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Abstract

Despite the fact that the leading video game engines include Model-
Driven Development (MDD) principles, a paradox exists in the video
game industry: while Unreal Engine’s Blueprints (BP) enjoy wide-
spread industrial adoption, Unity Visual Scripting (UVS) remains
largely marginalized. To investigate the underlying causes of this
phenomenon, we present a controlled empirical experiment with 31
participants. Using a mixed-methods approach, we compare both
software models (BP and UVS) across quantitative performance
metrics (Correctness and Efficiency) and qualitative assessments
(Method Evaluation Model and focus group discussions). Results
show that BP significantly outperforms UVS across all metrics. Qual-
itative analysis reveals that while BP provides a tailored abstraction
layer and model-based debugging, UVS functions primarily as a
visual wrapper for C#, inheriting the cognitive load of traditional
coding without its efficiency. Additionally, the seamless bidirec-
tional integration between Blueprint models and C++ code in Un-
real mitigates the “loss of control” barrier to MDD adoption. Our
results may not only inform the video game domain by identifying
effective directions for key factors such as abstraction and debug-
ging, but may also generalize to more traditional software domains
where the “loss of control” adoption barrier can also emerge.

CCS Concepts

« Software and its engineering — Empirical software valida-
tion.
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1 Introduction

Over the past few decades, the video game industry has evolved
from a niche market into the largest sector within the global enter-
tainment economy. In 2025, the market’s projected annual revenues
exceeded $223 billion, generating more revenue than the film and
music industries combined [43]. This sustained growth has driven
the formalization of Game Software Engineering (GSE), a special-
ized subfield at the intersection of traditional software engineering
and video game development [11].

Unlike traditional software, video games require the tight inte-
gration of artistic assets and complex programming logic within a
unified, iterative development pipeline shared by artists and pro-
grammers [39]. To manage this complexity and facilitate large-scale
production, modern game engines like Unreal Engine and Unity
have become foundational tools, adopted by approximately 82%
of software developers in the video game industry [26]. The cur-
rent versions of these engines incorporate the principles of Model-
Driven Development (MDD) through Software Modeling. The pri-
mary goal of the software models of these engines is to democratize
game development, bridging the gap between core programmers
and creative profiles (game designers and animators). By translating
complex syntax into visual data flows, software modeling allows
multidisciplinary teams to rapidly prototype mechanics, iterate on
gameplay loops, and implement behaviors.

However, despite the theoretical benefits of MDD in GSE, a
paradox exists in the current industry landscape. On one hand,
Unreal Engine’s Blueprints (BP) have achieved widespread success,
evolving into a standard practice for implementing core gameplay
logic, user interfaces, and interdisciplinary collaboration in triple-A
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commercial projects [23, 45]. On the other hand, Unity Visual Script-
ing (UVS), despite relying on the same fundamental node-based
paradigm, visual connection of execution pins, and underlying com-
putational logic, has failed to gain similar traction. In professional
Unity environments, classical code-driven development utilizing
traditional C# remains the dominant approach, with UVS frequently
discarded during the scale-up of commercial projects [37].

A knowledge gap currently exists in the literature regarding
empirical evidence to explain why Unity’s visual models struggle
with industry adoption while Unreal’s thrive. To investigate the
underlying causes of this gap, we present a controlled empirical
experiment involving 31 game engine users in video game develop-
ment. We compare BP and UVS using a mixed-methods approach
to investigate the factors contributing to this gap. Quantitatively,
we measure correctness and efficiency; qualitatively, we evaluate
user satisfaction based on the Method Evaluation Model (MEM),
complemented by a thematic analysis of focus groups.

Our findings show that the success of software modeling in GSE
requires appropriate abstraction levels and tight engine integration,
rather than merely replacing text with graphical nodes. Visual
wrappers that fail to abstract underlying complexities are actively
rejected by the participants. One might think that Unity’s visual
node-based programming approach would appeal to programmers,
because of the programming aspect, and to artists because of the
nodes, but our results show that the opposite is true. Furthermore,
thorough debugging at the software model level has been identified
as a key factor in the success of Blueprints. Finally, previous studies
on MDD in video games [14, 15, 37] had suggested that increasing
the level of abstraction reduced developer control compared to
programming in a language like C++, but our results show that in
the case of Blueprints, developers do not report this loss of control
in any instance. Developers can expose C++ methods and variables
for use within BP, while C++ code can seamlessly interact with
elements defined in BP.

In the video game domain, our results can help reorient the UVS
models of the Unity engine (the most widely used in the industry
[50]) and prevent other engines from making the same mistake
of assuming that a graphical wrapper around code is sufficient.
Beyond video games, our results highlight the importance of seam-
less integration between models and code, as exemplified by BP, in
mitigating the “loss of control” adoption barrier, which may also
arise in other software domains.

The rest of this paper is structured as follows. Section 2 presents
the related work. Section 3 provides essential background infor-
mation on the evaluated engines. Section 4 details the experiment
design. Section 5 presents the quantitative and qualitative results of
our empirical study, followed by a discussion in Section 6. Section 7
outlines the threats to validity and our mitigation strategies. Finally,
Section 8 concludes the paper and discusses future work.

2 Related Work

Model-Driven Development (MDD) in Classic Software Engineering
(CSE) has been analyzed through empirical studies for many years,
revealing numerous benefits. However, its application in Game
Software Engineering (GSE) remains underexplored, representing a
vast field yet to be fully investigated. For this reason, this section is
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divided into two parts. In the first part (Subsection 2.1), we present
the results of previous works that state the benefits and challenges
of MDD in CSE. The second part (Subsection 2.2) presents the works
on evaluating the adoption of MDD in GSE.

