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The integration of digital tools into physics education offers new opportunities to en- Key words:
hance student engagement, support differentiated instruction, and facilitate hands-on  physics education,
learning. Despite the growing availability of such tools, educators often face challenges  educational technology,

in selecting and implementing platforms that align with pedagogical goals and class- digital tools in

room realities. This study aims to provide a structured overview of online educational  education, online
tools relevant to secondary-level physics instruction, focusing on their categorization learning platforms,
by functionality and potential classroom use. A preliminary review was conducted instructional software.

to identify and classify tools based on core features such as content delivery, assess-

ment, collaboration, and simulation. A pilot study and two educator workshops were

used to illustrate practical integration strategies and gather initial feedback from tea-

chers. The findings highlight the value of platform consolidation, the importance of

usability and accessibility, and the need for inclusive materials. The categorization

framework and illustrative cases offer practical guidance for teachers designing their =~ Received 5/2025
own lessons and selecting tools purposefully. Future research will explore Al-based  Revised 12/2025
solutions tailored to hands-on physics laboratories. Accepted 12/2025

1 Introduction

The rapid technological development necessitated an abrupt and large-scale transition from traditional
face-to-face instruction to fully or partially online education across schools and universities worldwide.
This shift significantly impacted instructional strategies, especially in disciplines requiring hands-on en-
gagement, such as physics. A bibliometric study by Jatmiko et al. (2021) identified “online learning” as
the second most prominent research trend in physics education, especially during the pandemic period,
following by “experiments”, highlighting the central role that digital platforms assumed in response to
these unprecedented challenges.

While the immediate need for purely online instruction has diminished since COVID-19, educational
practices continue to evolve toward hybrid or blended learning models. These approaches combine the
flexibility and accessibility of online education with the interactive and practical benefits of in-person
instruction. Studies by Guo et al. (2023) and Xu et al. (2023) have demonstrated that blended learning
can enhance student outcomes, especially when effectively integrated with curriculum goals and supported
by appropriate technologies. Blended models enable continued access to recorded lectures, diverse digital
materials, and asynchronous collaboration while preserving opportunities for hands-on experimentation,
face-to-face discussion, and real-time feedback.

2 Theoretical background

2.1 Technologies in physics education

However, the integration of such technologies into physics education presents both pedagogical opportu-
nities and implementation challenges. Instructors must adapt to new instructional roles, navigate steep
learning curves associated with unfamiliar tools, and ensure inclusive and equitable access for all learners.
Consequently, research interest in educational technology within physics education has expanded signif-
icantly in recent years (Kurnia et al., 2022). A bibliometric analysis by Prahani et al. (2022) confirmed
a marked increase in the number of publications in this area during 2020-2021, reflecting the field’s
growing relevance and dynamism.

The educational technology market is highly diverse, with platforms tailored to different educational
levels and instructional goals. Interfaces designed for primary education often prioritize simplicity and
visual appeal, while platforms targeting secondary and post-secondary institutions tend to offer more
complex functionality, such as advanced assessment tools, collaborative environments, and detailed per-
formance analytics. Some tools are built for specific purposes—such as quiz creation, class management,
or instructional content delivery, while others aim to integrate several functionalities within a single
ecosystem. In this work, I examine several functional categories of educational software and illustrate
their implementation with practical examples from classroom settings.
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The increasing pervasiveness of technology in everyday life has encouraged educators to integrate digi-
tal tools into their instructional practices. Motivations for doing so include enhancing student engagement,
supporting interactive and differentiated instruction, and equipping learners with digital competencies
often referred to as 21st-century skills. Aprilo et al. (2023) conducted a comprehensive literature review
on the integration of technology in 21st-century physical education, underlining the broader relevance of
such technologies across various disciplines, including science education.

Educational technologies can also serve as scaffolds for the development of both cognitive and collabo-
rative skills. For example, Schanze, Grof}, and Hundertmark (2020) investigated the use of online tools to
support collaborative writing in educational contexts. Their findings suggest that, while individual con-
tributions remain important, technology-enhanced collaboration fosters a stronger sense of group identity
and shared goals. Similarly, Salas-Rueda et al. (2022) examined the implementation of collaborative dig-
ital walls in physics education and found that such tools contributed positively to the teaching — learning
process by encouraging student interaction and active knowledge construction. Collectively, these studies
reflect a growing interest in the pedagogical potential of learning management software (LMS) and related
technologies across educational contexts. As digital tools continue to evolve, their thoughtful integration
into the science classroom offers promising opportunities to enrich both teaching practices and student
learning outcomes.

The advantages and disadvantages of educational software in science education at schools and col-
leges have been extensively discussed in literature. The use of educational technology offers enhanced
understanding of the material being studied, inclusive teaching, increased accessibility, and providing
immediate feedback (Fonseca et al., 2013). Additionally, the integration of technology in education allows
for the facilitation of the learning process, as it can be used both inside and outside the classroom, thereby
promoting autoregulation of learning (Cacabelos et al., 2015). Simanullang et al. discuss the application
of Moodle LMS in physics education. Moodle was chosen based on their previous research on available
open-source LMS as one of the most popular systems. It offers video-based activities, forums, materials,
and quizzes. According to Simanullang, students were able to successfully conduct all the activities with-
out any obstructions (Simanullang & Rajagukguk, 2020). Setiawan et al. also talk about the LMS and
use iSpring Free for creating engaging and responsive courses. They particularly underline that provid-
ing students with online materials increased accessibility of the materials anytime and anywhere given
the existing internet connection (Setiawan et al., 2022). Rizal et al. discuss the development of LMS for
pre-service teachers to increase their digital literacy. Overall, it is stated that the developed LMS was
beneficial for students to stimulate them to develop new skills. One of the limitations was the difficulty
in the case of limited/bad internet connection (Rizal et al., 2022).

Another noteworthy example of educational software in physics instruction is presented by Solvang
and Haglund (2021), who investigate the use of GeoGebra, a dynamic mathematics software, in physics
education. Their study offers a broad range of application scenarios across different physics domains such
as mechanics, wave phenomena, and geometrical optics. By compiling and analyzing existing implemen-
tations, the authors demonstrate that the integration of GeoGebra can significantly enhance students’
conceptual understanding, supporting more interactive and visual forms of learning.

2.2 Challenges and limitations of technology integration

Despite the promising benefits of educational technologies, their implementation is not without challenges.
One such issue pertains to asynchronous learning environments, which may limit immediate feedback and
student-instructor interaction. Levin (2023) notes that such scenarios necessitate advanced data analysis
techniques, such as cluster analysis, to identify and address learning deficiencies effectively. Furthermore,
the cognitive demands associated with digital learning environments are a matter of ongoing debate. Skul-
mowski and Xu (2021) examine factors contributing to cognitive load in digital education, identifying five
critical elements: interactivity, immersion, disfluency, realism, and the presence of redundant information.
These factors can variably influence learners’ cognitive processing and educational outcomes.

The relationship between digital interactivity and learning outcomes remains inconclusive. For in-
stance, Schubertovd et al. (2023) report that although digital media offer enhanced interactivity, this
does not consistently translate into improved academic performance. Additionally, concerns about stu-
dents’ attention spans have become increasingly prominent in discussions of blended and distance learning
(Levitin, 2015; Suzuki, 2015). As students spend more time engaging with digital content, they are ex-
posed to frequent distractions, particularly from social media platforms, which can disrupt sustained focus
and diminish memory retention (Newport, 2019). Tripathi (2023) argues that the pervasive use of social
media negatively impacts students’ ability to concentrate, thereby undermining the learning process.

The integration of technology into education necessitates a thoughtful approach, particularly in ad-
dressing potential limitations such as disparities in student engagement and comprehension across syn-
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chronous and asynchronous learning environments (Levin, 2023). While technology in science educa-
tion offers considerable advantages, including improved conceptual understanding, personalized learning
pathways, and greater flexibility in instructional delivery, they also introduce notable challenges. These
include difficulties in maintaining effective communication in asynchronous contexts, complexities asso-
ciated with managing distance learning, and the demand for robust systems to monitor and analyze
student performance data. Consequently, successful implementation of educational technologies requires
not only technical infrastructure, but also pedagogical strategies tailored to diverse learning needs and
environments.

