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Abstract
Programming literacy is crucial for current and future gen-
erations of young learners, irrespective of their career paths.
Programming education is thus essential, making teaching
methods and tools to be tailored to the target audience. In
this context, contemporary visual programming environ-
ments, particularly block-based programming, have become
instrumental in introducing programming concepts to young
learners. Educational theories such as Constructionism ad-
vocate an approach centered on the learner to deepen and
motivate learning. In computer science, these theories can
be applied by providing hands-on experiences that connect
computer science to real-life situations through the manip-
ulation or construction of physical and tangible computa-
tional devices. This study explores the impact of creating a
smart object for a smart home using block-based program-
ming on young learners’ attitudes and perceptions toward
programming and their programming skills acquisition. An
introductory programming workshop involved 28 8𝑡ℎ grade
students from a secondary school constructing and program-
ming a smart-lighting object in a smart home setting. Perfor-
mance, attitude, and perception trajectories were assessed
through repeated questionnaires. Our results indicate that
constructing and programming a real-life smart object en-
hances learners’ confidence and programming skills. This
paper contributes to programming education literature by
demonstrating the potential of block-based programming,
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specifically in the context of state-of-the-art smart technolo-
gies, to foster programming skills and develop positive atti-
tudes and perceptions among learners.
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1 Introduction
The proliferation of computing applications has led individ-
uals without a programming background to perform pro-
gramming tasks as part of their work duties. In the United
States, over 12 million individuals claim to perform some pro-
gramming at work, and nearly 50 million rely on databases
and spreadsheets [27]. Seeking ways to help individuals de-
velop programming skills from a young age while keeping a
positive attitude toward their learning process is essential.
Nowadays, and aiming at the aforementioned goal, young
learners often begin their programming learning journey
with visual programming environments (e.g., block-based
environments), designed to reduce syntactical errors and
enable program authoring without extensive programming
knowledge [23, 42, 47, 48]. These environments are preva-
lent in introductory programming courses [49, 51] and work-
shops [23, 42]. Additionally, block-based programming takes
a step further by offering opportunities for learners to im-
plement ideas into tangible objects and real environments,
fostering hands-on experience [21, 23, 30, 43].

This work is licensed under a Creative Commons Attribution 4.0 Interna-
tional License.
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Constructionism advocates learning through constructing
objects or artifacts [28]. In particular, it emphasizes learner-
centred education by encouraging learners to understand ab-
stract concepts through designing personal and meaningful
artifacts [3, 13, 15, 26]. This approach in programming edu-
cation has led to the widespread use of tangible objects and
block-based programming (e.g., Scratch1) for young learners
and inexperienced users [21, 23, 34, 35]. Previous research
highlights the effectiveness of using block-based program-
ming to introduce programming to young learners in various
contexts, including mobile robots [21, 23, 30], computational
textiles [13, 15, 34], and smart homes [14, 43].

We argue that smart homes can have an impact on young
learners by incorporating objects they interact with daily,
potentially leading to more meaningful experiences. How-
ever, the current state-of-the-art shows a limited exploration
of utilizing block-based programming in educational envi-
ronments to program tangible objects in the context of smart
homes. Moreover, there is limited research on how program-
ming such objects impact young learners’ performance, at-
titudes, and perceptions of programming, which is key to
facilitating a sustainable and comprehensive programming
education [32, 44]. This paper addresses this gap by inves-
tigating how block-based programming in real-life smart
homes influences young learners’ programming skills, atti-
tudes, and perceptions towards programming.
To evaluate the impact of constructing smart objects in

smart home contexts using block-based programming on
young learners, we conducted a 2-day non-formal program-
ming workshop for 28 8𝑡ℎ grade students (ages 12–14). The
workshop aimed to allow students to construct and program
smart-lighting objects for integration into a smart home
environment. Using a Block-Based Programming Environ-
ment (BBPE) based on Google Blockly [8], the goal was to
enhance young learners’ programming skills, attitudes, and
perception toward programming by connecting the smart-
lighting objects with real-life smart homes. The block-based
programming application simplified programming complex-
ity, helping learners grasp fundamental concepts and author
programs. Learners used the programming application to
connect a micro-controller to the smart home server and read
data from various sources to construct the smart-lighting
object. The path of learners’ attitudes and perception to-
ward programming based on repeated quantitative and open-
ended qualitative questionnaires (based on Weintrop and
Wilensky’s study [51]) was examined at the programming
workshop’s beginning, middle, and end. Furthermore, we
assessed their programming performance at the workshop’s
beginning and end using two computational thinking tests
(based on Lewis’ study [19]). Based on our results, we iden-
tified that using a real-life smart home positively impacts
learners’ programming performance and potentially their

1https://scratch.mit.edu

confidence toward programming tasks. However, current
results do not provide clear conclusions about their interest,
enjoyment, and perception of programming.
The remainder of the paper is structured as follows. Sec-

tion 2 introduces our conceptual background and related
work revolving around block-based programming and the
use of tangible smart objects in programming education. In
Section 3 and Section 4, we describe the study’s research
setting and its results, respectively. We wrap up the paper
by presenting a discussion of the main results of the study
in Section 5, and it conclusions in Section 6.

