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ABSTRACT
Aim/Purpose This study aims to evaluate player experience among children aged 6—8 years in a
tangible programming game across the miniPXI dimensions of functional, psy-
chosocial, and enjoyment, and to explore differences in these dimensions by
children’s tablet use frequency, categorized as often, rarely, or very rarely.
Background Understanding the player experience is important because the quality of interac-

tion may shape children’s immediate engagement and perceived accessibility dur-
ing early programming activities. While prior research on Tangible User Inter-
face (TUI)-based programming games for children has largely focused on learn-
ing outcomes and performance, relatively little empirical work has examined
how children experience these games from a player-experience perspective. This
gap highlights the need for empirical evaluation of player expetience to better in-
form the design of engaging and inclusive programming games for children.
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This study employed a playtesting-based empirical evaluation with 78 children
aged 6-8 years. Participants interacted with a tangible programming game using
a physical game controller. Player experience was measured using the Mini
Player Experience Inventory (miniPXI), a psychometric instrument previously
validated in game research and adapted in this study through teacher-supported
administration for children aged 6-8 years. Descriptive statistics and nonpara-
metric group comparisons were used to analyze overall player experience and
differences across tablet-use frequency groups.

This study provides empirical evidence on how children experience a tangible
programming game using a player experience instrument previously validated in
game research. It extends existing research on tangible programming by fore-
grounding player expetience as a multidimensional evaluative lens and by offer-
ing preliminary insights into accessibility-related design considerations.

The results indicate that the tangible programming game supported generally
positive player experiences across functional, psychosocial, and enjoyment di-
mensions. Strong responses were observed for audiovisual appeal, progress
feedback, curiosity, immersion, and enjoyment. Notably, children with less fre-
quent tablet use reported high levels of enjoyment, suggesting that tangible inter-
action may provide a more accessible and engaging entry point into eatly pro-
gramming activities for children with limited prior digital exposure, although this
observation requires further investigation.

Designers and educators may consider tangible programming games as a prom-
ising approach for supporting engagement among children with varying levels of
digital familiarity. Clear visual feedback and intuitive physical interaction can sus-
tain engagement, while additional scaffolding may be needed to improve ease of
control and the communication of educational meaning.

Researchers are encouraged to incorporate validated player experience instru-
ments when evaluating tangible programming games for children. Player experi-
ence measures can complement learning outcomes by providing insight into usa-
bility, engagement, and inclusivity in early programming contexts.

By documenting positive immediate player experiences among children aged 6—8
years, this study suggests that tangible programming games may offer promising
entry points into early programming activities, particularly for learners with lim-
ited prior digital exposure.

Future research may examine the relationship between player experience and
learning outcomes, compare tangible programming games with graphical pro-
gramming games, test such systems in more diverse educational settings, and
further validate player experience instruments such as miniPXI for use with very
young learners.

Keywords tangible programming game, player experience, tangible user interface (TUI),
early programming education, miniPXI
INTRODUCTION

Educational programming games are increasingly used to introduce computational thinking in early
elementary education (Giannakoulas & Xinogalos, 2024; Zhan et al., 2022). In learning-through-play
environments, children’s gameplay experience is particularly important because the quality of interac-
tion influences engagement, motivation, and willingness to continue participating in programming
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activities (Nadeem et al., 2023). Research in educational technology further suggests that educational
games are more effective when they support positive interaction experiences in addition to instruc-
tional goals (L. Sun et al., 2023).

Despite continued development of educational programming games, most systems still rely on con-
ventional graphical user interfaces, particularly touchscreen-based drag-and-drop interaction (Lind-
berg et al., 2018; Miljanovic & Bradbury, 2018). For children, purely touchscreen-based interaction
may not always align with preferences for physical and multisensory activities (Baykal et al., 2018).
Tangible User Interfaces (TUIs) address this limitation by enabling children to manipulate physical
objects that control digital outcomes, thereby supporting more embodied and intuitive forms of in-
teraction (Rodi¢ & Granié, 2022). Systematic reviews of eatly learning technologies also indicate
growing design and research interest in tangible interaction approaches, suggesting that tangible-
based programming tools are becoming increasingly relevant in educational practice (Macrides et al.,

2022).

Existing research on tangible-based programming systems has primarily examined educational out-
comes such as learning performance and related instructional indicators (Lee et al., 2024; Molina et
al., 2025). Other studies have focused on motivation, engagement, learning curves, and collaborative
learning in tangible programming environments (Almjally et al., 2020; Marfisi-Schottman et al., 2019;
Wong-Aitken et al., 2023). While these studies demonstrate the pedagogical potential of tangible-
based programming tools, they provide limited insight into how children experience such systems
from a player experience perspective during gameplay. This gap is critical because children may com-
plete programming tasks while still experiencing difficulties with control, feedback, or enjoyment,
which can undermine sustained engagement and classroom adoption (Johnson et al., 2018).

The need for a systematic evaluation of player experience is also timely. A systematic review of as-
sessment measures in game-based learning reported that learning outcomes are evaluated far more
frequently than engagement and usability, and that many studies rely on instruments without strong
psychometric validation (Gris & Bengtson, 2021). Strengthening player experience evaluation can
therefore improve the methodological rigor of educational game research and provide more actiona-
ble guidance for designing engaging and inclusive programming games for children.

To address this gap, the present study evaluates players’ experiences with a tangible programming
game for children using the Mini Player Experience Inventory (miniPXI). The miniPXI is a validated
psychometric instrument designed to measure player experience across functional, psychosocial, and
enjoyment dimensions (Haider et al., 2022; Harteveld et al., 2020). Its concise structure makes it suit-
able for playtesting studies involving children, provided that the evaluation procedure is developmen-
tally appropriate. Child-computer interaction research further emphasizes the importance of child-
centered evaluation approaches that enable children to reliably express their experiences when instru-
ments and procedures are adapted to their cognitive and communicative abilities (Druin, 1999; Read,
2008; Read & MacFatrlane, 2006). Based on these considerations, this study investigates the following
research questions:

RQ1: How do children evaluate their player experience in a tangible programming game across
functional, psychosocial, and enjoyment dimensions?

RQ2: Which player experience dimensions represent strengths, and which indicate design chal-
lenges in tangible programming interaction for children?

RQ3: How does player experience differ across children with varying levels of tablet use fre-
quency?