2.1 Model Driven Development in Classic
Software Engineering

Empirical evidence in CSE demonstrates that MDD can signifi-
cantly reduce development effort and increase productivity. For
instance, Krogmann and Becker [34] found MDD required only
11% of the time compared to Code-Centric Development (CCD),
while Kapteijns et al. [32] reported a 2.6-fold productivity increase.
Tolvanen and Kelly [53] synthesized 25 years of research, arguing
that Domain-Specific Modeling Languages (DSMLs) offer produc-
tivity improvements ranging from +500% to +1000%. Furthermore,
studies by Heijstek and Chaudron [29], Panach et al. [40], and
Domingo et al. [17] consistently highlight that MDD boosts produc-
tivity, reduces complexity, and ensures superior correctness and
efficiency. Research also shows that junior developers and students
feel particularly comfortable using models [17, 36, 41].

Despite these advantages, MDD adoption in real-world projects
remains limited [27]. Large-scale surveys [2-4, 9, 16, 27, 28, 35, 51,
52] suggest that models are frequently used informally for docu-
mentation or communication—a practice described as "modeling as
sketch" [24] rather than as integral development artifacts [6]. Gross-
man et al. [28], Chaudron et al. [9], and Storrle [52] confirmed that
modeling is primarily used to achieve consensus within teams, with
development efforts still relying heavily on manual coding. This
informal usage is also prevalent in specific domains like embedded
systems [2, 3, 35]. Hutchinson et al. 30, 60] and Sanchez-Cuadrado
etal. [13] emphasize that successful MDD adoption requires gradual
integration, stakeholder commitment, and overcoming tool-related
usability challenges [31].

2.2 Model Driven Development in Game
Software Engineering

In the context of GSE, existing research examines how MDD is
implemented and evaluates it against other methodologies. Initial
studies evaluating Software Product Lines (SPLs) in video game
modeling [54] demonstrated that SPL-based developments achieved
higher correctness. Chueca et al. [10] extended this, showing that
SPL differences were more pronounced in CCD than in MDD. From
a different perspective, Roca et al. [44] examined bug localization
in the software models of a video game, finding that developers
reported greater satisfaction using MDD, although performance
varied by experience level.

Recent research has evaluated node-based software models di-
rectly. do Prado et al. [15] and Derakhshandi et al. [14] proposed
frameworks where less experienced developers could create games
faster using visual models, though this approach reduces detailed
control over the code. This trade-off is central to current game
engines. Martinez et al. [37] compared MDD with CCD for ex-
tended reality environments using BOLT . They concluded that
while CCD provides detailed control, MDD offers a more intuitive
approach, with model-based programming having limitations in
expressing complex algorithms. Conversely, Trasobares et al. [56]
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conducted a controlled experiment with 31 industry professionals
comparing Unreal Engine’s BP versus C++. They demonstrated
that constrained visual structures significantly increased software
correctness, consolidating models as effective development artifacts
rather than just documentation.

As evidenced in the literature, Unreal Engine has established
itself as an industrial success story in the adoption of MDD. Unity
incorporates analogous frameworks, but these approaches have not
managed to replicate Unreal BP’s success. Consequently, there is a
knowledge gap regarding sufficient empirical evidence to explain
why Unity’s implementation has failed to establish itself as an
industry approach. From a complementary, sociological standpoint,
Foxman [25] analyzes Unity as a platform whose tooling fosters
technological lock-in among its user base, helping explain why
Unity’s adoption became so widespread despite the limitations of
tools such as the one this study examines empirically. To bridge this
gap, this paper presents a controlled empirical experiment involving
31 game engine users to directly compare Unreal’s Blueprints (BP)
and Unity Visual Scripting (UVS). Unlike previous works that either
evaluate academic MDD frameworks or compare models versus
code within a single environment, our study uses a mixed-methods
approach to empirically evaluate the two leading industry engines
against each other.

3 Background

GSE requires the seamless integration of artistic assets and program-
ming logic within a unified development pipeline [39]. To manage
this, approximately 82% of software developers utilize game engines
[26]. A game engine streamlines production by providing essen-
tial functionalities such as rendering graphics, simulating physics,
managing memory, and abstracting platform-specific complexities,
making them a compelling choice for multi-platform projects. Un-
derstanding how these engines facilitate large-scale production
requires examining both the underlying development paradigms
they employ and the specific multidisciplinary tasks that practition-
ers execute daily.

Currently, Unreal Engine and Unity stand as the two most widely
adopted engines in professional environments [19, 57], both in-
tegrating Model-Driven Development (MDD) principles through
Software Modeling.

Unreal Engine, developed by Epic Games, operates on a core
architecture written in C++ [19]. Structurally, it utilizes an object-
oriented model based on the Actor class hierarchy, where behav-
ior is modularized through ActorComponents. Unreal Engine in-
corporates Blueprint (BP), a Domain-Specific Modeling Language
(DSML) that enables the implementation of game logic through a
node-based interface rather than traditional text-based code [21].
Evolving from the linear "Kismet" in Unreal Engine 3, Epic Games
redesigned the software model for Unreal Engine 4 into a compre-
hensive object-oriented programming approach [47]. According
to Epic’s official documentation, this node-based workflow was
conceived to provide “designers with a wide range of scripting
concepts and tools that are generally only available to program-
mers”, while Blueprint-specific markup in the C++ implementation
lets “programmers create baseline systems that designers can ex-
tend” [22]. Operationally, developers construct behaviors within an
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Event Graph by connecting nodes that represent events, functions,
and variables. The engine’s compiler translates these visual graphs
into virtual machine (VM) bytecode that executes natively during
runtime [21].

Within the industry, BP have achieved widespread adoption and
success, functioning as a primary approach for defining core soft-
ware architecture and logic in commercial projects [45]. Its market
presence is extensive, powering nearly 80 of the most anticipated
games released in 2023 [23], supporting massive titles like Fort-
nite with over 235 million monthly users [1], and expanding into
industries such as film, architecture, and simulation [20].

