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Abstract

Understanding simply typed lambda calculus is essential for
learning type systems and formal semantics, but its abstract con-
cepts are often challenging. We developed a web-based tool that
visualizes type checking through interactive proof trees, provid-
ing real-time feedback, highlighting typing contexts, and allowing
step-by-step exploration of derivations. The language supports
tuples, variants, lists, records, conditionals, recursion, and ex-
port of derivations in IATEX or image formats. User testing with
university students showed improved comprehension and moti-
vation. By making reasoning visual and interactive, the system
connects theory and practical learning in type theory education.

Keywords: Educational tool, Simply typed lambda calculus,
Type theory, Type checking, Visualizing proofs.
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1 Introduction

The A-calculus was developed in the early 1930s as a computational
model, when the term “computer” referred to a person performing
calculations with pen and paper. Today, it is recognized as the first
and simplest Turing-complete programming language and forms the
foundation of many areas in computer science, including functional
programming and type theory. Studying A-calculus provides a cru-
cial basis for understanding type systems and the formal structure of
programming languages.
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Although theoretically powerful, the A-calculus is often difficult to
learn in practice. Constructing proof trees for A-expressions can be
error-prone, particularly as expressions grow in size and complexity.
To address this, we have developed an interactive web-based tool for
type-checking programs (terms) in the simply typed lambda calculus,
providing visual and interactive feedback to help students understand
the typing process.

Our long-term research focuses on the development of educational
tools for visualizing various formal methods [1], semantics [2], proofs [3],
and algorithms [4]. While full-scale theorem provers such as Rocq,
Agda, or Lean exist, we consider their use in some cases to be counter-
productive, e.g., in courses such as logic, where introducing a complete
system could take several weeks before students (who often lack expe-
rience in functional programming) are able to perform formal proofs.
Moreover, even in courses that use such theorem provers, the notation
often differs from the “pen-and-paper” proofs presented in textbooks:
different symbols and conventions are employed. This can be confus-
ing for students, who may see one style on the blackboard and another
in the code. Therefore, we primarily develop lightweight tools dedi-
cated to a single method, enabling students to learn concepts quickly
and interactively, while closely mirroring textbook notation to avoid
confusion.

The application presented in this paper includes an editor for writ-
ing A-terms (with support for entering special symbols, so it exactly
follows the notation used in the textbook [5]), an interactive proof
tree viewer, and tutorials that guide users through the tool and cover
the basics of STLC. It also supports exporting proof trees in INXTEX or
PNG formats. To reach a broader audience, the tool has been local-
ized into three languages: English, Slovak, and Ukrainian. The im-
plemented language supports several STLC extensions. These include
product and sum types, and data structures such as tuples, variants,
lists, records, or conditional expressions (if), and the fix operator for
general recursion.

In this paper, we begin by reviewing related work, as the devel-
opment of educational and visualization tools is a highly active area
of research. We then provide a brief introduction to the simply typed
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lambda calculus, which forms the theoretical foundation of our tool.
Following this, we explain the motivation for creating a new, more in-
teractive and user-friendly application. We describe the selection of the
technology stack and the design and implementation of the system. Fi-
nally, we present the results of user testing and evaluation, highlighting
the tool’s effectiveness and educational impact.

2 Related Work

The development of educational and visualization tools for teaching
fundamental concepts of theoretical computer science, such as formal
methods and proofs, is a highly active research area. These tools make
abstract concepts more accessible and interactive for students. This
topic has gained significant attention in the academic community, with
several conferences and workshops dedicated to the development of
such applications.

A common approach is to use plugins for theorem provers or tools
built on top of them. Such an approach is demonstrated in [6], [7],
where the authors first formalized first-order logic in Isabelle and then
created learning tasks for students. Karsten et al. [8] present a tool
based on Isabelle that features a more student-friendly user interface.
Another approach is to develop specialized, standalone tools. For in-
stance, Korkut [9] introduced a web-based tool for sequent calculus and
Hoare logic. Similar systems have been presented by Ehle et al. [10]
for sequent calculus proof trees, and by Gasquet et al. |11] for natural
deduction proofs.

