

For the third symbol, the focus shifted to the notation label (::) symbol, which is used to

define the name and corresponding symbol of a main definition (Fig. 4.21). Participants

were presented with a diagram featuring the (::) symbol and asked a series of targeted

questions to evaluate their understanding of its function and clarity.

The first question was a yes/no inquiry: “Is the notation clear in repre-

senting the relationship between the name of a definition and its corresponding

symbol?” This question aimed to assess participants’ perceptions of the symbol’s clarity

in establishing the relationship between a definition’s name and its visual representation.

Participants were then asked a more specific question: “What does the symbol

represent?” This multiple-choice question, with only one correct answer, served as a

verification step to determine whether participants accurately understood the connection

between the name and the symbol as represented in the diagram.

Finally, participants were invited to elaborate on their responses with the open-ended

question: “Please provide reasons for your choices above.” This question allowed

for qualitative feedback, offering insights into how participants interpreted the (::) symbol

and any challenges they encountered in doing so.

By combining these questions, the evaluation of the (::) symbol focused on its clarity in

representing relationships, its usability in helping participants interpret the diagram, and

its overall effectiveness as part of the notation. The structured approach ensured a com-

prehensive analysis of participants’ understanding while also capturing their subjective

experiences, contributing valuable input for refining the notation.
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4.5.4 Evaluation of Sub-Definition Notation

For the fourth symbol, the focus shifted to the sub-definition notation expressed as symbol:

letter, which is used to define subtypes as subsets of a main definition. Participants were

presented with a diagram ( 4.22) featuring this notation and asked a series of questions to

evaluate their understanding of its purpose and clarity. The first two questions were yes/no

Figure 4.22: Symbol Four

inquiries designed to assess participants’ comprehension of the notation’s functionality:

• Does the notation clearly convey that combining a symbol from the main

definition with a letter indicates a sub-definition of that main definition?

• Do you understand the single letter (e.g., S) to intuitively represent the sub-definition’s

functionality?

These questions aimed to determine whether the symbol:letter notation effectively com-

municates the relationship between a main definition and its sub-definitions, as well as

whether the single-letter representation intuitively conveys the intended meaning.

To verify understanding, participants were then asked a specific question: “In the

notation, what does the S represent?” This multiple-choice question, with only one

correct answer, served as a means to ensure participants could accurately interpret the

diagram and its symbolic components.

Finally, participants were invited to elaborate on their responses with the open-ended

question: “Please provide reasons for your choices above.” This question allowed for

qualitative insights, offering a deeper understanding of the participants’ thought processes

and any difficulties they may have encountered.

By combining closed-ended and open-ended questions, the evaluation of the symbol:letter

notation aimed to assess its clarity, simplicity, and usability in representing sub-definitions.

The feedback gathered from this structured approach will contribute to refining the no-

tation, ensuring it remains intuitive and effective in communicating the hierarchical rela-

tionships between definitions.
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Figure 4.23: Symbol Five

4.5.5 Comparative Evaluation of Diagrams for Main Definitions

and Sub-Definitions

For the fifth symbol, the evaluation aimed to compare the effectiveness of two diagram-

matic representations, A and B, in conveying main definitions and their sub-definitions

(Fig. 4.23). Diagram A utilized the newly proposed notation, designed to enhance clar-

ity and usability, while Diagram B adhered to the older notation developed by Motara.

Both diagrams represented the same conceptual information but differed in their visual

and structural approaches. The goal was to determine whether the new notation offered

improvements over the older approach in terms of understanding relationships and recall.

Participants were asked targeted questions such as “Which diagram makes it easier

to identify the relationship between definitions?” and “Which diagram makes it

easier to recall what the symbols represent?” These questions sought to assess the

relative clarity, simplicity, and effectiveness of the new notation in visually representing

hierarchical relationships. To ensure a comprehensive evaluation, participants were also

encouraged to provide qualitative feedback through an open-ended question: “Please

provide the reasons for your choices above.” This allowed the study to capture

nuanced insights into participants’ thought processes, preferences, and any challenges they

encountered. By comparing the new and old approaches, the analysis identified specific
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strengths and weaknesses of the new notation, contributing to its further refinement and

improvement for practical use.

Figure 4.24: Symbol Six

4.5.6 Evaluation of Relationships at Level 2

For the sixth symbol, the focus was on evaluating how relationships at Level 2 are rep-

resented within the diagrams. Participants were provided with two diagrams, A and B,

where Diagram A utilized the new notation, and Diagram B reflected the older notation

proposed by Motara (Fig. 4.24). Both diagrams illustrated the concept of a “relies” rela-

tionship between definitions. Participants were asked to respond to the question, “Which

notation conveys that there is a relationship between definitions?”, with the ad-

ditional option to select “neither” to avoid forcing a preference. This was followed by an

open-ended question, “Please provide the reasons for your choices above,” aimed

at capturing participants’ reasoning and insights. This approach allowed for a thorough
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evaluation of how effectively each notation communicates relationships, offering valuable

feedback for refining the clarity and usability of the new notation.

4.5.7 Holistic Comparison of Diagrammatic Notations

For the seventh symbol, participants were provided with full diagrams of the FParsec

system, one rendered in the old notation (Fig. 4.25) and the other in the new notation

(Fig. 4.16). The objective was to perform a comprehensive evaluation of the new nota-

tion’s overall clarity, usability, and practicality in comparison to the older notation. This

was achieved through a series of targeted questions designed to capture participants’ pref-

erences and insights about the two notations. Each question was carefully followed by

an open-ended prompt, asking participants to explain the reasoning behind their choices.

This dual approach ensured both quantitative and qualitative feedback, which was critical

for identifying areas of strength and improvement in the new notation.

The first question, “Which diagram makes it easier to keep track of the symbols?”

aimed to assess the cognitive ease with which participants could recognize and follow the

symbols throughout the diagrams. By including the “neither” option, participants were

not compelled to choose between the diagrams if they found both equally challenging or

effective. The corresponding open-ended question allowed participants to elaborate on

their reasoning, providing insights into whether the symbols in the new notation were

distinct, memorable, and consistently represented.

The second question, “Which diagram makes it easy to mentally map the symbol

to its underlying concept?” focused on the intuitiveness of the notations. This question

sought to determine whether participants could readily associate each symbol with its

intended meaning or functionality, a critical factor for ensuring the practical usability of

the notation. The open-ended responses here were particularly valuable in highlighting

whether the new notation successfully bridged the gap between abstract representation

and conceptual understanding.

The third question, “Which notation makes it easier to understand the rela-

tionships between components?” addressed the visual and structural clarity of the

diagrams. This question was essential for evaluating how well the new notation conveyed

the interconnections and dependencies between various components within the FParsec

system. Participants’ justifications for their choices provided qualitative data on whether

the new notation effectively improved the depiction of these relationships compared to

the older notation.
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Figure 4.25: Symbol 7 (diagram A) (Motara 2021)

The fourth question, “Which notation organizes the components and relation-

ships more clearly in terms of layout and flow?” evaluated the overall diagrammatic

structure, focusing on the readability and logical progression of the representations. Clear

organization is a vital characteristic of any notation, as it directly impacts users’ ability to

navigate and interpret complex systems. The open-ended follow-up allowed participants

to critique specific aspects of the layout, such as spacing, alignment, and visual hierarchy,

offering actionable feedback for refinement.

The final question, “Which notation is more flexible in adapting to changes in

the system’s structure or requirements?” examined the adaptability of the nota-
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tions. This question aimed to assess whether the new notation was versatile enough to

accommodate modifications in the system’s architecture, a crucial factor for its appli-

cability in dynamic environments. Participants’ explanations provided insights into the

perceived scalability and extensibility of the notation.

Overall, this evaluation of the seventh symbol incorporated a thorough comparison of the

old and new notations across multiple dimensions, from clarity and organization to adapt-

ability and conceptual mapping. By integrating closed-ended questions with open-ended

prompts, the study captured a holistic view of participants’ preferences and experiences,

ensuring that the new notation could be fine-tuned to better meet user needs and enhance

its practical applicability.

4.6 Conclusion

This chapter detailed the implementation of a refined structural modeling notation guided

by the Physics of Diagrams (PoD) framework, introducing key modifications to en-

hance cognitive fit, clarity, and usability. A three-tiered leveling system was imple-

mented—separating core definitions (Level 1), derived manipulations (Level 2), and stake-

holder summaries (Level 3)—to reduce cognitive load and improve modularity. Visual

differentiation was achieved through distinct shapes: square rectangles for foundational

definitions, rounded rectangles for derived operations, and shaded rectangles for the-

saurus groupings, enhancing perceptual discriminability. Symbol definition clarity was

prioritized via explicit ‘label :: symbol’ notation (e.g., parser :: ⊙), ensuring unambigu-

ous mapping between concepts and visual representations. Sub-definition notation was

streamlined (e.g., ⊙:F for a failed parser) to minimize symbol proliferation while leverag-

ing intuitive single-letter codes. The new OR-Arrow symbol replaced vertical branching

with horizontal chaining to represent alternative subtypes, optimizing spatial efficiency.

Additionally, “relies” relationships were embedded directly within definition blocks to

eliminate dependency-line clutter.

These refinements were rigorously applied across three case studies: FParsec modeled

parser combinators, emphasizing failure handling and text transformations; Docutils cap-

tured reStructuredText processing workflows, demonstrating adaptability to non-functional

systems; and Pandoc illustrated AST-based document conversion, validating scalability

for complex functional architectures. To evaluate effectiveness, a multi-faceted survey

was designed, integrating case-specific questions (testing comprehension of definitions,
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manipulations, and workflows), symbol-focused evaluations (assessing OR-Arrow clarity,

:: notation, and sub-definition syntax), and comparative analyses pitting the revised nota-

tion against Motara’s original (see Appendix B). This implementation establishes a robust

foundation for empirical validation, ensuring the notation aligns with PoD principles while

addressing real-world modeling challenges across diverse systems.



Chapter 5

Results and Discussion

This chapter presents the findings from the case studies and survey evaluations, analyzing

how the new structural modeling notation performed in practice. It includes qualitative

and quantitative assessments of the notation’s clarity, usability, and effectiveness, based

on participant feedback. Appendix B presents the full questionnaire.

5.1 Participant Overview and General Performance

This section summarizes the demographics of the participants, their overall task perfor-

mance, and performance trends across different participant categories. These provide a

contextual baseline for interpreting results in the specific case studies that follow. This is

followed by a discussion of the evaluation outcomes and the subsequent actions taken to

refine the notation and improve its overall presentation and usability.

5.1.1 Participant Demographics

The study involved a total of 30 participants from various professional backgrounds. Par-

ticipants were asked to self-report their primary role and their level of familiarity with

the subject matter (‘Beginner’, ‘Intermediate’, or ‘Advanced’ ).

A detailed breakdown of participant categories is presented in Table 5.1. The partici-

pant pool was primarily composed of ‘Developers’ (n=13) and ‘Students’ (n=14). The

remaining participants identified as ‘Data Engineer Intern’ (n=1), ‘Business Analyst’

98
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(n=1), and ‘Author’ (n=1), and are grouped into ’Other roles’ (n=3). Among the two

largest groups, developers were distributed across all familiarity levels, while the majority

of students (n=9) identified as beginners.

Table 5.1: Breakdown of Participant Role and Familiarity
Role Advanced Beginner intermediate Total
Developer 3 5 5 13
Student 0 9 5 14
Other 0 3 0 3
Total 3 17 10 30

5.1.2 Overall Task Performance

To quantify participant performance, a composite score was calculated for each individual.

This score represents the sum of correctly answered items across the four experimental

cases. The maximum possible score was 26 (Case One: 7, Case Two: 8, Case Three: 7,

Case Four: 4). For comparative analysis, this raw score was then converted into an overall

percentage. Table 5.2 presents the individual participant scores, ordered from highest to

lowest.

The distribution of these overall performance scores is presented in Figure 5.1. The

results indicate a strong performance from the majority of participants, with a pronounced

clustering of scores above 70%. The distribution is negatively skewed, suggesting that

most participants found the notation understandable. However, the presence of a tail

in the lower score range indicates that a subset of participants experienced significant

difficulties, which answers the question of whether confusion was widespread or isolated

to a smaller group.

5.1.3 Performance Analysis by Participant Category

To investigate the influence of professional background and self-reported familiarity on

performance, the mean scores for different participant sub-groups were compared.

As shown in Table 5.3, a clear difference in performance was observed when categorizing

by role. ‘Developer’ participants achieved the highest average score (M = 84.0%), while

‘Other’ roles scored lowest (M = 48.7%).
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Table 5.2: Individual Participant Scores (Sorted High→Low)

Role Familiarity Score

Developer Beginner 100.00
Developer Beginner 100.00
Student Beginner 100.00
Developer Advanced 96.15
Student Beginner 96.15
Student Beginner 92.31
Developer Advanced 88.46
Developer Beginner 88.46
Developer Intermediate 88.46
Developer Intermediate 88.46
Developer Intermediate 88.46
Student Intermediate 88.46
Developer Beginner 84.62
Student Beginner 84.62
Student Beginner 84.62
Student Intermediate 80.77
Data Engineer Intern Beginner 76.92
Developer Intermediate 76.92
Student Beginner 76.92
Student Intermediate 76.92
Student Beginner 73.08
Developer Intermediate 69.23
Student Beginner 69.23
Developer Advanced 65.38
Developer Beginner 57.69
Student Intermediate 57.69
Business Analyst Beginner 50.00
Student Beginner 34.62
Author Beginner 19.23
Student Intermediate 19.23

Table 5.3: Performance Score by Participant Role
Role Average Score (%)
Developer 84.0
Student 73.9
Other 48.7

Further analysis based on self-reported familiarity revealed a less predictable trend (Ta-

ble 5.4). Participants identifying as ‘Advanced’ (M = 83.3%) and ‘Beginner’ (M = 75.8%)

outperformed those who identified as ‘Intermediate’ (M = 73.5%).
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Figure 5.1: Distribution of Overall Participant Performance Scores.