Having established the research gap and research questions related to player experience in tangible
programming games, the following section reviews prior work on educational programming games,
tangible user interfaces, and player experience research.
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LITERATURE REVIEW

EDUCATIONAL PROGRAMMING GAMES FOR CHILDREN

Educational programming games have been widely adopted to introduce computational thinking
concepts to children at an early age. These games typically aim to provide accessible learning experi-
ences by embedding algorithmic thinking within playful activities that reduce anxiety and cognitive
barriers associated with traditional programming instruction (Giannakoulas & Xinogalos, 2024). Re-
search has shown that game-based approaches can support children’s motivation and engagement

when learning abstract computational concepts by presenting these concepts in interactive, goal-ori-
ented formats (Zhan et al., 2022).

Block-based and game-based programming environments have been particularly influential in early
programming education, as they enable children to experiment with logic and sequencing without re-
quiring syntactic precision (Kanika et al., 2020). Empirical studies indicate that such environments
can foster initial interest in programming and support conceptual understanding when tasks are ap-
propriately scaffolded (Fokides, 2017). However, prior research has also highlighted that successful
learning outcomes do not depend solely on curriculum design or task structure but are influenced by
how children interact with and experience the learning system during gameplay (Nadeem et al., 2023).

Despite their educational benefits, many educational programming games are evaluated primarily in
terms of learning performance or attitudinal outcomes, while the quality of player experience itself is
often treated as a secondary concern. This limitation suggests the need to consider children not only
as learners but also as players whose interaction experiences may shape engagement, persistence, and
accessibility in practice.

TANGIBLE USER INTERFACES IN LEARNING

TUIs have emerged as an alternative interaction paradigm that enables users to interact with digital
systems through physical objects (Ishii & Ullmer, 1997; Krestanova et al., 2021). In learning contexts,
TUIs are often described as supporting embodied interaction, allowing children to use physical ma-
nipulation as part of sense-making and problem-solving (Baykal et al., 2018). Prior research has sug-
gested that tangible interaction may be particularly suitable for young children, whose cognitive de-
velopment is closely tied to sensorimotor activity and physical exploration (Rodi¢ & Granié, 2022).

In programming education, TUIs have been used to support learning outcomes such as conceptual
understanding, collaboration, and engagement. Empirical studies have reported positive effects of
tangible programming systems on learning performance and collaborative problem solving (Lee et al.,
2024; Wang et al., 2024). Systematic reviews further indicate that tangible programming environ-
ments can facilitate exploration and reduce abstraction barriers compared to purely touchscreen-
based interfaces (Macrides et al., 2022; Molina et al., 2025).

However, most evaluations of tangible programming systems have focused on educational outcomes
rather than on the quality of children’s gameplay experience. While engagement or motivation is
sometimes measured, it is often treated as a single construct and not examined as a multidimensional
player experience. As a result, existing studies provide limited insight into how children perceive con-
trol, feedback, challenge, or enjoyment during tangible programming gameplay.

PLAYER EXPERIENCE IN EDUCATIONAL GAMES

Player experience is a multidimensional construct that encompasses how players perceive and emo-
tionally respond to gameplay, including functional, psychosocial, and affective dimensions of interac-
tion. In game research, player experience has been recognized as an important indicator of design
quality, usability, and engagement (Johnson et al., 2018). Rather than focusing solely on task comple-
tion or performance, player experience evaluation seeks to capture how interaction is experienced
from the playet’s petspective.
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In educational games, positive player experience has been associated with higher engagement and
sustained participation, which are critical for learning environments that rely on repeated interaction
(Pellas, 2024). Constructs such as curiosity, immersion, autonomy, and enjoyment have been identi-
tied as key factors that influence whether players remain engaged with educational games beyond ini-
tial exposure (Chandra et al., 2025). These dimensions are particularly relevant when designing games
for children, who may be more sensitive to frustration, usability issues, and unclear feedback.

Despite its importance, player experience remains underexamined in the context of educational pro-
gramming games, especially those using tangible interaction. Many studies focus on confirming the
effectiveness of learning without examining how children experience gameplay as players. This gap
highlights the need for player experience-focused evaluation frameworks that can inform both game
design and educational practice.

MEASURING PLAYER EXPERIENCE WITH CHILDREN

Measuring player experience with children presents distinct methodological challenges related to cog-
nitive development, communication skills, and response reliability. Child-computer interaction re-
search has emphasized the importance of child-centered evaluation approaches that enable children
to express their experiences meaningfully and reliably (Druin, 1999). Evaluation instruments must
therefore be developmentally appropriate, concise, and supported by facilitation strategies when used
with young participants.

Several instruments have been developed to measure children’s experiences with interactive systems,
including tools specifically designed for child-centered evaluation, such as the Fun Toolkit (Read,
2008; Read & MacFarlane, 20006). These studies demonstrate that children are capable of reflecting
on their experiences when questions are clearly worded, and procedures are adapted to their abilities.
However, many child-centered instruments focus on general usability or enjoyment and may not cap-
ture the broader multidimensional structure of player experience relevant to game design.

The miniPXT offers a concise psychometric instrument for measuring player experience across func-
tional, psychosocial, and enjoyment dimensions (Haider et al., 2022; Harteveld et al., 2020). Originally
developed and validated in game research, the miniPXI provides a structured framework that aligns
well with player experience theory. While its application with young children requires careful imple-
mentation, prior research in child-centered evaluation has shown that validated evaluation instru-
ments can be adapted for use with children when supported by developmentally appropriate proce-
dures (Druin, 1999; Read & MacFatlane, 2000).

Taken together, the existing literature indicates a need for empirically grounded approaches to evalu-
ate player experience in educational programming games for children, using validated instruments.
Addressing this gap can strengthen both methodological rigor and practical insights into how tangi-
ble programming games are experienced by young players. Based on the identified gaps in existing
research, the next section describes the methodology used to evaluate children’s player experience in
a tangible programming game.

METHODOLOGY

PARTICIPANTS AND SAMPLING STRATEGY

This study involved 78 children (37 females, 41 males) aged 6—8 years (M = 7.14, SD = 0.45) who
were first and second-grade elementary school students in Indonesia. Participants were recruited us-
ing convenience sampling, based on accessibility and school participation during scheduled playtest-
ing sessions. Participation was voluntary, and written consent was obtained from parents, with teach-
ers assisting as facilitators during the playtesting process.