In our previous work, we have also contributed to this area by
developing web-based tools that support teaching the A-calculus and
type theory. The first, an interactive web-based interpreter of the
A-calculus [12], enables users to construct and evaluate A-expressions
through an intuitive web interface that visualizes reduction steps. The
second, a type checker for the simply typed A-calculus [13|, comple-
ments the interpreter by providing visualization of type inference and
verification, helping students understand the relation between syntax
and semantics.

During our analysis of related work, we identified that most ex-
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isting tools focus primarily on formal semantics or logic, with only a
few designed specifically for visualizing A-calculus concepts. Several
tools provide useful functionality but also have notable limitations in
usability and educational support. For example, the Lambda Calcu-
lus Calculator |14] is a basic interpreter for untyped A-calculus, while
the Lambda Calculus Interpreter [15] offers similar functionality for un-
typed A-terms. The tool Lambster |16] is an interactive A-term reducer
that focuses on step-by-step evaluation, and Lambda Tree 17| allows
constructing proof trees for typed A-calculus.

While these tools are valuable, they often suffer from limited in-
teractivity, unclear or overly technical error messages, difficult-to-read
outputs, and a lack of integrated tutorials or learning guidance. They
also do not support extended features such as tuples, variants, records,
or recursion, which are increasingly important in practical applications
of the simply typed A-calculus (STLC).

The development of such educational tools has been an ongoing fo-
cus of our research for many years. These limitations, together with the
growing interest in visualization-based teaching, motivate the creation
of our new web-based system, designed to provide an intuitive interface,
interactive proof tree visualizations, and support for STLC extensions,
thereby enhancing students’ understanding of type systems.

3 Simply Typed Lambda Calculus

The Simply Typed Lambda Calculus (often denoted as A_,) was in-
troduced by Alonzo Church in the early 1940s to address the problem
of paradoxical terms in the untyped pure A-calculus [18]. It is con-
sidered the simplest form of type theory. STLC extends the untyped
A-calculus with a single type constructor for function types and a set
of base types.

This section briefly introduces the core concepts of STLC and its
type system, and presents a motivating example. The full version of
STLC with the extensions implemented in our tool is not described
here; the complete abstract grammar is given in Section [3.4
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3.1 Language
The syntax of STLC is defined by the following production rules:
tu=x|Xx:T.t|tt
T:=A|T—T
Here, t denotes a term, T" a type, and A a set of base types. Specifically:
e 1 represents a variable from the set of all variables.
e \z:T.tis a A-abstraction (right-associative), where:

— A introduces the function,
— x : T is the parameter annotated with its type,

— t is the function body, separated from the parameter by a
dot.

e ¢ ¢ represents function application (left-associative).

e T — T is the function type constructor (right-associative).

3.2 Type System

To define a type system, we extend the grammar with the context:
Fe=e¢|lz:T

where I' is a set of assumptions about the types of free variables in a
term ¢, and e denotes the empty context.
A typing judgment has the form:

'kt T

(sometimes called sequent) has meaning that “term ¢ has type 7" under
the context I".” The symbol F separates assumptions (context) from
the conclusion (typed term).

Typing rules specify how to assign types to terms and are expressed
as inference rules. A specific typing rule exists for each kind of term
[19].
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Lambda Abstraction (T-Abs)
LTy Ht: T
F}—)\.Z‘:Tl.tZTl—)TQ

This rule states that if, under the context I' extended with z : T, the
term t has type T3, then the abstraction Ax : 7.t has type T1 — T3
under the original context I" [5].

(T-Abs)

Function Application (T-App)
Fl—tl T — Ty Fl_tQ:Tl
'k tl t2 : T2

This rule states that if ¢; is a function from T} to 75, and 2 has type
T7, then the application t; to has type T5.