2 Background and Related Work
This section provides an overview of BBPEs and educational
literature on tangible and smart objects and environments.

2.1 Block-based Programming Environments
Visual block-based programming has been used to enable
inexperienced users and young learners to learn and author
programs with little training [5, 11, 12]. In recent years, nu-
merous BBPEs have been introduced for young learners to
program on-screen animations [23, 35], mobile-based appli-
cations [38], micro-controllers [20, 31, 46], and other pro-
grammable tangible objects [23, 25]. These environments
reduce the complexity of programming for learners by using
visual blocks to generate code syntax. This approach reduces
syntax errors and eases the manipulation of code structures,
and, therefore, they are widely used to teach programming,
in particular, to young learners [1, 2, 16, 17, 33, 50].

2.2 Tangible Smart Objects in Programming
Education

One important feature in learning programming, especially
for young learners, is to enable them to understand how pro-
gramming and computer science are relevant to their daily
life [6, 23, 44]. Rooted in Constructionism [28], programming
tangible objects has a long history in education [4, 36], and
meanwhile, countless programmable kits and computational
textiles (e.g., wearable devices) are on the market and have
entered into educational institutions [6, 23, 39, 52]. When
following a constructionist approach, young learners learn
by designing and constructing interactive and tangible ob-
jects that are personally meaningful to them [23, 37]. Thus,
researchers and educators create introductory programming
environments to support the acquisition of programming
skills through designing and constructing tangible objects.
In the Computer Science Education (CSE) research com-

munity, several studies tried to investigate various forms of
smart devices such as robots [21, 24, 26, 30], smart wearable
devices [7, 9, 15, 34], and smart homes [14, 40] to motivate
young learners and show them how modern technologies
relate to their daily life. When it comes to constructing smart
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objects in smart home contexts—the focus of this article—
previous studies have either investigated smart home top-
ics that might attract female developers into the software
industry [15, 43], or; develop block-based programming ap-
proaches (e.g., application, training session) to enable the
programming of smart homes without assessing their im-
pact on young learner’s attitude and perception [42]. Thus,
relatively little attention has been devoted to the potential
impact of programming tangible objects in smart home con-
texts using BBPE on young learners’ performance, attitude,
and perception toward programming.

2.2.1 Mobile robot programming. Robots are one of the
most common tangible and smart devices used for educa-
tional purposes. The literature reports that mobile robots are
effectively used as a tool to generate positive interest and
improve learning among young learners [21, 30, 32]. Parama-
sivam et al. [30] explored the use of mobile robots as a tool for
suited reflection in elementary school programming courses.
Martinez et al. [21] enabled preschool and elementary school
learners to program and control the behavior of Arduino
boards in the context of N6 robots. Furthermore, Przybylla
and Romeike [32] presented creative learning environments
for young students, using programmable kits (e.g., LEGO
Mindstorms as a robotic toolkit) to offer a hands-on experi-
ence that can be used to develop a constructionist computer
science curriculum with physical computing. The results
show that learners were highly engaged in robot program-
ming, and researchers successfully established confidence
among the learners that robot programming is interesting.
However, no information was provided on whether this ap-
proach enabled them to have a higher intention of learning
programming.

2.2.2 Smart home programming. Another approach is
to use smart homes and living labs to motivate young learn-
ers in learning programming and foster their interest in
computer science. The main goal of using smart homes
is to provide exposure to hands-on programming experi-
ences in programming training sessions [10, 14, 43]. Thus,
young learners can both participate in and experience new
technologies which are adapted to technical equipment, as
well as learn basic programming concepts in the context of
smart homes. Katterfeldt and Dittert [14] reported on three
co-design workshops where young female learners created
ideas related to smart homes, and implemented them on a
doll house. Still, a key challenge with the use of real-life
smart homes is that young learners can only perform limited
actions in the environment. For instance, Seraj et al. [42]
used real-life smart homes as a medium to teach basic pro-
gramming skills to young learners, where they were able
to produce and deploy pieces of code that can be applied to
smart homes. However, the range of activities was limited
because they focused only on block-based programming to

control the smart home itself, using written documents with
work examples and instructional procedures. They did not
involve students in constructing and programming tangible
objects to integrate into the smart home. Hence, further re-
search is warranted in this domain, particularly exploring
how students can utilize block-based programming to con-
struct and program smart objects suitable for integration
into smart home systems.

Regardless of the specific approach, the open challenge lies
in supporting young learners to grasp basic programming
concepts and cultivate a positive attitude toward program-
ming. Visual BBPEs, known for simplifying programming
complexity for young learners [41, 48, 51], are insufficient on
their own to connect programming with its impact on daily
life. While smart environments demonstrate the relevance of
programming to daily needs, they may not be fully accessible
for young learners to create applications.