Conversely, Unity Technologies developed the Unity engine uti-
lizing a component-based architectural paradigm centered around
GameObjects and MonoBehaviour components, with C# serving
as the primary programming language [57]. The engine utilizes
Unity Visual Scripting (UVS). Originally emerging as a third-party
asset named "Bolt," Unity acquired and integrated it natively into
the engine starting with the 2021 release [37]. Operationally, UVS
allows developers to structure logic using "Script Graphs" to govern
execution flow and "State Graphs" for finite state machines. To exe-
cute this logic, UVS dynamically generates nodes from existing C#
assemblies and employs runtime reflection to invoke C# methods,
or utilizes Ahead-Of-Time (AOT) compilation to translate visual
connections into the underlying engine API [59]. Unity states an
analogous goal for UVS, describing it as a way to “bring the power
of Unity scripting to non-coders and future coders” that “empowers
non-coders to extend or modify C# scripts” and grants them “access
to the entire Unity Scripting API” [58].

Figure 1: UVS example screenshot.

Figure 1 illustrates the core mechanics of node-based software
modeling using Unity Visual Scripting (UVS) as a representative
example. The system relies on a visual interface where develop-
ers construct logic by connecting nodes through execution wires
(white lines) and data wires (colored lines). In this specific scenario,
a “Want To Cross Edge” event initiates the execution flow. The flow
proceeds to an “If” control node, which evaluates a boolean variable
(“IsOpen”), retrieved via a “Get Variable” node. If the condition eval-
uates to false, the execution branches to a “Cancel Movement” node,
halting the specific “Moving Object” whose reference is passed as
data directly from the initial event. If the condition is true, the
execution simply terminates. This structural paradigm, relying on
the visual connection of execution pins for control flow and data
pins for variable passing, is visually analogous to Unreal Engine’s
Blueprints.
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Despite UVS and BP sharing the same node-based approach,
their industry adoption diverges. In professional Unity environ-
ments, classical code-driven development utilizing C# remains the
dominant standard for implementing core architecture [37]. Unlike
BP in Unreal, UVS has not achieved the same level of reliance or
success as a primary development artifact. Nevertheless, its market
penetration is similarly significant, serving as the foundation for
complex titles like Genshin Impact (with over 60 million monthly ac-
tive players) [48] and powering 71% of the top 100 highest-grossing
mobile games in 2023 [42]. Thus, both vendors state essentially
the same design intent,Jowering the barrier for non-programmers
while preserving a bridge to the underlying language,yet, as our
results show, only Blueprints realizes it in practice.

4 Experiment design
4.1 Objectives

To define objectives, our research follows the Goal Question Metric
(GOM) model, initially introduced by Basili and Rombach [7]. Our
goal is to analyze different Software Models, for the purpose of
comparison, with respect to the correctness of the requested tasks,
efficiency, and user satisfaction, from the point of view of game
engines users, in the context of developing software for a video
game.

4.2 Variables

In this study, the factor under investigation is the Software Model
(SM), with two alternatives: using UVS or using BP to complete
a representative task. The goal of this experiment is to evaluate
the effects of different SMs when developing a representative task
using two different game engines, Unity and Unreal. To assess this,
we selected Correctness and Efficiency as the objective dependent
variables, which are directly related to performance.

Correctness was measured using a marking rubric, which was
applied to the tasks developed by participants after completing
the experiment. The scores range from 0 to 100, representing the
percentage of points achieved according to the marking rubric.

Efficiency was calculated as the ratio of the achieved Correctness
to the time spent completing the task. Time was recorded as the
total duration (in minutes) each participant required to complete
the assigned task. However, time is not analyzed as an independent
variable because Efficiency is a direct derivative of it, effectively
encapsulating the temporal aspect of performance. Efficiency repre-
sents the rate of accurate work produced per minute and is defined
as: Efficiency = Correctness / time

To prevent mathematical distortions (e.g., artificially high ef-
ficiency scores for subjects who abandoned the task early with
near-zero correctness), the time was standardized to the maximum
limit of 30 minutes for participants who failed to complete the core
mechanics.

Additionally, we examined the SMs in terms of Satisfaction, us-
ing a 5-point Likert-scale questionnaire (1 = Strongly Disagree, 5
= Strongly Agree) based on the (MEM) [38], an adaptation of the
Technology Acceptance Model (TAM) for software engineering
methods. We broke down Satisfaction into three subjective depen-
dent variables as follows:
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e Perceived Usefulness (PU): The degree to which a person
believes that using a specific SM would enhance perfor-
mance.

e Perceived Ease of Use (PEOU): The degree to which a
person believes that learning and using a specific SM would
require minimal effort.

e Intention to Use (ITU): The degree to which a person
intends to use a specific SM.

Each of these variables corresponds to specific items in the ques-
tionnaire. The scores for these items were averaged to obtain the
final value for each variable.

4.3 Design

The experimental design is a between-subjects design with one
factor and two treatments [18, 61]. The independent factor is the
SM, and the two treatments are UVS and BP. Each subject only uses
one treatment of the factor, as participants were assigned to one
of two groups based on their prior engine expertise (Unity users
or Unreal Engine users). This expertise-based grouping ensured
engine-specific data collection and minimized the confounding vari-
able of learning a completely new game engine interface, allowing
participants to focus solely on the software modeling mechanics
[33].

All subjects performed a single, standardized experimental task,
which consisted of implementing a specific set of mechanics pro-
vided by the researchers. By keeping this main task, the execution
time limit (30 minutes), and the evaluation method (15-minute
guided focus group and 10 minutes to complete the questionnaire)
strictly constant across all sessions, we established a controlled
environment [61]. This allowed us to qualitatively compare the two
treatments.