(T-App)

Variable (T-Var)
z:Tel
'Fz:T

The T-Var rule is the only axiom of the system: if a variable x has
type T in the context I', then x can be assigned type T

(T-Var)

Proof Trees Using these rules, one can construct type-checking
proof trees for any term [5]. A proof tree is valid if all its leaves
are axioms, guaranteeing that the entire derivation is sound.
3.3 DMotivating Example
Consider the following sequent:

F'F(Ay:A—Ayzx) f: A
where:

F={z:Af:A— A}

The following proof tree demonstrates that this term is well-typed
with type A in the given context:
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tA—>AeT Ael
YR (pyar) TS (Tivar)
Flky:A—>A FlFxA(T )
-app
I=Tu{y:A—- A}tyzxz: A f:A—>AeT
(T-abs) “———— —— (T-var)
P xy:A—-Ayz:(A—>A) = A rf:A— A
(T-app)

FrF(Ay:A—- A yzx) f: A

This tree illustrates how the typing rules are applied to derive the
type of the entire term: first, the variables y and x are typed using T-
Var; then, applying y to x is justified via T- App; next, the abstraction
Ay : A > A. y x is assigned the function type by T-Abs; finally,
the application of this abstraction to f is typed again with T-App,
resulting in type A for the entire term.

While the rules described above cover the pure simply typed lambda
calculus, practical programming and teaching applications often bene-
fit from several useful extensions. These include additional base types,
such as natural numbers and booleans, as well as further type construc-
tors for product and sum types. The language can also be extended
with data structures such as tuples, variants, lists, and records. More-
over, it supports conditional expressions (if) and the fix operator,
which enables general recursion.

3.4 Implemented Simply typed lambda calculus with ex-
tensions

In our implementation, we adopted an extended version of STLC to
make the system more expressive and suitable for experimentation.
The complete syntax and typing rules of the implemented language in
our tool are provided in the interactive tutorials accessible directly
within the application. Here, we present only the abstract syntax
of the implemented language in the form of Backus-Naur grammar.
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to=
v — Values or Variables
| tt — Application
| Az : Tt — Lambda Abstraction
[t (>]>=|<]<=|==)t — Comparison
[t (+]|—)t — Addition/Subtraction
| txt — Multiplication
| ¢ — Power
| A_: Tt — Wildcard Abstraction
| if ¢ then ¢ else ¢ — Conditional Branching
| fix t — Fixed-point Operator
|x=t(,x=1t)]asT — Labeled variant
| (inl | inr) ¢t as T — Left/Right Injection
| (x=t(,x=1)") — Record
| t.n — Record Projection
|G 6)7) ~ Tuple
| t.ID — Tuple Projection
| list_op — List Operations

| case t of [x = ]
=>t (||[r=t=>t" - Case Of
| case t of (inl | inr) ¢
=>1t| (inl | inr) z =>¢ — Binary Case Of

list_op ::=
nil [T — Nil — empty list of type T
| cons [T] t t — Cons — prepend element t to list t
| isnil [T] t  — IsNil — check if list t is empty
| tail [T] t — Tail — get list without first element
| head [T] t — Head — get first element of list
| [t (, )] — List Constructor — explicit list literal
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v =

112]3].. — Natural Number

| true | True | false | False — Boolean Values

| Unit | unit — Unit Value

| x — Variable Name
T =

Nat — Natural Numbers

| Bool — Booleans

| Unit — Unit Type

| T —-T — Function Type

| T+ T — Binary Sum Type

| x:T(,x:T)"] - Variant Type
| (x:T(,x:T)*) — Record Type
| T+T — Tuple Type
| List T — List Type
4 Technology Selection
Before selecting tools and technologies, the following primary require-

ments for the application were defined through discussions with poten-
tial users and educators:

e Web-based and platform-independent
e Fully client-side, requiring no server interaction
e Highly interactive and responsive

e User-friendly interface suitable for students

Based on these criteria, we have made the following technology
choices.
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4.1 Programming Language

TypeScript was selected as the primary programming language. Com-
pared to JavaScript, TypeScript provides better code safety and main-
tainability due to its static typing system. This is especially useful in
complex applications that handle abstract syntax trees, type rules, and
interactive state updates [20].

4.2 Syntax and Lexical Analysis

Several tools were considered for syntax and lexical analysis, including
Flex [21], Bison [22], PEG.js 23], and ANTLR. ANTLR was chosen
for its flexibility, rich feature set, and seamless integration with web
environments. It also provides excellent support for generating parsers
for a wide range of grammars [24].

