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PATTERN PAGE OBJECT MODEL FOR
MODULAR TEST AUTOMATION
ARCHITECTURE

Modern web applications evolve through short development
cycles and frequent interface redesigns, which often make UI test suites
fragile because scenarios depend directly on page structure, selectors,
timing, and navigation logic. The paper examines the Page Object Model
(POM) as an architectural foundation for modular test automation rather
than a technique for storing locators. The study combines analysis of
recent empirical literature on GUI test maintenance with a case fllustration
based on a Playwright and TypeScript framework. POM is compared with
the Screenplay pattern and Component Object approach by separation of
concerns, abstraction granularity, readability, reuse, scalability, and
implementation complexity. The proposed interpretation distinguishes test
scenarios, page interfaces, reusable component objects, fixtures, services,
data factories, and utilities as separate architectural layers, formalising
change propagation, cohesion, reuse, and maintenance cost through six
numbered indicators. Attention is paid to TypeScript contracts, dependency
Injection, Playwright locators, fixtures, and isolated browser contexts as
means of maintaining explicit dependencies and predictable module
boundaries. A qualitative maintainability model, consistent with ISO/IFC
25010, explains how centralising interface knowledge reduces change
propagation. The illustration shows page objects exposing business
operations while component objects encapsulate recurring fragments such
as navigation panels, modals, and notifications. POM improves
maintainability only when responsibilities are limited to interface
Interaction and state representation; oversized classes, assertion-heavy
methods, deep inheritance, and uncontrolled cross-page dependencies
turn POM into a source of coupling. A modular POM implementation should
be treated as an adaptable architectural layer whose effectiveness depends
on cohesion, explicit contracts, composition, and controlled abstraction.

Keywords: Page Object Model, test automation architecture
modularity, Playwright, TypeScript, UI testing, maintainability, component
objects.

Introduction

Contemporary web products are released incrementally:
interfaces are redesigned without altering business rules,
components are replaced, and navigation flows change frequently.
Automated user-interface tests must supply fast regression
feedback after every such change, yet as software artefacts they
are exposed to the same architectural pressures as the system
under test. When test code consists of a linear sequence of low-
level browser commands, a single selector change, renamed field,
or modified dialog can force edits across dozens of files.

UI tests are particularly sensitive to four sources of
variability: document structure, element identification,
asynchronous state transitions, and the composition of
interactions into cross-page workflows. Modern automation tools
such as Playwright reduce timing-related instability through
automatic waiting and retryable locators, and recommend user-
facing attributes (roles, labels) for identification [1, 15], but they
do not by themselves determine how a large test codebase should
be decomposed.

The Page Object Model (POM) is the most established
pattern for separating test intent from page-specific interaction
logic: a page object represents an interface to a page (or a
significant part of one), and test scenarios call its methods instead
of manipulating selectors directly. Selenium documentation
frames POM as a mechanism for reducing duplication and
localising page-specific changes [2]. In practice, however, POM
is frequently reduced to a container of locators, or, conversely,
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accumulates navigation logic, data generation, assertions, API calls, and business rules until each class becomes a
procedural script disguised as an object. The central problem addressed in this paper is therefore not whether page
objects exist, but whether their responsibilities, dependencies, and abstraction boundaries are designed coherently — a
problem with direct practical consequences for the cost of maintaining industrial test suites.

This paper investigates the conditions under which POM can serve as the foundation of a modular test
automation architecture for Playwright/TypeScript frameworks — not merely as page-level locator storage, but as a
layered system that also includes component objects, fixtures, services, data factories, and utilities. The following
research questions are addressed.

RQI. Which architectural characteristics allow POM to reduce the propagation of UI changes through a test
suite?

RQ2. How does POM differ from the Screenplay and Component Object approaches in abstraction, reuse,
and implementation complexity?

RQ3. How can Playwright and TypeScript mechanisms support explicit and maintainable POM module
boundaries?

RQ4. Which POM implementation practices increase coupling and should therefore be treated as
architectural anti-patterns?