This between-subjects design enhances the external validity and
industrial relevance of the experiment [49]. Observing develop-
ers working within their domain of expertise provides a realistic
assessment of how these tools are perceived by actual industry prac-
titioners, a crucial aspect when evaluating software engineering
techniques and models in real-world industrial contexts [18, 49].
Furthermore, by matching the treatment to the user’s background,
the design prevents severe fatigue and frustration effects that could
act as confounding variables if participants were forced to complete
a time-bound programming task in an unfamiliar engine [33].

4.4 Research questions and hypotheses

The research questions and null hypotheses are formulated as fol-
lows:

RQ1 - Does the Software Model used impact the Correctness
of software developed for video games? The corresponding null
hypothesis is Hyc: The Software Model used does not have an
effect on Correctness. RQ2 - Does the Software Model used in
Unity influence the Efficiency of developers when creating software
for video games? The null hypothesis for Efficiency is Hyg: The
Software Model used does not have an effect on Efficiency. RQ3
- Does user satisfaction differ when video game software is devel-
oped using different Software Models? To answer this question,
we formulated three hypotheses based on the variables Perceived
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Table 1: Participant demographics categorized by assigned environment (Unreal vs. Unity).

Age Group Main Role Dev. Hours per Day (u + 0) Prior Knowledge (1-5, i + 0)
Environment <25 25-29 30-34 35-39 40-44 >44 Dev. Artist Game Modeling Coding Coding Modeling Mod. Lang.
Unreal (N=16) 0 9 5 0 0 2 12 4 5728 41+£3.0 31+32 344+131 294+118 3.50=+1.32
Unity (N=15) 7 5 1 1 0 1 12 3 22+24 03+£06 42+22 413+074 3.07+0.96 2.07+0.96
Total (N=31) 7 14 6 1 0 3 24 7 4.0+3.1 23+29 36+28 377x112 3.00+1.06 2.81+135

Usefulness, Perceived Ease of Use, and Intention to Use, with their
corresponding null hypotheses:

e Hjpy: The Software Model used does not have an effect
on Perceived Usefulness.

e Hj prou: The Software Model used does not have an effect
on Perceived Ease of Use.

e Hjry: The Software Model used does not have an effect
on Intention to Use.

4.5 Participants

The population of this study consists of 31 participants with ex-
perience in video game development. Given that modern game
development relies heavily on comprehensive game engines, evalu-
ating subjects who actively use these environments ensures that
our comparative findings between Unity and Unreal are grounded
in real-world usage patterns. Furthermore, according to established
systematic reviews of controlled experiments in software engineer-
ing, such as the seminal work by Sjeberg et al. [49], a sample size of
around 30 participants aligns with approach practices and provides
adequate statistical power.

Before the experiment, subjects completed a demographic ques-
tionnaire designed to characterize the sample and capture potential
confounding variables [33]. The results are summarized in Table
1. A total of 16 subjects were assigned to the Unreal group and 15
to the Unity group. To ensure a comprehensive characterization,
subjects were classified by their primary roles, yielding 24 devel-
opers and 7 artists. Documenting this multidisciplinary nature is
relevant in GSE studies, as the interplay between technical and
creative profiles differentiates game development from traditional
software engineering [39, 56].

Importantly, the distribution of age and roles is well-balanced
across both the Unity and Unreal groups, thereby mitigating poten-
tial selection threats.

Furthermore, the questionnaire captured the participants’ aver-
age dedication (in hours) to various technical tasks as a proxy for
their practical proficiency.

Analyzing the data by environment reveals that the Unreal group
reported a notably higher average dedication to Software Modeling
(4.1 £ 3.0) compared to the Unity group (0.3 + 0.6). Conversely, the
Unity group exhibited a higher mean in pure Coding hours (4.2 +
2.2 versus 3.1 + 3.2 for Unreal). These differences align with the
typical workflows inherent to each engine’s ecosystem.

4.6 Experimental objects

Video game development is a highly multidisciplinary process that
bridges the gap between traditional software engineering and dig-
ital arts. In Game Software Engineering (GSE), the development

pipeline involves specialized daily tasks that can be broadly grouped
into three categories [39]: (1) Game Development (Logic and Me-
chanics), which encompasses gameplay rules, player controls, and
behaviors; (2) Coding (Core Programming), focusing on lower-level
architecture, performance optimization, and memory management
using traditional text-based languages; and (3) 3D Modeling and Art
Integration, which involves configuring materials, physical colli-
sions, and integrating visual assets into the engine ecosystem.

To properly evaluate and compare the effectiveness of software
modeling in modern game engines, the experimental task must
align with the category where these visual tools are primarily in-
tended to be utilized: Game Development (Logic and Mechanics).
Therefore, the experimental object of this study consists of a single,
highly representative task extracted from previous literature on
software models in video games [56]: the implementation of an in-
put processing component that enables character movement based
on user inputs from a keyboard or controller.

This task is highly representative for several reasons. First, han-
dling player input and translating it into logical character movement
is a foundational mechanic required in almost all video games, mak-
ing it a standard daily task designed to allow rapid prototyping and
quick iteration by both software developers and game designers.
Second, it forces developers to translate physical human interaction
into continuous mathematical transformations, interacting directly
with the engine’s core physics components. Rather than a trivial log-
ical check, it reveals how each environment handles data flow and
vector math under continuous execution, exposing the potential
for visual clutter (spaghetti code) in a foundational scenario.