2.3 Research aim and questions

In this paper, I present an overview of online educational platforms relevant to secondary-level physics
instruction, with a focus on their categorization by functionality and potential classroom use. The primary
audience for this work is physics teachers, who often design their own lessons based on national or regional
curricular frameworks, without the support of dedicated course designers. While the paper includes
examples from a pilot classroom study and two educator workshops, these are intended to serve as
illustrative cases that demonstrate how selected tools can be integrated into hands-on physics lessons.
The main goal is to provide educators with a structured map of available digital resources and practical
insights to support informed decision-making when selecting and implementing tools in their own teaching
contexts.
To guide this exploration, the study is framed around the following research questions:

RQ1: What functional categories can be used to organize online educational tools for physics instruction,
and what are the characteristics of tools within each category?

This question explores how digital tools can be systematically grouped based on their core functionali-
ties, such as content delivery, assessment, collaboration, and simulation. It aims to provide educators with
a structured overview of available platforms, highlighting their intended use, strengths, and limitations
in the context of physics education.

RQ2: How can selected online educational tools be integrated into secondary-level physics lessons to
support hands-on learning activities?

This question focuses on practical strategies for incorporating digital tools into classroom instruction.
It draws on examples from pilot study and educator workshops to illustrate how tools like PhET, and
Formative were used to enhance student engagement, facilitate collaboration, and support conceptual
understanding in physics labs.

3 Method

3.1 Initial tools search and categorization

This study constitutes an initial phase of a broader research project investigating the role of digital
tools in supporting hands-on physics laboratories. To inform the development of instructional materials,
I conducted a preliminary review of freely available educational technologies that support three core
functions: access to learning content, opportunities for problem-solving practice, and mechanisms for
formative and summative assessment.

The search strategy was designed to reflect the typical behavior of educators seeking digital tools. It
included:

e Keyword-based online searches using general-purpose search engines (e.g., Google)
e Review of widely used educational video tutorials
e Analysis of popular thematic blog posts focused on technology in science education

As part of the review, I identified commonly used digital assessment formats relevant to physics instruc-
tion, including:

e Multiple-choice questions
e Open-ended questions

e Matching tasks (e.g., text-to-text, text-to-image, image-to-image)

Embedded questions within videos (e.g., multiple choice, open-ended)

Drawing or diagram creation with teacher feedback
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e Interactive tasks integrated with simulations
e Fill-in-the-blank items (text or numerical)

e Table completion tasks (text or numerical)

e Concept mapping tasks

e Drag-and-drop activities

e Interactive timelines and process flows

e Gamified challenges

e Peer review, collaborative assessment

To be considered suitable for use in the classroom, a tool ideally needed to support several of these
assessment types. Following the initial search, the identified tools were categorized according to the
following dimensions:

e Functional Dimension: Categorization was based on the tool’s primary pedagogical function
(e.g., learning management, assessment, collaboration, simulation).

e Overlap and Multifunctionality: Some tools span multiple categories. In such cases, the domi-
nant use case was used for classification, with overlaps noted.

3.2 Pilot study

Based on the initial review and categorization, to test some of the tools and form an opinion of their
usage, a pilot study was designed. The pilot took place at Liberty High School in Hillsboro, Oregon
(USA) in March 2023 in collaboration with a local physics teacher with more than 20 years of experience
teaching physics and math, master’s degree in teaching and science education, and advanced math and
physics certification. A unit from the existing curriculum was adapted using these tools to create a digital
learning based module. The pilot involved two ninth-grade classes, with a total of 50 students aged 14-15.
The topic covered was Waves, Sound, and Sound Propagation.
For the pilot implementation, five digital tools were selected:

e Formative.com and Miro.com for the delivery of self-paced learning materials
e PhET Interactive Simulations for visualizing physics concepts through interactive simulations

e Wizer.me for administering formative assessments

Google Classroom for organizing materials, communicating with students, and managing dead-
lines.

The selection process was guided by a combination of practical availability, pedagogical diversity, and ex-
ploratory intent:

e Formative.com, PhET Interactive Simulations, and Google Classroom were chosen based
on their existing use by the partnering teacher. This ensured a smoother integration into the class-
room and allowed for authentic feedback from a practitioner already familiar with these platforms.

e Miro.com and Wizer.me were added to introduce functional variety and test the feasibility
of integrating less commonly used tools. These platforms were selected to explore collaborative
whiteboarding and interactive worksheet creation, respectively.

While the selection was not based on a formal evaluation framework, it was informed by the following
practical criteria:

e Usability: Tools needed to be intuitive enough for both students and teachers to use with minimal
training.

o Cost-effectiveness: All selected tools offered free versions or educational licenses suitable for
classroom use.

e Functionality: Each tool addressed a distinct instructional need, content delivery, simulation,
assessment, or classroom management.

This mixed approach allowed the pilot to reflect real-world conditions, where tool adoption is often shaped
by teacher familiarity, institutional constraints, and the need to balance innovation with feasibility.
During the first session, students were introduced to the topic using Miro boards to explore funda-
mental concepts. This was followed by two demonstrations: a hands-on activity with a slinky to illustrate
mechanical wave propagation, and an interactive simulation using the “Wave on a String” tool from
PhET. Students then engaged in individual and group activities using laptops. Formative.com hosted
a series of digital tasks incorporating videos, simulations, and short exercises. Group work included
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hands-on investigations, such as examining how the thickness of a rubber band or guitar string influences
vibration frequency. At the end of each session, students completed an assessment on Wizer.me. All re-
sources, activities, and communications were managed via Google Classroom to ensure centralized access.
The focus of the study was on teacher’s and students’ experience rather than on quantitative learning
outcomes. To evaluate the usability of digital tools, feedback was gathered through a teacher interview
consisting of two parts: an unstructured discussion and a written survey. The survey included questions
about participants’ background (e.g., education level, learners’ age group, prior experience with classroom
technologies) and tool usage, such as “Which of the following tools have you used in your teaching?” with
a list of software options. It also asked about classroom dynamics after the pilot, for example, “Have you
noticed any changes in student engagement, such as increased interest, frustration, or activity?” This
feedback provided initial insights into the effectiveness and accessibility of the selected platforms in a real
classroom environment.

3.3 Workshops

Following the pilot study, it was decided to introduce the research to physics teachers in the form of
a workshop. Based on the classroom experience, the implementation strategy was changed and stream-
lined by consolidating multiple tools into a single platform. Nearpod.com was selected as the primary
environment for content delivery, interaction, and assessment due to its versatility and ease of integration.

To disseminate the updated curriculum and gather broader feedback, the materials were presented in
teacher workshops at two international physics education conferences: GIREP 2023 (Groupe International
de Recherche sur I’Enseignement de la Physique) and MPTL 2023 (Multimedia in Physics Teaching
and Learning). These sessions aimed to showcase the instructional design and technological tools while
exploring their applicability in diverse educational settings.

The first workshop was attended by approximately 20 participants, and the second by 6 participants.
Attendees primarily included physics educators and education researchers from different European coun-
tries. The participants were diverse in their experience level spanning from 3 to 22 years of teaching
as well as the learners’ age group: from middle school to bachelor level. Most of the participants were
primarily physics teachers with some also teaching math and science.

During the workshop, participants experienced a simulated physics lesson, the same as in earlier
classroom implementation, using digital tools from both student and teacher perspectives. Activities
included real-time interaction with embedded simulations and questions, as well as an overview of the
teacher interface, which allows instructors to monitor student progress, respond to queries, and provide
immediate feedback.

At the end of each session, participants shared their impressions and completed an optional online
survey. The survey included background questions and asked about their overall experience with the
tools, for example: “What did you find particularly beneficial in using the offered tools?” Four completed
surveys were submitted, offering valuable insights into the perceived usability, pedagogical potential, and
possible limitations of the tools demonstrated.