Table 5.4: Mean Performance Score by Familiarity Level
Familiarity Average Score (%)
Advanced 83.3
Beginner 75.8
Intermediate 73.5

A more granular breakdown of performance by both role and familiarity is provided

in Table 5.5. This analysis further illuminates the trend observed in the student sub-

group, where ‘Beginner’ students (M = 79.1%) on average scored notably higher than

their ‘Intermediate’ counterparts (M = 64.6%). In contrast, developer performance was

consistently high across all self-reported familiarity levels. The ‘Other’ category, compris-

ing non-developer and non-student roles, recorded the lowest average performance (M =

48.7%).

Table 5.5: Mean Performance Score (%) by Role and Familiarity
Role Advanced Beginner) Intermediate
Developer 83.3 86.2 82.3
Student - 79.1 64.6
Other - 48.7 -

A more granular breakdown of performance by both role and familiarity is provided

in Table 4.4. This analysis further illuminates the trend observed in the student sub-

group, where ‘Beginner’ students (M = 79.1%) on average scored notably higher than
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their ‘Intermediate’ counterparts (M = 64.6%). In contrast, developer performance was

consistently high across all self-reported familiarity levels. The ‘Other’ category, compris-

ing non-developer and non-student roles, recorded the lowest average performance (M =

48.7%).

5.1.4 Response Categorization Criteria

To analyze participant answers consistently across all case studies, responses to questions

with multiple correct answers are classified into the following categories:

• Correct: Participants identify all correct options.

• Partially Correct: Participants identify some but not all of the correct options,

and or including other options.

• Overinclusive Responses: Participants identify all the correct options including

other distractor options

• Incorrect Responses: Participants identify incorrect options only.

5.2 Case One

Case 1 focused on modeling the functional programming system FParsec using the devel-

oped modeling notation and evaluating participants’ comprehension through seven ques-

tions. This section presents the results for each question, highlighting performance trends

and descriptive statistics.

Average Score: 69.05% across all questions.

5.2.1 Q1: Recognition of Main Definitions

The objective of this question is to evaluate participants’ ability to identify the main

definitions in the Fparsec diagram (see Fig. 4.16). Figure 5.3 displays the frequency of

responses for each option, with the bars indicating the number of participants who selected

each option in figure 5.2.

Correct Responses:
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Figure 5.2: FParsec Q1, Q2, and Q3 options.

• 15 participants (50%) correctly identified both Option 1 (parser) and Option 5

(some type or value) as the main definitions.

Partially Correct Responses:

• 9 participants (30%) identified Option 1 but did not include Option 5 or included

additional options. Examples include:

– Option 1, Option 8 (Count: 1).

– Option 1, Option 2, Option 3, Option 4, Option 7 (Count: 1).

– Option 1, Option 2, Option 3, Option 4, Option 6–16 (Count: 1).

– Option 1, Option 2, Option 3, Option 4 (Count: 1).

– Option 1 only (Count: 5).

Overinclusive Responses:

• 5 participants (16.67%) selected unrelated distractor options alongside correct

answers. Examples include:

– Option 1, Option 2, Option 3, Option 4, Option 5 (Count: 5).
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Incorrect Responses:

• 1 participant (3.33%) provided responses excluding both correct definitions (for

example, Option 2, Option 3, Option 4, Option 8, Option 14 (Count: 1)).

Figure 5.3: Case One (Q1) Frequency of responses by option.

Trends:

• Option 1 (reader) was the most frequently selected definition (identified by 96.67%

of participants).

• Option 5 (some type or value) was selected by 66.67% of participants, indicating

slightly lower recognition compared to Option 1.

5.2.2 Q2: Identifying Sub-Definitions

Figure 5.4 displays the frequency of responses for each option, with the bars indicating

the number of participants who selected each option in figure 5.2.

Correct Responses:

• 18 participants (60%) correctly identified all three sub-definitions: Options 2, 3,

and 4.

Partially Correct Responses:



5.2.2 Q2: Identifying Sub-Definitions 105

Figure 5.4: Case One (Q2) Frequency of responses by option.

• 1 participant (3.33%) identified Option 2 but did not include Option 3 and 4 and

included additional options. Examples include:

– Option 2, Option 5, Option 7, Option 8, Option 9, Option 10, Option 13

(Count: 1).

Overinclusive Responses:

• 4 participants (13.33%) selected all of options 2, 3, and 4 and other incorrect

options. Examples include:

– Option 2, Option 3, Option 4, Option 5 (Count: 3).

– Option 1, Option 2, Option 3, Option 4, Option 5 (Count: 1).

Incorrect Responses:

• 7 participants (23.33%) provided responses excluding all three correct sub-definitions

– Option 6, Option 7, Option 8, Option 9, Option 10, Option 11, Option 12,

Option 13, Option 16 (Count: 1).

– Option 6, Option 7, Option 8, Option 9, Option 10, Option 11, Option 12,

Option 13, Option 14, Option 15, Option 16 (Count: 2).

– Option 6, Option 12 (Count: 1).
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– Option 5, Option 6, Option 7, Option 8 (Count: 1).

– Option 5 (Count: 1).

– Option 1, Option 5, Option 6, Option 8, Option 11, Option 14, Option 15

(Count: 1).

Trends:

• The most prominent trend is the strong performance of the participants, with 60%

correctly identifying all three sub-definitions (Options 2, 3, and 4). This suggests a

good overall understanding of the core concept being tested.

• Option 5 appears in the overinclusive, partially correct, and several incorrect re-

sponses. This reinforces the idea that Option 5 acted as a significant distractor,

pulling respondents away from the completely correct answer.

• Overinclusive responses frequently included unrelated distractors, particularly Op-

tions 6 through 16, indicating a tendency toward over-selection in these cases.

• The presence of overinclusive responses (13.33%) suggests that these participants

had a partial understanding of the concept, correctly identifying all the core com-

ponents (Options 2, 3, and 4) but then adding an incorrect option, most frequently

Option 5.

5.2.3 Q3: Identify all the definitions that rely on other defini-

tions

Figure 5.5 displays the frequency of responses for each option, with the bars indicating

the number of participants who selected each option in figure 5.2.

Correct Responses:

• 14 participants (46.67%) correctly identified both Options 10 and 14 as the level

2 definitions that rely on other definitions.

Partially Correct Responses:
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Figure 5.5: Case One (Q3) Frequency of responses by option.

• 6 participants (20%) selected only one of the correct options (Option 10) . Ex-

amples include:

– Option 9, Option 10, Option 11, Option 12 (Count: 1).

– Option 6, Option 7, Option 8, Option 9, Option 10, Option 11, Option 12

(Count: 1).

– Option 6, Option 7, Option 8, Option 9, Option 10, Option 11 (Count: 1).

– Option 10 (Count: 2).

– Option 1, Option 5, Option 9, Option 10 (Count 1).

Overinclusive Responses:

• 7 participants (23.33%) selected both of options 10 and 14 and other incorrect

options. Examples include:

– Option 6, Option 7, Option 9, Option 10, Option 11, Option 12, Option 13,

Option 14, Option 15, Option 16 (Count: 1).
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– Option 6, Option 7, Option 8, Option 9, Option 10, Option 11, Option 12,

Option 13, Option 14, Option 15, Option 16 (Count: 2).

– Option 6, Option 7, Option 8, Option 9, Option 10, Option 11, Option 12,

Option 13, Option 14 (Count: 1).

– Option 6, Option 7, Option 10, Option 11, Option 14, Option 15, Option 16

(Count: 1).

– Option 2, Option 3, Option 4, Option 6, Option 7, Option 8, Option 9, Option

10, Option 11, Option 12, Option 13, Option 14, Option 15, Option 16 (Count:

1).

– Option 10, Option 11, Option 14 (Count: 1).

Incorrect Responses:

• 3 participants (10%) provided responses excluding both correct options. Exam-

ples include:

– Option 5, Option 7, Option 9, Option 13 (Count: 1).

– Option 2, Option 3, Option 4, Option 6, Option 7, Option 8 (Count: 1).

– Option 1, Option 16 (Count: 1).

Trends:

• Compared to the previous data, the overall success rate (46.7%) is significantly

lower. This suggests the question was more difficult or the concepts being tested

were less well understood.

• Examining the partially correct responses, Option 10 was selected more frequently

than Option 14. This suggests Option 10 might have been more salient or easier to

identify as a correct option. Two participants selected Option 10 alone.

• A notable trend is the high number of overinclusive responses often contained long

lists of unrelated options. This suggests some participants may have been unsure

and selected a large number of options to increase their chances of including the

correct ones, rather than demonstrating a clear understanding.
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5.2.4 Q4: What does the definition signify in the context

of parsing ?

Objective: Test participants’ understanding of a specific Level 2 definition. Figure 5.5

displays the frequency of responses for each option, with the bars indicating the number

of participants who selected each option.

Figure 5.6: Case One (Q4) Frequency of responses by option.

Correct Responses:

• 22 participants (73.33%) correctly interpreted the definition as “the parser pro-

duces the value shown above by default if parsing fails.”

Incorrect Responses:

• 6 participants (20%) selected “the parser produces the value shown above if suc-

cessful, and nothing if it fails.”

• 1 participant each (3.33%) selected the distractor options:

– “The parser produces multiple values of the type shown above.”

– “The parser repeats parsing until it succeeds.”

Trends:



5.2.5 Q5: In , what does the presence of versus indicate ? 110

• The most significant trend is the high percentage of correct answers (73.33%). This

suggests that the concept being tested was generally well understood by the partic-

ipants.

• The option “The parser produces the value shown above if successful, and nothing

if it fails” was chosen by 6 out of the 8 incorrect respondents. This indicates that

this option was a particularly effective distractor. It likely appealed to those who

had a partial understanding of parsing or were unsure about the specific behavior

in case of failure.

5.2.5 Q5: In , what does the presence of versus

indicate ?

Objective: Test participants’ understanding of symbols indicating presence versus ab-

sence. Figure 5.7 shows a chart that representing the percentage distribution of responses

between the two options, highlighting the higher selection rate for the correct answer.

Figure 5.7: Case One (Q5) Interpretation of Symbol Presence in Level 2 Definition.

Trends:

• The (27 out of 30, or 90%) success rate indicates a very strong understanding of the

concept being tested. This suggests the question was either very straightforward or

the concept was exceptionally well understood.



5.2.6 Q6: How would you interpret ? 111

5.2.6 Q6: How would you interpret ?

Objective: Assess participants’ ability to interpret outcomes when multiple Level 2

definitions are combined. Figure 5.8 shows a chart that representing the percentage

distribution of responses between the two options, highlighting the higher selection rate

for the correct answer.

Figure 5.8: Case One (Q6) Response Distribution for Combined Level 2 Definitions.

Correct Responses:

• 22 participants (73.33%) correctly interpreted the definition as “combining two

parsers where the result of the first is discarded, and the second produces the value

shown above upon failure.”

Incorrect Responses:

• 7 participants (23.33%) selected “parsing a sequence of text, where the first parse

discards output, and the second produces multiple values of the type shown above.”

• 1 participant (3.33%) selected “parsing sequential text segments, each with its

parser producing identical results.”

Trends:
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• High comprehension was reflected by the majority selecting the correct answer

(73.33%).

• The option “Parsing a sequence of text, where the first parse discards output, and

the second produces multiple values of the type shown above” was chosen by 7 out of

the 8 incorrect respondents. This suggests this option acted as a strong distractor,

likely appealing to those who understood the discarding aspect but misinterpreted

the second parsers behavior (producing multiple values instead of a value on failure).

• Both Q4 and Q6 have similar success rates (73.3% and 73.3%, respectively) and both

feature one particularly strong distractor. This might suggest a common underly-

ing issue in understanding specific parsing behaviors, particularly around failure

scenarios.

5.2.7 Q7: How would behave in the context of

parsing ?

Objective: Assess participants’ ability to interpret outcomes when multiple Level 2

definitions are combined. Figure 5.9 displays the frequency of responses for each option,

with the bars indicating the number of participants who selected each option.

Figure 5.9: Case One (Q7) Response Distribution for Combined Level 2 Definitions.

Trends:

• The (27 out of 30, or 90%) success rate indicates a strong understanding of the

concept being tested. This is consistent with the high success rate seen in Q5 (also

90%).



113

5.3 Case Two

Case Two focused on modeling the system Docutils using the developed modeling

notation and evaluating participants’ comprehension through eight questions. This section

presents the results for each question, highlighting performance trends and descriptive

statistics.

Average Score: 79.58% across all questions.

5.3.1 Q1: Recognition of Main Definitions

The objective of this question is to evaluate participants’ ability to identify the main

definitions in the Docutils diagram (see Fig. 4.17). Figure 5.11 displays the frequency

Figure 5.10: Docutils Q1, and Q2 options.

of responses for each option, with the bars indicating the number of participants who

selected each option in figure 5.10.

Correct Responses:

• 23 participants (76.67%) correctly identified Option 1 (doctree), Option 2 (reader),

Option 5 (parser) and Option 8 (writer) as the main definitions.
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Partially Correct Responses:

• 4 participants (13.33%) identified some of the correct options including other

options. Examples include:

– Option 2, Option 5, Option 8 (Count 2).

– Option 2, Option 3, Option 4, Option 8, Option 9, Option 10 (Count 1).

– Option 1, Option 4, Option 5, Option 6, Option 9, Option 14 (Count 1).