To ensure a balanced difficulty level and strict relevance to real-
world game development, the task was explicitly selected by an
expert panel (comprising two independent senior industry devel-
opers and two academic researchers). The implementations of this
task across the different Software Models were carried out in collab-
oration with professional video game developers and subsequently
reviewed by external professional developers to guarantee consis-
tency and correctness. To maintain strict experimental control, all
evaluated methods were designed to be functionally identical, exe-
cuting the exact same sequence of operations. This task is logically
divided into two main parts: first, obtaining the rotation, which
involves calculating the forward and right directions based on the
controller’s current rotation; and second, moving the object, which
applies the user’s axis input values to move the character along
those calculated directions.The complete set of experimental ob-
jects used in this study is available in the replication package at
https://doi.org/10.5281/zenodo.19254651.
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4.7 Instrumentation

To accurately measure the dependent variables and collect par-
ticipant feedback, several instruments were designed and utilized
during the experiment. First, to evaluate the Correctness of the sub-
mitted tasks, a standardized marking rubric was established by the
expert panel. This rubric allowed researchers to objectively assign a
score from 0 to 100 based on the presence and proper configuration
of the required logic nodes and connections. For qualitative data
collection and subjective variable measurement, we developed a
structured questionnaire using Microsoft Forms, which was divided
into the following sections:

I ’Patient Information Sheet’ that subjects must review and
voluntarily accept. It clearly explains what the experiment
consists of and how personal data will be handled. All ques-
tionnaire responses and task solutions were anonymized

II Demographic questionnaire to characterize the sample, cap-
ture their primary roles (Developer or Artist), and record
their average dedication to various development tasks.

IIT Specific questionnaire based on the Method Evaluation
Model to collect the observations of the subjects and their
satisfaction (PU, PEOU, and ITU) with the approach and
the method used in the experiment.

IV Final open-ended section to collect any additional qualita-
tive observations or feedback that the subjects may wish
to provide regarding their experience.

All instruments utilized in this study, including the detailed task
descriptions, the marking rubric, the forms used for the question-
naires, the raw demographic and statistical results, and the analysis
of the subjects’ opinions from the focus groups, are fully available
in the same replication package referenced in Section 4.6.

4.8 Experimental procedure

The experiment was conducted across seven sessions: six were held
online via Microsoft Teams, and one was conducted in person.

GROUP - UNREAL GROUP - UNITY

Explanation of the experiment @

Fill in demographic questionnaire @

T
A . o o

A Blueprints Unity Visual Scripting @
K

Focus Group @

Figure 2: Experimental procedure flowchart.

To ensure engine-specific data collection, the sessions were orga-
nized by expertise, consisting of four sessions for Unity developers
and three sessions for Unreal Engine developers. Participants in

Jose Ignacio Trasobares, Africa Domingo, Lorena Arcega, and Carlos Cetina

the online sessions joined via Microsoft Teams, where the chat
feature was used to share information, distribute links, and answer
questions. Each session was scheduled to last for 70 minutes and
followed the experimental procedure outlined in Figure 2, described
as follows:

(1) Explanation of the experiment: (15 minutes) The ex-
periment began with a general explanation of the study,
introducing subjects to its objectives, structure, and expec-
tations. An instructor explained the different stages and
explicitly clarified that the experiment was not an evalua-
tion of individual programming abilities. Subjects received
detailed instructions on the task sequence and the focus
group dynamics.

(2) Fill in demographic questionnaire: (10 minutes) All sub-
jects completed a form designed to collect demographic and
background information. This questionnaire assessed their
age, specific industry roles, and their average dedication to
specific game development tasks.

(3) Task: (30 minutes) Following the questionnaire, subjects
proceeded to solve the main development task. As illus-
trated in the experimental design workflow, the sample
was split into two independent tracks based on their engine
expertise: GROUP - UNREAL performed the task using
Blueprints, while GROUP - UNITY completed the ex-
act same task using Unity Visual Scripting. Instructors
were available throughout the stage to resolve any technical
blockers or environment-related doubts.

(4) Focus Group: (15 minutes) Finally, once the task was sub-
mitted, the participants of the session took part in a guided
focus group discussion. This allowed them to openly dis-
cuss their experiences with the respective software mod-
eling approach used. The discussion covered key aspects
such as ease of use, logic flow clarity, efficiency, and the
perceived applicability of the method for real-world game
development scenarios. During these sessions, at least two
researchers acted as independent observers, systematically
taking notes on the participants’ comments and reactions.
Following the sessions, these independent notes were ag-
gregated and synthesized using a basic thematic analysis
approach to identify recurrent pain points and workflow
differences.

4.9 Analysis Procedure

The statistical data analysis was conducted to evaluate the effects
of the Software Model (BP vs. UVS) on the dependent variables:
Correctness, Efficiency, PU, PEOU, and ITU. To ensure mathemati-
cal rigor and replicability, the analysis was followed a structured
four-step procedure [61], which considers all underlying statistical
assumptions:

(1) Exploratory Data Analysis: Descriptive statistics, includ-
ing the mean (y) and standard deviation (o), were calcu-
lated to summarize the metrics across the two experimental
groups.

(2) Normality Check: To determine the appropriate inferen-
tial statistical approach, the assumption of normality for the
continuous dependent variables was evaluated. Because the
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sample sizes for the independent groups were small (n; = 16
and n, = 15), the Shapiro-Wilk test was employed [61].

(3) Effect Size Calculation: To quantify the practical signif-
icance and the magnitude of the differences observed be-
tween the two methods, standardized effect sizes were com-
puted. We calculated Cohen’s d using the pooled standard
deviation (o) [12]. The results were interpreted following
standard statistical guidelines: values around 0.2 denote a
small effect, values around 0.5 indicate a medium effect,
and values > 0.8 represent a large effect.