The aim of the study is to develop a layered architectural interpretation of POM, integrate it with recent
empirical findings on GUI test maintenance and code review, and validate the resulting principles through a
Playwright/TypeScript case illustration and a set of qualitative maintainability indicators. The paper makes three
contributions: (1) a layered interpretation of POM as an abstraction boundary between business-oriented tests and
browser interaction; (2) an integration of page objects with component objects, fixtures, services, and typed contracts,
illustrated on a Playwright/TypeScript case; and (3) qualitative change-impact indicators, formalised as numbered
relationships, that can later be operationalised in empirical studies. The work extends the authors' earlier framework-
modelling material [17], narrowing the scope to modular Ul architecture with a new comparative and analytical
treatment rather than reproducing the previous structure.

Analysis of Recent Research and Publications

Page Object Model. As originally described by Fowler [9], a page object stores knowledge about how
automation observes and manipulates a page, while a test expresses why an operation is performed — an adapter
between the test domain and the browser API. A minimal implementation contains a reference to a page or component
root, locators for relevant controls, operations representing meaningful interactions, and optional state queries. The
value of the pattern is information hiding: a test calling signIn(credentials) does not need to know whether the control
is a button, a link, or a custom widget, and can remain stable while the underlying markup changes.

This benefit can be expressed through a change propagation set (Fig. 1). Let U be the set of interface elements
and, for u € U, let D(u) be the set of test modules directly encoding knowledge about it. In a script-oriented design,
the number of edits required after a local UI change is approximately proportional to [D(u)|. In a page-object design,
that knowledge is centralised, so the expected propagation becomes

Pw) =M@, (1)
where M (u) is the (small) set of page or component modules that encapsulate the element. POM cannot make
P(u) in (1) equal to zero — a genuine interface change still requires adaptation — but it keeps P(u) small and predictable.
Centralisation alone, however, is insufficient: a single class with hundreds of methods can exhibit low duplication yet
low cohesion, so page-object boundaries must still align with stable interface responsibilities.

LEFT PANEL: SCRIPT-ORIENTED DESIGN RIGHT PANEL: PAGE-OBJECT DESIGN
ID(u)| = n, many-to-many coupling IM(u)] = 1, many-to-one coupling
Dependencies of Ul element u n independent test files Mapped references of Ul element u n independent test files
[— W TESTFILE1 TESTFILE 1
- f’ﬁ;‘ﬁ.!{“:’f.‘.i’:‘%‘;“c‘ﬁ!dﬁ loginPage.signin();
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(e.g., #login_button) (e.g., #login_button)
Ul ELEMENT: = » . TESLFRES Ul ELEMENT: Lfl{!:lﬂl;zge TEST FILE 2
LOGIN BUTTON (u) | = driver findElement(By.id LOGIN BUTTON (u) e _
— il ("#togin_button")).click(); Chaf TnghiPagh] loginPage.signin();
e n FILES TOUCHED - ENCAPSULATION > | Sndeytid » o, button')
Nt (=, TESTRRE.. E D bic sannd TESTFILE ..
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() Hard-coded n FILES TOUCHED (*#login_button']).click(); 1 FILE TOUCHED loginPage.signin();
lector directl =
is:eeaccﬁrwnsrtec ¥ il de%erggﬁial e (All test files remain valid)
NUMBER OF FILES TOUCHED AFTER A SINGLE SELECTOR CHANGE: n NUMBER OF FILES TOUCHED AFTER A SINGLE SELECTOR CHANGE: 1

Fig. 1. Change-propagation model of a UI element under script-oriented and page-object designs
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Empirical evidence on the manual, artefact-oriented side of POM maintenance remains limited but growing.
Fulcini et al. derived a set of guidelines and a companion static linter for GUI test code from a semi-systematic review
of open-source Selenium projects, and explicitly flagged incomplete or inconsistent adoption of the Page Object
pattern itself as one of the recurring "test smells" that undermines the maintainability gains POM is supposed to
provide [18]. Many of the anti-patterns discussed later in this paper (Table 2) are, in this sense, test-code counterparts
of the classical code smells catalogued by Fowler [11], and should be read as refactoring targets rather than as isolated
implementation mistakes. In a complementary direction, Bauer et al. synthesised code-review guidance for source and
low-level test code into 33 review guidelines mapped to GUI-based testing artefacts, indicating that even correctly
structured page objects require dedicated review practices distinct from those used for production code [19]. Most
recently, Karagoz et al. investigated whether large language models (GPT-40 and DeepSeek Coder) can automatically
generate page objects for existing web applications, reporting element-recognition rates above 70% but full-page
accuracy of only 32.6-54.0% against manually written ground truth [20]. This result independently confirms, from a
generative rather than an architectural angle, that a page object is not a mechanical locator dump but an artefact
requiring judgment about operation boundaries and abstraction, and it marks an emerging research direction that a
modular, well-specified POM architecture would make substantially easier to target automatically.