Overinclusive Responses:

• 3 participants (10%) identified all of the correct options including other distractor

options. Examples include:

– Option 1, Option 2, Option 3, Option 4, Option 5, Option 6, Option 7, Option

8, Option 9, Option 10, Option 14 (Count 1).

– Option 1, Option 2, Option 3, Option 4, Option 5, Option 6, Option 7, Option

8, Option 9, Option 10 (Count 2).

Figure 5.11: Case Two (Q1) Frequency of responses by option.

Trends:
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• The most prominent trend is the strong overall performance on this question. A

large majority (23 out of 30, or approximately 76.67%) of participants correctly

identified all four main definitions. This suggests that the key concepts being tested

were generally well understood.

• The four partially correct responses indicate that some participants grasped some of

the key definitions but struggled to identify all four correctly. This suggests partial

understanding of the concepts, with some confusion or difficulty in distinguishing

between closely related concepts.

• The fact that no participant selected only incorrect options is a positive sign. It

suggests that while there was some uncertainty leading to overinclusion or partial

correctness, no one was completely off-base in their understanding of the main def-

initions.

• A significant observation is that most responses included options up to and including

Option 10. Given that these options represent the building blocks or “level one”

elements of the notation, this suggests that participants primarily focused on these

fundamental components. This concentration on the foundational elements indicates

a good grasp of the basic building blocks of the notation.

5.3.2 Q2: Identifying Sub-Definitions

Figure 5.12 displays the frequency of responses for each option, with the bars indicating

the number of participants who selected each option in figure 5.10.

Correct Responses:

• 23 participants (76.67%) correctly identified all sub-definitions (Options 3, 4, 6,

7, 9, 10).

Partially Correct Responses:

• 5 participants (16.67%) identified some of the correct options including other

options. Examples include:

– Option 8, Option 9, Option 10 (Count 1).
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Figure 5.12: Case Two (Q2) Frequency of responses by option.

– Option 4, Option 6, Option 7, Option 12, Option 13 (Count 1).

– Option 3, Option 4, Option 7, Option 9, Option 10 (Count 1).

– Option 3, Option 4, Option 6, Option 7, Option 9, Option 10, Option 11,

Option 12, Option 13 (Count 1).

– Option 2, Option 3, Option 11 (Count 1).

Incorrect Responses:

• 2 participants (6.67%) identified none of the correct options including other

options. Examples include:

– Option 11, Option 12, Option 13, Option 15 (Count 1).

– Option 11, Option 12, Option 13, Option 14, Option 15 (Count 1).

Trends:

• Similar to Q1, a very strong majority (23 out of 30, approximately 77%) of partici-

pants correctly identified all six sub-definitions (Options 3, 4, 6, 7, 9, and 10). This

indicates a good understanding of the sub-definitions within the Docutils diagram.
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5.3.3 Q3: What is the result of ?

Objective: Test participants’ understanding of a specific Level 2 definition. Figure 5.13

displays the frequency of responses for each option, with the bars indicating the number

of participants who selected each option in figure 5.10.

Figure 5.13: Case Two (Q3) Frequency of responses by option.

Correct Responses:

• 10 participants (33.33%) identified “A parser” as the result of the notation.

Incorrect Responses:

• 11 participants (36.67%) selected “A reader,” making it the most commonly

chosen incorrect response.

• 5 participants (16.67%) selected “A doctree.”

• 2 participants (6.67%) selected “Input data.”

• 2 participants (6.67%) selected “Output format.”

Trends:

• A notable portion of participants (67%) selected incorrect answers, indicating po-

tential misunderstanding of the question or the notation’s intended output.

• The option “A reader” was chosen by more than a third of the participants (36.67%),

making it a very strong distractor. This suggests a specific confusion between the

roles of a parser and a reader in the construct.
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5.3.4 Q4: In the definition , what does the transformation

imply ?

Objective: Test participants’ understanding of a specific Level 2 definition. Figure 5.14

displays the frequency of responses for each option, with the bars indicating the number

of participants who selected each option in figure 5.10.

Figure 5.14: Case Two (Q4) Frequency of responses by option.

Correct Responses:

• 28 participants (93.33%) correctly identified that “It invokes a function that

modifies the document tree.”

Incorrect Responses:

• 1 participant (3.33%) selected “It applies a specific filter to modify the reader

output.”

• 1 participant (3.33%) selected “It transforms the reader’s input data.”

Trends:

• An overwhelming majority of participants (93%) correctly identified the intended

transformation, indicating strong comprehension of the question and notation.
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• Only 2 participants (7%) selected incorrect options, suggesting the question and

options were generally well understood.

• The correct answer was significantly more popular than the distractors, reflecting

clarity in the notation or familiarity with the concept.

5.3.5 Q5: What does the combined definition rep-

resent ?

Objective: Assess participants’ ability to interpret outcomes when multiple Level 2

definitions are combined. Figure 5.15 shows a chart that representing the percentage

distribution of responses between the two options, highlighting the higher selection rate

for the correct answer.

Figure 5.15: Case Two (Q5) Frequency of responses by option.

Trends:

• A large majority of 28 participants (93%) selected the correct option, indicating a

clear understanding of the combined definition.

• Only 2 participants (7%) chose the incorrect response, suggesting the question was

well understood and the distractor was not compelling for most participants.
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5.3.6 Q6: If (absent document tree), is passed to the writer

in , what is the outcome ?

Objective: Test participants’ understanding of a specific Level 2 definition. Figure 5.16

displays the frequency of responses for each option, with the bars indicating the number

of participants who selected each option in figure 5.10.

Figure 5.16: Case Two (Q6) Frequency of responses by option.

Correct Responses:

• 25 participants (83.33%) correctly identified that “The writer fails to produce

output.”

Incorrect Responses:

• 3 participants (10%) selected “The writer successfully produces output.”

• 2 participants (6.67%) selected “The writer transforms the document tree.”

Trends:

• A large majority of participants (83%) correctly identified the intended outcome,

demonstrating strong comprehension of the intended behavior.
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5.3.7 Q7: What does the combination imply

?

Objective: Assess participants’ ability to interpret outcomes when multiple Level 2

definitions are combined. Figure 5.17 displays the frequency of responses for each option,

with the bars indicating the number of participants who selected each option in figure 5.10.

Figure 5.17: Case Two (Q7) Frequency of responses by option.

Correct Responses:

• 27 participants (90%) correctly identified that “A reader successfully reading

input but a parser that fails to parse, resulting in an absent document tree.”

Incorrect Responses:

• 2 participants (6.67%) selected “A reader that fails to read input and a parser

producing a default document tree.”

• 1 participants (3.33%) selected “A reader generating output without a parser.”

Trends:

• he majority of participants (90%) demonstrated a strong understanding of the cor-

rect implications of the combination.
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5.3.8 Q8: Which sequence best represents a full, successful

input-to-output workflow using Level 2 definitions?

Objective: Assess participants’ ability to interpret outcomes when multiple Level 2

definitions are combined. Figure 5.18 displays the frequency of responses for each option,

with the bars indicating the number of participants who selected each option in figure 5.10.

Figure 5.18: Case Two (Q8) Frequency of responses by option.

Correct Responses:

• 27 participants (90%) correctly selected “A” as the sequence representing a full,

successful input-to-output workflow.

Incorrect Responses:

• 2 participants (6.67%) selected “C”, indicating an incomplete or alternate inter-

pretation of the sequence.

• 1 participants (3.33%) selected “B”, reflecting significant divergence from the

correct workflow.

Trends:

• The vast majority of participants (90%) successfully identified the correct sequence,

demonstrating strong comprehension of the workflow.
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• A small number of participants (10%) selected incorrect sequences, with the majority

opting for “C” over “B.”

• The results reflect that most participants possess a clear understanding of the logical

progression of Level 2 definitions.

5.4 Case Three

Case Two focused on modeling the system Pandoc using the developed modeling nota-

tion and evaluating participants’ comprehension through seven questions. This section

presents the results for each question, highlighting performance trends and descriptive

statistics.

Average Score: 72.86% across all questions.

5.4.1 Q1: Recognition of Main Definitions

The objective of this question is to evaluate participants’ ability to identify the main

definitions in the Pandoc diagram (see Fig. 4.18). Figure 5.20 displays the frequency

of responses for each option, with the bars indicating the number of participants who

selected each option in figure 5.19.

Correct Responses:

• 18 participants (60%) identified all six main definitions: Option 1 (InputFor-

matHandler), Option 4 (OutputFormatHandler), Option 7 (parser), Option 11 (writer),

Option 15 (AST) and Option 16 (OutputText).

Partially Correct Responses:

• 10 participants (33.33%) identified some of the correct options and or including

other distractor options. Examples include:

– Option 2, Option 3, Option 6, Option 9, Option 10, Option 12, Option 15,

Option 18 (Count 1).
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Figure 5.19: Pandoc Q1, and Q2 options.

– Option 1, Option 4, Option 7, Option 11, Option 16 (Count 3).

– Option 1, Option 4, Option 7, Option 11, Option 15 (Count 1).

– Option 1, Option 4, Option 7, Option 11 (Count 2).

– Option 1, Option 4, Option 7, Option 11, Option 16 (Count 3).

– Option 1, Option 2, Option 3, Option 4, Option 5, Option 6, Option 18, Option

19, Option 20 (Count 1).

– Option 1, Option 2, Option 3, Option 4, Option 5, Option 6 (Count 1).

– Option 1, Option 2 (Count 1).

Overinclusive Responses:

• 2 participants (6.67%) identified all of the correct options including other dis-

tractor options. Examples include:

– Option 1, Option 2, Option 3, Option 4, Option 5, Option 6, Option 7, Option

8, Option 9, Option 10, Option 11, Option 12, Option 13, Option 14, Option

15, Option 16 (Count 2).
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Figure 5.20: Case Three (Q1) Frequency of responses by option.

Trends:

• Option 1, Option 4, Option 7, and Option 11 were the most frequently selected

correct definitions.

• Option 15 and Option 16 had slightly lower selection rates, contributing to most of

the partially correct responses.

• There is a substantial increase in partially correct responses (10 participants) com-

pared to previous questions. This indicates that participants had more difficulty

distinguishing the correct main definitions from other options in this case.

5.4.2 Q2: Identifying Sub-Definitions

Figure 5.21 displays the frequency of responses for each option, with the bars indicating

the number of participants who selected each option in figure 5.19.

Correct Responses:

• 21 participants (70%) correctly identified all sub-definitions (Option 2, Option

3, Option 5, Option 6, Option 8, Option 9, Option 10, Option 12, Option 13, and

Option 14).

Partially Correct Responses:
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Figure 5.21: Case Three (Q2) Frequency of responses by option.

• 4 participants (13.33%) identified some of the correct options and or including

other distractor options. Examples include:

– Option 7, Option 8, Option 9, Option 10, Option 11, Option 12, Option 13,

Option 14 (Count 1).

– Option 5, Option 6 (Count 1).

– Option 4, Option 5, Option 8, Option 9, Option 10, Option 13, Option 14,

Option 17, Option 20 (Count 1).

– Option 2, Option 3, Option 5, Option 6, Option 8, Option 9, Option 12, Option

13, Option 14 (Count 1).

Overinclusive Responses:

• 1 participants (3.33%) identified all of the correct options including other dis-

tractor options. Examples include:

– Option 2, Option 3, Option 5, Option 6, Option 8, Option 9, Option 10, Option

12, Option 13, Option 14, Option 18, Option 19, Option 20, Option 21, Option

22 (Count 1).(Count 1).

Incorrect Responses:
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• 4 participants (13.33%) identified none of the correct options including other

options. Examples include:

– Option 17, Option 18, Option 19, Option 20, Option 21, Option 22 (Count 2).

– Option 15, Option 16, Option 21 (Count 1).

– Option 15, Option 16 (Count 1).

Trends:

• While a majority (21 out of 30, or 70%) of participants correctly identified all ten

sub-definitions, the performance is slightly lower and shows more variation than in

Case Two’s Q1 and Q2.

5.4.3 Q3: What does the produce ?

Objective: Test participants’ understanding of a specific Level 2 definition. Figure 5.22

displays the frequency of responses for each option, with the bars indicating the number

of participants who selected each option.

Figure 5.22: Case Two (Q3) Frequency of responses by option.

Correct Responses:

• 18 participants (60%) correctly identified the output as “A reader.”
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Incorrect Responses:

• 12 participants (40%) selected incorrect answers. These can be broken down as

follows:

– “An input format handler” (Count: 7)

– “An AST” (Count: 4)

– “An output format handler” (Count: 1)

Trends:

• A majority of participants (60%) successfully identified the correct answer, indicat-

ing a reasonable understanding of this aspect of the system.

• The option “An input format handler” was chosen by a significant portion of par-

ticipants (23.3%), making it a strong distractor. This suggests a confusion between

the process of handling input and the product of the construct (a reader).

• Four participants chose “An AST,” suggesting confusion between the role of a reader

(which handles input) and a parser (which produces an Abstract Syntax Tree - AST).

• In Case Two, Q3 had a much lower correct response rate (33.3%) and showed

confusion between a parser and a reader. In this case, the confusion is more between

a reader and an input format handler, as well as some confusion with an AST.

Compare to

5.4.4 Q4: What does the combined definition

represent ?

Objective: Assess participants’ ability to interpret outcomes when multiple Level 2

definitions are combined. Figure 5.23 displays the frequency of responses for each option,

with the bars indicating the number of participants who selected each option.

Correct Responses:

• 28 participants (93.33%) correctly identified that “An input format handler that

successfully recognizes the format and invokes a reader that successfully parses text,

producing an AST.”
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Figure 5.23: Case Three (Q4) Frequency of responses by option.