4.3 User Input Processing

The Monaco Editor [25], which powers Visual Studio Code, was
used for user input. It offers a rich, customizable interface with syn-
tax highlighting, auto-completion, and error feedback, while remaining
lightweight and responsive.

4.4 User Interface

React [26] was selected as the framework for building the user inter-
face. Compared to plain JavaScript, React provides a component-based
architecture that simplifies the management of application state and
user interaction. It was preferred over Angular because it requires fewer
resources, integrates more easily, and has a gentler learning curve, mak-
ing it suitable for small- to medium-sized educational tools.

For styling, Tailwind CSS [27] was used. Tailwind’s utility-first
approach allows rapid interface development without writing extensive
custom CSS, reducing development effort and improving maintainabil-
ity.

Additional design choices were made during implementation to fur-
ther enhance usability and visual clarity. The interface was inspired by
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the Material UI design system, providing a clean, modern, and con-
sistent visual style while supporting intuitive layouts and interactions.

5 Design

This section describes the design of the system, focusing on the User
Interface (UI) and the underlying architecture.

5.1 Ul

Before implementation, the user interface and the system’s conceptual
model (Figure were carefully designed. The main components of
the interface were defined according to user needs and the educational
objectives of the tool. A key feature is that users can either type terms
manually or follow guided tutorials. Based on this input, the system
automatically generates the corresponding proof tree.

The application provides real-time feedback, visually demonstrates
the applied typing rules, and clearly shows the structure of the deriva-
tion process. Additionally, users can export outputs in both ATEX
code and image formats, making it suitable for integration into study
materials or reports.

Special attention was paid to the intuitiveness of the interface, the
clarity of visualizations, and the tool’s usability in educational environ-
ments.

5.2 System

A simplified view of the main functionality of the application is illus-
trated by the following conceptual model depicted in Figure

Based on the conceptual model (Figure , the application archi-
tecture is divided into several core components:

e User Input Processor — manages user input, including syntax
highlighting and editing, implemented using the Monaco Editor.

e Core Module — handles lexical and syntax analysis, type check-
ing, and proof tree generation. This module uses ANTLR for
parsing and applies the typing rules of STLC.
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LK code

Copy text

Receives 0.*

Export LaTeX file

Inputs. Proof tree Generates 1..1
Error

Visualization

Error message

Export

Term

Produces 0.." Generates 1.1

Input text Creates 1..1 Image

Lexer

Options

Parser
Download

Type checking

Figure 1. Conceptual model

e Tree Visualization — transforms the internal proof structure
into a graphical tree. It is interactive and designed to support
users’ understanding of the typing process.

e Error Output Handler — presents parsing and typing errors
in a readable format, helping users quickly identify and fix issues
in their input.

This modular design improves maintainability, simplifies extension,
and enables clear communication between system components.

6 Implementation

This section describes the implementation of the application, covering
the key components involved in parsing, type checking, proof tree gen-
eration, visualization, and export. The discussion emphasizes how the
design and architecture support modularity, interactivity, and perfor-
mance.

6.1 Syntactical and Lexical Analysis

ANTLR was used to generate classes for lexical and syntactical analy-
sis, commonly referred to as the lezer and parser. These components
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are automatically generated based on a grammar specification written
in extended Backus—Naur Form (EBNF) syntax. The grammar defines
the structure of valid terms in the simply typed lambda calculus. It
includes rules for recognizing abstractions, applications, variables, type
annotations, and other constructs.

A fragment of the grammar defining a term is shown in Figure

term
: <assoc=left> term term # Application
| term (°>’|’>=’|’<’|’<=’|’==’) term # Comparison
| term (°+’|’-’) term # Addition
| term (’*’) term # Multiplication
| term (°7’) term # Power
| LAMBDA ID COLON type DOT term # Abstraction
| LAMBDA ’_’ COLON type DOT term # WildCard
| ID # Variable
| ’fix’ term # Fix
| constant # Literal

Figure 2. Fragment of an ANTLR grammar rule defining lambda terms

The generated classes produce a representation of the Abstract Syn-
tax Tree (AST), which serves as an internal structured form of the input
term. The AST reflects the hierarchical organization of the term based
on the grammar rules.