Component Object Model. Modern interfaces are assembled from recurring fragments — headers, menus,
filters, tables, cards, alerts, modals — that appear in multiple contexts. Modelling an entire page as one indivisible
object duplicates these fragments or forces a complex base-page hierarchy. A component object represents a reusable
fragment scoped to a root locator (for example, NotificationPanel.expectSuccess(message)), independent of the
page(s) that host it. Pages then become compositions: a CataloguePage contains a Header, a FilterPanel, a ProductGrid
(itself composed of ProductCard instances), and a NotificationPanel. Component modelling also supports responsive
interfaces, where a desktop navigation bar and a mobile menu implement the same behavioural contract behind
different locators, and a fixture or page object selects the correct implementation for the active project.

Screenplay Pattern. The Screenplay pattern organises tests around actors, abilities, tasks, interactions, and
questions: a test describes what an actor attempts and observes, rather than calling page-object methods. Serenity
BDD presents Screenplay as a user-centred approach supporting readable, scalable, and maintainable automation [3,
4]. An actor may combine web, API, and database abilities within a single task (for example, CreateOrder) without
that task being owned by one page, which is advantageous for workflows spanning many pages or channels. The cost
is additional conceptual and structural complexity: teams must manage a larger vocabulary and many small classes or
functions. POM and Screenplay are therefore not mutually exclusive — page and component objects can serve as lower-
level adapters used by actor tasks, while a POM-based framework may adopt Screenplay-like business tasks above
the page layer without implementing the full pattern.

Recent empirical research on test automation architecture and maintainability. Beyond pattern-level
literature, several 2022—2026 empirical studies bear directly on the claims made in this paper. Coppola and Alégroth
conducted a systematic literature review of the GUI-based testing research domain and compiled a taxonomy of 55
metrics across 17 categories, motivated by low reproducibility and comparability among published studies caused by
the absence of commonly accepted measurement practices [21]. This taxonomy is a natural reference point for the
future empirical validation outlined in the Research Analysis section, and it supports the decision, taken in this paper,
to present the change-propagation, cohesion, reuse, and maintenance-cost relationships explicitly as qualitative
indicators rather than validated metrics. On the language side, Bogner and Merkel compared the software quality of
604 paired JavaScript and TypeScript GitHub projects and found that TypeScript projects showed better code quality
and understandability by several static indicators, yet counter-intuitively exhibited a higher bug-fix commit ratio and
slightly longer bug-fix times than their JavaScript counterparts [22]. This nuances the treatment of TypeScript
contracts below: static typing measurably reduces a category of integration errors, but it does not by itself guarantee
faster defect resolution, so typed contracts should be read as complementary to, not a substitute for, architectural
discipline. Finally, Nama surveyed extensions of POM and related creational/structural patterns (dynamic POM
variants, Factory, Singleton, Facade, Composite, Strategy) for large, multi-tenant test suites and reported case-study
reductions in maintenance cost and execution time after adopting a dynamic POM variant, although the evaluation
was a single-company case study rather than a controlled experiment [23].

Table 1 compares the three architectural approaches surveyed above; the ratings are qualitative and represent
typical implementation tendencies rather than universal properties.

Table 1
Comparative characteristics of test automation patterns
Criterion Page Object Model Component Objects Screenplay
Primary abstraction Page or view Reusable UI fragment User goal and capability
Main unit of reuse Page operation Component behaviour Task, interaction, question
Learning curve Low to medium Medium Medium to high
Suitability, small suites High Medium Low to medium
Suitability, large/cross-channel suites Medium Medium to high High
Risk of oversized modules High if uncontrolled Lower Low per task, but many modules
Composition support Medium High High
Implementation complexity Low Medium High
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POM offers the most direct transition from procedural Ul tests to modular architecture; component objects
refine its granularity and should be treated as complementary; Screenplay changes the central metaphor of the
framework and becomes particularly valuable when business tasks, personas, or multiple interaction channels
dominate the test design. Selenium documentation explicitly frames such practices as context-sensitive guidelines
rather than universal "best practices" [5], and the same principle applies to POM: its value must be evaluated through
responsibilities and change patterns, not through the mere presence of page classes.