3 Research Setting
This study experimentally explores the following Research
Question (RQ): How does the construction of a smart device in
the context of a smart home, using a block-based programming
environment influence young learners’ programming skills, at-
titudes, and perception toward programming? To answer our
RQ, we conducted a 2-day non-formal programming work-
shop, incorporating two computational thinking tests and
three questionnaires. The workshop was extra-curricular
and independent of their regular curriculum2. We evaluate
learners’ performance using Lewis’ approach [19], focus-
ing on basic computational concepts: variables, loops, and
control-flow statements (conditions and logical operators).
Computational thinking tests were conducted at the begin-
ning (PreCTT) and end (PostCTT) of the workshop. Addi-
tionally, we conduct three questionnaires to assess young
learners’ attitudes and perceptions toward programming. Ad-
ministered at the beginning (PreQ), middle (IntermediateQ),
and end (PostQ) of the workshop, the questionnaires utilized
a 5-point Likert Scale and open-ended questions. In accor-
dance with Weintrop and Wilensky’s study [51], learners’
attitudes in all questionnaires were measured in terms of
confidence, interest, and enjoyment in future programming
learning opportunities.

3.1 Overview of the Smart Home
The smart home considered in this study has 60 m2 and
serves as an automated living lab, featuring smart elements
like a height-adjustable sink, wardrobe suggesting outfits,
voice recognition, and smart mirror and fridge. Designed for
trial living, it caters to the elderly and those with physical or
cognitive impairments, equipped with actuators in charge of
translating electrical signals into physical events (e.g., doors

2Students did not receive any grades based on their performance during
the workshop.
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Figure 1. Screenshot of the programming application interface.

and lights) and sensors responsible for translating physical
events into electrical signals (e.g., lighting and temperature).
Remote control is facilitated via a RESTful HTTP interface
of the smart environment. In our programming workshop,
students connect to the smart home’s server using a WeMos
D1 mini board. Afterward, students can construct a smart-
lighting object by reading generated data and programming
lights and an OLED display to react to such data. We choose
WeMos D1 mini board for its compact Wi-Fi functionalities
enabling easy prototyping, and OLED display for showing
numerical and string values.

3.2 Block-based Programming Application
In this study, we utilize BEESM [41, 45] to generate Arduino
code for programming the WeMos D1 mini board connected
to our smart home. The resulting code is generated by com-
bining blocks, which are at the top level of the program.
When the learner runs the program, the generated code is
directly uploaded into the micro-controller. To enhance the
user interface for our target students, we modify BEESM
to have a full vision of four panels (see Figure 1): the Block
Panel with a block workspace and categories (see Figure 1a
and Figure 1b), the Code Panel displaying the generated code
(see Figure 1c), the Output Panel for program output, errors,
and the compile/upload process (see Figure 1c), and the 2D
Graphical Panel presenting a view of the smart home’s status
(see Figure 1d).

3.3 Study Design and Data Collection Strategy
The PreQ comprises eight 5-point Likert scale questions (Q1–
Q8), two "yes-no" questions (Q9 and Q10), and two open-
ended questions (Q11 and Q12). It records learners’ attitudes
toward programming, incorporating Likert Scale questions
from Weintrop and Wilensky’s study [51] (considered Q1
to Q6) with additional questions relevant to our research.
Learners’ prior experience with block-based programming
and micro-controllers is captured through the "yes-no" ques-
tions. Two open-ended questions inquire about learners’
intentions for the programming workshop and their percep-
tion of computer programming (see Table 1).
The IntermediateQ consists of (1) a 5-point Likert scale

question (Q1) measuring learners’ perception of using a tan-
gible object and making it smart; (2) eight Likert scale ques-
tions (Q2–Q9) measuring attitudes toward programming;
and (3) two open-ended questions (Q10–Q11) for learners’
workshop feedback. The attitudinal questions mirror those
in the PreQ, with slight wording changes in two questions:
"do you think you will be successful in this workshop?" to "do
you think you were successful in this workshop?", and "would
you like to learn how to program?" to "would you like to learn
more about programming?" (see Table 1).
The PostQ includes all IntermediateQ questions and two

inquiries about learners’ gender and age. Notably, the ques-
tion "do you think it is useful if you program a real object?
(e.g., the LEDs light up)" is changed to "do you think it would
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Table 1. Questionnaires

Pre Questionnaire (PreQ) Intermediate Questionnaire (IntermediateQ)
# Question # Question

Q1 Do you think you are good at
programming? Q1 * Do you think it is useful to program a

real object? (e.g., the LEDs light up)

Q2 Do you think you will be successful
in this workshop? Q2 Do you think you are good at

programming?

Q3 Do you think programming is fun? Q3 Do you think you were successful in
this workshop?

Q4 Do you like programming? Q4 Do you think programming is fun?
Q5 Are you excited about this workshop? Q5 Do you like programming?

Q6 Do you think programming is
difficult? Q6 Are you excited about this workshop?

Q7 Are you interested in programming? Q7 Do you think programming is difficult?

Q8 Would you like to learn how to
program? Q8 Are you interested in programming?