4 Results

4.1 Tool categories and examples

Based on the analysis of core functionality and features, the identified digital tools were grouped into the
following categories:

1. Learning Management Systems (LMS)
Platforms in this category support the delivery and organization of instructional content. They
allow educators to create lessons, distribute files or presentations, assign tasks, and share materials
with students. Importantly, these resources are accessible outside scheduled class time, enabling
flexible, asynchronous learning.

2. Video Conferencing Tools
This category includes platforms designed for real-time communication, supporting scheduled vir-
tual meetings and classes with multiple participants.

3. General Assessment Tools
Tools in this category support the creation of diverse assessment formats, such as multiple-choice,
open-ended questions, and fill-in-the-blank tasks. They typically allow for the integration of mul-
timedia elements (images, video, audio) and the combination of various task types within a single
worksheet.

4. Content Creation Tools
Platforms that specialize in the development of instructional materials in specific formats (e.g.,
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10.

11.

12.

13.

14.

15.

16.

17.

images, videos, digital books, presentations). These tools often offer templates and editing features
tailored to particular media types.

Al-based Tools

These are platforms or applications that leverage artificial intelligence to assist teaching and learn-
ing. They may provide automated grading, personalized learning pathways, content generation,
adaptive quizzes, or even Al-driven tutoring systems.

Collaboration Tools
Designed to facilitate group work and joint content development, these tools may include fea-
tures such as shared whiteboards, discussion forums, and real-time commenting. While not always
education-specific, they are widely used in instructional contexts to support peer interaction and
project-based learning.

Media-Specific Assessment Tools

These platforms are assessment-focused but rely predominantly on one or two media types as the
primary basis for evaluation, for example, tools designed specifically for video-based quizzes or
reading comprehension tasks.

Quiz Platforms

This category includes software dedicated to creating and administering online quizzes. Unlike
general assessment tools, these platforms are typically used synchronously during class sessions and
often support group discussion and immediate feedback.

Specialized Simulations & Virtual Labs

These tools focus on the creation or deployment of domain-specific content, such as scientific simu-
lations or interactive models. They often require subject-specific knowledge and technical expertise
to use effectively and are particularly valuable in STEM education.

Data Collection & Analysis Tools

Platforms designed to support the gathering, processing, and visualization of experimental or ob-
servational data. These may include digital lab notebooks, statistical software, or mobile apps for
sensor-based measurements.

Virtual & Remote Labs

Systems that allow learners to perform experiments in a simulated or remote-controlled environ-
ment. These tools replicate the conditions of a physical laboratory, enabling experimentation with-
out requiring on-site lab access.

Visualization & Astronomy Tools

Specialized software that helps represent abstract or large-scale scientific concepts, particularly in
physics and astronomy. These tools often include star maps, particle simulators, or graphing utilities
to make complex data and phenomena more comprehensible.

Gamification Platforms

Platforms that integrate game-like elements, such as points, leaderboards, badges, or quests, into
the learning process. These tools aim to boost motivation, engagement, and competition among
students.

Educational Resource Hubs

Aggregators or repositories that provide structured access to instructional content such as lesson
plans, open educational resources, simulations, videos, and datasets. They support teachers in dis-
covering and reusing quality materials.

Coding & Computational Tools

Platforms that enable students to learn and apply programming, numerical modeling, or algorith-
mic thinking in scientific contexts. These tools often integrate coding with visualization and data
analysis.

3D Modeling & AR /VR Tools

Software that allows the creation or exploration of three-dimensional representations, augmented
reality (AR) environments, or fully immersive virtual reality (VR) scenarios. These tools are espe-
cially useful for visualizing complex structures and abstract physics concepts.

Note-taking & Study Tools

Applications designed to support personal learning management, including digital notetaking, flash-
cards, annotation, and concept-mapping. They facilitate information organization, retrieval, and
review.

Examples of representative tools for each category are summarized in Table 1 including their primary
use cases.
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Table 1: Online resources examples based on outlined categories

Category

Examples

Use Cases

LMS

Nearpod, Classkick, Kami, Pear
Deck, Moodle, Google Classroom,
Schoology, Microsoft Teams

Deliver structured materials, lessons,
assignments, quizzes, integrate
media & track progress.

Video Conferencing Tools

Google Meet, Zoom, BigBlueButton,
Webex

Remote/hybrid teaching, breakout
rooms, polls, recording lectures,
integration with LMS.

General Assessment Tools

Formative, Wizer.me, Socrative,
Wayground

Real-time assessments, surveys,
performance tracking, feedback
dashboards.

Content Creation Tools

Canva Education, Genially, Flip
(Flipgrid), Iorad, Prezi, ThingLink,
Powtoon, Piktochart

Create interactive presentations,
videos, graphics, tutorials, e-books.

Al-based Tools

ChatGPT, Perplexity, Eduaide.Al,
Diffit, MagicSchool Al, Quizgecko,
Quillionz

Generate lesson plans, adapt
materials, create practice problems,
automate feedback.

Collaboration Tools

Wakelet, Miro, Padlet, Trello

Group brainstorming, project
boards, real-time collaboration,
resource sharing.

Media-Specific Assessment
Tools

ActivelyLearn, Edpuzzle, PlayPosit,
Kami Assignments, InsertLearning,
GoReact

Annotate texts, embed quizzes in
videos, gamify content, interactive
assignments.

Quiz Platforms

LearningApps, Quizlet, Quizalize,
Mentimeter, Wordwall, Kahoot,
Gimkit, Blooket, Slido, AhaSlides,
Quizalize

Gamified learning, live quizzes,
self-paced practice, interactive polls.

Specialized Simulations
& Virtual Labs

PhET Simulations, GeoGebra,
Wolfram Alpha, Algodoo, Physion,
myPhysicsLab, OPhysics, ROQED
Virtual Lab, Yenka, ExploreLearning
Gizmos

Physics visualization, modeling, and
interactive experiments for
conceptual understanding.

Video & Experiment Tools

Tracker, Pivot Interactives, FizziQ,
Vernier Video Physics

Connect real-world motion and
experiments to models with analysis
tools.

Data Collection & Analysis
Tools

Vernier Graphical Analysis, Logger
Pro, PASCO Capstone, Phyphox,
LabQuest, Physics Toolbox Sensor
Suite, SageMath, SparkVue,
LabArchives

Collect sensor data, analyze graphs,
fit models, support experimental
research.

Virtual & Remote Labs

Labster, PraxiLabs, Go-Lab,
WhimsyLabs, PNX Physics Virtual
Labs, OLabs, Praxilabs XR,
ChemCollective

Run realistic experiments online;
VR/AR options available.

Visualization & Astronomy
Tools

Stellarium, Universe Sandbox,
Celestia, NASA’s Eyes, Cosmosium

Visualize large-scale or abstract
concepts (astronomy, cosmology,
circuits).

Gamification Platforms

Classcraft, Minecraft Education,
Quizalize, PlayBrighter

Increase motivation via role-play,
building, and game-based physics
learning.

Educational Resource Hubs

The Physics Classroom,
HyperPhysics, Spongelab
Interactive, MERLOT Physics, OER
Commons, Khan Academy,
OpenStax Physics

Tutorials, reference maps, structured
lessons, free textbooks and open
resources.

Coding & Computational Tools

GlowScript, Trinket, Jupyter
Notebooks

Simulation, modeling, computational
problem-solving, AR/VR
development.

3D Modeling & AR/VR Tools

CoSpaces Edu, Merge Cube, Unity,
Blender, OpenSpace3D

Immersive 3D/VR content for
mechanics, astronomy, and circuits.

Note-taking & Study Tools

Notion, OneNote, Quizlet (spaced
repetition), Evernote, Obsidian,
Google Keep, Coggle, MindMeister

Knowledge organization, mind
mapping, spaced repetition,
collaborative notes.
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The list of tools presented in this study is not intended to be exhaustive. Given the continuous
emergence of new educational technologies, the selection reflects those platforms considered most relevant
at the time of the research.