The sample size was considered sufficient for the study’s primary aim, namely, the evaluation of
player experience in a tangible programming game using a validated psychometric instrument. From
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a usability and playtesting perspective, studies have shown that meaningful insights into user experi-
ence can be obtained with moderate sample sizes, with diminishing analytical returns as the number
of participants increases (Nielsen & Landauer, 1993). The relatively large sample (N = 78) also ena-
bled exploratory comparisons across participant subgroups, particularly based on differences in prior
tablet use frequency.

To explore potential differences related to prior digital exposure, participants were classified into
three groups based on tablet use frequency: Often (almost every day), Rarely (two to three times per
week), and Very Rarely (seldom). This classification was based on children’s self-reports collected be-
fore playtesting, with teachers assisting to ensure that participants understood the question. As this
measure relies on self-report, it is treated as an approximate indicator of digital familiarity rather than
a precise behavioral measure.

GAME APPLICATION

The game used in this study was Code the Cat (as illustrated in Figure 1), a tile-based educational
programming game developed specifically for research purposes. The game was designed by adopt-
ing principles commonly applied in educational programming games (Hsu et al., 2018; Tikva & Tam-
bouris, 2021), such as Scratch]r (Flannery et al., 2013) and Code.org (Kalelioglu, 2015). The TUI ap-
proach was implemented using a game controller consisting of tangible boxes that function as com-
mand blocks. As a web-based application, the game can be played on a laptop or tablet.

Htedh o
Code The Cat 00:40

Game
applicaton — >

Command box

movement action
command box command box

Figure 1. Code the Cat game system (game application and game controller)

An illustration of the game controller mechanism is shown in Figure 2. The game controller was de-
veloped using an Arduino Pro Micro, which is responsible for identifying each command block
placed on the command board. Identification is performed by reading the resistance value associated
with each command block. To support this mechanism, a resistor with a unique resistance value is
embedded on each side of the command block. To address the limitation of the Arduino Pro Micro
in identifying all command blocks within a short time frame, particularly due to the limited number
of available analog input pins, a multiplexer was employed. The identification process runs continu-
ously, allowing any changes to the arrangement of the command blocks to be detected immediately
and reflected in the game application.
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/ Game Controller \

Slot 1 Slot 2 Slot 3 Slot 4
(right) (down) (light) (empty)
(connected to R1)  (connected to R2)  (connected to R5) (not connected)

Resistors < Up to
10
slots
Command _| (X X )
Block
Connector —
Read R1 Read R2 Read R5
Multiplexer

Reset . . Run
Button P Arduino Pro Micro ﬁ Button

Recognized as
a USB Keyboard

[ Laptop or Tablet ]

Figure 2. The working mechanism of the game controller

Once all resistance values from each command block slot have been collected, the Arduino Pro Mi-
cro processes these values into a string-based code, which is then transmitted to the device running
the game application. This mechanism is supported by the Arduino Pro Micro’s ability to be recog-
nized as a keyboard input device by laptops or tablets. With this approach, the game controller is
treated as a general keyboard and can be used conveniently via a plug-and-play model. Upon receiv-
ing the string-based code, the game application parses the input and updates the internal game state,
including the command sequence, character actions, and the game layout.

Figure 3 shows the layout of the gameplay page. Inspired by the Light-Bot game (Gouws et al.,
2013), the main mission of the game is to control a character to light one or more lamps located on
the game map. Players must arrange command blocks in the correct order on the command board
and then execute them by pressing the run button. If errors occur, players can revise the arrangement
of command blocks and re-run the character.

8095500
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Figure 3. Layout of the main gameplay page in Code the Cat
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The gameplay page consists of two main sections: the game map on the left, which represents the
challenge, and the visual command board on the right, which displays the arranged commands. The
visual command board is automatically updated when players add or remove command blocks on the
game controller. When the run button is pressed, the main character, represented by the yellow cat,
moves according to the arranged commands. Five commands were available: move up (U), right (R),

down (D), left (L), and turn on the lamp (T).

EXPERIMENTAL TASK

Table 1 presents the details of the experimental tasks. The study employed 10 experimental tasks,
each with increasing difficulty as indicated by the number of commands required. Since the primary
objective was to evaluate player experience rather than task performance, participants were not re-
quired to complete all tasks. They were free to finish all tasks or stop at a certain task, depending on
their comfort level.

Table 1. Task levels based on the number of commands

Task Number of commands | Command pattern
task 1 5 LDDRT

task 2 5 RURUT

task 3 6 RDDLLT

task 4 6 RDTRDT

task 5 7 LLDDRRT

task 6 7 DDTRRUT

task 7 8 LUUTRRDT
task 8 8 LULTUURT
task 9 9 LDLDTDRDT
task 10 10 RRUULTLLDT

Game maps were developed based on predetermined command patterns. Examples of game maps
are provided in Figure 4 to illustrate task design. Character movement was restricted by obstacles
such as cardboard boxes, wooden fences, or bushes. Some obstacles were strategically placed to pre-
vent alternative solutions, ensuring that each mission could only be completed using the designated
command pattern.

Task 1 (LDDRT) Task4 RDTRDT) Task 7 (LUUTRRDT)

Figure 4. Game maps for task 1, task 4, and task 7
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MEASUREMENT

The evaluation specifically aimed to assess the quality of player experience resulting from the imple-
mentation of TUI in the game. Given the integration of physical and digital interactions, player expe-
rience was considered a relevant indicator for evaluating the success of the TUI approach in educa-
tional games (Akyaman & Alppay, 2024).

The evaluation scale used was the miniPXI, a shortened version of the Player Experience Inventory
(PXT) developed by Vanden Abeele et al. (2016, 2020). Although it contains fewer items than PXI,
previous studies have demonstrated the reliability of miniPXI in measuring player experience (Haider
et al,, 2023, 2024). The instrument was selected because it provides a concise yet comprehensive
measurement of player experience across functional, psychosocial, and enjoyment dimensions. The
instrument consists of 11 constructs grouped into three dimensions: functional (audiovisual appeal,
challenge, ease of control, clarity of goal, progress feedback), psychosocial (autonomy, curiosity, im-
mersion, mastery, meaning), and enjoyment.

It should be noted that the miniPXI was not originally developed specifically for very young children.
The use of the miniPXI in this study is supported by adaptation strategies and should therefore be

interpreted with appropriate caution. The questionnaire items used in this study are presented in
Table 2.