Incorrect Responses:

• 2 participants (6.67%) selected incorrect answers. These can be broken down as

follows:

– “An input format handler that recognizes the format but fails to invoke a

reader” (Count: 1).

– “An input format handler that successfully recognizes the format and invokes

a reader that fails to parse text, producing a default AST” (Count: 1).

Trends:

• The overwhelming majority (93%) of participants demonstrated a strong under-

standing of the combined definition’s role and its expected outcome.

• Misconceptions were minimal, with only two participants selecting incorrect options,

each involving failure scenarios.

5.4.5 Q5: What does the notation imply in the context of

transformation ?

Objective: Assess participants’ ability to interpret outcomes when multiple Level 2

definitions are combined. Figure 5.24 displays the frequency of responses for each option,
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with the bars indicating the number of participants who selected each option.

Figure 5.24: Case Three (Q5) Frequency of responses by option.

Correct Responses:

• 18 participants (60%) correctly identified that “The reader modifies the AST

using a function, producing a new AST.”

Incorrect Responses:

• 12 participants (40%) selected incorrect answers. These can be broken down as

follows:

– “The reader uses a function to modify the AST before generating a default

AST” (Count: 11 (36.67%)).

– “The reader produces an AST without transformation” (Count: 1 (3.33%)).

Trends:

• The 60% success rate indicates a moderate level of understanding. While a majority

got it right, a significant proportion (37%) confused the transformation’s outcome,

possibly misinterpreting the “default AST” as an intermediate or final output.
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5.4.6 Q6: If the is used, what does it indicate

about the input processing ?

Objective: Assess participants’ ability to interpret outcomes when multiple Level 2

definitions are combined. Figure 5.25 displays the frequency of responses for each option,

with the bars indicating the number of participants who selected each option.

Figure 5.25: Case Three (Q6) Frequency of responses by option.

Correct Responses:

• 26 participants (86.67%) correctly identified that “An input handler that com-

bines inputs before the reader successfully parses and generates an AST.”

Incorrect Responses:

• 4 participants (13.33%) selected incorrect answers. These can be broken down

as follows:

– “A single input handler that discards one of the input formats” (Count: 2).

– “An input format handler fails while attempting to combine inputs” (Count:

2)).

Trends:

• An overwhelming majority (26 out of 30, or approximately 87%) demonstrated

strong comprehension of the concept, accurately identifying the process of combining

inputs before successful parsing.
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5.4.7 Q7: If occurs, what is the likely outcome ?

Objective: Assess participants’ ability to interpret outcomes when multiple Level 2

definitions are combined. Figure 5.7 shows a chart that representing the percentage

distribution of responses between the two options, highlighting the higher selection rate

for the correct answer.

Figure 5.26: Case Three (Q7) Frequency of responses by option.

Trends:

• A significant majority (80%) displayed a clear understanding of the writer’s capa-

bility to handle warnings and default to a fallback output format.

• The remaining participants (20%) may have perceived the scenario as resulting in

failure rather than graceful degradation with a warning.

5.5 Case Four

5.5.1 SYM1: Evaluation of the OR-Arrow Symbol

This section presents the results of the evaluation of a specific notation (OR-Arrow, see

Fig. 4.19) designed to represent multiple alternatives within a definition. Participants

were asked three closed-ended questions and provided open-ended feedback explaining

their choices.
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Table 5.6: Quantitative Results for Case 4 SYM 1
Question Yes No
Clearly communicates multiple alternatives? 24 (80%) 6 (20%)
Effective in conveying either-or relationship? 18 (60%) 12 (40%)
Ambiguity in interpreting subtype relationship? 17 (57%) 13 (43%)

As Table 5.6 shows, a large majority (80%) of participants agreed that the notation

clearly communicates multiple alternatives. However, there was less consensus on the

notation’s effectiveness in conveying the either-or relationship (60% yes, 40% no), and a

slight majority (57%) perceived ambiguity in interpreting the subtype relationship.

Thematic analysis of the open-ended responses revealed two dominant themes: “Clarity

and Understandability of the Notation” and “Misinterpretations Related to

Flow, Dependency, and Alternatives.”

Clarity and Understandability of the Notation

This theme encompasses the participants’ perceptions of the symbol’s inherent ambiguity

and the crucial role of the provided context (introduction and case studies) in making the

notation understandable. Responses were grouped into two subthemes:

Subtheme 1: Reliance on Context/Explanation for Clarity (10/16 partici-

pants): This theme encompasses all comments that address the symbol’s inherent ambi-

guity and the crucial role of the provided explanation, introduction, and/or case studies

in making the notation understandable. It captures the spectrum from “the symbol is

meaningless on its own” to “the symbol is clear because of the context.” Examples include:

• “If the two parallel lines represent two outputs. However, it could be confusing

because it looks like one subtype might depend on the other, which isn’t clear without

further explanation. The symbol already ties into the main type’s definition and

seems to be used in defining the subtypes too.”

• “The arrow seems to indicate a relationship between type and success and between

success and failure, without explanation.”

• The introduction and the case studies helped me understand what the notation

means. But, it also kind of looks like passing something to the next thing which

can be confusing.
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• “The symbol on its own is not inherently clear, but after it is explained and given

meaning at the beginning of the survey, it is clear. The — within the symbol is

helpful for those who are familiar with this variation of the OR symbol.”

Subtheme 2: Perceived Clarity/Ease of Understanding (Given Context) (6/16

participants): Other participants expressed positive evaluations of the notation’s clarity

or ease of understanding, assuming the provided context. Examples include:

• “Clear.”

• “Easy to understand.”

• “The symbol in the FParsec diagram is used to indicate that the main definition can

represent multiple alternatives. It clearly indicates that the main definition can lead

to multiple alternative sub-definitions, which helps in understanding the variability

and flexibility within the definitions.”

• A symbol is intuitive if it aligns with familiar conventions, resembles its function,

or is simple enough to convey meaning without additional context. And the no-

tations were different to show that this is the main definition and the others are

sub-definitions so it was clear to see and understand.

Misinterpretations Related to Flow, Dependency, and Alternatives.

This theme encompasses the various ways participants misconstrued the relationships

represented by the notation, including linear/sequential interpretations, implied depen-

dencies, and confusion about how alternatives are represented. Responses are grouped

into three sub-themes:

Sub-theme 1: Sequential/Linear Interpretation (6/12): Participants often inter-

preted the relationships as sequential rather than branching, despite the intended mean-

ing. This misinterpretation was linked to the visual layout and the perceived flow of the

diagram. Examples include:

• “I think it is ambiguous because it makes me think that the process is sequential

instead of branching.”

• “The symbol shows as if the relationships are linear, as in one definition leads to

another. It not clearly showing that one definition has multiple alternatives.”
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• “Maybe if the one either or block was on the other side of the main definition oth-

erwise it looks like a chain and doesn’t really show me that they are 2 different

relationships”

• “The introduction and the case studies helped me understand what the notation

means. But, it also kind of looks like passing something to the next thing which can

be confusing”

Sub-theme 2: Implied Dependency/Hierarchy (3/12): Some participants inter-

preted the notation as suggesting hierarchical or dependent relationships, either between

the main definition and alternatives or among the alternatives themselves.

• “if the two parallel lines represent two outputs. However, it could be confusing

because it looks like one subtype might depend on the other, which isn’t clear without

further explanation. The symbol already ties into the main type’s definition and

seems to be used in defining the subtypes too.”

• “The linked list structure suggests a false hierarchy and order, but the sign is tech-

nically sufficient and unambiguous once it has been explained.”

• “With the way the notation was introduced it is clear that the main definition can

represent multiple types and that the or arrow means it represents this or this how-

ever it could also give off the impression that the next definition is based on the

previous definition”

Sub-theme 3: Confusion Regarding Alternatives/Choice (3/12): Participants

expressed confusion about how the notation represented alternatives or choice, particularly

in relation to success and failure. Examples include:

• “It gives the impression that it flows from success to failure rather than it being

success or failure”

• “The arrow seems to indicate a relationship between type and success and between

success and failure, without explanation.”

• “The chosen symbol leaves room for uncertainty. Linking the success and failure

directly to the main input handlers may remove any ambiguity. As it is now, it

makes it seem like there is no direct link between the failed input and the main input

handler.”
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The qualitative feedback reveals a critical dependence on contextual information for un-

derstanding the notation. While some participants found the notation clear given the

provided explanations and examples, a significant number emphasized that the symbol

itself lacked intrinsic clarity, leading to potential misinterpretations related to sequen-

tial flow, implied dependencies, and the representation of alternatives. This is reflected

in the quantitative data (Table 5.6), where, for example, while 80% of participants un-

derstood the concept of multiple alternatives, only 60% found the notation effective in

conveying the “either-or” relationship, and 57% perceived ambiguity in interpreting sub-

type relationships. This suggests that while the notation can be effective with sufficient

explanation, modifications to the symbol itself or more explicit visual cues could improve

its inherent clarity and reduce the reliance on contextual information.

5.5.2 SYM2: Comparative Analysis of the OR-Arrow Symbol

This section presents the results of the comparison between two diagrams (A and B)

representing the OR-Arrow symbol (See Fig. 4.20). Participants were asked to compare

the diagrams and provide explanations for their preferences.

Table 5.7: Quantitative Results for ase 4 SYM 2
Question Diagram A

Responses
Diagram B
Responses

Which diagram makes it easier to identify the
relationship?

6 (20%) 24 (80%)

How many sub-definitions are visible in Diagram
A? (Correct Answer: Two)

Two: 24 (80%)
One: 4 (13.3%)
Three: 1 (3.3%)
Zero: 1 (3.3%)

How many sub-definitions are visible in Diagram
B? (Correct Answer: Two)

Two: 26 (86.7%)
One: 1 (3.3%)
Three: 1 (3.3%)
Zero: 2 (6.7%)

As shown in Table 5.7, Diagram B was significantly preferred for identifying the relation-

ship between definitions (80% vs. 20%). Both diagrams performed well in participants

correctly identifying two sub-definitions, with Diagram B slightly better.

Thematic analysis of the open-ended responses revealed a dominant theme: Clarity and

Representation of Relationships, with a strong preference for Diagram B. A significant
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number of participants (20 responses) explicitly stated that Diagram B more clearly

showed the direct relationship between the main definition and its sub-definitions. They

often contrasted this with Diagram A, which was perceived as less clear or suggesting a

different kind of relationship:

• “Diagram B makes the relationships clearer because the direct arrows from the main

definition to the subtypes are visually easier to follow...clearly shown as the sub-

definitions of the main type.”

• “Diagram B is better defined in terms of the relationships than Diagram A simply

because you can clearly see the line connecting from the main definition to all the

sub type definition in diagram B. With Diagram A, if not told about the symbols,

it might be hard to understand how the Fail sub definition connects to the main

definition.”

• “In diagram B it is easier to see that the two definitions are a subset of the main

definiiton”

• “It is easier to see the two sub-types originate from the main type”

A smaller number of these participants (4/20) specifically pointed out that Diagram A

suggested a linear or sequential relationship or implied a relationship between the sub-

definitions, which was not intended (see also section 5.5.1).

• “Diagram B better illustrates the relationships between the main definition and the

sub definitions. While A shows a linear/directional relationship...”

• “The first diagram might be misinterpreted as if there is a relationship between two

sub-definitions.”

A few participants (2) recognized that both diagrams represented the same information,

just in different visual styles.

The results overwhelmingly favor Diagram B for its clearer and more direct representation

of the relationships between definitions. The qualitative data reinforces this preference,

with participants consistently highlighting the direct visual links in Diagram B and the

tendency to misinterpret Diagram A as representing a linear or sequential relationship.

While some participants found Diagram A to be clear, the strong preference for B suggests
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that it more effectively communicates the intended “either/or” relationship between the

main definition and its sub-definitions. This is consistent with the quantitative data where

80% preferred Diagram B, and both diagrams had a high percentage of correct answers

when identifying the number of sub-definitions.

5.5.3 SYM3: Evaluation of the Notation Label (::) Symbol

This section presents the results of the evaluation of the notation label :: symbol, used to

define the name and corresponding symbol of a main definition (Fig. 4.21). Participants

answered closed-ended questions and provided open-ended feedback.

Table 5.8: Quantitative Results for Case 4 SYM 3
Question Yes/Correct No/Incorrect

Is the notation clear in representing the
relationship between the name of a definition and its
corresponding symbol?

28 (93.3%) 2 (6.7%)

What does the symbol represent? (Correct An-
swer: An Input Handler)

26 (86.7%) 4 (13.3%)

As shown in Table 5.8, the vast majority of participants found the :: notation clear

in representing the relationship between a definition’s name and symbol (93.3%) and

correctly identified its meaning as an Input Handler (86.7%).

Thematic analysis of the open-ended responses revealed a dominant theme: Clarity and

Effectiveness of the :: Notation. This theme encompasses the positive feedback

regarding the notation’s ability to clearly link a definition’s name and its corresponding

symbol. Many participants (22 responses) explicitly stated that the :: notation was clear,

unambiguous, and effectively conveyed the relationship between the name and the symbol.

Examples include:

• “Yes, because it clearly shows the symbol and the relationship between the name.”

• “Clear and makes sense.”

• “Does not appear ambiguous that the symbol represents the text that precedes it.”

• “The chosen notion is clear and it links the name and the symbol clearly.”
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Several participants connected the :: notation to the concept of input handling, further

demonstrating their understanding of its function within the broader notation system.

Examples include:

• “The name is input handler and the symbol is followed after ::”

• “Yes, the term ‘inputHandler’ placed next to the symbol indicates its meaning.”

• “Because is shows an input handler parsing the numbers.”

One participant specifically mentioned the use of :: in programming and mathematical

contexts, suggesting familiarity with this convention.