Q9 Have you ever worked with a micro-
controller (e.g. Arduino)? Q9 Would you like to learn more about

programming?

Q10 Have you ever worked with a block-
based programming environment? Q10 * What did you particularly like about

the first workshop day?
Q11 I find programming ... Q11 * What did you particularly dislike

about the first workshop day?Q12 What do you think of this workshop?

be useful if you programmed a real smart object? (e.g., per-
form actions based on sensor information)". Additionally, the
open-ended questions "what did you particularly like/dislike
about the first workshop day?" are changed to "what did you
particularly like/dislike about the workshop?" in the PostQ
(see * in Table 1).

We assess learners’ performance in basic computational
concepts through PreCTT and PostCTT, each comprising a
computational thinking exam with two gap-filling and seven
open-answer questions.3 Each question carries one point,
except Q6, which had two points for mentioning both LED
colors, making the maximum score for each test 10 points.
Learner responses are independently evaluated by two re-
searchers for consistency. Q1 and Q6 test understanding of
"variables," Q2, Q3, and Q9 examine "control-flow statements,"
while Q4, Q5, Q7, and Q8 focused on "loops." PreCTT and
PostCTT are slightly different. The variations in PreCTT and
PostCTT ensure careful consideration of block programs and
accurate responses. The open-ended responses are subjected
to analysis by two researchers independently, utilizing an
open-coding technique. Each researcher identifies and cat-
egorizes themes within the responses. Following an initial
round of coding, the researchers engage in a collaborative
discussion to reconcile any discrepancies and reach an agree-
ment on the final coding labels. This iterative process ensures
the validity and reliability of the coding framework employed
in the analysis.

3.4 Participants
A total of 28 8𝑡ℎ grade students (22 boys, 6 girls; ages 12–
14) from a secondary school participated in our 2-day non-
formal programming workshop. During the workshop, we
focused on learning to program using BEESM for smart ob-
jects in the context of smart homes. Prior to the workshop,
we communicated with the school teacher and headmas-
ter, outlining the project’s objectives and seeking consent

3See supplementarymaterial at https://figshare.com/s/375671e99b54c2008a7d
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Figure 2. Procedure of the programming workshop.

for student participation. Participation was voluntary, with
students selected based on interest, teacher’s suggestions,
and parental consent from those enrolled in programming-
related courses. The teacher facilitated communication and
brought interested students to the workshop. All data collec-
tion and analysis were conducted anonymously and confi-
dentially.
The school, teacher, and parents were informed about

study protocols, with parental consent obtained for students’
participation. German Research Center for Artificial intelli-
gence (DFKI) provided all necessary equipment, including
computers and components, as well as the smart home. All
participating students had prior experience with a BBPE
(Scratch) as part of their curriculum. Six students (all girls)
indicated that they worked with a micro-controller (Arduino
board) in another one-day extra-curricular workshop, while
the remaining 22 students (all boys) did not have prior ex-
perience with it. Notably, neither Scratch nor Arduino is
employed in our workshop.

3.5 Procedure
The workshop was conducted by an instructor directly hired
by the research center funding the study. Each daily session
of the six-hour workshop included a 90-minute break. The
participants were allowed to make their self-made teams of
size 2 or 3. As a result, 10 teams were formed by the stu-
dents themselves. It is noteworthy that all female students
opted to team up together, while male students grouped with
each other. Students worked collaboratively on the program-
ming tasks within their formed teams. All students individ-
ually completed PreQ, IntermediateQ, PostQ, PreCTT, and
PostCTT. Oral explanations and prepared slides were em-
ployed daily, complemented by supplementary documents
detailing components and programming blocks. These mate-
rials served as aids, reducing instructor effects.4 The descrip-
tion of the topics and activities covered during the workshop
are as follows (see Figure 2):
4Wemake our prepared slides and other supplementary documents available
at https://github.com/projekt-smile/Smartes-Stimmungslicht
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First Day: Each student began the session by complet-
ing the PreQ and PreCTT assessments. Following this, they
received an overview of block-based programming, which
they would utilize to accomplish a series of programming
tasks. These tasks guided them through the creation of a
smart-lighting object using data generated by the smart home
system. Next, students were introduced to the block-based
programming application. Each group was supplied with ba-
sic components including WeMos boards, LED lights, OLED
displays, cables, and mini breadboards, along with concise
instructions for connecting and assembling them. In the ini-
tial programming task, students learned how to program
the WeMos board to manage an OLED display and display
alphanumeric values in various cursor positions. Following
this, for the second programming task, they were requested
to program the WeMos board to control LED lights using
blocks linked to the RGB coloring model, enabling them to
change the lights’ colors. Students were asked to explore
corresponding blocks in the programming application and
then to fill in the IntermediateQ. The session concluded with
an introduction to the smart home environment, where all
objects such as lights, doors, and sensors, along with their
respective functionalities, were explained to help students
identify different smart items and understand their function-
alities in the smart home.