(4) Hypothesis Testing Selection & p-value Calculation:
Based on the outcomes of the normality checks, the ap-
propriate comparative statistical method was selected to
perform the formal hypothesis testing. Since the data signif-
icantly deviated from a normal distribution (p < 0.05), non-
parametric alternatives were required [5]. Consequently,
we utilized the Mann-Whitney U test. The U statistic for
each group is calculated by first ranking all observations
combined, and then computing the sum of ranks for each
group. Each group’s rank sum produces one U value, and
the final U statistic is the minimum of these two values. To
compute the p-value given our sample size (N > 20), the U
statistic is approximated to a standard normal distribution.
This involves calculating a Z-score, which represents the de-
viation of our observed U statistic from the expected mean
of U, divided by the expected standard deviation. Finally,
the corresponding two-tailed p-value is derived from this
Z-score using the standard normal cumulative distribution
function.

5 Results

This section presents the quantitative results obtained from the
empirical evaluation comparing the two Software Models: BP and
UVS. The statistical analysis is structured into four main phases: an
initial exploratory data analysis to describe the sample and variables,
an assessment of data normality to select the appropriate statistical
tests, the calculation of effect sizes to quantify the magnitude of the
observed differences, and finally, the non-parametric hypothesis
testing conducted to address the formulated Research Questions
(RQs). Figure 3 presents, for each dependent variable (Correctness,
Efficiency, PU, PEOU, and ITU), the per-group histograms with
overlaid normal-distribution curves and the corresponding box-
plots.

5.1 Exploratory Data Analysis

Table 2 shows the values for the mean (1) and standard deviation (o)
of all the variables considered for each of the methods compared:
BP and UVS. The total sample size was N = 31, divided into subjects
using BP (n = 16) and subjects using UVS (n = 15).

The data reveals substantial differences in the means and stan-
dard deviations of all dependent variables depending on the SM
used, consistently favoring BP. In terms of performance, the box-
plots for Correctness (%) and Efficiency demonstrate that BP users
achieved higher median scores, despite a broader variability in Effi-
ciency that includes a noticeable outlier. Similarly, the subjective
satisfaction metrics display a clear upward shift for the BP group,
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Table 2: Values for the Mean and Standard Deviation of the
Response Variables by Specification Method

Dependent Blueprints Unity Visual Scripting
Variable pto pto
Correctness  61.61 + 36.23 32.94 £ 23.51
Efficiency 6.52 + 8.37 1.05+0.72

PU 3.50 + 1.42 2.00 +0.86

PEOU 3.70+1.13 2.25+0.76

ITU 3.66 £1.16 1.57 £ 1.00

whose medians are consistently closer to the maximum score of 5.0.
In contrast, the UVS group’s scores are concentrated toward the
lower end of the scale, with isolated upper outliers visible in the
PEOU and ITU distributions. The inclusion of theoretical normal
distribution curves over the histograms in Figure 3 highlights the
data density and its deviation from normality, visually emphasizing
the stark contrast in how the two engines were received.

5.2 Normality Check

To determine the appropriate statistical tests for comparing the two
alternatives of the SM, we verified the normality of the distributions.
The results are detailed in Table 3 (see Blueprints and Unity Visual
Scripting p-value columns).

Table 3: Shaphiro-Wilk Test Results for Normality by Soft-
ware Model

Dependent Blueprints Unity Visual Scripting Cohen’s d
Variable p-value p-value

Correctness 0.020 0.034 0.932
Efficiency < 0.001 0.172 0.907
PU 0.027 0.070 1.269
PEOU 0.046 0.819 1.496
ITU 0.06 < 0.001 1.908

The test indicated that all variables significantly deviated from
the normality assumption (p < 0.05) in at least one of the experi-
mental groups. Consequently, to maintain statistical consistency
across the entire analysis, non-parametric tests were uniformly
selected to conduct the hypothesis testing.

5.3 Effect Size (Cohen’s d)

To quantify the differences in the dependent variables due to the SM
considered, we calculated the Cohen’s d values (using the pooled
standard deviation). Conceptually, the effect size is inversely related
to the distributional overlap between two groups: a larger d-value
indicates less overlap and a clearer separation of their data.

As presented in Table 3 (see Cohen’s d column), the effect size of
the differences due to the SM is large across all dependent variables.
Large effects in favor of BP were found for Correctness (d = 0.932),
Efficiency (d = 0.907), PU (d = 1.269), PEOU (d = 1.496), and ITU
(d =1.908).
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Figure 3: Histograms and boxplots illustrating the differences in Correctness, Efficiency, and Satisfaction between BP and UVS.

5.4 Non-Parametric Model Statistics and
Hypothesis Testing

To formally test the hypotheses and answer the formulated research
questions, the Mann-Whitney U test for independent samples was
employed. The summary of the test statistics, including the stan-
dardized Z-scores, is provided in Table 4.

Regarding RQ1, the statistical analysis reveals significant dif-
ferences in Correctness (U = 63.00,Z = —2.259, p = 0.024). Conse-
quently, we reject the null hypothesis (Hy,c), confirming that the
Software Model impacts the correctness of the developed software,
with Blueprints demonstrating superior performance.

To address RQ2, the analysis indicates that the differences in Ef-
ficiency are also statistically significant (U = 49.00,Z = —2.812,p =
0.005). We therefore reject the null hypothesis (Hy g), concluding
that the choice of Software Model significantly influences devel-
oper efficiency, again favoring Blueprints.

Finally, for RQ3, we analyzed the three variables related to user
satisfaction. The tests yielded p-values below the 0.05 threshold
across all metrics: Perceived Usefulness (U = 47.00, Z = —2.895,p =
0.004), Perceived Ease of Use (U = 37.50, Z = —3.267, p = 0.001), and
Intention to Use (U = 20.00,Z = —4.023, p < 0.001). Consequently,
we reject the null hypotheses Hy pyr, Ho pEou, and Hy rry- These
results confirm that user satisfaction differs significantly between
the two approaches, with subjects reporting higher satisfaction and
technological acceptance when using BP compared to UVS.