4.2 Tools application

Following the initial research, pilot implementation of five educational tools, Miro.com, Formative.com,
Wizer.me, PhET simulations, and Google Classroom, was conducted in classroom settings. Each
tool offered distinct advantages but also presented limitations that informed subsequent adjustments in
tool selection.

Miro.com offered a highly collaborative environment with an infinite whiteboard interface suitable
for teamwork and brainstorming. Figure la shows an illustrative only overview of how the whiteboard
might look like. However, teachers reported significant technical difficulties including long loading times,
connection instability, and a non-intuitive interface, especially for first-time users without touchscreen
devices. For example, after the pilot project, the teacher noted: “I struggled making my own Miro board,
but it reinvigorated me to use OneNote. It took too long to load, so I assumed it would do the same for
my students.” These usability issues outweighed the collaborative potential in practice.

Miro  2LessoNs-waves = & Q > O @3S B E v F B & Q8 eeen v
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[ Lesson Plan J Theory P> Assignment ¥& Further Reading
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Fig. 1: a) Miro board created for waves topic, b) preview of Wizer worksheet
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Wizer.me enabled the creation of interactive worksheets using visually appealing templates and
access to a large library of shared resources. An example of an assessment question is shown in Figure 1b.
Yet, the necessity to publish resources publicly in the free version and the limited types of questions and
analytics available posed challenges in classroom implementation.

Formative.com stood out for its real-time analytics, diverse question types, and seamless integration
with Google Classroom. However, the limited visual customization and styling of worksheets often made
it difficult to emphasize key information, resulting in students skipping important content unintentionally.
Figure 2 shows an illustrative example question of student’s worksheet.

LEGO setup process

Assigned to Guests Student Paced | 3 Questions

INSTRUCTIONS
1. Connecting LEGO block to the device

>k REQUIRED 1

1. Follow the steps below to connect your LEGO block to your computer/tablet. Tick the
actions you have done to keep track of your actions

D Now grab your LEGO block and hit the big button to turn on your block.

E] Click on the small bluetooth button, it will start blinking blue. Your block should look like this:

D Go back to the Spike App on your computer and click Connect button in Spike

%k REQUIRED 1

2. Make sure everything is functioning

D Connection menu will open, choose the block and click Pair

Fig. 2: Formative worksheet overview

PhET simulations were primarily used to demonstrate abstract physics concepts through interactive
visualizations. These simulations complemented hands-on activities by providing dynamic models of wave
behavior. No major usability issues were reported, as the tool is intuitive and widely recognized in physics
education.

Google Classroom, already integrated into the school’s ecosystem, served as the central hub for
classroom management. It streamlined the distribution of materials, communication, and assignment
tracking, ensuring that all resources were accessible in one place. Teachers reported smooth functionality
and minimal technical challenges during implementation.

While each of these platforms addressed specific classroom needs, simultaneous use of multiple plat-
forms resulted in a fragmented experience. The switching between tools was found to be confusing for
both students and teachers and reduced the overall effectiveness of the digital lesson flow.

In response, subsequent workshops adopted Nearpod.com as a unified solution. The illustrative
overview of the Nearpod’s interface is shown in Figure 3. Nearpod combines presentation features with
built-in assessments, real-time feedback, and student-paced modes. Teachers highlighted its accessibility
without user registration, its visual presentation style that reduced skipped content, and its capacity
to integrate multiple learning activities into one coherent experience. Drawbacks included limited media
integration (some content opened in separate windows) and the difficulty of processing post-lesson data
in numerical form.

Workshop feedback and teacher interviews supported these findings. Teachers across all levels found
collaboration, content sharing, and tool accessibility to be the most valuable aspects. Reported challenges
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included internet connectivity issues, steep learning curves for some tools, and the need for clearer student
instructions. Several teachers also highlighted the lack of inclusive materials for learners with special needs
and requested more targeted resources and support.

Despite these challenges, nearly all respondents reported a high likelihood of incorporating the tested
tools into future teaching. Additionally, several educators expressed interest in receiving further training,
both self-paced and instructor-led, on the use of collaborative and digital tools.

5 Discussion

This study proposed a categorization framework based on pedagogical functionality, distinguishing be-
tween learning management systems, assessment platforms, collaboration tools, simulation environments,
content creation tools, etc., to address the first research question. The analysis revealed that many tools
exhibit multifunctionality, with overlapping features across categories. For example, Classkick supports
both assessment and collaboration, while Nearpod integrates content delivery, assessment, and feedback.

Teacher and workshop participant feedback emphasized the importance of collaboration, access,
and adaptability. Tools that supported easy content sharing and peer-to-peer interaction were rated
highest, especially in environments where infrastructure (such as stable internet connections or available
hardware) could not be guaranteed. The importance of accessibility and inclusivity also emerged as
a recurring theme in teacher feedback. One of the educators highlighted the need for materials that
could accommodate learners with physical or sensory impairments as “Using these tools for an inclusive
activity”.

The findings from the pilot study and subsequent educator workshops demonstrate the significant
potential of digital tools to enhance physics instruction, particularly when thoughtfully integrated into
lesson design. However, the implementation also revealed practical challenges that must be addressed for
these tools to be effective in real-world classrooms.

A key takeaway from this study is the value of platform consolidation. While tools such as Miro, Wizer,
and Formative each supported specific instructional functions, collaboration, formative assessment, and
real-time feedback, their simultaneous use often resulted in fragmented lesson structures. This fragmen-
tation led to cognitive overload for students and disrupted instructional flow, particularly in younger
learners. These findings echo the concerns raised by Skulmowski and Xu (2021).

In contrast, Nearpod, which was adopted for the workshops, provided a more streamlined and coherent
digital experience. Its integrated features, such as interactive slides, embedded assessments, and real-time
monitoring, enabled teachers to deliver lessons in a unified format, reducing the need for transitions be-
tween platforms. Participants appreciated its visual clarity, intuitive interface, and accessibility, especially
the ability to join sessions without student accounts. These characteristics align with recommendations
in the literature advocating for tools that support blended and self-paced learning environments (Guo et
al., 2023; Xu et al., 2023). Nevertheless, even Nearpod presented limitations. For instance, it has a re-
stricted media integration (e.g., certain content opening in separate windows) and its limited capacity for
exporting and analyzing detailed assessment data. These issues underscore a broader challenge in educa-
tional technology: balancing usability with feature richness. Tools that are simple and easy to adopt may
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lack the flexibility needed for differentiated instruction, while feature-rich tools may require substantial
training and support to use effectively.

It is also noteworthy that educators reported changes in classroom dynamics when new tools were
introduced. Some observed increased engagement from students who were typically less active, suggesting
that digital tools can reach learners who may not respond to traditional teaching methods: “I had some
kids who never do the honors work, but jumped in to do this one” (honors — optional students’ tasks for
additional points). Others highlighted the novelty of hands-on materials as a motivating factor, especially
when paired with digital instructions or collaborative tasks.

These insights directly address the second research question: the pilot and workshops illustrated that
digital tools could complement physical experiments by scaffolding conceptual understanding, facilitating
collaboration, and enabling formative assessment. However, successful integration depends on thoughtful
instructional design, teacher familiarity, and infrastructure readiness.

Looking ahead, the evolution of educational technology introduces new opportunities and challenges.
One emerging trend is the integration of artificial intelligence (AI) into physics education. While AI
tools hold promises for personalized learning, adaptive feedback, and intelligent content delivery, they
also raise new concerns around transparency, teacher readiness, and ethical use. Effective AI deployment
will depend on robust data analytics and careful interpretation of learner behavior, capacities that most
current platforms do not yet support at scale. Building on the insights from this study, the author’s
ongoing research focuses on developing tailored Al-based solutions specifically designed to support hands-
on physics laboratories, bridging the gap between digital innovation and experimental learning (Kregear
et al., 2025).