• “The :: operator is often used in programming and mathematical contexts to denote

a type or a specific relationship”

Participants did not correctly identify the symbol as an “Input Handler” connected the

notation to the concept of input flow, likely influenced by the adjacent arrow symbol. For

example:

• “I think the arrow pointing right obviously represents something going in, given the

context and knowledge of systems modelling.”

• “Input handler and the arrow pointing to the right makes it easier to understand the

representation of incoming input.”

• “The ‘Going in’ corresponds clearly to the symbol”

The qualitative data strongly supports the quantitative findings, indicating a very positive

reception of the :: notation. Participants consistently described it as clear, unambiguous,

and effective in linking a definition’s name and symbol. The association with similar

notations in programming and mathematics further reinforces its intuitive nature for

some participants. A small subset connected the notation to input flow, likely influenced

by the adjacent arrow, but this did not detract from the overall positive assessment of the

:: symbol’s clarity. The quantitative data shows a strong preference for the notation, with

93.3% of participants finding it clear. This is mirrored in the qualitative data, where the

dominant theme is the clarity and directness of the:: notation. The few participants who

did not find it clear connected the notation to input flow, likely influenced by the adjacent

arrow. The high number of participants correctly identifying the symbol as representing

an input handler further validates the notation’s effectiveness.
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5.5.4 SYM4: Evaluation of Sub-Definition Notation

his section presents the results of the evaluation of the sub-definition notation (sym-

bol:letter), used to define subtypes as subsets of a main definition (Fig. 4.22). Participants

answered closed-ended questions and provided open-ended feedback.

Table 5.9: Quantitative Results for Case 4 SYM 5
Question Yes/Correct No/Incorrect

Does the notation clearly convey that combin-
ing a symbol from the main definition with a letter
indicates a sub-definition of that main definition?

26 (86.7%) 4 (13.6%)

Do you understand the single letter (e.g., S) to intu-
itively represent the sub-definitions functionality?

28 (93.3%) 2 (6.7%)

In the notation, what does the S represent?
(Correct Answer: A specific behavior or variant of
the type above such as a successful state.)

26 (86.7%) 4 (13.6%)

As shown in Table 5.9, the vast majority of participants found the sub-definition notation

clear (86.7%) and intuitively understood the single letter’s meaning (93.3%). A similar

percentage correctly identified the meaning of “S” (86.7%).

Thematic analysis of the open-ended responses revealed a dominant theme: Clarity and

Intuitive Nature of the Sub-Definition Notation. This theme highlights the positive per-

ception of the symbol:letter notation in conveying the relationship between a main defi-

nition and its sub-definitions.

Sub-theme 1: Clear and Straightforward Representation (15/26 participants):

Many participants (15/26) described the notation as clear, straightforward, and easy to

understand. For example:

• “easy to identify the meaning”

• “It was clear in the explanation.”

• “The symbol and letter pairing is clear and it leaves no room for ambiguity as it

relates the meaning/behavior associated with the letter back to the main symbol.”

• “S simply meant successful and F meant fail.”

Sub-theme 2: Reliance on Prior Context/Explanation (3/26 participants): A

few participants (3/26) mentioned that while the notation was clear, the initial explana-

tion or context was essential for understanding.
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• “It goes back to the initial description of the whole model. If you are told what the

symbols and letters mean, it makes it easier to follow in a diagram. In this case, S

makes sense to represent a Success.”

• “Again, without the textual introduction on the first pages it could happen not to be

clear...”

• “a) Yes, understanding the meaning of the first input symbol makes it straightforward

to deduce what the S represents. b) Yes, as ‘success’ starts with the letter S...”

Sub-theme 3: Potential for Ambiguity/Alternative Interpretations (4/26 par-

ticipants): A small number of participants (3/26) expressed concerns about potential

ambiguity or alternative interpretations of the single letter, particularly in more complex

scenarios.

• “A single letter is able to carry the meaning well when helped by convention and

the description in the box, but in cases more complex than pass/fail, it may not be

intuitive.”

• “The S and using the symbol from the main definition might not clearly show as a

sub definition from the get go as the symbol can be interpreted as completely different

from the main definition.”

• “Yes, since the symbol for the main type is already defined. However, I think symbols

are better than letters because letters can be interpreted in different ways.”

• “it could be mistaken for ‘start’ which is a common use of the letter S in most

diagrams...”

The remaining comments were too brief, unclear, or did not provide specific reasons re-

lated to the notation’s clarity. The qualitative data strongly supports the quantitative

findings, revealing a generally positive perception of the sub-definition notation. Partici-

pants largely found the notation clear, straightforward, and intuitive, particularly in the

context of the provided explanations and examples. However, a small subset raised valid

concerns about potential ambiguity in more complex scenarios or without the initial con-

text, suggesting that while effective in this specific application, the notation’s scalability

and generalizability should be considered. The high percentage of positive responses in

the quantitative data (86.7% finding the notation clear, 93.3% understanding the letter’s

meaning) aligns with the dominant qualitative theme of clarity and straightforwardness.
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The small number of negative responses and comments about potential ambiguity high-

light the importance of the initial explanation and suggest that further refinements or

more explicit visual cues could be beneficial for more complex applications.

5.5.5 SYM5: Comparative Evaluation of Diagrams for Main

Definitions and Sub-Definitions

This section presents the results of the comparison between two diagrammatic represen-

tations (A and B) for conveying main definitions and their sub-definitions (Fig. 4.23).

Diagram A used the newly proposed notation, while Diagram B used the older Motara

notation.

Table 5.10: Quantitative Results for Case 4 SYM 5
Question Diagram A Diagram B Neither
Which diagram makes it easier to identify
the relationship?

15 (50%) 8 (26.7%) 7 (23.3%)

Which diagram makes it easier to recall what
the symbols represent?

28 (93.3%) 1 (3.3%) 1 (3.3%)

As shown in Table 5.10, Diagram A was preferred for both identifying relationships (50%

vs. 26.7% for Diagram B) and, overwhelmingly, for recall (93.3% vs. 3.3% for Diagram

B). A notable portion of participants found neither diagram superior for identifying rela-

tionships.

Thematic analysis of the open-ended responses revealed two dominant themes: (1) Pref-

erence for Diagram A’s Simplicity and Recall, and (2) Perceived Clarity of Relationships

in Diagram B.

Sub-theme 1: Preference for Diagram A’s Simplicity and Recall (18 responses):

A strong preference for Diagram A emerged due to its perceived simplicity, conciseness,

and ease of recall. Participants frequently cited the reduced number of symbols and the

use of letter cues as key advantages. They found Diagram B’s multiple unique symbols

more difficult to remember. Examples include:

• “A is simple and effective B is complex and scary.”

• “Both diagrams work for me. However, A has less symbols to keep track of compared

to B.”
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• “a) The letters beside the symbols provide clues about their meaning and help link

each symbol to a specific letter, effectively offering additional options beyond just the

symbols themselves”

• “Diagram A makes it easier to recall the symbols than in diagrams B because the

letters are constant, their meaning might not change in a different diagram.”

Sub-theme 2: Perceived Clarity of Relationships in Diagram B (5 responses):

While Diagram A was preferred for simplicity and recall, some participants found Diagram

B more effective in visually representing the relationships between the main definition and

its sub-definitions. Examples include:

• “Diagram B clearly shows the distinction between the sub-definitions and the direct

link to the main definition.”

• “With b, it’s easier to see the connection between the main type and the alternative

results: Success, Failure, Warning.”

• “Diagram B shows a more interconnected structure where the main definition con-

nects directly to both sub-definitions.”

• “Diagram B makes it easier to see and follow the relationships among the definitions

because of the flow of lines from the main definition.”

The qualitative feedback reveals a trade-off between clarity of relationships and ease of

recall. While some participants found Diagram B clearer in showing the connections

between definitions, the majority preferred Diagram A for its simpler symbolic represen-

tation and easier recall. The use of a consistent main symbol with differentiating letters in

Diagram A proved to be a key factor in its superior memorability. The quantitative data

reflects this trade-off. While the preference for Diagram A in identifying relationships

was not overwhelming (50%), the preference for recall was decisive (93.3%). This aligns

with the qualitative findings: Diagram A’s simplicity and use of mnemonic letters made it

significantly easier to remember, even if some participants found the relationships slightly

less explicit than in Diagram B.

5.5.6 SYM6: Evaluation of Relationships at Level 2

This section presents the results of the evaluation of how relationships at Level 2 are rep-

resented in diagrams (Fig. 4.24). Participants compared two diagrams, A (new notation)
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and B (Motara notation), both illustrating a “relies” relationship between definitions.

Table 5.11: Quantitative Results for Case 4 SYM 6
Question Diagram A Diagram B Neither
Which notation conveys that there is a rela-
tionship?

10 (33.3%) 15 (50%) 5 (16.7%)

As shown in Table 5.11, Diagram B was slightly preferred for conveying the presence of

a relationship between definitions (50% vs. 33.3% for Diagram A). A notable portion

(16.7%) found neither diagram effective.

Thematic analysis of the open-ended responses revealed two main themes: Explicit Visual

Connections (Diagram B) and Implicit Relationships/Lack of Clarity (Diagram A).

Sub-theme 1: Explicit Visual Connections (Diagram B Preferred) (14 par-

ticipants): A majority of participants preferred Diagram B due to its explicit visual

connections (lines or arrows) between definitions, which clearly communicated the “re-

lies” relationship. For example:

• “B makes it clearer that there is a relationship between definitions because it links

and connects them to a specific thing. In comparison, A also shows a relationship,

but it’s harder to follow with its dot + dot structure and so on.”

Several participants emphasized the ease of following the relationships in Diagram B:

• “Diagram B’s visual links makes it easier to follow and understand the relationship

between the definitions.”

• “Can see the link easier with the lines.”

• “The lines in b convey that there is a relationship.”

• “Forms are excessive in Diagram B, and I don’t get the reasoning for hull / filled

connectors, but thanks to links connecting the blocks and the outline and vertical

flow, relationship is more visible in diagram B as for me, having the same symbol

everywhere is not enough to catch it quickly.”

Sub-theme 2: Implicit Relationships/Lack of Clarity (Diagram A Concerns)

(6 participants): Some participants found Diagram A less clear in conveying the rela-

tionships, often describing them as implicit or requiring more effort to discern.
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• “I can’t see anything in Diagram A that shows a relationship, and Diagram B is not

drawn in a clear way”

• “The first diagram requires a more thorough look to notice the relationships.”

• “In a it tells you that it relies on the other definitions where as in b the you only

see lines”

• “It tells you which definition relies on which other definitions. B just has lines with

dots which I’m not really sure what they mean.”

The results suggest that Diagram B was generally perceived as more effective in conveying

“relies” relationships between definitions due to its explicit visual links. While some

participants found Diagram A clear, a significant portion found it less clear or requiring

more effort to understand the connections. This preference for explicit visual connections

is reflected in both the quantitative and qualitative data.

5.5.7 SYM7: Holistic Comparison of Diagrammatic Notations

This section presents the results of the holistic comparison between two full diagrams of

the FParsec system: Diagram A (old notation) and Diagram B (new notation) (Fig. 4.25

and 4.16).

Q1: Which diagram makes it easier to keep track of the symbols?

Table 5.12 summarizes the responses to Q1. As shown in Table 5.12, a clear majority of

Table 5.12: Quantitative Results for Case 4 SYM 7 (Q1)
Question Diagram A Diagram B Neither
Which diagram makes it easier to keep track
of the symbols?

8 (26.7%) 18 (60%) 4 (13.3%)

participants (60%) found Diagram B easier to keep track of symbols, compared to 26.7%

for Diagram A. 13.3% of participants found neither diagram easier.

Thematic analysis of the open-ended responses for Q1 revealed two dominant themes:

(1) Preference for Diagram B’s Simplicity and Reduced Symbol Count, and (2) Layout,

Density, and Visual Flow (Diagram A)
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Theme 1: Preference for Diagram B’s Simplicity and Reduced Symbol Count

(17 participants) This subtheme captures the strong preference for Diagram B due

to its reduced symbol count, streamlined design, and less cluttered layout. Participants

consistently emphasized the ease of understanding and reduced cognitive load associated

with Diagram B. Examples include:

• “It uses far fewer symbols compared to the other one.”

• “Less symbols to memorize.”

• “Lot less busy and easier to relate and understand.”

• “uses a simplified or streamlined approach, with symbols consistently placed and

visually distinct.”

The comments highlight that the consistency and placement of symbols in Diagram B

contributed to its perceived simplicity:

• “There is a standard symbol from the main definition that is used across Diagram

B unlike in diagram A whereby there are more symbols with no obvious pattern.”

Theme 2: Layout, Density, and Visual Flow (Diagram A) (6 participants) This

subtheme captures the concerns regarding Diagram A’s density, perceived clutter, and

layout. While some participants found aspects of Diagram A appealing (like neatness or

the interconnectedness of elements), these were outweighed by concerns about its overall

complexity and the difficulty in visually processing the information. Examples include:

• “A is denser.”

• “The star shape in A adds unnecessary noise to the diagrams.”

• “In Diagram A it seems easy to follow the symbols since everything is connected by

lines and the definitions and type manipulation all fit in sort of one area. Whereas

with diagram B, you might forget how the other definition or manipulation work

together since they get put separately from the main and sub definitions.”

Some participants expressed mixed feelings, acknowledging both positive and negative

aspects of Diagram A:
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• “A because it is neat. The layout makes a difference. B had less symbols to recall”

• “I am going with the first A because it is neater. I like the second becuase it reducesa

the numnber of symbols however the diagram appears to be all over the place”

• “The symbols are easier to spot visually in the whole diagram.”