Table 2. MiniPXI questionnaire items used in the evaluation process

Dimension Construct Item

Functional Audiovisual Appeal 1 liked the visual design and overall feel of the Code the
Cat game.

Functional Challenge The Code the Cat game was not too easy and not too hard
to play.

Functional Ease of Control .It was easy for me to understand how to perform actions
in the Code the Cat game.

Functional Clarity of Goal The goals of the Code the Cat game were clear to me.

Functional Progress Feedback Code the Cat game provided clear feedback on my pro-
gress toward the goals.

Psychosocial | Autonomy I felt free to play the Code the Cat game in my own way.

Psychosocial | Cutiosity I wanted to explore how the Code the Cat game evolved

during gameplay.
Psychosocial | Immersion 1 was fully focused while playing the Code the Cat game.
Psychosocial | Mastery I felt competent at playing the Code the Cat game.
Psychosocial | Meaning Playing the Code the Cat game was meaningful to me.
Enjoyment Enjoyment I had an enjoyable time playing the Code the Cat game.

All questionnaire items were translated into Indonesian to ensure comprehension by participants.
The translated version was reviewed by teachers to confirm age-appropriate wording and conceptual
clarity. To further support understanding, questionnaire items were presented with teacher assistance.
During questionnaire completion, teachers clarified the meaning of each statement when necessary
but did not suggest or influence responses. This form of non-directive support aligns with child-cen-

tered evaluation practices and is considered appropriate when collecting self-report data from chil-
dren (Druin, 1999; Read & MacFarlane, 2000).
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Responses were collected using a 7-point Smiley Face Likert scale (Hall et al., 2016), ranging from
“Strongly Disagree” to “Strongly Agree”, with the questionnaire items randomized to minimize re-
sponse bias, following the methodological recommendations of Vanden Abeele et al. (2020). An ex-
ample of the Smiley Face Likert scale used in this study is shown in Figure 5. The use of visual re-
sponse formats (e.g., Smiley Face Likert scale) has been recommended for studies involving young
children, as visual cues can reduce cognitive load and support comprehension of ordinal response
options (Borgers et al., 2004; Mellor & Moore, 2014).

Aku tahu gimana caranya biar bisa menang.
-3 -2 -1 0 1 2 3
Figure 5. Example of a questionnaire item with the Smiley Face Likert scale

PROCEDURE

The playtesting process consisted of three main phases: Introduction, Playing, and Evaluation, as il-
lustrated in Figure 6. The Introduction phase was used to explain the objectives and procedures of
the playtesting session and to familiarize participants with the game. As part of the Introduction
phase, participants completed a structured warm-up activity before the main gameplay. The warm-up
involved playing a single example task that required arranging six commands with the game control-
ler. This task was conducted with step-by-step guidance and assistance from instructors or teachers.
The purpose of the warm-up session was to familiarize participants with the basic game mechanics,
verify their ability to manipulate the game controller, and establish comfort with physical interaction
before the experimental tasks.

Phase 1 Phase 2 Phase 3
Introduction Phase Playing Phase Evaluation Phase
5-8 minutes 15 minutes 5-10 minutes
Play the game Play the game Fill out the questionnaire
(Warming up task) (Experimental task) (miniPXI)

Figure 6. Playtesting procedure

The second phase was Playing, where participants were asked to complete up to 10 experimental
tasks within a maximum of 15 minutes, a duration considered appropriate for children when interact-
ing with tablet-based applications (Liu et al., 2021). This duration was considered sufficient for par-
ticipants to complete multiple gameplay tasks while maintaining attention and avoiding fatigue. They
were free to stop at any task or continue until all tasks were completed.

The final phase was Evaluation, during which participants completed the miniPXI questionnaire
based on their gameplay experience. Teachers were present to support the process and ensure that
participants understood the questionnaire statements, while maintaining minimal intervention to re-
duce bias. This phase was conducted flexibly, allowing participants who had completed the Playing
phase to proceed directly to the Evaluation phase.

The playtesting activities were concluded once the participants had completed the Evaluation phase.
The overall playtesting process is illustrated in Figure 7. Due to the limited number of devices, play-
testing was divided into eight batches. Each batch involved 8 to 10 patticipants and lasted for ap-
proximately 25 to 30 minutes. Teachers acted as facilitators, particularly during the Playing and Eval-
uation phases. To reduce bias, facilitation was conducted with minimal intervention.

10
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Figure 7. Playtesting session setup

DATA ANALYSIS

Data analysis focused on descriptive statistics and group comparisons. Means and standard devia-
tions were calculated for each miniPXI construct to summarize overall player experience. To exam-
ine differences across tablet use frequency groups, the Kruskal-Wallis test was applied, as miniPXI
responses are ordinal in nature and may not meet parametric assumptions (Jamieson, 2004). The use
of rank-based tests is consistent with established methodological recommendations for ordinal sur-
vey data (Dunn, 1964). All statistical analyses were conducted in Python, using libraries for nonpara-
metric analysis.

Using the described playtesting procedure, measurement instrument, and analytical approach, the fol-
lowing section presents the results of the player experience evaluation.

RESULTS

As the miniPXI responses were collected using Likert-type ratings from children aged 6—38 years, the
results are first summarized using descriptive statistics to provide an overall profile of player experi-
ence across constructs. Descriptive statistics provide an appropriate initial summary of central ten-
dency and variability across player experience dimensions, but they are insufficient for determining
whether observed subgroup differences are statistically meaningful. Because Likert-type responses
are ordinal, inferential comparisons should be interpreted cautiously and preferably supported by
nonparametric methods (Jamieson, 2004).

The results of the player experience evaluation, based on miniPXI responses from 78 participants,
are summarized in Table 3. The instrument consisted of 11 constructs grouped into three dimen-
sions: functional, psychosocial, and enjoyment. The miniPXI scale ranges from —3 (strongly disagree)
to +3 (strongly agree), where values above 0 indicate positive experiences and values approaching +3
represent highly positive experiences (Vanden Abeele et al., 2020). Based on this interpretation, all
constructs fell within the positive range, indicating that participants generally reported favorable
gameplay experiences. To provide an overview of player experience across constructs, the mean min-
iPXI scores are visualized in Figure 8.