Second Day: At the beginning of the second day, each
student group was tasked with presenting and sharing the
workings of WeMos boards, OLED displays, and LED lights
with their peers and other groups. Additionally, a review
of various smart items within the smart home environment
was provided. In addition to the RGB coloring model, using
WeMos boards and OLED displays, the basic computational
concepts introduced in this session were variables, loops, and
control-flow statements. For the third programming task, stu-
dents acquired the skills to develop programs for WeMos
boards, facilitating their connection to the smart home server,
data retrieval, and variable assignment. Subsequently, as part
of the fourth programming task, students started program-
ming the WeMos board to control the behavior of OLED
displays and LED lights in response to the data generated
by the smart home. Following this, students formed small
groups of 2–3 members and brainstormed ideas, envisioning
how they could design artifacts with LED lights and displays
to be embedded in the smart home ecosystem. They were
required to think of how the LED lights and displays in their
object should communicate and react to the data generated
by different items in the smart home. Furthermore, students
designed the layout of the artifacts for their smart-lighting
object and implemented their project functionality utilizing
the programming concepts in WeMos boards. The smart-
lighting objects and the number of groups that made each
object are: (i) communicating with the smart mirror–four
groups, (ii) communicating with the light and temperature

(a) Interacting with smart mirror (b) Reacting to the status of sensors

Figure 3. Samples of constructed "smart-lighting object" by the
students.

sensors–3 groups, (iii) reacting to the status of lights and
doors–2 groups, and (iv) reacting to the status of TV volume–
1 group. Figure 3a shows an example of the communication
with the smart mirror, where learners program the micro-
controller to display different colors and information on the
smart-lighting object based on facial expressions detected
by the mirror. Also, Figure 3b demonstrates the constructed
smart-lighting object reacting to the status of lighting sensors.
By the conclusion of the second day, students completed the
PostQ and PostCTT assessments. The workshop wrapped
up with a presentation detailing the characteristics and func-
tionalities associated with each lighting object.

4 Results
This section is divided into three parts addressing young
learners’ programming skills, attitudes, and perceptions. First,
results from an analysis of the students’ responses to the
computational thinking tests, PreCTT and PostCTT, are pre-
sented in Section 4.1. Second, results from an analysis of
the PreQ, IntermediateQ, and PostQ questionnaires are pre-
sented in Section 4.2, looking at the students’ confidence,
enjoyment, and interest in future programming learning op-
portunities. Finally, in Section 4.3, students’ perception of
constructing and seeing the impact of their programs on a
tangible smart object is reported. Central tendency and vari-
ability statistics of all results are presented and summarized
in Table 2 (performance) and Table 3 (attitudes and percep-
tion). In particular, we introduce minimum and maximum
values, as well as the first quartile (Q1), median (Q2), third
quartile (Q3), mean, and standard deviation (SD).

4.1 Programming Skills
In Table 2, we present the results obtained by the partici-
pants in PreCTT and PostCTT. Both the mean and median
(𝑀) reveal an increase in the overall performance of the
group, however, a paired-sample t-test (assuming normal-
ity) is required to verify the significant difference between
the distributions. To ensure the data adheres to normality
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Table 2. Participants’ programming performance based on PreCTT
and PostCTT (Q: Quartile and SD: Standard Deviation)

Min Q1 Q2 Q3 Max Mean SD

PreCTT 0.00 2.00 3.50 5.00 8.00 3.36 2.22
PostCTT 0.00 2.75 5.00 6.00 9.00 4.43 2.64

assumptions and that the pair differences exhibit an approx-
imately normal distribution, we conducted the Shapiro-Wilk
test considering the residuals between the two distributions
and a significance level 𝑎𝑙𝑝ℎ𝑎 = 0.05. The results of the test
(𝑊 = 0.97 | 𝑝 = 0.56) suggest that data distributions of the
PostCTT and PreCTT results behave like a normal distribu-
tion given that 𝑝 > 𝑎𝑙𝑝ℎ𝑎 (0.56 > 0.05). We now conduct a
paired-sampled t-test with a significance level 𝑎𝑙𝑝ℎ𝑎 = 0.05.
The results (𝑡 (28) = 2.69 | 𝑝 = 0.012) show that students
performed significantly better in PostCTT compared to the
PreCTT as 𝑝 < 𝑎𝑙𝑝ℎ𝑎 (0.012 < 0.05).

4.2 Attitudes Toward Programming
This section looks at the students’ attitude in terms of confi-
dence (Section 4.2.1), interest (Section 4.2.2), and enjoyment
(Section 4.2.3) based on the results obtained from the PreQ,
IntermediateQ, and PostQ questionnaires. The results are pre-
sented in Table 3. In particular, we aim to identify if there is
a significant difference in the students’ attitudes at different
moments of the workshop. The following analysis relies on
the Friedman test, a non-parametric test well-suited for small
sample sizes involving more than two distributions (three
questionnaires), to assess potential significant differences
among them. We consider a significance level 𝑎𝑙𝑝ℎ𝑎 = 0.05.
In case the Friedman test indicates a significant difference
among the distributions, we perform a post-hoc Nemenyi test
to determine which specific distributions differ from each
other. We also consider the Benjamini-Hochberg correction
to control for False Discovery Rate (FDR) when dealing with
multiple tests by adjusting p-values (denoted 𝑝ℎ𝑏 ).