Ultimately, the findings highlight a need for teacher-centered implementation strategies, where the
selection and use of tools are guided by classroom context, infrastructure limitations, and learner diversity.
The study reinforces the idea that technology alone does not immediately improve education; it must be
aligned with pedagogical goals, adapted to the teaching context, and supported by adequate training and
infrastructure. Even well-designed tools require support structures such as clear instructions, technical
troubleshooting, and targeted training to be fully effective. Future research should explore long-term
implementation across diverse learning environments and evaluate the impact of newer technologies,
including Al-driven systems, on student learning outcomes and teacher practices.

6 Limitations

This study was exploratory in nature and subject to several limitations. First, its primary aim was to
provide an overview of the current landscape of online educational tools relevant to physics instruction,
with a focus on categorization and practical classroom integration. The pilot implementation and educator
workshops were conducted not as formal evaluations, but rather as illustrative case studies to verify initial
hypotheses and gather preliminary feedback from teachers. The sample of educators was small, which
may not fully represent the diversity of teaching contexts, school infrastructures, and student populations.
These examples were intended to demonstrate how selected tools might be used in real classroom settings,
rather than to produce generalizable findings or comparative effectiveness data.

Second, the duration of the tool implementation was relatively short. Teachers and students may
require more extended use to fully adapt to the tools and provide deeper insights into their long-term
impact on learning and engagement.

Third, the effectiveness of the tools was influenced by external factors such as internet connectivity,
hardware availability, and individual teachers’ prior experience with educational technology. These factors
varied across participants and could have skewed perceptions of tool usability and usefulness.

Finally, while feedback was collected from both interviews and written reflections, it remained largely
qualitative and self-reported. A more systematic approach, including quantitative performance measures
and classroom observations, would provide a more robust understanding of the tools’ impact.

7 Conclusion

Successful implementation of online learning tools and management software can support students’ learn-
ing processes, increase accessibility, and promote inclusiveness in education. This paper presented an
overview and categorization of available digital tools that can assist educators in creating scaffolding,
organizing content, conducting assessments, and fostering collaborative learning environments. The aim
was to identify practical and accessible tools that could enrich lesson delivery, enhance student engage-
ment, and provide teachers with flexible instructional strategies. The categorization process presented in
this study offers a practical tool for physics teachers navigating the increasingly complex landscape of
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educational technology. By organizing digital platforms according to pedagogical function and classroom
applicability, the framework supports informed decision-making and helps educators select tools that align
with their instructional goals, available resources, and student needs. Importantly, the study emphasizes
how these tools can be meaningfully integrated into hands-on physics laboratories, not as replacements but
as complementary supports that scaffold conceptual understanding, facilitate collaboration, and enhance
assessment. This alignment between digital tools and experimental learning environments is essential for
maintaining the integrity of physics education in blended and technology-rich classrooms.

Looking ahead, the integration of Al into physics education represents a rapidly evolving frontier. Al
offers promising applications, from intelligent tutoring systems and adaptive assessments to automated
feedback and data-driven personalization. However, it also presents new challenges related to pedagogical
design, equity, transparency, and teacher readiness. As educational technology continues to advance,
supporting educators in understanding and thoughtfully implementing AI will be a crucial next step in
the journey toward more effective and future-ready physics instruction.
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UspésSnost nadanych zakua pfi feSeni matematické slovni Glohy
Success in solving mathematical word problems in gifted pupils

Irena Budinoval

1 Pedagogicka fakulta, Masarykova univerzita, Pofi¢i 31, 602 00 Brno; budinova@ped.muni.cz

Jednim z pristupt k odhalovani matematického nadéni zakt je prace s komplexnimi
slovnimi tlohami, jejichz feSeni mize ovliviiovat charakter tloh i rozdilné profily na-
dani. Studie se zaméfuje na to, jak tyto faktory ovliviiuji identifikaci matematicky
nadanych zédkt 5. roéniku zdkladni skoly. Cilem bylo (1) zjistit miru korelace mezi
tfemi metodami identifikace naddni — hodnocenim ucitele, vysledky standardizova-
ného testu a vysledky vyzkumného didaktického testu — a (2) identifikovat tlohy,
které nejlépe odlisuji nadané zaky od ostatnich. Vyzkumny test obsahoval pét sub-
testd, Ctyfi algebraické a jeden kombinatoricky, zamérené na projevy typické pro
nadané zaky, jako je flexibilita mysleni, schopnost zobectiovani a tvofivost pii FeSeni
problémii. Studie klade diraz na analyzu subtestu s tlohami typu ,myslim si ¢islo“,
které umoznuji odhalit skryté projevy nadéani a prispét k jeho presnéjsi diagnostice.
Vyzkumu se zicastnilo 45 zakt Skoly zaméfené na podporu nadanych. Pilotni cha-
rakter studie ma poslouzit jako zéklad pro tvorbu standardizovaného testu pro zaky
5.—7. ro¢niku. Vysledky ukazuji stfedni az silnou korelaci mezi pouzitymi metodami,
ale i existenci jevl, které mohou vést k prehlédnuti matematicky nadanych zaka.

One approach to identifying mathematical talent in students is to work with complex
word problems, the solution of which can be influenced by the nature of the problems
and different talent profiles. The study focuses on how these factors influence the
identification of mathematically gifted students in the 5th grade of primary school.
The aim was (1) to determine the degree of correlation between three methods of
identifying talent—teacher assessment, standardized test results and research didactic
test results — and (2) to identify tasks that best distinguish gifted students from others.
The research test included five subtests, four algebraic and one combinatorial, focused
on manifestations typical of gifted students, such as flexibility of thinking, ability to
generalize and creativity in problem solving. The study emphasizes the analysis of
the subtest with tasks of the “I think of a number” type, which allow to reveal hidden
manifestations of talent and contribute to its more accurate diagnosis. The research
involved 45 students from a school focused on supporting the gifted. The pilot nature
of the study is intended to serve as a basis for the creation of a standardized test for
students in grades 5-7. The results show a moderate to strong correlation between the
methods used, but also the existence of phenomena that may lead to the overlooking
of mathematically gifted students.
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1 Uvod

Snaha o pfesné urceni matematickych schopnosti nadanych zakt nas provazi jiz desitky let. UZ na konci
19. stoleti se objevily prvni pokusy o stanoveni individualnich matematickych schopnosti a jiz v té dobé
byly pozorovany v kontextu feSeni matematickych problémt (Krutetskii, 1976; Szabo et al., 2024). Od
60. let 20. stoleti byly do vyzkumu aplikovany psychometrické metody, které mély urcovat matematické
schopnosti jednotlived (Szabo et al., 2024). Tyto metody vSak nevedly k vymezeni charakteristik mate-
maticky nadanych zaki a od poslednich desetileti 20. stoleti byly podrobeny kritice jakozto nespolehliva
metoda pro indikovani matematickych schopnosti (Szabo et al., 2024). Jiz v pribéhu minulého stoleti si
totiz vyzkumnici zacali vsimat toho, ze lidé, ktefi se projevuji jako nadani v matematice, se radéji zahlou-
baji do problému, nez aby pfedvadéli rychlé feseni podle zndmého algoritmu. Napiiklad Hadamard (1945)
upozornil, Ze Spickovi védci, jako byl Albert Einstein, pfi feSeni obtizného matematického problému za-
zili pomérné dlouhou, nevédomou dobu inkubace, nez byli schopni transformovat intuitivni myslenky na
védomsé, uziteéné ndpady. Sternberg a Williams (2002) v této souvislosti zase hovoii o tendenci nadanych

Identifikace nadanych zaka predstavuje duilezity krok k jejich dalSimu rozvoji a vhodnému vedeni
v hodinach matematiky. V kontextu matematického vzdélavani si vyzkumnici jiz fadu let kladou otazku,
jak se projevuje matematicky nadany zak a jaké jsou mozZnosti jeho identifikace. Identifikace nékterych
typl nadanych zaki je vsak ve skolnim prostfedi problematické, coz mtize vést k absenci rozvoje nadani
7éka a nasledné k jeho podvykonnosti (Betts & Neihart, 1988). Jak dokladaji data, v Ceské republice neni
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fada nadanych zakt identifikovdna. Podle Ceské gkolni inspekce (CSI, 2022, s. 12) polovina zakladnich kol
v Ceské republice, které maji pouze prvni stupeii, nehlasi zadné nadané zaky a mezi plné organizovanymi
zékladnimi Skolami je to pétina takovych gkol. V zdkladnich skolach bylo ve Skolnim roce 2023/2024
pouhych 0,27 % zéki identifikovano jako nadanych (MSMT, 2024).