Table 4: Mann-Whitney U Test Results for the Specification
Method Factor

Dependent Mann 7 ~val
Variable Whitney U pvatue
Correctness 63.00 -2.259 0.024
Efficiency 49.00 -2.812 0.005
PU 47.000 -2.895 0.004
PEOU 37.50 -3.267 0.001
ITU 20.00 -4.023 < 0.001

6 Discussion

The results of our empirical evaluation reveal a clear difference
between the two software modeling tools. Despite sharing the same
fundamental node-based paradigm, Unreal Engine’s Blueprints (BP)
outperformed Unity Visual Scripting (UVS) across all objective
and subjective metrics. Quantitatively, BP yielded much higher
Correctness (p = 0.024,d = 0.932) and Efficiency (p = 0.005,d =
0.907), alongside superior user satisfaction in terms of Perceived Ease
of Use, Perceived Usefulness, and Intention to Use (all yielding large
effect sizes, d > 1.2). The qualitative data collected from the focus
groups provides critical insights into why this discrepancy exists,
pointing to three fundamental differences: the level of abstraction,
engine integration and debugging, and target audience alignment
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(supporting quotes in the Focus Group Report of the replication
package).

6.1 The Abstraction Level and Cognitive Load

One of the primary reasons UVS fails to match BP’s efficiency is
its approach to abstraction. The quantitative data reflects a strong
"floor effect” for Unity users, with a mean Correctness of merely
2.94%. This indicates that within the 30-minute timeframe, the
majority of UVS participants were entirely blocked and failed to
establish even the foundational logic.

Qualitative feedback suggests that this occurs because UVS acts
largely as a 1-to-1 visual wrapper for C#, rather than providing
higher-level macro functionalities. Participants explicitly reported
that simple operations, such as basic mathematics or conditional
statements (IF), require an excessive number of nodes in UVS,
leading to visual fatigue and "spaghetti" graphs. Developers noted
that what takes a single line of code in C# becomes a complex web
of graphs in UVS, making it slower and more frustrating to use. This
outcome directly contradicts Unity’s stated design intent of granting
non-coders access to the full Scripting API: the very breadth of that
low-level access is what overwhelms the non-programmer audience
UVS was meant to serve.

Furthermore, this forces an unnatural cognitive process for ex-
perienced developers. The focus groups revealed that programmers
approach UVS by first thinking of the C# solution and then attempt-
ing to translate it into nodes. In contrast, BP provides a higher level
of abstraction tailored for gameplay mechanics, which reduces
visual clutter.

6.2 The Debugging Disconnect

Our findings show that UVS presents major debugging issues,
rooted in how each engine processes the models. Participants re-
ported that when an error occurs in UVS, the engine’s console does
not point to the problematic visual node. Instead, it redirects the
user to the generated C# code. This is like writing in a high-level
language but debugging in assembly code. Because developers cre-
ated the logic using visual models, being forced to locate and fix a
bug within auto-generated C# code, which they did not manually
write and which does not map one-to-one with their visual mental
model, breaks their mental model. This destroys the abstraction of
software modeling and makes bug localization much harder. Addi-
tionally, users noted a disconnect between the UVS hierarchy and
Unity’s approach scene hierarchy, making navigation confusing.
Conversely, BP is natively integrated into Unreal. When a BP
fails, the exact visual node itself is highlighted, keeping the devel-
oper within the model-driven context and making bug localization
straightforward. Participants acknowledged that this native inte-
gration provides a reliable "sandbox" environment, where artists
and designers feel safe prototyping without the fear of crashing
the engine, a security that C++ lacks but BP successfully provides.

6.3 The Illusion of Accessibility: Programmers
and nonprogrammers

Finally, qualitative observations suggest a mismatch between UVS
and its intended target audience. Software modeling in video games
is theoretically designed to bridge the gap between programmers
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and non-programmers (such as artists and game designers). Ac-
cording to the thematic analysis of the focus groups, less technical
profiles, such as the artists in our sample, expressed that UVS still
heavily assumes deep programming knowledge, requiring users to
understand C# concepts, variable types, and object-oriented archi-
tectures (“it assumes you know something about programming”).

While our sample size of artists (n = 7) requires cautious in-
terpretation, the consensus during discussions was that because
UVS requires programming knowledge but removes the speed and
efficiency of writing raw C#, it alienates both ends of the spectrum:
programmers reject it because writing C# is fundamentally faster
and more readable, and artists report finding it too technically de-
manding and poorly documented compared to the readily available
C# resources.

Unreal, conversely, has managed to position BP as a highly ef-
fective middle ground. While C++ is reserved for core architecture
and performance-critical systems, BP is a standard as the approach
for gameplay logic, UL, and asset integration, facilitating genuine
interdisciplinary collaboration (“UI? Always in BP”, “Shaders and
Al are easier in BP”, whereas “State machines are better in UVS”).
A crucial factor enabling this synergy is the seamless bidirectional
integration between Blueprints and C++ [21, 45]. Developers can
readily expose C++ methods and variables to be accessed and mod-
ified within BP, and conversely, C++ code can easily interact with
elements defined in BP.

This architecture allows non-programmers to focus strictly on
visual scripting within BP, while programmers can comfortably al-
ternate between both paradigms depending on the specific needs of
the task. As a result, none of the participants using Unreal expressed
feeling a “loss of control” over the system. This finding is signif-
icant because previous literature studying software modeling in
video games has frequently identified this perceived loss of control
as a primary barrier to the adoption of Model-Driven approaches
[11, 44]. However, those prior studies did not specifically evaluate
Unreal’s Blueprints. Therefore, this high degree of integration and
retained developer control appears to be a defining factor in the
widespread success of BP modeling in the industry.