4.2.1 Confidence. With respect to students’ confidence,
we measured their responses to the three questions in PreQ
(Q1, Q2, and Q6), IntermediateQ (Q2, Q3, and Q7), and PostQ
(Q2, Q3, and Q7). Concerning the question of whether they
think that they are Good at programming, the Friedman test
indicates a significant difference among the distributions
given that 𝑝 < 𝑎𝑙𝑝ℎ𝑎 with 𝑝 = 0.014. We then perform
the Nemenyi test between distribution pairs. However, for
all three comparisons p-values were greater than the cho-
sen alpha—that is, 𝑝 = 0.306 (𝑝𝑏ℎ = 0.459) between PreQ
and IntermediateQ, 𝑝 = 0.082 between PreQ and PostQ
(𝑝𝑏ℎ = 0.247), and 𝑝 = 0.761 between IntermediateQ and
PostQ (𝑝𝑏ℎ = 0.761). With respect to the question of whether
they think that they will be/were Successful in the workshop,
in general, students indicated amedium level of confidence in

Table 3. Participants’ attitude and perception based on PreQ, Inter-
mediateQ, and PostQ (Q: Quartile and SD: Standard Deviation)

Question Questionnaire Min Q1 Q2 Q3 Max Mean SD

Confidence

Good at
programming

PreQ 1.00 3.00 3.00 3.25 5.00 3.11 0.90
IntermediateQ 1.00 3.00 4.00 4.00 5.00 3.43 0.90
PostQ 1.00 3.00 4.00 4.00 5.00 3.54 0.73

Successful in
the workshop

PreQ 2.00 3.75 4.00 4.00 5.00 3.75 0.69
IntermediateQ 2.00 3.75 4.00 5.00 5.00 4.07 0.92
PostQ 3.00 4.00 4.00 5.00 5.00 4.07 0.70

Programming
is difficult

PreQ 2.00 2.00 3.00 4.00 5.00 3.22 1.07
IntermediateQ 1.00 2.00 3.00 4.00 5.00 2.93 1.21
PostQ 1.00 2.50 3.00 4.00 5.00 3.26 1.14

Interest

Interested in
Programming

PreQ 2.00 4.00 5.00 5.00 5.00 4.43 0.78
IntermediateQ 2.00 4.00 5.00 5.00 5.00 4.36 0.85
PostQ 2.00 4.00 5.00 5.00 5.00 4.32 0.93

Learn how
to program

PreQ 3.00 4.00 5.00 5.00 5.00 4.43 0.68
IntermediateQ 2.00 4.00 4.00 5.00 5.00 4.25 0.87
PostQ 1.00 3.75 5.00 5.00 5.00 4.18 1.14

Enjoyment

Programming
is fun

PreQ 3.00 4.00 5.00 5.00 5.00 4.61 0.62
IntermediateQ 3.00 4.00 5.00 5.00 5.00 4.64 0.61
PostQ 3.00 4.00 5.00 5.00 5.00 4.57 0.68

Like
programming

PreQ 3.00 4.00 5.00 5.00 5.00 4.68 0.54
IntermediateQ 2.00 4.00 5.00 5.00 5.00 4.46 0.86
PostQ 3.00 4.00 5.00 5.00 5.00 4.54 0.73

Excited about
the workshop

PreQ 3.00 3.00 4.00 4.50 5.00 3.89 0.79
IntermediateQ 1.00 3.50 4.00 5.00 5.00 3.89 1.03
PostQ 2.00 4.00 4.00 5.00 5.00 4.15 0.80

Perception

Programming a
Smart Object

IntermediateQ 1.00 4.00 5.00 5.00 5.00 4.30 1.05
PostQ 2.00 4.00 4.00 5.00 5.00 4.26 0.80

all three questionnaires (𝑀 = 4). The Friedman test indicates
no significant difference between the datasets (𝑝 = 0.241).
Concerning the Programming is difficult questions, the stu-
dents experienced a medium level of difficulty in program-
ming throughout the workshop (𝑀 = 3). The Friedman test
indicates no significant difference among the distributions
(𝑝 = 0.113).

4.2.2 Interest. To measure students’ interest in program-
ming, they responded to the two questions in PreQ (Q7 and
Q8), IntermediateQ (Q8 and Q9), and PostQ (Q8 and Q9).
Most students showed a high tendency (𝑀 ≥ 4) toward pro-
gramming and learning how to program from the beginning
until the end of the workshop for all questionnaires. The
Friedman test shows no significant result among the distri-
butions throughout the workshop, 𝑝 = 0.657 for Interested
in programming and 𝑝 = 0.404 for Learn how to program.