This tree structure is then used in subsequent stages of processing,
such as type checking and proof tree generation. Each node in the
AST corresponds to a syntactic construct, e.g., variable, application,
or abstraction.

6.2 Type Checking and Proof Tree Generation

The type checker is implemented by utilizing the Visitor interface
generated by ANTLR. This interface provides a dedicated method for
each rule defined in the grammar, as illustrated in Figure For ex-
ample, the rule for term application corresponds to a method named
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visitApplication, where the typing rule for application terms is im-
plemented.

The type checker operates by traversing the AST produced after
parsing the input term. During traversal, it recursively visits each
node in the AST and applies the corresponding typing rule. In this
way, the typing rules of the STLC are modularly implemented within
their respective methods.

Proof tree generation is implemented similarly. Each visit method
returns a node of the tree using a custom data structure. This structure
stores all the necessary information for rendering the proof tree, includ-
ing the conclusion, premises, and relevant metadata. Conclusions—i.e.,
the displayed judgments—are generated as IATEX code and rendered
using the MathJax 28] library, which enables rendering of individual
mathematical expressions within a web environment.

However, MathJaz is used solely for rendering individual conclu-
sions, not the entire tree structure. At the time of development, Math-
Jax supported only the bussproofs package for drawing proof trees,
which has a limitation of rendering a maximum of five premises per
rule. This is insufficient for this application, where certain rules may
involve more than five premises [2§].

Another critical issue is performance: rendering entire proof trees
with MathJax generates a large number of HT'ML elements, leading to
noticeable lag and degraded user experience for larger trees. An alter-
native solution—rendering the tree as a static SVG—was also consid-
ered, but this sacrifices interactivity with individual nodes.

To address these limitations, a hybrid solution was adopted. While
MathJazx is used to render specific symbols, the tree structure itself is
rendered using a custom implementation. This approach ensures per-
formance, interactivity, and flexibility in displaying trees of arbitrary
size and complexity.

6.3 Tree Visualization

The proof tree is rendered using a dedicated React component, which
takes the root node of the tree as input and recursively renders its
premises to build the entire tree structure. Layout and visual appear-
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ance are handled using CSS, providing control over the positioning and
styling of nodes and branches.

A key advantage of this approach is the flexibility it provides at the
component level, allowing integration of interactive features directly
into each tree node. This capability enables several useful functionali-
ties, such as:

e Highlighting parts of the term that correspond to the currently
selected node, as illustrated in Figure

e Expanding or collapsing subtrees for better readability and focus.

e Displaying the typing context I associated with the current node.

Type Checker | Feedback J

1
2 (A f - -
3 (An: . if iszero(n) then 1 else n % f (pred n))) : -
4
5
pred : Nat—Nat € T . Nate T,
) o pred mf*\' at ¢ L pred) n ate Ty T var)
f: Nat—Nat € Ty . T+ pred : Nat—Nat I's - n: Nat T )
—va —app,
Iy F f: Nat—Nat var) 'y F predn : Nat e u”)
—app,
I's + f(predn) : Nat Pk
T - F(predn) : Nat 7—mult
2 n* f (predn) : Nat o
- (T—1if)
v# f (predn) : Nat
(T —abs)
nx* f (predn) : Nat—Nat
- (T —abs)
In)) : (Nat—Nat)—Nat—Nat .
(T—fix)

* f (pred n))) : Nat—Nat

Figure 3. Highlighted part of the input term corresponding to the
selected node in the proof tree

6.4 Export

The application supports exporting the generated proof trees in multi-
ple formats: PNG images and KTEX code.
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For IXTEX export, the application supports two widely used proof
tree packages: ebproof and bussproofs, depending on the tree’s struc-
ture and compatibility with the package’s limitations.

TEX export is implemented by traversing the proof tree and wrap-
ping the already XITEX-formatted conclusions in the syntax required by
the selected package. This leverages the modular structure of the tree
nodes to simplify code generation.

Exporting to image format is implemented using the html2canvas
library [29]. This library captures a snapshot of a specified DOM node
and converts it into a PNG image. The same React component used
for rendering the tree is reused for export, with additional options such
as background color, font color, and image dimensions.

This export functionality allows users to integrate proof trees into
reports, presentations, or learning materials with minimal effort.