The results of Q1 strongly favor Diagram B for ease of symbol tracking. The quantitative

data shows a clear preference for B (60%), and the qualitative data reinforces this pref-

erence. Participants consistently highlighted Diagram B’s reduced symbol count, clearer

layout, and less busy appearance as key advantages. While some participants appreciated

aspects of Diagram A, concerns about its density and complexity were more prevalent.

This suggests that the new notation (Diagram B) offers a significant improvement in terms

of symbol management and visual clarity, directly impacting usability. The qualitative

data also reveals a key trade-off: while Diagram A’s interconnectedness might initially

seem appealing, it ultimately leads to visual clutter and difficulty in tracking individual

symbols. Diagram B’s more separated layout, while potentially making it slightly harder

to see the overall interconnectedness at a glance, significantly improves symbol tracking

by reducing visual noise. This trade-off should be considered when further refining the

notation.

Q2: Which diagram makes it easy to mentally map the symbol to its under-

lying concept?

Table 5.13 summarizes the responses to Q2. As shown in Table 5.13, a majority of

Table 5.13: Quantitative Results for Case 4 SYM 7 (Q2)
Question Diagram A Diagram B Neither
Which diagram makes it easy to mentally
map the symbol to its concept?

10 (33.3%) 18 (60%) 2 (6.7%)

participants (60%) found Diagram B easier to mentally map the symbol to its underlying

concept, compared to 33.3% for Diagram A. 6.7% found neither diagram easier.

Thematic analysis of the open-ended responses for Q2 revealed two dominant themes:

(1) Preference for Diagram B due to Letter Cues and Structure, and (2) Preference for

Diagram A due to Perceived Visual Clarity and Familiarity.
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Theme 1: Preference for Diagram B due to Letter Cues and Structure (16

responses): This theme captures the strong preference for Diagram B due to the use of

letter cues (labels) and its overall structure, which facilitated mental mapping of symbols

to concepts.

• “Diagram B uses the letters in its definitions and that makes it easier to mentally

map to underlying concept than diagram A.”

• “The letters next to the symbol help clarify what is happening, reducing the need to

understand the symbol’s meaning on its own.”

• “The uniformity of the symbols and letters used in diagram B makes it easier to

understand and map out mentally.”

• “well structured and clear”

Theme 2: Preference for Diagram A due to Perceived Visual Clarity and

Familiarity (5 responses): This theme captures the reasons why some participants

preferred Diagram A. These participants focused on aspects such as the visual connections

between elements (lines, arrows), a perceived resemblance to code, or a general sense of

better understandability despite acknowledging the challenges. Examples include:

• “a does seem easier to mentally map because the symbols are connected by lines,

making the relationships clearer. The lines in diagram a make it easier to follow

and understand.”

• “A looks more like code.”

• “Even though both are very hard to understand, option A is easier to figure out than

option B and is much more understandable”

• “The complete diagram looks better than the other one.”

The results of Q2 reveal a preference for Diagram B in facilitating mental mapping, pri-

marily due to the use of letter cues and its clearer structure. The qualitative data supports

this, with participants consistently highlighting these features as aiding in associating

symbols with their meanings. While a smaller group preferred Diagram A, citing visual

connections and familiarity, the majority favored Diagram B for its enhanced clarity and

reduced cognitive load. This suggests that the new notation (Diagram B) is more effective

in bridging the gap between symbolic representation and conceptual understanding.
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Q3: Which notation makes it easier to understand the relationships between

components?

Table 5.14 summarizes the responses to Q3. As shown in Table 5.14, the responses were

Table 5.14: Quantitative Results for Case 4 SYM 7 (Q3)
Question Diagram A Diagram B Neither
Which notation makes it easier to un-
derstand the relationships between compo-
nents?

13 (43.3%) 12 (40%) 5 (16.7%)

relatively evenly split between Diagram A (43.3%) and Diagram B (40%), with 16.7%

finding neither diagram easier for understanding relationships.

Thematic analysis of the open-ended responses for Q1 revealed two dominant themes:

(1) Preference for Diagram A due to Explicit Visual Connections and (2) Clearer Struc-

ture/Less Clutter (Diagram B Preferred)

Theme 1: Preference for Diagram A due to Explicit Visual Connections (10

responses): This theme captures the preference for Diagram A based on its use of explicit

visual connections (lines) to represent relationships. Participants felt these lines made the

connections more direct, easier to follow, and less ambiguous. Examples include:

• “Symbols are easier to understand and also the relationship between the components

because of the lines connecting them.”

• “The connection lines are more obvious.”

• “The layout of the diagram is nicer and makes it easier to notice the relationships

because of the lines.”

• “Similar to the above comment. The lines seem to make it easier to trace through

the diagram to identify meaning of symbols including relationships”

Theme 2: Clearer Structure/Less Clutter (Diagram B Preferred) (7 responses):

This theme highlights the reasons for preferring Diagram B: its simpler structure, less vi-

sual clutter, and overall improved clarity.

• “Simpler and easier to understand”
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• “The logical and less cluttered arrangement ensures relationships between compo-

nents are comprehensible without additional interpretation”

• “The relies makes it clear what the relationship is”

• “well structured and clear”

The results of Q3 reveal a near-even split in preference between Diagram A and Diagram

B for understanding relationships between components. The qualitative data highlights

a key difference in how each diagram achieves this: Diagram A relies on explicit visual

connections (lines), while Diagram B relies on a less cluttered layout and more implicit

representation of relationships. This suggests a trade-off: Diagram A prioritizes direct

visual connections, which some participants found helpful, while Diagram B prioritizes

overall visual clarity and a less busy appearance, which others found more conducive to

understanding.

Q4: Which notation organizes the components and relationships more clearly

in terms of layout and flow?

Table 5.15 summarizes the responses to Q4. As shown in Table 5.15, a slight majority

Table 5.15: Quantitative Results for Case 4 SYM 7 (Q4)
Question Diagram A Diagram B Neither
Which notation organizes the components
and relationships more clearly in terms of
layout and flow?

15 (50%) 11 (36.7%) 5 (13.4%)

of participants (50%) preferred Diagram A for layout and flow, compared to 36.7% for

Diagram B. 13.3% found neither diagram superior.

Similarly to the results above the two dominant themes are (1) Preference for Diagram

B due to Letter Cues and Structure, and (2) Preference for Diagram A due to Perceived

Visual Clarity and Familiarity. With 10 responses favouring theme 1 and 8 responses

favouring theme 2.

We also identify an additional theme, theme 3: Mixed/Neutral (5 responses). A small

group expressed mixed opinions, and found both diagrams difficult:
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• “I like diagram A because it is laid out nicely, and I like diagram B because it

separates the components into different sections”

• “In terms of layout and flow, I go with diagram B. The simplicity of the layout

makes it easier to digest. In terms of organisation of components and relationships,

I go with A. The visual distinction and links of components makes it easier to map

out mentally.”

• “For (a) the lines are not easy to follow and relate. In (b) the Level 2 relations are

unclear.”

• “They are the same.”

• “Neither Very hard to keep up”

The results for Q4 show a slight preference for Diagram A regarding layout and flow. The

qualitative data reveals distinct reasons for these preferences: Diagram A was favored for

its explicit visual connections and centralized layout, while Diagram B was favored for

its hierarchical structure and clear directional flow. This suggests a trade-off between a

centralized, interconnected approach (A) and a more structured, leveled approach (B).

While A was slightly preferred, both approaches had merits in organizing components

and relationships, indicating that elements from both could be considered in future design

iterations.

Q5: Which notation is more flexible in adapting to changes in the system’s

structure or requirements?

Table 5.16 summarizes the responses to Q4. As shown in Table 5.16, a majority of

Table 5.16: Quantitative Results for Case 4 SYM 7 (Q5)
Question Diagram A Diagram B Neither
Which notation is more flexible in adapting
to changes in the system’s structure or re-
quirements?

9 (30%) 17 (56.7%) 4 (13.3%)

participants (56.7%) found Diagram B more flexible in adapting to changes, compared to

30% for Diagram A. 13.3% found neither diagram more flexible.

Thematic analysis of the open-ended responses for Q5 revealed a dominant theme: Mod-

ular Structure and Decoupling (Diagram B Preference).
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Theme 1: Modular Structure and Decoupling (Diagram B Preference) (19

responses): A large majority of participants preferred Diagram B due to its modular

structure, clear separation of levels, and decoupling of components, which they believed

would make it easier to adapt to changes.

• “Allows for better understanding in the event an change is needed”

• “B because Can be modified easly”

• “Diagram (b) likely uses a modular and adaptable design where components are

separate yet clearly connected”

• “Each level focuses on a specific part of the system making it flexible for changes.”

The qualitative feedback strongly supports the quantitative finding that Diagram B is

perceived as more flexible. The dominant theme is the advantage of its modular structure

and decoupled components, which participants believe would facilitate easier adaptation

to changes. The quantitative data shows a clear preference for Diagram B (56.7%) for

flexibility. This is strongly reinforced by the qualitative data, where the majority of

comments focused on the benefits of its modular design.

Summary of SYM7 Findings

This section presents the results of the holistic comparison of two full diagrams of the

FParsec system, A (older notation) and B (new notation). The evaluation aimed to

compare the overall clarity, usability, and practicality of the new notation against the

older notation. The evaluation consisted of five questions, each followed by an open-

ended prompt for participants to explain their reasoning. Table 5.17 summarizes the

responses to all five questions.

As shown in Table 5.17, Diagram B was generally preferred for symbol tracking (Q1),

mental mapping (Q2), and adaptability to change (Q5). Preferences were more balanced

for understanding relationships (Q3) and layout/flow (Q4).

The combined quantitative and qualitative data from the holistic diagram comparison

(SYM 7) provides a comprehensive picture of the relative strengths and weaknesses of the
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Table 5.17: Summary of SYM7 Findings
Question Diagram A Diagram B Neither
Q1: Easier to keep track of symbols? 8 (26.7%) 18 (60%) 4 (13.3%)
Q2: Easier to mentally map symbol to con-
cept?

10 (33.3%) 18 (60%) 2 (6.7%)

Q3: Easier to understand relationships be-
tween components?

13 (43.3%) 12 (40%) 5 (16.7%)

Q4: Clearer organization of components and
relationships (layout/flow)?

15 (50%) 11 (36.7%) 4 (13.3%)

Q5: More flexible in adapting to changes? 9 (30%) 17 (56.7%) 4 (13.3%)

new and older notations. While preferences were more balanced for understanding rela-

tionships (Q3) and layout/flow (Q4), Diagram B (the new notation) was clearly favored

for symbol tracking (Q1), mental mapping (Q2), and adaptability to change (Q5).

The qualitative data reveals key reasons for these preferences. Diagram B’s reduced

symbol count, clearer structure, and use of letter cues were consistently cited as advantages

for symbol tracking and mental mapping. Its modular design and distinct levels were also

seen as beneficial for adaptability to change. While Diagram A was appreciated for its

explicit visual connections and centralized layout by some participants, these advantages

were often outweighed by concerns about its density, complexity, and less structured flow.

The data suggests a trade-off between explicit visual connections (favored in Diagram A)

and visual clarity/reduced cognitive load (favored in Diagram B). While explicit connec-

tions can be helpful for understanding direct relationships, they can also lead to visual

clutter and difficulty in managing complex diagrams. Diagram B’s more modular and less

interconnected approach, while potentially requiring slightly more effort to trace specific

relationships, significantly improves overall comprehension and adaptability.

In conclusion, the results strongly suggest that the new notation (Diagram B) offers signif-

icant improvements over the older notation (Diagram A) in terms of usability, particularly

for symbol tracking, mental mapping, and adaptability to change. While further refine-

ments may be considered, the new notation appears to be a more effective and practical

approach for representing the system.

Interviews were initially considered to gain deeper insights into participants’ reasoning;

however, the survey data provided sufficient qualitative and quantitative feedback to

address the research objectives. Given the richness of the open-ended responses, additional

interviews were deemed unnecessary.
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5.6 Conclusion

The primary objective of this research was to develop a structural modeling notation

capable of effectively representing the architecture and relationships of typed functional

systems. Building upon the notation proposed by Motara (2021), which adheres to the

Physics of Notation Systematized (PoN-S) (Silva Teixeira 2017) design process to ensure

adherence to Moody’s principles of good notation (Moody 2009). We extended this ap-

proach by incorporating the Physics of Diagrams (PoD) framework (Pissierssens, Claes,

and Poels 2019) to refine the notation and improve its clarity, usability, and cognitive

effectiveness. The PoD framework was chosen due to its empirical foundation, which

draws on a comprehensive literature study that meticulously compiled 81 guidelines and

34 underlying propositions, culminating in seven foundational principles for graphical

representation design. These principles—focus on diagram understanding, graphical par-

simony, chunking, flow of thought, optimal use of visual variables, differentiation, and

balancing—provide a holistic perspective on graphical representation design, addressing

both the overarching language (as in Moody’s Physics of Notations) and the specific

instances of graphical representations (as in the Physics of Diagrams).

By integrating the PoD framework into our notation design, we successfully achieved our

first research objective (RO1): extitDesigning a Structural Modeling Notation for Func-

tional Systems Using the Physics of Diagrams (PoD) Framework. Several modifications

were introduced to the notation, including:

• - A three-tiered structure to organize information hierarchically (Level 1: main

definitions, Level 2: manipulations, Level 3: summaries).

• Revised notations for definitions and thesaurus, using distinct shapes (e.g., square

rectangles for Level 1, rounded rectangles for Level 2) to enhance perceptual dis-

criminability.

• A new label :: symbol notation to define the name and corresponding symbol of

a main definition (e.g., parser :: ⊙).