Identifikace a rozvoj nadanych zaku ve skole jsou vSak kli¢ové pro naplnéni jejich potencidlu, podporu
motivace a seberealizace, prevenci Skolniho netspéchu a pfinos celé spole¢nosti. Prvotni identifikaci na-
dani mtze provést ucitel pfimo ve t¥idé na zékladé svého posouzeni, které vSak mtze byt subjektivni. Jak
upozortiuji Jabtirek et al. (2022), u¢itelovo posouzeni vychazi z fady kritérii, jako jsou kognitivni schop-
nosti zaka, akademické schopnosti zaka, ale také naptiklad socio-emocionalni nebo motorické dovednosti
zadka. Pokud ucitel zdka na zadkladé svého posouzeni vytipuje, md moznost si sviij soud ovéfit jednak
pomoci standardizovaného testu, ktery mu nabidne repertoar tiloh, které nejsou zaméfeny na bézné pro-
birané ucivo a obsahuji ulohy citlivéji mé¥ici nadani, a jednak pomoci béznych skolnich testd. Ty ale
obvykle obsahuji specifické a omezené spektrum matematickych tloh, které nemusi byt pro identifikaci
nadani vhodné. Jak upozorniuje Warne (2012), testy pro ovéfovani béznych skolnich znalosti a dovednosti
nejsou vhodné pro identifikaci nadani, nebot méti stiedni aroveri dovednosti a pro nadané zaky jsou ptilis
snadné. Matematické tloha v sobé mize obsahovat i rizna dalsi rizika, kvtli kterym nemusi spolehlivé
bézni zaci volili algoritmické postupy, které se naudili ve skole, nadani zaci promysleli narocnéjsi postupy
a tim se snizila jejich tspésnost (Budinova, 2018).

Hlavnim cilem vyzkumu bylo zjistit, jaky je vztah mezi identifikaci nadani pomoci standardizova-
ného testu a pomoci vyzkumného didaktického testu sestaveného z algebraickych slovnich tloh, a dale
jaky je vztah mezi identifikaci nadani pomoci standardizovaného testu a na zakladé posouzeni ucitelem.
Vyzkumny didakticky test byl sestaven na zakladé poznatkt z odborné literatury i vlastnich zkuSenosti
autorky. Nadani zaci Casto prokazuji specifické schopnosti v feseni matematickych problémd, zejména
téch, které vyzaduji systematizaci dat, abstraktni uvazovéani a schopnost nachdzet neobvykla feseni (Ma-
chti et al., 2013). Jednim z prostfedki, jak tyto schopnosti odhalit, je zaméFit se na specifické dovednosti
nadanych zakd, jako je naptiklad schopnost identifikovat vzory a vztahy mezi riznymi prvky nebo zobec-
novat matematické poznatky (Gutiérrez et al., 2018). Jako typ tloh, ktery dokaze odhalovat pravé tyto
dovednosti, jsem vybrala algebraické slovni tlohy. Druhym vhodnym typem tloh, ve kterych resitel hleda
vice TeSeni, coz klade naroky na organizaci a systematizaci dat, jsou tlohy kombinatorické (Vondrové,
2020).

Druhjm cilem bylo zjistit, které tlohy z jednoho subtestu didaktického testu obsahujiciho algebraické
slovni tlohy odliSuji nadané zaky od ostatnich. Kone¢né bylo mym zameérem zjistit, jaké fenomény se
projevi v pisemnych feSenich algebraickych slovnich tloh u nadanych zdkt a u zakd ostatnich. Tato
analyza byla soucasti kvalitativniho vyhodnoceni dat a shleddvam ji jako dilezitou zejména z duvodu
posouzeni toho, zda nadani zaci pouzivali jiné postupy nebo provadéli jiné typy chyb nez ostatni Zaci.

Vyzkum mél smiSeny design a zucastnili se ho zaci tii tfid 5. roéniku jedné zékladni skoly.

2 Teoreticky ramec

2.1 Matematické schopnosti nadanych zaku
Krutetskii a jeho tym dospéli k zavéru, ze matematicky nadan{ Z4ci jsou schopni (Krutetskii, 1976)*
e efektivné ziskavat a formalizovat matematické informace;

e efektivné zpracovavat matematické informace — logickym myslenim, rychlym a Sirokym zobecnénim
matematickych pojmii a vztahti a snahou o jasnad a jednoduché fesSent;

e efektivné uchovavat a vybavovat zobecnéné matematické vztahy;
e predstavovat obecné propojené matematické komponenty.

Matematicky nadani zaci jsou dale schopni kompenzovat své méné rozvinuté schopnosti témi vice
rozvinutymi (Krutetskii, 1976), coz jim umoziiuje snadnéji hledat alternativni feseni tilohy, kdyZ neznaji
algoritmus, ktery je na Feseni potfeba. Pfi feSeni problémovych tloh maji tendenci zvnitinovat intuitivni
myslenky a pfistupy a zkracovat své uvahy (Krutetskii, 1976; Szabo et al., 2024). V dtsledku toho je pro
ucitele obtizné sledovat matematické uvazovani nadanych zakt pfi feSeni problémovych dloh.

Kdyz se v priitbéhu 20. stoleti zacalo ukazovat, Ze intelektové nadani lidé nemusi v dospélém zZivoté své
schopnosti vyuzivat podle toho, jak se od nich o¢ekdvalo na zdkladni kole, zacal se Renzulli (1978) zabyvat

1Pfestoze je tento popis uz vice nez 40 let stary, v literatufe je stale citovan (Szabo et al., 2024).
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vyzkumem tvofivé-produktivnich lidi, ktefi dosahli v urcité oblasti jedineénych vysledkil. Zjistil, Ze se
tito lidé vyznacovali interakei t¥1 vlastnosti, a to nadprimérnymi schopnostmi, tvofivosti a angazovanosti
v tkolu. Odlisil skolni nadani, které lze dobtfe vyuzit ve Skole, a tvorivé-produktivni nadani, které je
potfeba mimo skolu. I z tohoto pohledu je tedy obtizné fict, kdy jiz budeme zéka ve skole povazovat za
nadaného a dostaneme moZnost (zejména ¢asovou a finanéni) se mu vice vénovat.

Pro rtzné stupné naddni byva vyuzivana vyse inteligencéniho kvocientu, a to zpravidla tak, jak ukazuje
tab. 1 (napf. Foftik & Fortikova, 2007; Havigerova, 2011).

Tab. 1: Jeden ze zplisobl rozdéleni vykonu v inteligen¢nim testu do intervali

1Q Oznaceni Grovné kognitivnich schopnosti jedince = Vyskyt v populaci
115-129  Bystry jedinec 14,0 %
130-144 Nadprimérné nadany 2,0 %
145-159  Vysoce nadany 0,1 %

Zcela jiné intervaly pro miru intelektového nadani vSak nachazime u Gagného (2005, s. 109, tab. 2).

Tab. 2: Gagného metricky systém intervalii v populaci nadanych/talentovanych (Gagné, 2005)

1Q Oznaceni Vyskyt v populaci
120-134 Mirné nadany 10 %
135-144 St¥edné nadany 1%
145-154 Vysoce nadany 0,1 %
155-164 Mimoiadné nadany 0,001 %
165 a vice’ Extrémné nadany 0,0001 %

Renzulli vytvoril identifika¢ni systém, ktery nevychézi pouze z vysSe inteligencéniho kvocientu, ale
zaméfuje se rovnéz na tvorivost a angazovanost v ikolu. Navrhl, aby v tomto systému bylo 15 % studentt
povazovano za nadané (Renzulli, 2005).