7 Motivating Example in the Tool

To demonstrate a fragment of the tool’s functionality, we use the same
sequent as defined in Section

F'(Ay:A—-Ayx) f: A
where
F={z:Af:A— A}.

In our tool’s editor, we first input the variable declarations from
the type context, separated by semicolons, and then the term with its
type annotation.

The program is written as follows:

T A;
f:A— A

Ny:A—=Ayx) f: A

After processing the input, the resulting proof tree is displayed
(Figure H4)).
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1 x: A;
2 f: A- A
3
4 (Ay : A=A . yx)f:A
5
@D Show Gamma in tree
y: A=Ae D z:AcT
;Kf,ij ¥(T7mr)
Ty Fy: 4 / ' Fz: A
(T—app)
Iy A—-A} Fyz: A
(T— abs)

TEAy:A—> Aya : (A—A)—A

CFf:AA

F 2 Ao A N
/ €I (T —var)

TFHQAy:A—Ayz)f: A

(T—app)

Figure 4. Generated proof tree

We can also generate the WTEX code, as depicted in Figure 5, where
we can see that the context is processed correctly. Here we use the

ebproof package option in the example.

Preview
A
D
$\Gamma = \{x:A, f:A \rightarrow A\}$
\begin{prooftree}
\hypo{y : A \rightarrow A\in\Gamma_1}
r) \infer1[(T-var)]{\Gamma_1 \vdash y : A \rightarrow A }
| | \hypo{x : A\in\Gamma_1}
=>4 \infer1[(T-var)]{\Gamma_1 \vdash x : A }
; \infer2[(T-app) ]{\Gamma_1 = \Gamma \cup \{ y:A \rightarrow A \} \vdash y x : A}
| | \infer1[(T-abs)]{\Gamma \vdash \lambda y:A-A.y x : (A \rightarrow A) \rightarrow A }
r \hypo{f : A \rightarrow A\in\Gamma}
\infer1[(T-var)]{\Gamma \vdash f : A \rightarrow A }
\infer2[(T-app) ]{\Gamma \vdash (\lambda y:A-A.y x) f : A }
\end{prooftree}

Copy to clipboard )

Figure 5. Generated EIEX code

Note: Here we present only a small fragment of the tool’s functionality;
the full tool supports many additional operations and features.
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8 Evaluation of Solution

To assess the effectiveness and usability of the application, a structured
evaluation was conducted involving user testing and standardized us-
ability measures. The evaluation aimed to gather insights into how
students interact with the tool, identify potential usability issues, and
measure the overall user experience.

8.1 User Testing Methodology

The evaluation of the application was conducted through user test-
ing, followed by the completion of the System Usability Scale (SUS)
questionnaire [30]. Additionally, a set of supplementary questions was
included to gather more specific feedback on particular features and
aspects of the user experience.

During the testing phase, participants were asked to complete the
following set of predefined scenarios:

1. Scenario: Input Syntax Check
Goal: Verify that the application correctly checks the A-terms.

Procedure:

(a) Enter a correctly formatted lambda term (e.g., from the
predefined examples) and run the check.

(b) Enter an incorrectly formatted term and run the check.

Expected Result: Valid input terms are accepted; invalid ones
return an error message.

2. Scenario: Input with Special Symbols
Goal: Test how the application processes special characters.

Procedure:
(a) Enter the following expression in the editor:
AMipf—=aXr:p. fz):(f—a)—=L—a
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(b) Run the syntax check.

Expected Result: The application validates the term, checks
type consistency, and if the term is correct, renders the proof
tree.

. Scenario: Step-by-Step Proof Tree Visualization

Goal: Verify that the application correctly renders the proof tree
step by step.

Procedure:

(a) Enable the option “Draw tree step by step” in the settings.
(b) Enter a valid lambda term and run the check.
(c) Use the arrow buttons below the tree to navigate through

the individual steps.

Expected Result: Each step is displayed correctly and corre-
sponds to the incremental derivation of the tree.

. Scenario: Export to INITEX Code
Goal: Check the correctness of the generated KITEX output.