In the open-ended question "I find programming..." in PreQ,
26 students associated programming with a positive attitude,
except one who called it "boring", and one did not give any
answer. Most of students (16) found it "very interesting", "in-
teresting", or "fascinating"; others responded: "cool", "great",
"good", etc. Four students additionally reasoned that pro-
gramming allows them to be creative; for example "good
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and interesting, because you can let your creativity run freely".
This question was not asked again in IntermediateQ and
PostQ and it was replaced by the two questions regarding
the programming workshop. This introduces a shift in the
questionnaire structure and prompts further exploration into
the evolving attitudes toward programming over time.

4.2.3 Enjoyment. With respect to students’ enjoyment,
we measured their responses to the three questions in PreQ
(Q3–Q5), IntermediateQ (Q4–Q6), and PostQ (Q4–Q6). In all
questionnaires, students indicated a high level of enjoyment
for programming in terms of Programming is fun, and Like
programming (𝑀 = 5). The Friedman test shows no signifi-
cant statistical differences among the distributions through-
out the workshop, 𝑝 = 0.761 for Programming is fun and
𝑝 = 0.815 for Like programming. When the students were
asked whether they are/were Excited about the workshop,
they reported a middle level of excitement for all question-
naires (𝑀 < 4). The Friedman test indicated no significant
result was obtained among the groups (𝑝 = 0.410).

Students were also required to respond to the open-ended
question "what do you think of this workshop?" in PreQ. In
IntermediateQ and PostQ, students were asked what they
like about the first day and about the workshop in general,
respectively. In PreQ, 10 students did not answer the ques-
tion or wrote that they do not know it. Among the remaining
18 students, three mentioned that they "appreciate the work-
shop offer", and three were "excited" or "interested" about the
workshop. Other 12 students addressed different thoughts;
for instance, "I think it is good", "it sounds interesting to me",
"the importance of programming for their future", or "having
insights into smart homes".
Students’ expectations toward the end of the workshop

appeared positive. 25 students answered the question in In-
termediateQ. Working with "LED lights" or "displays" was
mentioned by eight students, and "programming" was ad-
dressed by seven of them. The scope of action (e.g., opportu-
nities to be creative) was mentioned by three; other answers
(7) were "fun", "everything", or "the instruction and explana-
tion". In PostQ, five students mentioned the "scope of freedom
in working", five "programming", seven "constructing or dec-
orating the tangible objects", and four addressed the "smart
home". Other students (5) wrote other statements, such as
the "the programming application" (2), "explanation" (2), or
"everything" (1); two students did not answer.
In IntermediateQ and PostQ, students were asked what

they did not like about the first day and about the work-
shop in general, respectively. In IntermediateQ, six students
complained about the "length" of the workshop. They also
pinpointed there was too much "repetition", resulting in a
"boring" setup. Among the rest of the students, six com-
plained about "too much explanation", and that they would
like to "experiment more". In PostQ, six students mostly com-
plained about the "missing variety of tasks"; for example,

they indicated that it is better to divide the programming
tasks, or providemore tasks. Likewise, two students still were
not happy with "too much explanation" and two complained
about "programming".

In summary, the opportunity to work on personally mean-
ingful projects within the smart home, as well as program-
ming, did not alter the high level of enjoyment among the stu-
dents. However, via the intermediate and post-questionnaires,
we identify points of improvement when it comes to the
workshop length, the instruction style (e.g., time for explana-
tion versus practice), and the variety of programming tasks
and their corresponding difficulty level.

4.3 Perception Toward Programming
Concerning programming a tangible object (Q1 in Interme-
diateQ and PostQ), most students expressed a high level of
usefulness (𝑀 = 5 in IntermediateQ and 𝑀 = 4 in PostQ).
No significant difference occurred among the distributions.
In terms of these scores, most students indicated a high
usefulness level for programming a tangible object in Inter-
mediateQ and programming a real smart object in PostQ.

5 Discussion
In this study, young learners utilized block-based program-
ming to grasp basic computational concepts and apply them
to construct a personally meaningful smart-lighting object
within a smart home. In the following sections, we discuss
how this study sheds light on how this constructionist ap-
proach might influence young learner’s programming perfor-
mance, attitude, and perception, becoming a stepping stone
to filling in the current research gap. Particularly, we delve
into the impact of this experience on learners’ acquisition of
programming skills, attitudes, and perceptions toward pro-
gramming. Further, the limitations of this study and future
lines of research will be outlined.

5.1 Impact on Programming Skills
After comparing the differences between the pre-workshop
and the post-workshop results, we identified a statistically
significant difference in the students’ scores. These results
show potential for the use of the construction of smart ob-
jects in programming skills acquisition. This is further rein-
forced by the students’ positive feedback towards the conclu-
sion of the workshop. They expressed appreciation for the
freedom to work on programming, delve into smart home
concepts, and engage in constructing tangible smart objects.