7 téchto rtiznych pojeti nadani vyplyva, ze i ve Skolnim prostfedi byva obtizné urcit, koho oznacit
jako nadaného a koho uz ne. Hiibkova (2009) uvadi, Zze za nadaného byva ve $kole povaZzovéan ten 7k,
ktery v daném predmétu dosahuje mimotradnych vykontd ve srovnani s vykony svych vrstevniki. To vSak
mize v bézné vyuce byt i zak, ktery se dobre uci, avSsak nadany neni. Pokud se vSak chceme zabyvat
nadanymi zéky, a to jak na trovni teoretické, tak praktické, nékteré rozdéleni pfijmout musime.

2.2 Moznosti identifikace nadani

Nadéani tedy mizeme chapat riaznym zptsobem a podle toho také provadét jeho identifikaci. Jednoduchy
zpisob identifikovani nadani vychézi z 1Q definice nadani (Budinova, 2018). Mira nadéni v tomto modelu
je posuzovana od I1Q 120. P#i hranici 120 se jednd pfiblizné o 9,1 % populace a pfi hranici 130 o 2,2 %
populace (McBee & Makel, 2019). Pokud se na nadani budeme divat v SirSim spektru, nap¥. pomoci
Renzulliho T¥ikruhového modelu nadani (Renzulli, 1978), budou poéty nadanych zaki znacéné jiné. Podle
Renzulliho identifika¢niho systému, ktery se zaméfuje na schopnosti, tvofivost a angazovanost v tkolu,
by mélo byt za nadané povazovéno ptiblizné 15 % studentd (Renzulli, 2005), jak jiz bylo uvedeno vyse.

Zasadni roli v tom, jak se nadani u jednotlivych zakt projevuje, hraji tzv. profily naddni. Nadani
jedinci nejsou homogenni skupina, lisi se schopnostmi, silnymi i slabymi strankami, komunikaci s okolim,
zpusoby uceni se aj. Profily nadani urcuji, v jakych oblastech a jakym zptsobem se nadani projevuje,
a jsou proto klicové pro spravnou identifikaci i efektivni pedagogickou podporu. Betts a Neihart (1988)
zavedli Sest profild nadanych zakt, které se zaméruji na rizné projevy nadani. Pojmenovali je uspésni
nadant, autonomni Zdaci, skryvaci nadani, defenzivni odpadlici, provokatéri a Zdci s dvoji vijimecnosti.
7 téchto Sesti profili nadanych zaka jsou ve Skole snadno identifikovatelné pouze prvni dvé skupiny
zaki. Betts a Neihart (1988) tvrdi, Ze asi 90 % identifikovanych zaka ve Skolnich programech mé profil
aspésnych nadanych. U zakd z ostatnich profilt je identifikace nadani komplikovana, a to z davodu
mozného nesouladu mezi vniménim nadani a jeho projevi a skuteénymi projevy ditéte.

Prikladem jsou nadani Zaci s dyslexii, ktefi jsou pisemnym testovanim velmi obtizné identifikovatelni,
nebot jsou schopni pti bé&zném gkolnim testovani dosahovat zlomku vykonu, ktery odpovidé jejich po-
tencidlu. Vykony téchto zaki navic klesaji pfi ¢asové omezeném testovani (Portesova, 2011; Portesova et
al., 2014). Z4ci s dyslexii tak mohou dosdhnout jen ¢aste¢ného tispéchu oproti tomu, kdyby méli moz-
nost napsat test v nestresovych podminkéch bez ¢asového omezeni. Dalsimi faktory omezujicimi vykony

2V Ceské republice neexistuje test, ktery by méfil intelektové nadani v takto vysokych pasmech.

Scientia in educatione, 16(2), 2025, p. 15-33 17 https: //doi.org/10.14712/18047106.4710


https://doi.org/10.14712/18047106.4710

zéka s dyslexii jsou napf. deficit ve schopnosti rychle si vybavit pojmy z dlouhodobé paméti, v pra-
covni rychlosti, v zapamatovani ¢i v nedostateéné grafomotorické rychlosti apod. (Portesové et al., 2014).
Jak Portesova et al. (2014) upozoriiuji, u nadanych zaki s dyslexii vznikaji rizné paradoxy mezi jejich
kognitivnimi schopnostmi a jejich handicapy. Proto jsou tito Zaci ¢asto oznacovani jako paradoxni Zdaci
a studenti (Tannenbaum & Baldwin, 1983).

Identifikace nadanych zaki je komplexnim procesem, ktery vyZaduje kombinaci riznych metod a na-
strojii. Podle Machii et al. (2013) stoji na pocatku identifikace nomina¢ni metody (pozorovéani ditéte,
nominace ufitelem, spoluzédkem nebo rodi¢em), poté nasleduji hromadné metody (didaktické testy, sku-
pinové zadavané IQ testy) a vSe je zavrSeno individualnimi metodami, vedenymi odbornikem, nap¥. z pe-
dagogicko-psychologické poradny (rozhovor, individualné zadavané testy). Diagnostika prostfednictvim
didaktickych testu tedy figuruje v prostifedni fazi identifikace nadani a mtze probéhnout na pudé skoly.
Testova tloha ma vsak také své rtzné limity a rizika, kvili kterym nemusi k identifikaci nadani dojit.
Drivéjsi studie poukézala na fakt, ze nékteré ulohy zvladnou 1épe Zaci, ktefi nejsou oznaceni jako nadani
(Budinové, 2018). Jsou rtzné faktory, které tspésnost nadanych zaki ovliviiuji — aritmetickd snadnost ¢i
7éci z divodu komplexniho mysleni, které popsali Sternberg a Williams (2002), nebo volba problémovych
tloh, u nichz zak nezna algoritmus feSeni a musi postup feseni odhalit na zakladé svych dosavadnich
znalosti, dovednosti a zkuSenosti a které jsou naroéné pro vSechny skupiny zaki.

Z uvedenych divodd muaze vzniknout nesoulad mezi identifikaci nadani jedince rtiznymi metodami.
Bézné skolni testy provéruji zvladnuti zdkladniho udiva, zpravidla neobsahuji problémové tilohy a z toho
davodu se pro identifikaci nadanych zakt nehodi. Existuje napfiklad nesoulad mezi aritmetickymi schop-
nostmi a schopnosti logického uvazovani. Straker (1980) uvadi, Ze mnozi Gspésni matematici o sobé
pfiznavaji, Ze nejsou piili§ dobii v aritmetice. Skolni identifikace nadani mtze byt dale poznamenéna
tim, jaci Zaci jsou povaZovani za nadané. Hiibkova (2009) uvadi, Ze za nadaného je ¢asto povazovan ten
zék, ktery svymi vykony pfevySuje své vrstevniky. Muze se ale pravé jednat o dobré poctare, kteri nemaji
rozvinuté logické mysleni. Oproti tomu tézkopadné pusobici nadany zak, ktery pfi FeSeni tlohy pouziva
komplexni mysleni (Sternberg & Williams, 2002), za nadaného povaZzovan byt nemusi.

2.3 Problémové matematické ulohy jako zdroje identifikace nadani

Matematické problémové tlohy a proces jejich fesSeni jsou ¢asto povazovany za ustfedni soucasti mate-
matického vzdélavani (Liljedahl et al., 2016). Nemusi byt ovSem tak jednoznaéné a jednoduché uréit,
ktera uloha je pro fesitele problémova. Obecné lze fici, ze pokud se feSitel s danym typem ulohy jiz
setkal a osvojil si algoritmus FeSeni, problémové pro néj neni, at by byla jakkoli naro¢né ¢i nestandardni.
Matematicky problém by proto mél obsahovat urcitou ¢ast feseni, ktera je pro fesitele zcela nova. Takova
tloha by mohla lépe odlisovat nadané zédky od ostatnich, protoze nadani zaci by méli mit vétsi schopnost
se v nové situaci zorientovat a volit alternativni zpusoby FeSeni (Krutetskii, 1976). Nadani Zaci mohou
pri feSeni nerutinniho tkolu projevit kreativni matematické mysleni (Lithner, 2013), zatimco ostatni Zaci
mohou inklinovat k tomu, ze prebiraji predkladané postupy, aniz by byli jejich tvirci.