Table 3. Player experience evaluation using the miniPXI

Dimension Construct Mean SD
Functional Audiovisual Appeal 2.73 0.66
Functional Challenge 2.35 1.28
Functional Ease of Control 2.17 1.41
Functional Clarity of Goal 2.27 1.35
Functional Progress Feedback 2.63 0.84

11
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Dimension Construct Mean SD
Psychosocial Autonomy 2.26 1.32
Psychosocial Curiosity 2.55 1.15
Psychosocial Immersion 2.47 1.11
Psychosocial Mastery 2.28 1.29
Psychosocial Meaning 2.21 1.53
Enjoyment Enjoyment 2.58 1.03
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Figure 8. Mean miniPXI scores across all constructs
FUNCTIONAL DIMENSION

Within the functional dimension, audiovisual appeal obtained the highest score (M = 2.73, SD =
0.60), indicating that participants consistently perceived the game’s visual presentation as attractive
and engaging. Progress feedback also achieved a high score (M = 2.63, SD = 0.84), suggesting that
the system effectively communicated task progress and outcomes during gameplay. The constructs
challenge (M = 2.35, SD = 1.28) and clarity of goal (M = 2.27, SD = 1.35) also received favorable
evaluations, indicating that participants generally understood the gameplay objectives and perceived
the tasks as appropriately challenging. However, the relatively high standard deviations suggest varia-
bility in how participants experienced task difficulty. Among the functional constructs, ease of
control recorded the lowest score (M = 2.17, SD = 1.41) and the highest variability. Although the
game controller was generally perceived positively, some participants required time to adapt to the
interaction.

Taken together, high ratings in audiovisual appeal and progress feedback suggest that children could
quickly perceive what was happening on the screen and receive confirmation of their progress, both
of which are critical for maintaining engagement in short play sessions. In contrast, the comparatively
lower ease of control score indicates that tangible interaction can introduce an additional learning
curve for some children, highlighting the need for game controller designs that better match chil-
dren’s motor skills and interaction habits.

PSYCHOSOCIAL DIMENSION

Within the psychosocial dimension, curiosity (M = 2.55, SD = 1.15) and immersion (M = 2.47, SD =
1.11) obtained high scores, indicating that participants demonstrated strong exploratory behavior and
sustained attention during gameplay. The constructs autonomy (M = 2.26, SD = 1.32) and mastery
(M = 2.28, SD = 1.29) also received positive evaluations, suggesting that many participants experi-
enced a sense of freedom in decision-making and perceived competence while interacting with the
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game. Meaning recorded the lowest score within this dimension (M = 2.21, SD = 1.53), indicating
that although some participants were able to associate gameplay with programming concepts, the
perceived educational meaning varied across participants.

The prominence of curiosity and immersion suggests that the tangible interaction and task structure
may encourage exploratory engagement and focused attention during gameplay. However, the rela-
tively lower meaning score suggests that some children experienced the activity primarily as play ra-
ther than explicitly connecting it to programming concepts, implying a need for design cues or reflec-
tion prompts that make learning meaning more visible without increasing cognitive burden.

ENJOYMENT DIMENSION

The enjoyment construct showed a high positive score (M = 2.58, SD = 1.03), indicating that partici-
pants generally found the gameplay enjoyable. The observed vatiability suggests that enjoyment levels
differed across participants, potentially reflecting differences in how smoothly children adapted to
the game controller and interpreted feedback. Beyond overall positivity, the high enjoyment score
suggests that tangible interaction may offer a potentially engaging and accessible entry point for chil-
dren. This finding supports the use of tangible interfaces to promote engaging experiences, while also
highlighting the importance of inclusive interaction design and adequate guidance to accommodate
individual differences among players.

PrAYER EXPERIENCE BY TABLET USE FREQUENCY

Table 4 presents player experience scores across groups categorized by tablet use frequency. Overall,
the Often group reported higher mean scores on most constructs than the other groups. The most
prominent constructs in this group were audiovisual appeal (M = 2.97) and challenge (M = 2.83). In
the functional dimension, progress feedback recorded the lowest score in the Very Rarely group (M
= 1.89), while the Rarely group (M = 2.69) and Often group (M = 2.77) reported higher values.
These comparisons provide descriptive insights into potential differences in player experience across
groups with varying levels of tablet familiarity.

Table 4. Player experience evaluation across tablet use frequency groups

Very rarely Rarely Often
Dimension Construct L= LT= ) 7= )

Mean | SD | Mean | SD | Mean | SD
Functional Audiovisual Appeal 2.78 0.67 2.54 0.82 2.97 0.18
Functional Challenge 2.1 1.83 2.03 1.46 2.83 0.46
Functional Ease of Control 2.33 1.66 1.97 1.50 2.37 1.22
Functional Clarity of Goal 2.33 1.12 2.13 1.51 2.43 1.22
Functional Progress Feedback 1.89 1.36 2.69 0.73 2.77 0.68
Psychosocial Autonomy 2.67 0.71 1.92 1.46 2.57 1.19
Psychosocial Curiosity 2.11 1.83 2.46 1.17 2.80 0.81
Psychosocial Immersion 2.78 0.44 2.15 1.35 2.80 0.76
Psychosocial Mastery 2.44 0.88 1.90 1.48 2.73 0.94
Psychosocial Meaning 2.33 1.32 1.77 1.77 2.73 1.05
Enjoyment Enjoyment 2.89 0.33 2.33 1.24 2.80 0.76

Within the psychosocial dimension, the Often group reported high scores for curiosity (M = 2.80),
immersion (M = 2.80), mastery (M = 2.73), and meaning (M = 2.73). Interestingly, the Very Rarely
group reported the highest score for autonomy (M = 2.67). For enjoyment, all groups reported posi-
tive scores. The Very Rarely group recorded the highest score (M = 2.89, SD = 0.33), followed by
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the Often group (M = 2.80, SD = 0.76) and the Rarely group (M = 2.33, SD = 1.24). Figure 9 illus-
trates the mean miniPXI scores across all constructs for each tablet use frequency group, providing
an overview of group-level patterns in player experience.
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Figure 9. Mean miniPXI scores by tablet use frequency group

To examine group differences across tablet use frequency groups, nonparametric Kruskal-Wallis tests
were conducted across miniPXI constructs, given the ordinal nature of Likert-type ratings (Jamieson,
2004). The results revealed a mixed pattern of statistically significant and non-significant effects. Sta-
tistically significant differences were found for meaning (H = 10.39, p = 0.006), immersion (H =
8.65, p = 0.013), mastery (H = 8.32, p = 0.016), audiovisual appeal (H = 7.78, p = 0.021), autonomy
(H =7.03, p = 0.030), and challenge (H = 6.51, p = 0.039). In contrast, no significant differences
were observed for progress feedback (H = 5.44, p = 0.070), enjoyment (H = 5.40, p = 0.067), cutios-
ity (H = 2.84, p = 0.242), ease of control (H = 1.80, p = 0.400), or clarity of goal (H = 0.52, p =
0.773). Because multiple constructs were tested, these subgroup comparisons are interpreted as ex-
ploratory, and future work may apply formal adjustments for multiple testing when confirming these
patterns.