• A symbol : letter notation to define subtypes, where a single letter intuitively

represents the subtype’s functionality (e.g., ⊙:F for a failed parser).

• The introduction of the OR-Arrow symbol (∥) to represent alternative pathways

from a main definition to its subtypes.
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• A new notation for depicting the relies relationship, explicitly indicating dependen-

cies between definitions.

The effectiveness of the newly developed notation was systematically evaluated through

a survey incorporating four case studies, each corresponding to one of our research objec-

tives:

• RO2: Applying the notation to FParsec for parsing system representation.

• RO3: Evaluating the notation’s adaptability to non-functional systems (Docutils).

• RO4: Assessing the practicality of the notation in representing Pandoc’s architec-

ture.

• RO5: Assessing user understanding and interpretation of the notation’s symbols

and diagrams.

Participants were first introduced to the notation through a brief tutorial, which provided

foundational knowledge before they analyzed the models of each system. The models

were presented in a structured tutorial format, covering key elements and justifications

for their inclusion. Following this, participants answered questions designed to assess

their comprehension and ability to interpret the notation accurately.

The FParsec (R2) case study focused on modeling a functional programming system and

evaluating participants’ comprehension through seven questions. The average score across

all questions was 69.05%, indicating moderate success. Participants performed well in ar-

eas requiring interpretation of symbol combinations and transformations, achieving scores

above 90% for questions involving these concepts. However, lower scores were observed

for questions requiring the identification of main definitions (50%), sub-definitions (60%),

and definitions that rely on others (46.67%). These results suggest that participants

struggled with foundational elements of the notation, particularly when distinguishing

between main definitions and their subtypes. Additionally, participants encountered dif-

ficulties interpreting symbols involving the “!” symbol, with scores in the 70% range.

This highlights the need to refine the textual definitions accompanying these symbols to

improve clarity.

The Docutils (R3) case study evaluated the notation’s adaptability to non-functional

systems through eight questions. The average score improved significantly to 79.58%,
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likely due to participants’ growing familiarity with the notation. Participants performed

better in identifying main definitions (76.67%) and sub-definitions (76.67%), suggesting

that repeated exposure to the notation enhanced their understanding of its foundational

elements. However, a persistent challenge was observed with the notation in the form X ..

Y notation, which represents the invocation of one component by another. A majority of

participants incorrectly interpreted the result of X .. Y as X rather than Y, indicating a

misunderstanding of the invocation concept. This underscores the need for clearer visual

or textual cues to convey the directionality of such relationships.

The Pandoc (R4) case study assessed the notation’s practicality in modeling a functional

system through seven questions. The average score was 72.86%, reflecting a slight de-

cline compared to the Docutils case study. Participants struggled with identifying main

definitions (60%) and sub-definitions (70%), particularly when main definitions lacked

alternatives or subtypes. This suggests that some participants may have mistakenly as-

sumed that only definitions with alternatives qualify as main definitions. Additionally,

participants faced challenges with the X .. Y notation (40% correct) and the nota-

tion (60% correct), indicating that these elements require further refinement to improve

interpretability.

The symbol-level (R5) evaluation revealed critical insights into the usability and clarity

of individual notation elements. Participants generally found the label :: symbol and

symbol : letter notations clear and straightforward, with high scores for comprehension

and ease of use. However, the OR-Arrow symbol posed significant challenges. While

80% of participants understood the concept of multiple alternatives, only 60% found the

symbol effective in conveying the “either-or” relationship, and 57% perceived ambiguity

in interpreting subtype relationships. Participants noted that the OR-Arrow’s design

lacked intrinsic clarity, leading to potential misinterpretations related to sequential flow

and implied dependencies.

To address this issue, an alternative representation (see Diagram B in Fig. 4.20) was

introduced, featuring lines originating directly from the main definition to each subtype.

This alternative was overwhelmingly preferred by participants, with 85% favoring it for

its clearer and more direct representation of relationships. This finding underscores the

importance of iterative design and user feedback in refining graphical notations.

A comparative analysis (R5) between the new notation (Diagram B in Fig. 4.16) and

Motara’s original notation (Diagram A in Fig. 4.25) revealed several key differences. Par-

ticipants generally preferred Diagram B for symbol tracking, mental mapping, and adapt-

ability to change, citing its use of letters for sub-definitions and its three-tiered structure
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as significant improvements. However, Diagram B was less effective in conveying relation-

ships and logical flow, particularly in Level 2 definitions. Participants noted that the relies

relationship in Diagram B required scanning each definition to identify dependencies, un-

like Diagram A, where dependencies were explicitly linked with lines. This suggests that

while Diagram B excels in clarity and modularity, it could benefit from additional visual

cues to enhance the representation of relationships.

The results of this study demonstrate the potential of the new notation to improve the

modeling of functional systems. However, several areas for improvement have been iden-

tified, including the need for clearer textual definitions, more intuitive representation of

invocation relationships, and enhanced visual cues for dependencies.



Chapter 6

Conclusion

6.1 Summary of Objectives and Contributions

This study aimed to develop a structural modeling notation for functional systems using

the Physics of Diagrams (PoD) framework and to assess its effectiveness in improving

system representation clarity, usability, and accessibility. The research was structured

around five key objectives:

The first objective was successfully achieved through the integration of PoD principles

into the notation design. The notation was structured into three hierarchical levels to

facilitate comprehension, introduced a “label :: symbol” notation for main definitions,

and adopted the “symbol : letter” notation for subtypes. Additional features, such as

the OR-Arrow symbol and the relies relationship notation, were incorporated to improve

expressiveness and usability.

6.2 Key Findings from Case Studies

6.2.1 Case Study 1: FParsec

The application of the notation to FParsec, a functional parsing library, revealed that par-

ticipants could effectively interpret transformations and symbol combinations but strug-

gled with foundational elements such as main definitions and relies relationships. The

results highlighted areas where refinements were necessary, particularly in textual expla-

nations and visual distinction of relationships.
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6.2.2 Case Study 2: Docutils

The notation was tested on Docutils, a non-functional system, demonstrating its adapt-

ability beyond functional programming. Scores improved compared to FParsec, suggesting

that repeated exposure enhanced understanding. However, issues with interpreting the “X

.. Y” notation indicated the need for clearer representations of invocation relationships.

6.2.3 Case Study 3: Pandoc

When applied to Pandoc, the notation effectively captured its structural elements, but

participants continued to struggle with distinguishing main definitions and subtypes. This

confirmed the need for further refinements to enhance clarity in hierarchical relationships.

6.3 Evaluation of Notation Elements

User feedback on individual notation elements revealed that while certain symbols, such

as “label :: symbol” and “symbol : letter”, were well received, others, particularly the OR-

Arrow symbol, required redesign for better clarity. The comparative analysis of Diagram

A (Motara’s original notation) and Diagram B (the revised notation) demonstrated that

the new notation improved symbol tracking and modularity but required enhancements

in relationship representation.

6.4 Revisiting the Research Problem and Question

The problem statement highlighted the lack of a standardized and accessible nota-

tion for functional systems and the need to validate PoD’s applicability to this domain.

The study confirmed that PoD principles can significantly enhance notation design by im-

proving clarity, usability, and accessibility. The empirical evaluation demonstrated that

the revised notation effectively models functional and non-functional systems, bridging

the gap between theoretical notation design and practical usability.

Can a typed modeling notation for functional programming, designed using

the Physics of Diagrams framework, improve the clarity, usability, and acces-

sibility of functional system representations for both developers and business
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analysts? This study demonstrated that a structured, hierarchical approach, com-

bined with perceptually distinct graphical elements, enhances the clarity of func-

tional system representations. The usability of the notation was evident in its ability to

model different system architectures, though refinements are needed for certain relation-

ships and symbols. Accessibility was improved by aligning the notation with cognitive

design principles, reducing interpretative ambiguity for both developers and business

analysts.

6.5 Future Research Directions

While this research has laid a solid foundation for functional system modeling using PoD,

several areas warrant further exploration:

• Iterative Refinements Based on User Feedback: Future studies should focus

on refining ambiguous symbols, improving textual definitions, and enhancing visual

cues for dependencies and invocation relationships.

• Larger Sample Size for Empirical Validation: Expanding the participant pool

beyond 30 respondents will strengthen the statistical significance of findings and

provide more diverse perspectives on notation usability.

• Pairing the Notation with Behavioral Modeling: To create a holistic modeling

framework, future research should explore integrating the structural notation with

behavioral modeling notations, ensuring comprehensive system representation.

By addressing these areas, future research can further enhance the clarity, usability, and

adaptability of structural modeling for functional and non-functional systems alike.
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Welcome 

Thank you for your interest in this survey. 
Please enter the following information 

What is your primary role? 

o​ Student 

o​ Developer 

o​ Business Analyst 

o​ Other (please specify) 

 

How would you rate your familiarity with functional programming? 

o​ Beginner 

o​ Intermediate 

o​ Advanced 

 

Purpose 
The notation is designed to represent the structure of typed functional programming systems, 

emphasizing the clear visualization of their components and the relationships between them. It 

provides a framework for modeling functional architectures, capturing the essence of typed systems, 

their definitions, and how different elements within the system interact with one another.  

 

Core Structure 
Level 1 consists of the main definitions, represented by square rectangles. These elements define 

core system concepts such as main types and subtypes. 

Level 2 focuses on the manipulation of the main types, illustrated with rounded rectangles. These 

represent derived definitions that interact with the main types. 

Level 3 introduces thesaurus entries, depicted as rectangles with a diagonal slash corner. These 

provide additional information or summaries that enhance understanding without altering the core 

functionality. 

Relationships between these definitions, such as "alias" or "relies" connections, are expressed using 

specific lines and symbols that indicate how elements build upon one another.  

 

Example 



Let’s try to model a simple system that performs basic arithmetic operations: addition and 

subtraction. It takes two numbers as input and produces their sum or difference as output. 

Level 1 

In Level 1, we define the primary types or main definitions along with their subtypes or 

sub-definitions. For example, a diagram at this level might include an inputHandler that checks 

whether inputs are numbers before proceeding with calculations. It could also feature an adder and 

a subtractor for performing addition and subtraction on the numbers, respectively. Additionally, a 

definition might be included to represent some type or value that is generated as a result of these 

operations. 



 

 

 

 



In the diagram above for the InputHandler, we have the main definition and the symbol used to 

represent it, shown as    where InputHandler is the name of the main 

definition and is the symbol used to represent it. We use the symbol, 

pronounced as Or-Arrow, to break down the notation into its sub-definitions. The first Or-Arrow 

starts from the main definition and points to the first sub-definition, with subsequent Or-Arrows 

points to the next sub-definition. The notation can be interpreted as: “The main definition can be 

represented using this sub-definition OR this sub-definition OR this sub-definition”.  

Sub-definitions are represented in the form “symbol: label”, where the symbol corresponds to the 

one from the main definition, and the label indicates the nature of the sub-definition. For example, 

and represent an adder that Successfully adds the two numbers and an adder 

that Fails to add the numbers, respectively. 

These definitions may represent a function, library, or module depending on the context. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Level 2 

In Level 2, we define definitions that result from manipulating the main definitions introduced in 

Level 1. For instance, this level might include definitions for invoking the adder or subtractor, 

representing successful addition or subtraction of numbers. Additionally, it could account for cases 

where the operation fails, capturing both successful and unsuccessful outcomes as part of the 

system's behavior. 

 

 

 

 

 

 



Level 3 

Finally, in Level 3, we group the definitions from Level 2 and provide additional information for 

analysts seeking a higher-level overview of the system.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CASE 1 
FParsec is a powerful parser combinator library for the F# programming language. It allows you to 

create efficient and readable parsers for various text-based formats by combining smaller parsers 

into more complex ones. When parsing fails, FParsec generates informative error messages that can 

help you identify and resolve parsing issues. 

Model Creation 

For our level 1 definitions, we define the main definitions and their sub-definitions. 

At its simplest, in FParsec, you create a parser that processes some text. This leads us to a parser 

that, when given some text, either recognizes the text, fails to recognize it, or issues a warning 

explaining why it cannot recognize the text. The main definition with its sub-definitions is 

represented below. 

 

A powerful feature of typed functional programming languages is the ability to represent generic 

types. Here we define an additional sub-definition for representing some type or value. 

 

 

 

 

 

 

 

 

 

 

 



 

The full set of level 1 definitions is: 

 

Moving on to Level 2 

Definitions in Level 2 result from manipulating the definitions in Level 1. 

 

It is important to note that, ` ` is used to represent discrete cases or branches in functional 

programming, indicating specific conditions or choices within a function or expression that 

result in different behaviours based on the input.  The `_` represents any other case or a 

fall-through scenario.  is used to denote the mapping of one case or value to another.  

A parser that has successfully parsed text will produce some kind of value, while anything else (a 

parser that produces a warning or fails) will produce a default value. This is represented by the 

following definition: 

 

We may want to discard certain text that is successfully parsed because it may not be needed in the 

final output. This can be represented as follows: 



 

 

In FParsec, we can combine parsers to form more complex ones. Therefore, we need a way to 

represent the combination of two parsers: 

 

 

You might want to discard certain delimiters at the beginning and end of some text while keeping the 

information in between. We can achieve this by relying on the previous definitions to create the 

following definition: 

 

In functional programming, it’s common to represent the presence or absence of a value using types 

that encapsulate the possibility of a "missing" or "none" state. We represent this in the following 

definition: 



 

 

In functional programming, such definitions enable graceful error handling by ensuring that results 

clearly indicate success or failure. This approach integrates error handling directly into the program's 

flow, reducing reliance on exceptions and promoting safer, more predictable code. 

We can represent this by turning a failure into a qualified success: 

 

The full set of Level 2 definitions, along with additional definitions, is shown below. 