Procedure:

(a) Enter a valid lambda term and run the check.
(b) Click “Ezport” and select the IXTEX option.

Expected Result: The generated code is syntactically correct
and allows proper rendering of the proof tree in a IXTEX docu-
ment.

These scenarios were carefully selected to cover all key functional-

ities of the application and to reflect typical usage patterns expected
from students engaging with the tool.

User testing involved a sample of 40 students, of whom 32.5% had

previously completed a course in Type Theory, the rest were students of
a logic course. This composition allowed for an evaluation of how users
with varying levels of prior knowledge interact with the application,
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providing insights into its usability and educational effectiveness across
different user profiles.

8.2 Results and Discussion

The results of the user testing indicate that the application achieves a
high level of usability, with a mean SUS score of 86.06 points, classifying
it as highly user-friendly. The median score of 87.5 and the mode of
97.5 further reinforce the positive reception, indicating that most users
found the interface intuitive and accessible.

The standard deviation of 13.9 shows some variability in user expe-
riences, which may be attributed to differences in prior knowledge or
familiarity with similar tools. The score range from 45 to 100 suggests
that, while the majority of users rated the application very positively,
a few users experienced challenges, pointing to areas for potential im-
provement.

Overall, the statistical data summarized in Table [I| support the ef-
fectiveness of the design decisions and the suitability of the application
for educational purposes. These results also provide valuable insights
for future refinements to further enhance usability.

Table 1. Descriptive statistics of the SUS score

Statistic Value
Mean (u) 86.06
Median 87.5
Mode 97.5
Standard Deviation 13.9
Range 55
Minimum 45
Maximum 100

Besides the SUS questionnaire, as mentioned above, the evaluation
also included an additional set of (open) questions to get more detailed
qualitative feedback from the participants. The responses revealed sev-
eral common positive and negative comments.
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Positive Feedback

e Interface and accessibility: Many users appreciated the sim-
plicity and clarity of the interface. They noted that the applica-
tion is easy to use thanks to well-organized settings. They also
appreciated the option to switch between dark and light themes.
Additionaly they highlighted the generation of IMITEX code and
export of proof trees to PNG.

e Functionality and customization: Users highlighted features
such as step-by-step proof-tree rendering, documentation with
examples, localization into multiple languages, and the ability to
customize fonts and colors of the generated images.

e Usefulness for self-study: Several participants emphasized
that the application is a helpful tool for self-study, enabling them
to better understand the process of type checking.

Negative Feedback

e Limited number of prepared examples: Some users ex-
pressed a desire for a larger set of prepared examples, including
more complex terms, to better explore the capabilities of the tool.

e Technical issues: Several users reported that exporting the
proof tree as an image sometimes took longer than expected.

Together with the SUS results, these insights show how students
view the application and highlight positives and what could be im-
proved in the future.

9 Conclusion and Future Work

In this work, we have developed a web application for interactive type
checking of simply typed lambda calculus terms. The main goal was
to make the type-checking process visually intuitive, interactive, and
user-friendly, thereby enhancing the educational experience for stu-
dents learning formal methods and type systems.

We first reviewed the theoretical foundations necessary for the im-
plementation and analyzed existing tools with similar functionality.
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Based on the limitations identified in these tools, a user-centered inter-
face and system architecture were designed and implemented.

User testing confirmed the usability of the application and indi-
cated a high level of user satisfaction, supporting the effectiveness of
the developed solution. Compared to existing tools, the proposed ap-
plication provides several advantages, including an intuitive interface,
interactive visualizations, and convenient input capabilities. Further-
more, the tool extends the core STLC with features such as recursion,
tuples, records, and variants, increasing its practical applicability.

The developed application has significant educational potential. Fu-
ture work could include extending the tool to support term evaluation
and the visualization of evaluation steps, thereby enhancing its func-
tionality and value as a teaching aid. Another possible extension would
be the implementation of more expressive type theories, such as adding
polymorphism (System F), type constructors (System Aw), or depen-
dent types (System AP). An even more challenging extension would be
the possibility of generating and importing code to and from full-scale
proof assistants such as Rocq.

The application is publicly available at the following link: https:
//vladyslav005.github.io/, and the source code can be accessed in
the repository [31].
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