Overall, these results suggest that tablet use frequency is associated with several psychosocial (auton-
omy, immersion, mastery, and meaning) and selected functional (audiovisual appeal and challenge)
dimensions of player experience, while differences in ease of control, clarity of goal, progress feed-
back, curiosity, and enjoyment were not statistically significant at the 0.05 level in this dataset. Taken
together, these findings provide an empirical basis for interpreting how children experience tangible
programming games and how prior digital familiarity relates to different dimensions of player experi-
ence. The following section discusses these results in relation to previous research and design consid-
erations.

DISCUSSION

OVERVIEW OF KEY FINDINGS

This study was conducted to address the limited empirical understanding of how children experience
gameplay when interacting with tangible programming games. Overall, the findings indicate that the
TUI-based game generated positive player experiences across functional, psychosocial, and enjoy-
ment dimensions, as measured using the miniPXI, a validated instrument for capturing player experi-
ence consequences (Haider et al., 2022; Harteveld et al., 2020).

From a functional perspective, high scores for audiovisual appeal and progress feedback suggest that
visual clarity and explicit system responses effectively supported children’s interaction with the game,
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in line with prior work on cognitive load and feedback in game-based learning (Chang et al., 2018;
Skulmowski & Rey, 2017). At the same time, comparatively lower ease of control scores indicate that
tangible interaction may involve an initial adaptation phase, reflecting challenges commonly reported
in TUI-based systems that rely on physical input (Marco et al., 2013; Redwan et al., 2025).

In terms of psychosocial experience, high levels of curiosity and immersion point to strong explora-
tory engagement, while positive autonomy and mastery scores suggest that many children experi-
enced a sense of control and competence during gameplay. However, lower perceived meaning high-
lights a potential gap between engagement and explicit conceptual interpretation, a pattern consistent
with prior research showing that conceptual understanding in early programming activities often de-
velops gradually with appropriate scaffolding (Christie, 2022; Tikva & Tambouris, 2021).

Analysis by tablet-use frequency provides additional insight into how prior digital familiarity relates to
player experience. While children with more frequent tablet use tended to report higher scores on
several constructs, enjoyment remained high across all groups, including children with limited tablet
experience. Taken together, these findings suggest that tangible programming games may support ac-
cessible and engaging gameplay experiences for children with diverse levels of digital familiarity,
while also revealing design challenges related to control adaptation and the communication of educa-
tional meaning.

PLAYER EXPERIENCE DIMENSIONS IN A TANGIBLE PROGRAMMING GAME

The functional outcomes observed in this study can be interpreted as evidence that early program-
ming games for children benefit from interface designs that minimize unnecessary cognitive demands
and provide clear, immediate system responses. Research in digital game-based learning has shown
that well-designed game environments can support flow and reduce overall cognitive load compared
to more traditional learning interactions, particularly when visual structure and feedback help learners
stay oriented during tasks (Chang et al., 2018). In embodied learning contexts, measurement work
also emphasizes that cognitive demands can be shaped by the coordination of bodily action and pet-
ception with learning tasks, which is especially relevant in tangible interaction settings (Skulmowski &
Rey, 2017). From this perspective, the high ratings for audiovisual appeal and progress feedback sug-
gest that the game’s visual clarity and responsiveness likely helped children form a stable understand-
ing of what was happening during play, thereby supporting short play sessions in which attention and
working memory resources are limited.

Progress feedback, in particular, can be discussed not only as usability support but also as a learning-
relevant mechanism that encourages iterative reflection. A survey of programming games highlights
that many designs prioritize correctness and task completion, while reflection is often under-sup-
ported during gameplay (Villareale et al., 2020). In contrast, educational approaches inspired by test-
driven development emphasize cycles of “trying, checking, and revising” that move learners from
trial and error toward more reflective problem solving (Edwards, 2004). Interpreted through this per-
spective, strong progress feedback in the present game may have helped children connect action to
outcome in a way that supports iterative reasoning, even when the learning goal is embedded in a
playful format.

The pattern of challenge and clarity of goal can also be interpreted through challenge-skill alignment.
Work on flow and performance anxiety suggests that mismatches between perceived challenge and
perceived skill can undermine optimal experience, while balance supports engagement and sustained
involvement (Fullagar et al., 2013). Within game-based learning, scaffolding and reward mechanisms
have been shown to influence how players approach problem-solving and how dependent they be-
come on support features (C.-T. Sun et al., 2018). Related engagement research also argues that im-
mersive aspects of flow are closely linked to situational interest, while competence-oriented engage-
ment depends on how the game supports learners during tasks (Kiili et al., 2021). Taken together,
these perspectives help explain why children may report a generally appropriate level of task difficulty
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while still exhibiting variability in their experiences. A single difficulty structure can be perceived dif-
ferently depending on individual skills, strategies, and familiarity with digital interaction patterns.

The comparatively lower ease of control outcomes highlight a recurring design tension in tangible
systems. While tangible interfaces promise intuitive, graspable interaction, this advantage can be di-
minished when the physical input device does not align well with children’s motor capabilities or es-
tablished interaction habits. Foundational work on tangible user interfaces emphasizes the value of
coupling digital “bits” with graspable physical objects to enable direct manipulation and embodied
engagement (Ishii & Ullmer, 1997). Similarly, embodied interaction theory argues that effective inter-
action emerges from skilled practice situated in real-world activity, rather than from abstract com-
mand execution alone (Dourish, 2001). However, empirical evaluations of tangible systems for chil-
dren also show that usability depends on carefully integrating system feedback with appropriate facili-
tation and minimizing friction in physical manipulation (Marco et al., 2013). This supports the inter-
pretation that tangible controllers can enhance engagement while still requiring user-centered refine-
ment to improve controllability and consistency, a point repeatedly emphasized in user-centered de-
sign research on tactile and tangible interaction devices (Redwan et al., 2025).