Thus, despite the substantial body of literature on POM as a design pattern and the growing body of empirical
work on GUI test maintenance, test smells, and code review [18, 19, 21], a systematic architectural account of POM
as a layered system — one that explicitly relates page objects to component objects, fixtures, services, data factories,
and typed contracts, and quantifies the resulting change-propagation, cohesion, reuse, and maintenance-cost trade-
offs — remains largely absent from both the practitioner-oriented and the academic literature. This is the gap addressed
in the remainder of this paper.

Presentation of the Main Research Material

Research Methodology. The study uses a qualitative, design-science-oriented methodology consisting of
four stages. First, the comparative analysis presented above identifies the concepts, strengths, and limitations of POM,
Component Objects, and Screenplay, focusing on architectural consequences rather than syntax. Second, architectural
modelling defines a layered POM framework and specifies dependency rules between tests, page objects, component
objects, fixtures, services, data factories, and utilities [17]. Third, a case illustration demonstrates the model using
Playwright and TypeScript; the example is not presented as a controlled industrial experiment but as an architectural
illustration derived from practical framework design. Fourth, a qualitative evaluation applies maintainability criteria
— consistent with the maintainability quality characteristic defined in ISO/IEC 25010 [13] — to compare a script-
oriented structure with modular POM: localisation of interface knowledge, cohesion of modules, explicitness of
dependencies, potential for reuse, change propagation, test readability, support for isolated execution, and complexity
introduced by abstraction.

The independent architectural variable is the degree of modularisation; the dependent qualities are
maintainability and reusability. Because the paper does not report controlled measurements from multiple projects,
causal performance claims are avoided; instead, the proposed indicators define a foundation for future empirical
validation, for which the metrics taxonomy of Coppola and Alégroth [21] provides a ready-made measurement
vocabulary.

Modularity Principles in POM Implementation. Separation of test intent and interaction mechanics is the
starting principle: a test scenario should describe observable behaviour, not the implementation details of controls. A
non-modular fragment mixes navigation, element identification, workflow execution, and verification in one place:

test("registered user can sign in", async ({ page }) => {

await page.goto("/login");

await page.locator("#email").fill("user@example.com");
await page.locator("#password").fill("secret");

await page.locator("button[type="submit']").click();

await expect(page.locator("h1")).toHaveText("Dashboard");

1

A modular variant delegates interaction to page objects while keeping the assertion — the test oracle in the
sense of Meszaros [10] and Ammann and Offutt [12] — inside the test itself:

test("registered user can sign in", async ({ loginPage, dashboardPage }) => {

await loginPage.open();
await loginPage.signIn({ email: "user@example.com", password: "secret" });
await expect(dashboardPage.heading).toHaveText("Dashboard");

1);

Moving every assertion into page objects can improve short-term brevity but hides the test oracle and makes
failures harder to interpret. A practical responsibility rule is: tests define expectations and business flow; page objects
define page interaction and page state; component objects define reusable-fragment interaction; fixtures define
construction, setup, and teardown; services define non-UI system interaction; data factories define test-data creation.

Encapsulation of interface knowledge follows the same logic: a Playwright locator is not merely a string but
a dynamic object connected to auto-waiting and retryability, and the tool recommends locating elements through user-
visible semantics such as roles, labels, and text [1, 15]. A page object centralises the page path, the semantic identity
of its controls, the order of interactions needed for an operation, and the type of accepted input — while it must not
generate credentials, call an authentication API, or decide what post-login result should be expected.

Cohesion and controlled class size determine whether centralisation actually helps. Page boundaries should
reflect a coherent interaction area: methods in one page object should operate on substantially overlapping state.
Cohesion can be considered qualitatively through the ratio

Cm =R/N, )
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where R is the number of method pairs that operate on related controls or state and N is the total number of
possible method pairs; formula (2) is not an exact universal metric, but it illustrates that cohesion decreases as
unrelated behaviours accumulate in one class. Signals that a page object should be decomposed include repeated
method-name prefixes (headerOpenMenu, headerCloseMenu), independent UI fragments with their own loading or
error states, groups of locators reused on other pages, frequent merge conflicts between unrelated tests, constructors
with many service dependencies, and a large proportion of methods irrelevant to most callers.