Our main takeawaymessage is that experiencing program-
ming in the realm of smart technologies can allow young
learners to understand programming better, significantly im-
proving students’ programming skills. This study focuses
on fundamental programming skills including variables and
assignment statements, for and while loops, and control-
flow statements like the if statement. Our results cannot
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directly attribute the acquisition of such skills to program-
ming real objects in smart homes or the construction of smart
objects. Further research is thus required to identify the cor-
relation between block-based programming in real-life smart
homes and the young learner’s performance, learning atti-
tudes, and perception towards programming. This can be
implemented by, for instance, introducing a control and ex-
perimental group and accounting for significant differences
between them at different points during the young learn-
ers’ learning path rather than focusing only on the students’
improvement after the intervention (via the smart-objects
programming workshop).
Arguably, programming real objects in smart homes can

establish a collaborative learning environment where stu-
dents co-design and create tangible objects, using their de-
sign and construction activities as a vehicle for learning [22].
This argument is in line with findings from other studies [16]
and the premises of educational theories and models such as
Constructionism [29] and learning by design [18]. These the-
ories advocate the indispensable role of design and making
activities in deepening students’ conceptual understanding
and providing a meaningful context for their learning.

5.2 Impact on Attitudes and Perception Toward
Programming

When it comes to young learners’ attitudes toward program-
ming, our findings indicate a general interest and enjoyment
in programming among students before, during, and after
the workshop. Qualitative findings suggest that enjoyment
among students stems from the creative construction of the
smart-lighting object and the application of their newly ac-
quired programming skills to program it. Conversely, when
it comes to confidence, students perceived programming as
somehow challenging throughout the workshop with a mild
(non-significant) increase in confidence as the study pro-
gressed. These results align with their computational test
performance, which demonstrated a significant improvement
between the beginning and end of the workshop.
These attitudes are similar to the ones reported in [15,

34], where computational textiles construction activities can
increase students’ confidence and enjoyment in dealing with
technology and working with electronics and programming.
However, confidence decreased at the end of the second day
compared to the first day of the workshop, coinciding with
increased perceived difficulty in programming.
Further studies are thus required to assess the correla-

tion between difficulty and students’ attitudes—in terms of
confidence, interest, and enjoyment—and perceptions. More-
over, there are no conclusive positive results when it comes
to evaluating young learners’ perceptions of programming
when using these learning contexts. This might be related to
the relatively short timeframe of the workshop (i.e., 2 days),
making it difficult to observe any significant change in the
attitude and perception of the students.

5.3 Limitations and Future Work
In this study, we identified five main limitations. Addressing
these can outline future lines of research within this context.
The first limitation is the gender disparity among partici-
pants, which was beyond the researchers’ control due to the
school teacher’s recruitment. To mitigate this, we consider
that researchers must be involved in the recruiting process
in our future work, ensuring that efforts are made to tar-
get girls. Additionally, selecting a gender-balanced sample
should be prioritized. A similar limitation is that all partic-
ipants were from the same school and already interested
in learning programming, potentially impacting the results
related to attitudes and perception. Therefore, we seek to
address it in our future work by offering rewards and incen-
tives to students who are not necessarily interested upfront
in programming. The third similar limitation concerns the
small sample size (28 8𝑡ℎ grade students), which can limit the
generalizability of our findings. While we tend to expand the
scope of this work, having a larger sample size is our primary
concern and should be addressed in future iterations.

The fourth limitation concerns the limited diversity of pro-
gramming tasks and the workshop’s duration. Moreover, due
to high costs, the practicality of constructing smart objects
in the classroom is limited to a few privileged educational
contexts. Comparing the effects of using a smart home ver-
sus more affordable artifacts like robots or smart textiles in
different educational contexts would also be an intriguing
avenue for exploration. Lastly, the fifth limitation arises from
the short interval between completing the pre-, intermediate,
and post-questionnaires, all containing almost the same ques-
tions (e.g., identical titles and numbers). This proximity in
time and similarity in questions may cause students to recall
their responses from the pre- or intermediate questionnaires
when completing the post-questionnaire, potentially biasing
their answers. One strategy to mitigate this limitation is to
reorder, reverse, or reformulate the same questions in these
questionnaires. Additionally, the mid- and long-term effects
of using BBPE to program smart objects on young learners’
attitudes and perceptions will not be noticeable, resulting in
a research gap to be investigated in the future.

6 Conclusions
Acquiring programming skills is becoming vital for young
learners, emphasizing real-life programming applications. In
this paper, we argue that this can be achieved by using block-
based programming to implement smart objects in smart
home environments, advocating a constructionist approach.
We assess our hypothesis on a 2-day workshop involving 28
8𝑡ℎ-grade students, where we assess learners’ performance,
attitudes, and perception, pre- and post-integration of block-
based programming in smart home contexts. Our results un-
veil insights into their grasp of computational concepts and
attitudes toward programming. Particularly, these findings
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suggest that smart homes enrich introductory programming,
providing a meaningful application domain that positively
impacts young learners’ programming skills. The next step
involves designing and conducting more research to clearly
identify the influence of smart object construction on the
programming learning trajectory of young learners. After
that, researchers and educators can assess how these avenues
can be applied in introductory programming courses.
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