From a psychosocial perspective, the high levels of curiosity and immersion reported by participants
suggest that the game environment may support exploratory engagement and focused attention dur-
ing gameplay. In game-based learning research, curiosity is often associated with intrinsic motivation
and willingness to explore alternative strategies, while immersion reflects a state of focused involve-
ment that supports continued engagement over time (Shi & Shih, 2015). Such engagement patterns
are closely related to flow-related experiences, particularly the immersive and enjoyment-oriented
components of flow that are frequently observed in children’s gameplay (Kiili et al., 2021). Within
this context, tangible interaction may have reinforced experiential engagement by encouraging direct
manipulation and physical involvement, thereby helping children remain attentive and motivated dur-
ing problem-solving activities.

Beyond momentary engagement, autonomy and perceived mastery play critical roles in shaping chil-
dren’s psychosocial experiences in educational programming games. High autonomy scores suggest
that children felt they had meaningful control over their actions, while positive mastery perceptions
indicate that tasks were often experienced as achievable rather than frustrating. However, these con-
structs should not be interpreted as indicators of conceptual understanding. Prior research on pro-
gramming games emphasizes that feeling capable does not necessarily imply that learners develop a
clear mental model of underlying programming principles (Villareale et al., 2020). Similatly, educa-
tional approaches grounded in reflective practice argue that deeper learning emerges when learners
are guided to connect actions, outcomes, and underlying rules through deliberate reflection cycles ra-
ther than relying solely on successful task completion (Edwards, 2004). Interpreted in this way, the
psychosocial profile observed in this study suggests strong motivational support and also points to a
potential gap between experiential success and explicit conceptual meaning,

This interpretation is further reinforced by the comparatively lower scores on perceived meaning.
For young learners, especially in playful, tangible environments, educational content may be framed
primarily as a game rather than as a representation of formal programming concepts. Previous work
has noted that children often interpret programming games from a play-oriented perspective, with
conceptual meaning emerging gradually through repeated exposure, external guidance, or explicit in-
structional prompts (Christie, 2022; Villareale et al., 2020). In this context, the present findings high-
light a key psychosocial design challenge: preserving curiosity and immersion while helping children
recognize the educational relevance of their actions during gameplay. This balance is particularly im-
portant in tangible programming games, where physical interaction can enhance engagement but may
also make abstract concepts less immediately visible if not carefully scaffolded. In addition to func-
tional and psychosocial outcomes, the enjoyment dimension provides important insight into the
overall gameplay experience.
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The enjoyment dimension further complements the functional and psychosocial findings by indicat-
ing that participants generally experienced a positive and engaging interaction with the tangible pro-
gramming game. A high enjoyment score suggests that the combination of tangible manipulation and
visual feedback contributed to a playful and accessible gameplay experience. Notably, the consistently
positive enjoyment scores across participants align with prior research indicating that tangible interac-
tion can enhance engagement by providing a more concrete and physically intuitive way to interact
with programming tasks (Almjally et al., 2020; Melcer & Isbister, 2018). However, variations in enjoy-
ment levels across participants may reflect differences in how easily children adapted to the tangible
controller and interpreted the feedback provided during gameplay. This highlights the importance of
designing interaction mechanisms that not only support usability but also sustain enjoyment across
diverse user backgrounds.

TANGIBLE INTERACTION AND INCLUSIVE PLAYER EXPERIENCE

The group-level patterns by tablet use frequency provide a useful perspective for understanding how
prior digital familiarity relates to children’s gameplay experiences in tangible programming games.
While children with more frequent tablet use tended to report higher scores on several constructs,
enjoyment remained consistently high across all groups. Notably, children who rarely used tablets still
reported strong enjoyment. However, these observations are based on exploratory subgroup compar-
isons, and differences in enjoyment across groups did not reach statistical significance (H = 5.40, p =
0.067). Therefore, the observed pattern should be interpreted cautiously and requires further investi-
gation. This pattern is noteworthy because many educational programming environments implicitly
assume familiarity with screen-based interaction conventions, which can shape how easily children
enter gameplay and engage with programming tasks (Macrides et al., 2022).

One possible explanation is that tangible interaction reduces reliance on previously learned
touchscreen habits and lowers the interactional entry barrier. Foundational work on tangible user in-
terfaces highlights the role of graspable physical objects in supporting direct manipulation and em-
bodied interaction (Dourish, 2001; Ishii & Ullmer, 1997). For children with limited tablet experience,
arranging physical blocks may therefore serve as an accessible entry point, enabling engagement
through familiar actions such as placing, ordering, and adjusting objects rather than performing ab-
stract digital gestures.

A second explanation relates to novelty and curiosity. When children encounter an interaction mo-
dality that differs from everyday screen-based devices, the tangible format may initially amplify inter-
est and enjoyment. Previous research on gamified and playful learning environments has documented
a novelty effect in which unfamiliar interaction styles lead to heightened engagement during early ex-
posure (Tsay et al., 2020). Although the present study did not examine changes over time, the con-
sistently high enjoyment reported by children with limited tablet use is compatible with this account.
This interpretation reflects an observed tendency rather than a confirmed effect and therefore should
be treated as a pattern requiring further validation. Importantly, prior comparative research suggests
that enjoyment in tangible programming environments can remain high even when learning gains or
performance differ, indicating that enjoyment is not simply a function of prior digital skill (Almjally
et al., 2020).

Beyond novelty, the physical nature of tangible interaction may further support enjoyment by making
programming gameplay feel more concrete and developmentally appropriate. Reviews of TUIs in
early childhood contexts emphasize that physical manipulatives can promote playful engagement and
embodiment, supporting motivation even when abstract concepts are still emerging (Baykal et al.,
2018; Rodi¢ & Grani¢, 2022). Empirical studies of educational programming games likewise report
that embodied input can enhance enjoyment and reduce intimidation or anxiety associated with pro-
gramming tasks, particularly for novice learners (Melcer & Isbister, 2018).
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Taken together, these interpretations suggest an experience-oriented view of inclusivity in early pro-
gramming games. Rather than treating prior digital familiarity as a prerequisite for positive engage-
ment, TUI-based designs may serve as accessible entry points that foster enjoyment across diverse
backgrounds. This does not eliminate the design challenges identified earlier, particularly those re-
lated to ease of control and the communication of educational meaning. Instead, the findings point
to a sequencing perspective, in which tangible interaction secures early engagement and enjoyment,
while subsequent design features strengthen conceptual understanding through reflection and scaf-
folding. From this perspective, player experience may serve as a meaningful evaluative lens in relation
to accessibility-related considerations in educational programming games, complementing outcome-
focused assessments.