Composition over inheritance is the next principle. A narrow technical BasePage (for example, a
waitForLoadingToFinish() helper) is acceptable; problems arise when inheritance is used to model composition, such
as placing navigation, modal, notification, table, and form methods in BasePage, forcing every page to inherit
operations it may not contain (Fig. 2). Composition keeps dependencies explicit: a DashboardPage instantiates a
HeaderComponent and a NotificationComponent scoped to the regions that actually exist within it, so each component
can be tested and maintained separately.

COMPOSITION (RECOMMENDED) INHERITANCE CHAIN (ANTI-PATTERN)

/\

ProductEditorPage
+notification: NotificationComponent

AuthenticatedP
+namelnput: Locator NotificationComponent

+pricelnput: Locator
Cross-references

+oreate() AdminPage
/\
“Deep inheritance

ProductAdminPage | {rges”

Fig. 2. Composition versus inheritance in POM class design

Explicit typed contracts complete the picture. TypeScript interfaces define compile-time contracts between
modules [6, 7], and strict compiler options reduce implicit and nullable states [8]. Input models make operations self-
documenting (interface Credentials { email: string; password: string; }); union types restrict supported variation; and
behavioural interfaces such as Navigation allow interchangeable implementations. Typing does not remove runtime
Ul failures, but it eliminates a category of integration mistakes — a benefit confirmed, with important caveats regarding
fix time, by the large-scale empirical comparison of JavaScript and TypeScript projects [22].

Dependency direction closes the set of principles: a modular architecture requires a stable dependency
direction, summarised in Fig. 3 — tests depend on pages/business flows, which depend on components, which depend
on Playwright abstractions. Fixtures construct these modules but should not become implicit global service locators;
API services and data factories are parallel support modules that tests and fixtures may use directly. Page objects
should not import test files, components should not import concrete pages, and utilities should not depend on business
modules — circular dependencies indicate unclear boundaries.

___________________ Test allowed
asts dependency
'L direction
------------------- Business Flows D S
Fixtures ||Services ! : 3
(composition[1 /API, [ Page Objects oo Utilities
root) Data vL
Factories e
- Component Objects [

. Playwright Locators /
Browser Context
Fig. 3. Layered dependency architecture of a modular Playwright/TypeScript POM framework

Reuse at the correct abstraction level is the final principle: three reuse levels can be distinguished — interaction
reuse (shared components and locator operations), workflow reuse (business-flow objects combining multiple pages),
and data reuse (factories and builders generating valid input). For example, a CheckoutFlow may coordinate cart,
address, delivery, and payment pages; it should not be forced into one page object because the workflow crosses
navigation boundaries.
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Case Illustration: Playwright and TypeScript Framework. The illustration concerns a web application
with authentication, a dashboard, product management, and recurring interface elements. The framework must support
desktop and mobile projects, UI test isolation, API-assisted data preparation, reusable page and component modules,
parallel execution, and CI execution with diagnostic artefacts. Playwright provides browser contexts that isolate
cookies and local storage between tests [16], while fixtures define reusable setup and teardown [14] — capabilities that
align naturally with modular design, since construction and lifecycle concerns can be separated from page behaviour.

A representative project layout separates concerns by directory: tests/e2e (scenarios grouped by feature),
pages (page objects such as login.page.ts, dashboard.page.ts, products/products.page.ts), components (header,
notification, modal, product-card), flows (authentication.flow.ts, product-management.flow.ts), services (auth.api.ts,
products.api.ts), fixtures (app.fixture.ts, data.fixture.ts), models (typed contracts such as credentials.ts, product.ts),
data (factories, e.g. product.factory.ts), and utils.

The notification component is scoped to a region rather than the whole page and returns observable text,
leaving the expected value to the test:

export class NotificationComponent {

readonly message: Locator;

constructor(private readonly root: Locator) {
this.message = root.getByRole("status");

H

async text(): Promise<string> {
return (await this.message.textContent())?.trim() ?? "";

j

j

A page object composes such components rather than redeclaring their locators — for example,
ProductEditorPage holds a NotificationComponent scoped to its own notification region, alongside its own namelnput,
pricelnput, and publishButton locators, and a create(product) convenience operation built from smaller
fillProduct()/publish() methods.