7 Threats to Validity

To present the threats to validity, we use the classification pro-
posed by Runeson and Host [46]. This classification describes the
following four aspects:

Construct Validity: This aspect defines the extent to which the
operational measures under study truly represent the researcher’s
objective. A potential threat is mono-operation bias, which occurs
when the experiment relies on a single treatment or task. This study
was affected by this threat since all subjects performed a single,
standardized experimental task consisting of an input processing
mechanic. While generalizing to all types of video game mechanics
(e.g., complex Al behavior trees) requires caution, this specific task
provides a robust, representative baseline for evaluating continuous
data flow and math operations in engines. To mitigate mono-method
bias, we combined objective performance metrics (Correctness and
Efficiency) with validated subjective metrics (MEM questionnaire)
to capture a comprehensive view of the Software Models [38].
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Finally, to mitigate evaluation apprehension, where participants
alter their behavior out of fear of being judged, instructors explic-
itly clarified at the beginning of each session that the experiment
was not an evaluation of their individual programming abilities.
Furthermore, to mitigate social desirability bias and post-frustration
rationalization during the focus groups, particularly for UVS users
who experienced a floor effect, moderators maintained a strictly
neutral stance, requiring participants to anchor their complaints to
specific interface interactions rather than emotional assessments.

Internal Validity: This aspect is important when causal rela-
tionships are examined, ensuring that the investigated factor is
not affected by confounding variables. The selection threat arises
when experimental results depend on the specific characteristics of
the subjects. To mitigate this, participants were assigned to groups
based on their prior engine expertise (Unity users or Unreal Engine
users). This minimized the confounding variable of learning a com-
pletely new interface. As noted in the demographic data, the Unity
group showed a higher propensity for pure coding, whereas the
Unreal group leaned towards modeling and hybrid tasks. Rather
than a pure bias, this reflects the ecological reality of these engines’
respective communities. Forcing pure C# developers to use visual
nodes in Unity naturally induces friction, but it precisely highlights
UVS’s failure to adapt to or seduce its own native user base. While
there is an inherent asymmetry in approach familiarity, Unreal
users are naturally more experienced with BP than Unity users are
with UVS. This reflects the exact ecological reality and paradox
that our study investigates. Finding professional Unity developers
with thousands of hours in UVS is practically impossible because
the industry inherently rejects it.

Maturation and fatigue effects were mitigated by setting a strict
execution time limit of 30 minutes and matching the treatment to
the user’s background, preventing severe frustration. Furthermore,
an instrumentation threat could arise from poorly designed tasks.
We mitigated this by having an expert panel select the task and
external professional developers review the implementations to
guarantee consistency and correctness across both engines.

External Validity: This aspect refers to the extent to which
the results can be generalized outside the experiment’s specific
setting. A statistical power threat arises when the sample size limits
generalization. Although a sample size of N = 31 requires cautious
generalization, our demographic accurately reflects the current
landscape of active practitioners in Game Software Engineering,
aligning with standard empirical practices in software engineering.

An interaction of setting and treatment threat was mitigated by
conducting the experiment within actual, widely adopted industrial
environments (Unity and Unreal Engine 5) rather than toy envi-
ronments, and by selecting a foundational, highly representative
mechanic (input processing) that is required in almost all interactive
software. However, a domain threat remains, as our findings are
strictly contextualized within the video game development domain.

Reliability: This aspect ensures that the results are independent
of the specific researchers conducting the study, meaning that the
study could be replicated with the same outcomes. To mitigate re-
searcher bias during the evaluation of the tasks, Correctness was not
assessed subjectively; instead, a standardized correction template
(rubric) established by the expert panel was used to objectively
assign scores from 0 to 100.
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The data collection threat was mitigated by following a strict,
standardized experimental procedure across all seven sessions (both
online and in-person) to establish a controlled environment.

Finally, to ensure full reproducibility and mitigate any incomplete
data threats, all instruments utilized in this study, including task
descriptions, correction templates, raw demographic data, and focus
group analyses, are fully available in our replication package.

8 Conclusion

This paper shows that merely replacing text with visual nodes
is insufficient for video games; raising the level of abstraction is
required to hide underlying technical complexities. Ultimately, this
study provides empirical evidence regarding software models in
game engines as follows.

Our results show that UVS fails because it functions primarily
as a visual wrapper for C#, inheriting the cognitive load of tradi-
tional coding without its efficiency. Furthermore, its disconnected
debugging paradigm, where errors are flagged in the generated
code rather than the visual models used to create them, breaks the
model-driven abstraction, making bug localization frustrating and
alienating its intended audience.

Conversely, Unreal Engine’s Blueprints (BP) succeed by offer-
ing a tailored level of abstraction, robust visual debugging that
points directly to the failing nodes, and a safe sandbox environ-
ment. Crucially, BP allows for seamless integration with C++, en-
abling bidirectional access where BP can invoke C++ methods and
variables, and C++ can interact with BP elements [45]. This ar-
chitecture allows non-programmers to concentrate entirely on BP,
while programmers can leverage both BP and C++ depending on
the task. Consequently, no participant reported the “loss of con-
trol” typically associated with software modeling in video games
a common limitation identified in previous studies that had not
evaluated BP [11, 44]. This combination of abstraction with control
and the model-based debugging are defining factors, empowering
both non-programmers and developers to build collaboratively.

As future work, we will apply phylogenetics, the reconstruction
of ancestor, descendant lineages, recently used in search-based
software engineering [8] and for reuse in video games [55],to the
modeling concepts of BP and UVS, tracing how high-level nodes
derive from primitives to learn why concepts succeed or fail and to
guide the design of more effective modeling languages.
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