IMPLICATIONS FOR DESIGN AND EVALUATION

The findings of this study have several implications for the design and evaluation of educational pro-
gramming games for children, particularly those employing TUIs. First, the results suggest that enjoy-
ment and psychosocial engagement can be achieved even among learners with limited prior exposure
to digital devices. This highlights the importance of designing interaction modalities that do not im-
plicitly privilege digitally experienced users. In eatly programming contexts, tangible interaction may
offer a potentially promising entry point by allowing children to engage through physical manipula-
tion rather than relying solely on abstract interface conventions.

Second, the observed pattern of high engagement alongside lower perceived meaning reinforces the
need to distinguish between motivational access and conceptual access in game-based learning de-
signs. While tangible interaction appears effective in supporting curiosity, immersion, and perceived
autonomy, these qualities alone do not guarantee that children will explicitly recognize the educa-
tional purpose of their actions. From a design perspective, this suggests that engagement-oriented
interaction should be complemented by mechanisms that support reflection, such as explicit feed-
back linking actions to programming concepts or structured opportunities for discussion and inter-
pretation. Rather than reducing playfulness to increase instructional clarity, designers may instead
consider sequencing strategies in which engagement is established first and conceptual meaning is
gradually foregrounded.

From an evaluation standpoint, the findings underscore the value of incorporating player experience
measures alongside learning outcomes when assessing educational programming games. Prior re-
search has often emphasized performance-based indicators, which may overlook how accessible or
inclusive an experience feels to different groups of learners. By showing that enjoyment and psycho-
social engagement can vary independently from prior digital familiarity, this study supports a broader
evaluative perspective in which usability, engagement, and affective experience are treated as mean-
ingful indicators of educational quality. Such an approach is particulatly relevant in early program-
ming education, where positive experiences may play a critical role in shaping children’s long-term
attitudes toward computing.

LIMITATIONS AND FUTURE WORK

Despite the positive findings, this study has several limitations that should be considered when inter-
preting the results. First, the evaluation relied on a post-test expetience-based assessment conducted
after a single gameplay session. While this approach is appropriate for capturing immediate player ex-
perience, it does not allow conclusions about the stability of enjoyment, engagement, or perceived
meaning over time. Consequently, the findings reflect short-term experiential responses rather than
longer-term learning trajectories or sustained engagement patterns.

Second, the participants were limited to children aged 6-8 years from a single elementary school.
While this age group is an important target audience for introductory programming education, the
findings may not generalize to children of other ages or in different educational contexts. Future
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work involving more diverse participant groups, age ranges, and educational settings could provide a
broader understanding of how tangible programming games are experienced by different learners.

Third, although tablet use frequency was included as an indicator of prior digital familiarity, this
measure provides only a limited approximation of children’s broader technology experience. Other
factors, such as prior exposure to programming activities, gaming habits beyond tablet use, or class-
room mediation, were not explicitly controlled and may have influenced individual experiences. Fu-
ture work could adopt more detailed measures of prior experience to better clarify the role of digital
familiarity in shaping gameplay and learning processes.

Fourth, the study focused primarily on player experience outcomes and did not directly assess learn-
ing gains or conceptual understanding of programming concepts. While this focus was a deliberate
design choice aligned with the study’s research objectives, it limits the ability to relate enjoyment and
psychosocial engagement to learning effectiveness. Future work could integrate player experience
measures with performance-based and qualitative learning assessments to better understand how en-
gagement, perceived meaning, and learning outcomes interact over time.

Finally, the tangible input device examined in this study represents a single design implementation.
As suggested by the ease of control findings, different tangible forms, sizes, or affordances may pro-
duce different usability and experience profiles. Future work should therefore explore alternative tan-
gible designs and interaction mappings, and further examine the suitability and validation of player
experience instruments, such as miniPXI, for use with young learners. Addressing these aspects
would strengthen the methodological foundation for evaluating player experience in early program-
ming education.

CONCLUSION

This study examined children’s player expetience in a tangible programming game, focusing on func-
tional usability, psychosocial engagement, and enjoyment. By applying a validated player experience
instrument with children aged 68 years, the study provides empirical insight into how young learners
expetrience tangible programming game systems.

This study provides evidence that the tangible programming game examined here was associated with
positive immediate player experiences across functional and psychosocial dimensions. Visual clarity
and progress feedback played an important role in supporting interaction, while tangible manipula-
tion encouraged curiosity, immersion, and a sense of autonomy during gameplay. At the same time,
the results highlight important design challenges, particulatly related to ease of control and the com-
munication of educational meaning, indicating that high engagement does not necessarily translate
into explicit conceptual understanding.

A noteworthy descriptive observation is that children with less frequent tablet use reported high en-
joyment. Because the between-group difference in enjoyment was not statistically significant, this pat-
tern should be interpreted with caution as an exploratory indication that tangible interaction may of-
fer positive gameplay experiences for children with limited prior digital experience. From this per-
spective, the findings may contribute to existing work on tangible programming games by highlight-
ing player experience as a potential evaluative lens in relation to accessibility-related considerations,
rather than focusing exclusively on learning outcomes.

Taken together, this study provides evidence that the tangible programming game examined here was
associated with positive immediate player experiences among children aged 6—8 years and highlights
the value of using a player experience instrument that was previously validated in game research and
adapted for this study. These findings are relevant for researchers, designers, and educators secking
to develop developmentally appropriate programming experiences for young children.
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Future work could build on these findings by examining how player experience relates to learning
outcomes, comparing tangible and graphical versions of educational programming games, testing tan-
gible programming game systems with more diverse participant groups, and further validating player
experience instruments for use with very young learners. Such directions will help clarify how tangi-
ble interaction may support engaging and accessible entry points into early programming experiences,
particularly in eatly programming education contexts.
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