Fixtures act as the composition root of the Ul modules (Fig. 4), constructing page objects around the isolated
page so that tests do not instantiate them manually, all objects share the same isolated context [16], constructors remain
explicit and testable, and lifecycle management is centralised [14]:

export const test = base.extend<AppFixtures>({

loginPage: async ({ page }, use) => { await use(new LoginPage(page)); },
productsPage: async ({ page }, use) => { await use(new ProductsPage(page)); },
productEditorPage: async ({ page }, use) => { await use(new ProductEditorPage(page)); },

1
)
TIT Fixture Page Object Component Object Playwright API Service
fest‘ (composition root) (ProductEditorPage) (NotificationComponent) Browser Context (ProductsApi)
:Fixture-driven construction :
request loginPage /
productsPage /
productEditorPage
obtain isolated page
le isolated page instance U
new
ProductEditorPage(page}
new
NatificationComponent{root)
lg......compenent instance
(constructed page object
productEditorPage (via
.......... e L
: Parallel state preparation (independent of the fixture flow) :
ProductsApi.create()
S prerequisitedataready e U
Page object never calls the
API service directly — only the
test/fixture layer coordinates
both the Ul and API layers
(see dependency-direction rule).
:Test execution against constructed obj :
create(product)
text()
observable notification H
text
=N
ti leted
[ AL IS o
Fig. 4. Sequence of test instantiation through the fixture composition root
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Creating prerequisite data through the Ul can make tests slow and couple them to unrelated screens, so an
API service (for example, ProductsApi.create()/delete()) prepares state instead. The page object must not import this
service; the test or fixture coordinates both layers. A modular design cannot compensate for an unstable locator policy:
Playwright ties locators to auto-waiting and retryability and recommends, in priority order: (1) role and accessible
name; (2) label, placeholder, text, alternative text, or title; (3) a stable test identifier; (4) narrowly scoped CSS only
when semantic locators are unavailable [1, 15]. A complete scenario then reads as intent rather than implementation:
test("administrator can publish a product", async ({
authenticated Admin, productsPage, productEditorPage,
$)=>{
const product = buildProduct();
await productsPage.open();
await productsPage.startCreatingProduct();
await productEditorPage.create(product);
await expect(productEditorPage.notification.message)
.toHaveText("Product published successfully");
await expect(productsPage.linkToProduct(product.name)).toBeVisible();
s
Impact on Maintainability and Reusability. Change localisation can be estimated for n tests submitting
the same form, each containing & locators. A script-oriented suite has approximately

Ly=n-k (3)
locator occurrences. A page-object suite centralises them to
L,=k+n-c (€))

where c is the number of calls to stable page operations that do not encode selector details. Comparing (3)
and (4), a selector change then requires editing one module rather than up to # call sites, provided page objects are
genuinely shared and tests do not bypass them with direct selectors.

Reuse is captured by a possible indicator

Ry = N¢/Np, )

where N_c is the number of distinct caller modules and N_m the number of public methods of the reused
module. A high value of R_m in (5) may indicate effective reuse, but should be interpreted together with cohesion (2),
since a large "utility" class may have many callers yet still represent poor design. Component objects typically provide
the highest reuse, since recurring fragments cross page boundaries; page operations provide reuse within a feature
area; business flows provide reuse across navigation sequences.

Readability and diagnostic value follow from the same design: POM improves readability when method
names express user actions and reduces it when methods encode vague implementation sequences.

Maintenance cost is captured by a conceptual model

M=F-(E+A+V), (6)

where F is the frequency of relevant interface changes, E the effort to identify affected code, A the adaptation
effort, and V' the verification effort after adaptation. POM primarily reduces £ in (6) by localising knowledge and can
reduce 4 when operations remain stable; it may also reduce V because the affected modules and scenarios are clearer.
However, excessive abstraction increases navigation effort through the codebase and may itself increase E.

Scalability is thus not provided by POM alone: as a suite grows, scalability requires component objects for
recurring fragments, domain folders for feature ownership, flow objects for cross-page tasks, API services for state
preparation, typed factories for data, fixtures for lifecycle composition, linting rules for architectural consistency, and
CI projects for browser and environment variation.