 

Finally, Level 3 

Level 3 essentially groups the Level 2 definitions into categories and provides a summary of what 

each definition does, giving an overview of the system. 



 

 

The full FParsec diagram can be found below 

 



 



 

 

Questions 

1.​ Identify all the main definitions in the FParsec diagram 

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   



2.​ Identify all the sub-definitions in the FParsec diagram 

◻​  

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

 

3.​ Identify all the definitions that rely on other definitions 

◻​  

◻​   

◻​   

◻​   

◻​   



◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

◻​   

 

4.​What does the definition   signify in the context of parsing? 

 A) The parser repeats parsing until it succeeds. 

 B) The parser produces a value    if successful, and nothing if it fails. 

 C) The parser produces a value  by default if parsing fails. 

 D) The parser produces multiple values of type . 

 

5. In  , what does the presence of  versus   indicate? 

 A)  represents a default value, while  is an error. 

 B)   indicates a value exists, while  indicates absence. 

 C)   indicates an optional value, while   represents success. 

 D)  indicates failure, while  represents success. 



 

6. How would you interpret   ? 

 A) Combining two parsers where the result of the first is discarded, and the second 

produces  on failure. 
 B) Parsing a sequence of text, where the first parse discards output, and the second 

produces multiple values of . 
 C) Parsing sequential text segments, each with its parser producing identical results. 
 D) A successful parse produces the same result from both parsers. 

 

7. How would   behave in the context of parsing? 

 A) It produces a discarded result for failures, mapping success to . 

 B) It parses with delimiters, discarding the outer text and mapping to  if successful or 

 if absent. 
 C) It repeats parsing text until a successful parse, producing optional values. 
 D) It uses a default delimiter for parsing sequences with errors. 

 

 

 

Case 2 
Docutils is an open-source text processing system written in Python, designed to parse and transform 

reStructuredText (reST) documents. It converts reST into formats like HTML, LaTeX, and XML, making 

it a popular tool for technical documentation. Its architecture includes parsers for reading input, a 

document tree for structure representation, and writers for output generation. 

 

We need a definition to represent the structure of the document tree. 

 



Readers play an important role in Docutils; they help read the input data and pass it to the parser. 

We represent the reader with the following definition: 

 

 

Parsers generate a document tree (doctree) from the input file. We define the parser as follows: 

 

 

Docutils has writers that translate the document tree into the output format. 

 

The complete level 1 diagram is found below: 



 

Moving on to level 2 

Readers pass the input data to the parser so it can be converted into an AST: 



 

 

A parser generates a doctree: 

 

Docutils has transformers that modify the document tree: 

 

 

In functional programming, the presence or absence of a value is often represented using types that 

encapsulate the possibility of a "missing" or "none" state. We represent this in the following 

definition for a doctree: 

 



Writers translate the doctree into output: 

 

The complete level 2 diagram is found below. 

 

And finally, level 3 



 

The complete Docutils diagram is found below. 



 



 

 

Questions 

1.​ Identify all the main definitions in the Docutils diagram 

◻​ Option 1:      



◻​  Option 2:  

◻​ Option 3:   

◻​ Option 4:  

◻​ Option 5:  

◻​ Option 6:  

◻​ Option 7:  

◻​ Option 8:  

◻​ Option 9:  

◻​ Option 10:  

◻​ Option 11:  

◻​ Option 12:  

◻​ Option 13:  

◻​ Option 14:  

◻​ Option 15:  

 

2.​ Identify all the sub-definitions in the Docutils diagram 

◻​ Option 1:      

◻​  Option 2:  

◻​ Option 3:   

◻​ Option 4:  

◻​ Option 5:  

◻​ Option 6:  



◻​ Option 7:  

◻​ Option 8:  

◻​ Option 9:  

◻​ Option 10:  

◻​ Option 11:  

◻​ Option 12:  

◻​ Option 13:  

◻​ Option 14:  

◻​ Option 15:  

 

3.​What is the result of   ? 

 A) A reader. 
 B) Input data. 
 C) A doctree. 
 D) A parser. 
 E) A writer.  
 F) output format. 
 
 

4.​ In the definition  , what does the transformation   imply? 
 A. It applies a specific filter to modify the reader output. 
 B. It invokes a function that modifies the document tree. 
 C. It discards unneeded elements in the output. 
 D. It transforms the reader’s input data. 

 

5.​ What does the combined definition    represent? 
 A) A reader that successfully reads input, invokes a parser that fails to parse, and 
outputs an empty document tree. 
 B) A reader that successfully reads input, invokes a parser that successfully parses and 
produces a document tree. 
 C) A parser that generates a default document tree due to a failed reader. 
 D) A writer generating output directly from the input file. 



 

 

6.​ If a   (absent document tree) is passed to the writer in  , 

what is the outcome? 

 A) The writer successfully produces output. 
 B) The writer fails to produce output. 
 C) The writer transforms the document tree. 
 D) The parser re-generates the document tree. 

 

7.​ What does the combination   imply? 
 A) A reader that fails to read input and a parser producing a default document tree. 
 B) A reader successfully reading input but a parser that fails to parse, resulting in an 
absent document tree. 
 C) A successful parser and reader generating an incomplete document tree. 
 D) A reader generating output without a parser. 
 
 

8.​ Which sequence best represents a full, successful input-to-output workflow using Level 2 

definitions? 

 A)   

 B)   

 C)   

 D)   

 

 

 

 

 

 

 

 

 



Case 3 
Pandoc is a powerful document converter written in Haskell that allows users to transform 

documents between a variety of markup formats, including Markdown, HTML, LaTeX, and PDF. 

Pandoc utilizes input parsers to convert various markup formats, like Markdown and HTML, into an 

abstract syntax tree (AST), which serves as a structured representation of the document's content. 

This AST enables efficient manipulation during the conversion process. After processing, output 

writers transform the AST into the desired output formats, such as PDF or Word documents. 

Additionally, filters allow users to customize the AST dynamically, modifying the document's content 

and structure before generating the final output. This architecture makes Pandoc a flexible and 

powerful tool for document conversion. 

To represent these components, we define the following main concepts in level 1: 

We define an input handler to help manage which parsers should parse text from an input file. 

 

Similarly, we define an OutputFormatHandler 

 

Another necessary main definition is for a Reader, which parses input text to generate an AST. 

 



Similarly, we define a Writer 

 

We also need definitions for an AST and output text: 

 

 

The full set of level 1 definitions is: 



 

Moving on to level 2 



Level 2 definitions are derived from manipulating Level 1 definitions. 

we might have a definition for invoking a reader for a given input format to parser the text. 

Such a definition would look like 

 

Similarly for invoking a writer 

 

Focusing on readers, we define a process for producing an AST since readers output ASTs: 

 

Similarly for a writer that produces output text 



 

Pandoc also has filters that can transform the AST before converting it to an output format 

 

The complete list of Level 2 definitions can be found below. 



 

And finally, the level 3 definitions 

 



The complete diagram of Pandoc can be found below. 

 



 

 

 



Questions 

1.​ Identify all the main definitions in the Pandoc diagr 

 

◻​ Option 1:   

 

 

◻​ Option 12:  

◻​ Option 2:  ◻​ Option 13:  

◻​ Option 3:  ◻​ Option 14:  

◻​ Option 4:  ◻​ Option 15:  

◻​ Option 5:  ◻​ Option 16:  

◻​ Option 6:  ◻​ Option 17:  

◻​ Option 7:  ◻​ Option 18:  

◻​ Option 8:  ◻​ Option 19:  

◻​ Option 9:  ◻​ Option 20:  

◻​ Option 10:  ◻​ Option 21:  

◻​ Option 11:  ◻​ Option 22:  

 

 

2.​ Identify all the sub-definitions in the Pandoc diagram 



 

◻​ Option 1:   

 

 

◻​ Option 12:  

◻​ Option 2:  ◻​ Option 13:  

◻​ Option 3:  ◻​ Option 14:  

◻​ Option 4:  ◻​ Option 15:  

◻​ Option 5:  ◻​ Option 16:  

◻​ Option 6:  ◻​ Option 17:  

◻​ Option 7:  ◻​ Option 18:  

◻​ Option 8:  ◻​ Option 19:  

◻​ Option 9:  ◻​ Option 20:  

◻​ Option 10:  ◻​ Option 21:  

◻​ Option 11:  ◻​ Option 22:  

 

 

 

3.​What does the   produce? 



 A) An input format handler  
 B) A reader 
 C) An AST 
 D) An output format handler 
 E) A writer 

 

4.​ What does the combined definition   represent? 

 A) An input format handler that successfully recognizes the format and invokes a reader 
that fails to parse text, producing a default AST. 
 B) An input format handler that successfully recognizes the format and invokes a reader 
that successfully parses text, producing an AST. 
 C) An input format handler that recognizes the format but fails to invoke a reader. 
 D) A reader that successfully parses text without an input handler. 
 

5.​ What does the notation   imply in the context of transformation? 
 A) The reader produces an AST without transformation. 
 B) The reader uses a function to modify the AST before generating a default AST. 
 C) The reader modifies the AST using a function, producing a new AST. 
 D) The writer transforms the AST before output. 
 

6.​If   is used, what does it indicate about the input 

processing? 
 A) A single input handler that discards one of the input formats. 
 B) An input handler that combines inputs before the reader successfully parses and 
generates an AST. 
 C) An input format handler fails while attempting to combine inputs. 
 D) An input handler invokes a writer instead of a reader. 
 
 

7.​ If   occurs, what is the likely outcome? 
 A) The writer produces an output with a warning, defaulting to a fallback output format. 
 B) The writer fails to produce any output. 
 C) The reader produces a default output text. 
 D) The writer skips the transformation. 

 

 

 

 



 

CASE 4 

Symbol 1 (Evaluation of the OR-Arrow Symbol) 

Consider the following diagram: 

 

Does the    clearly communicate that the main definition can represent 

multiple alternatives? 

o​ Yes 

o​ No 

Is the use of the  symbol effective in conveying the either-or 

relationship between subtypes? 

o​ Yes 

o​ No 

Is there an ambiguity when interpreting the subtype relationships using the 

 symbol? 

o​ Yes 

o​ No 

Please provide reasons for your choices above: 



 

Symbol 2 (Comparative Analysis of the OR-Arrow Symbol) 

Consider the following two diagrams which have the same meaning: 

(a)​ Diagram A 

 

(b)​ Diagram B 

 

Which diagram makes it easier to identify the relationship between definitions? 

o​ (a) 

o​ (b) 

o​ Neither 

How many sub-definitions are visible in the diagram A? 

o​ Zero 

o​ One 

o​ Two 

o​ Three 

How many sub-definitions are visible in the diagram B? 

o​ Zero 

o​ One 

o​ Two 

o​ Three 

 



Please provide reasons for your choices above: 

Symbol 3 (Evaluation of the Notation Label (::) Symbol) 

Consider the following notation: 

 

Is the notation    clear in representing the relationship 

between the name of a definition and its symbol? 

o​ Yes 

o​ No 

 

What does the symbol represent? 

o​ Going in 

o​ An Input Handler 

o​ A circle with an arrow 

o​ Moving right 

 

Please provide the reasons for your choice: 

 

 

 



 

 

Symbol 4 (Evaluation of Sub-Definition Notation) 

Consider the following notation: 

 

Does the   notation clearly convey combining a symbol from the main 

definition with a letter indicates a sub-definition of that main definition? 

o​ Yes 

o​ No 

 

Do you understand the single letter (e.g., S) to intuitively represent the sub-definitions 

functionality? 

o​ Yes 

o​ No 

In the notation what does the S represent? 

o​ A new, unrelated type that has no connection to  

o​ A specific behavior or variant of the type such as a successful state. 

o​ The name of the symbol 

o​ A numerical value associated with  

Please provide the reasons for your choices above. 

 



Symbol 5 (Comparative Evaluation of Diagrams for Main 

Definitions and Sub-Definitions) 

Consider the following two diagrams which have the same meaning: 

(a)​Diagram A 

 

(b)​Diagram B 

 

 

Which diagram makes it easier to identify the relationship between definitions? 

o​ (a) 

o​ (b) 

o​ Neither 

 

 

 

 

 



Which diagram makes it easier to recall what the symbols represent? 

o​ (a) 

o​ (b) 

o​ Neither 

 

Please provide the reasons for your choices: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Symbol 6 (Evaluation of Relationships at Level 2) 

Consider the following two diagrams: 

 

 

(a)​ Diagram A 

 

 

    (b) Diagram B 

 

 

 

Which notation conveys that there is a relationship between definitions? 



o​ (a) 
o​ (b) 
o​ Neither 
 

 

Please provide the reason for your choice: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Symbol 7 (Holistic Comparison of Diagrammatic Notations) 

Consider these two diagrams that model the same system: 

(a)​Diagram A 



 

 

 

 

 

(b)​ Diagram B 



 



 

 



 

 

Which diagram makes it easier to keep track of the symbols? 

o​ (a) 
o​ (b) 
o​ Neither 
 

Please provide a reason for your choice: 

 

 

Which diagram makes it easy to mentally map the symbol to its underlying concept? 

o​ (a) 
o​ (b) 
o​ Neither 
 

Please provide a reason for your choice: 

 

 

 



 

Which notation makes it easier to understand the relationships between components? 

o​ (a) 
o​ (b) 
o​ Neither 
 

Please provide a reason for your choice: 

 

Which notation organizes the components and relationships more clearly in terms of layout and 

flow? 

o​ (a) 
o​ (b) 
o​ Neither 
 
Please provide a reason for your choice: 

 

Which notation is more flexible in adapting to changes in the system’s structure or requirements? 

o​ (a) 
o​ (b) 
o​ Neither 
 

Please provide a reason for your choice: 
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