Architectural Anti-Patterns. Table 2 summarises the recurring POM anti-patterns discussed in the analysis
above. Each represents a way in which page objects can technically exist while failing to create genuine modularity,
and each corresponds to a test-code counterpart of the code smells originally catalogued by Fowler [11].

Research Analysis. The analysis supports treating POM as an architectural layer rather than a locator-storage
convention. Regarding RQ1, POM reduces change propagation through localisation (1), cohesive interfaces (2), and
dependency inversion from tests toward stable behavioural operations (Fig. 3); selector centralisation is necessary but
not sufficient. Regarding RQ2, POM offers the lowest implementation complexity and the most direct mapping to
pages (Table 1); Component Objects improve POM through finer-grained composition and reuse; Screenplay offers
stronger user-goal modelling and cross-channel scalability but introduces a larger conceptual framework. Regarding
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RQ3, Playwright locators, isolated contexts [16], fixtures [14], and diagnostics align naturally with modular POM,
while TypeScript adds explicit contracts and compile-time checking of module interaction, though with the fix-time
caveat reported in [22]. Regarding RQ4, the principal risks are low cohesion, hidden dependencies, excessive
inheritance, assertion opacity, and mixing Ul interaction with setup or business services (Table 2), consistent with the
test-smell and code-review findings in [18, 19].

Table 2
POM architectural anti-patterns
Anti-pattern Manifestation Consequence
Locator-only page Class exposes public locators but no Tests remain tightly coupled to interaction order; complement
objects meaningful operations with cohesive operations (e.g. signln())
God page object One. class accumulateg every operation Becomes an application-wide service locator and violates
available after authentication cohesion (2); decompose by page, component, or feature
Assertions hidden in Methods such as clickSave() silently assert Reduces scenario transparency and prevents reuse in negative
every action unrelated conditions tests; keep outcome-specific assertions in tests
. . BascPage > AqthentlcatedPage > AdminPage Couples pages through inherited implementation; composition
Deep inheritance trees > ProductAdminPage -
(Fig. 2) and interfaces are generally more adaptable
. . A page method constructs and returns the next Creates hidden lifecycle and navigation coupling; a deliberate,
Cross-page instantiation S . . . .
page object internally fixture-based construction policy (Fig. 4) is clearer
Business logic inside Page objects compute discounts, generate Mixes concerns that change for reasons unrelated to the
Ul adapters random users, query a database interface; belongs in separate services (Fig. 3)
Generic utility A CommonPage or Helpers module collects Reuse based solely on syntactic similarity creates unstable
expansion unrelated methods dependencies

The proposed model has limitations. It is a qualitative architectural analysis and case illustration, not a multi-
project controlled experiment. Formulas (1)—(6) describe relationships and possible indicators; they are not
empirically calibrated prediction models, and their operationalisation could draw on the metrics taxonomy of Coppola
and Alégroth [21]. The example application is intentionally generic and does not represent all interface types, such as
canvas-based editors or real-time collaborative applications. A future empirical study could compare two
implementations of the same suite — direct Playwright scripts and modular POM — measuring changed files, changed
lines, repair time, and failure rate after interface modifications.

Conclusions and Prospects for Further Research

The Page Object Model remains relevant to modern browser automation, but its value depends on
architectural interpretation. A page object should provide a cohesive interface to a page or view, hide change-sensitive
interaction details, and expose operations that correspond to stable user behaviour; merely moving selectors into
classes does not create modularity. A maintainable Playwright and TypeScript framework can use POM as the central
abstraction layer while assigning recurring Ul fragments to component objects, setup and teardown to fixtures, system-
level interactions to API services, data construction to factories, and cross-page workflows to flow modules, as
illustrated by the layered architecture in Fig. 3 and formalised through indicators (1)—(6).

The comparative analysis (Table 1) shows that POM has a favourable balance between accessibility and
structural benefit; Component Objects strengthen its composition and reuse; Screenplay provides a more
comprehensive user-goal model for complex multi-channel systems at the cost of additional overhead. Recent
empirical literature on GUI test maintenance, code review, and test smells [18, 19, 21] confirms, independently of this
paper's own case illustration, that the mere presence of page objects does not guarantee their quality — a finding fully
consistent with the anti-pattern catalogue in Table 2.

The principal practical conclusion is that POM should be evaluated by change localisation, cohesion, explicit
dependencies, and reuse rather than by the existence of page classes. Further research should formalise and empirically
validate architectural quality indicators for automated test code, building on the metrics taxonomy of [21] and the
TypeScript quality findings of [22]; relevant directions include a controlled multi-project comparison of script-
oriented and modular POM suites, an assessment of LLM-assisted page-object generation and maintenance [20] within
a layered POM architecture, and an extension of the anti-pattern catalogue (Table 2) into an automatically checkable
linting ruleset in the spirit of [18].
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I0piit TIOHOYOBHMUIA, Onexciit KYJIEHKO

TlonTaBchKkuil epxaBHUIT arpapHUi YHIBEpCHTET

IATEPH PAGE OBJECT MODEL Y MOJYJIbHIN APXITEKTYPI ABTOTECTIB

CyyacHi Be6AoAaTKU PO3BUBAIOTLCS YEPE3 KOPOTKI UMKIIM PO3POBKU Ta YacTi NEPEPOBKM IHTEPGENCY, WO HacTo pobuTs
Habopy TECTiB IHTEPQDEVICY KOPUCTYBAaYa KPUXKUMH, OCKITIbKM CL{EHAPIT BE3TOCEPEAHBO 3a1EXaTh B CTPYKTYPU CTOPIHKY, CE/IEKTOPIB,
4yacy Ta J1orikv Hasirauii. ¥ cTatri po3risaactecsi Mogesib 00 €kTiB CTOPiHOK (POM) siK apXiTekTypHa OCHOBa A1 MOAJY/IbHOI
asromatvzayii tectysaHHs. POM ropiBHIOETCS 30 wabrioHom Screenplay T1a nigxogqom Component Object. 3anporioHosarHa
IHTEpIPETAaLis PO3PI3HSE CLEHAapIi TECTyBaHHS, HTEDGDENICH CTOPIHOK, O6'EKTH KOMITOHEHTIB TOBTOPHOIO BUKOPUCTAHHS, QIKCTYDH,
cepsicy, @Pabpuku farux Ta yTWIITH K OKPEMI apXiTEKTYPHI LIapy, @OPMasi3yrouun rOWNPEHHS 3MiH, 3B'S3HICTb, MOBTOPHE
BUKOPUCTAHHSI TA BapTiCTb OOC/YroByBaHHSA 3a AOMOMOIOK0 POHYMEPOBAHNUX [HAMKATOPIB. PO3r/IIHYTO KOHTpaktv TypeScript,
BIIPOBAKEHHS 3a/IEXHOCTEH, 710KaTopu Playwright, @ikcTypu Ta [30/1b60BaHi KOHTEKCTU 6pay3epa SK 3acooM MATDUMKN SBHUX
3a/IEXKHOCTEN Ta NEPenbayyBaHnx Mex Mogy/iiB. SKiCHa MOAETb MATPUMKY, Lo Bigrnosigac ISO/TEC 25010, nosicHIOE, Sk
HEHTPANI3AaLIS 3HaHB PO IHTEPQOENIC 3MEHLLIVE MOLUMPEHHS 3MiH. POM rokpallyye 3py4HICTb 06C/TYroByBaHHS, KO BIANOBIAA/ILHICTS
OBMEXYETLCS B3AEMOLIEID IHTEPGENCY Ta MPEACTABIEHHSM CTaHY, HaAPO3MIPHI KIacu, METOAU 3 IHTEHCUBHUMU TBEDLKEHHSIMY,
I7IMOOKE YCrafKyBaHHS Ta HEKOHTPO/ILOBAHI MIKCTOPIHKOBI 3a/1€XHOCTI nepersoprooTe POM Ha fkeperno 38'53yBarHs. Mogy/ibHy
peasizayito POM po3r/isHyTO K aAanTMBHUH apXiTEKTYDHU DiBEHb, €PEKTUBHICTSL KO0 38/1€KUTH BIfi 3B S3HOCTI, SIBHUX KOHTPAKTIB,
KOMIO3uLii T@ KOHTPO/IbOBaHOI a6CTpaKwji.

Kmoyosi crioBa. Page Object Model, apxiTekTypa aBToOMaTn30BaHOIro TECTYBAaHHS, MOAY/IbHICTB, Playwright, TypeScript, UI-
TECTYBaHHS, CYrIpPOBOAXKYBAHICTL, KOMITOHEHTHI 06 €KTH.
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