Matematicka tloha, kterd by se dala vyuzit v testu tak, aby odlisila nadaného zaka, by vSak méla
splinovat urcité naroky, které nyni zminim.

Za prvé, nékteré tlohy mohou byt pfili§ naroéné i pro matematicky nadané zaky, pokud je maji
nez zéci nadani (Budinova, 2018). Byvaji to ty tlohy, u kterych zaci s primérnymi vysledky v matematice
mohou pouzit jednoduché algoritmické feseni, zatimco nadani zaci vymysleji nevSedni postup.

Za druhé, u nadanych zaki by se podle Bloomovy taxonomie kognitivnich ciltt (Bloom, 1956; Krath-
wohl, 2002) méla pozornost pfesunout z trovné aplikace na troveni analyzy. Na této tirovni je zak nucen
tkolu hloubéji porozumeét, protoze zadani neni koncipovano tak, aby bylo feSeni zfejmé na prvni pohled.
K vyreseni tlohy je tfeba hlubsiho vhledu a schopnosti rozpoznat vztahy mezi jednotlivymi ¢astmi pro-
blému. Tyto tlohy obvykle zahrnuji vice krokid a kladou vyssi naroky na logické uvazovani a schopnost
strukturovat feseni.

Za tieti, s naddnim tzce souvisi i iroven metakognice zdka. Metakognice je vnimana jako dilezita
soucast zakova rozvoje a poznavaciho procesu. Jedna z prvnich definic metakognice ji vymezuje jako
znalost a regulaci vlastniho kognitivniho systému (Brown, 1987). MiZeme Fici, Ze metakognice je schop-
nost jedince uvédomovat si vlastni poznavaci schopnosti — mysleni, vnimani, pamét apod. — a vyuzivat
vysledky tohoto uvédoméni pii uceni, feSeni problémi a pfi dalsich aktivitadch, do kterych se tyto po-
znévaci schopnosti zapojuji (Straka, 2021). Jin{ autofi ji vymezuji jako schopnost zZéka monitorovat svoji
aktualni tiroven porozuméni danému tématu (Bransford et al., 2004). Zak se u¢i poznavat riizné postupy,
zvazuje jejich efektivitu, ucéi se vhodné volit fesitelské strategie, ale také se uci poznavat saim sebe, své
silné a slabé stranky.
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Nadani zaci casto vykazuji oproti vrstevnikiim zvysené metakognitivni dovednosti, tedy schopnost
planovat, monitorovat a hodnotit své mysleni a uceni (Alexander et al., 1995; Macht et al., 2013). Avsak
i nadani zaci potfebuji svoji metakognici rozvijet, coz je mozné zejména prostiednictvim problémovych
tloh. Pokud se zak s takovymi tllohami nesetkdvé, metakognice se rozvijet nemusi a nadany zak ne-
rozsifuje svoji znalostni, dovednostni a metakognitivni zdkladnu (Alexander et al., 1995). Problémové
matematické dlohy umozinuji nadanym zaktm rozvijet metakognici, pokud se nezamétujeme pouze na
spravnost vysledku, ale rovnéz na postup feSeni — zda zak nepouziva povrchové strategie feseni, zda si
data vhodné systematizuje, aby byl schopen tspésné najit feseni, zda kontroluje spravnost svého postupu
i vysledku aj.

Jako vhodny typ matematickych tloh, které splnuji vyse uvedené naroky, se jevi slovni tlohy. Slovni
tlohy jsou dtlezitou souc¢asti vyuky matematiky. Umoznuji aplikovat osvojené matematické ucivo, rozviji
u zaki schopnost pouzit matematické poznatky v béznych situacich, rovnéz rozviji matematické mysleni,
nebot ¢asto neumoziiuji zaktm pouzit mechanicky osvojené procedury (Vondrové et al., 2019). Pro feSeni
slovnich loh musi zdk mimo jiné dobfe porozumét textu. Napf. Cummins et al. (1988) uvadéji, ze stejna
tloha zadana jednou aritmeticky a podruhé jako slovni tiloha ma podstatné vétsi ispésnost v prvnim
ptipadé, a soucasné vyzkumy potvrzuji tzkou souvislost mezi feSenim slovnich tloh a ¢tenatfskou gramot-
nosti (Vondrova et al., 2019). To naznacuje, Ze k uspéchu p¥i feseni slovnich tloh ptispivaji i jiné faktory
nez pouze matematické dovednosti.

Boonen et al. (2016) uvadéji, ze pro feSeni slovnich tloh jsou zapotfebi dvé klicové dovednosti. Za
prvé, dulezitym faktorem prispivajicim k hlub$imu porozuméni textu slovni tlohy je schopnost sestavit
smysluplnou a koherentni mentalni reprezentaci obsahujici vSechny prvky relevantni pro feSeni, které
jsou odvozeny z textové baze slovni tlohy. To znamena, Ze Tesitelé slovnich tiloh si musi vytvorit kvalitni
situa¢ni model, v némz si uvédomuji aktéry a vztahy mezi nimi skryté v textu (Boonen et al., 2016;
Vondrové et al., 2019). To muze pro zéka predstavovat obtiz v pfipadé, kdy si takovy situaéni model
nevytvori a pouzije pouvrchové strategie Teseni (Vondrova et al., 2019), ve kterych se napf. zaméiuje
pouze na ¢isla v zadani bez toho, aby je analyzoval (Boonen et al., 2016). Druhou dtlezitou individudlni
dovednosti, kterd rozhoduje o ispésnosti feseni slovnich tiloh a ktera je podloZzena vyzkumnymi dikazy,
je jiz zminénd schopnost zaka ¢ist s porozuménim (Boonen et al., 2016).
vyznaji v textu, maji Sirsi slovni zasobu a umi si predstavit kontext tlohy. U matematicky nadanych
zakt to mize platit pro ty zaky, ktefi maji své silné stranky také v jazykové oblasti. To ale jisté nejsou
v8ichni matematicky nadani zici. Dle Gardnerovy teorie mnohacetnych inteligenci (Gardner, 2006) jsou
jazykova a logicko-matematicka inteligence navzajem nezévislé. Na druhou stranu, jazykoveé i matematicky
nadani zaci vykazuji obecné charakteristiky nadanych zakt, kterymi jsou predevsim bohatéa slovni zasoba,
schopnost abstrakce a generalizace, metakognitivni dovednosti, kritické mysleni, flexibilita a originalita
feSeni (Machti et al., 2013). Tyto charakteristiky tvofi ur¢ité piekryvy mezi jazykovym a matematickym
nadanim.

Kromé téchto dvou klicovych dovednosti sestava komplexni teorie o feseni slovnich tloh z dalsich
komponent, jako je naptiklad potifeba formélniho vypoctu pro ziskani vysledku (Nathan et al., 1992).
Vsechny vyzadované dovednosti vedou k tomu, ze jsou slovni tlohy pro mnoho zakd, nadanych i ostatnich,
vyzvou a mohou v nich selhdvat ve vétsi mife nez v tloze vyzadujici provedeni konkrétni pocetni operace.

2.4 Vyzkumné otazky

Vyzkum vychéazi z popsaného teoretického ramce a méa dva cile. Tim prvnim je zjistit vzajemny vztah mezi
stanovenim matematického vykonu zaki tfemi metodami: standardizovanym testem, vlastnim testem,
ktery budu nazyvat vyzkumnym testem, a posouzenim uciteli. Vyzkumny test mél za cil zjistit, které
tlohy jsou vhodné pro identifikaci nadani. Druhjm cilem je prozkoumat schopnost konkrétni testové
tlohy odlisovat zaky vzhledem k nadani.

Pro vyzkum byly tedy stanoveny nésledujici vyzkumné otazky:

O1: Jak si odpovidaji vysledky identifikace naddni ve standardizovaném testu a ve vyzkumném testu?

02: Jak si odpovidd posouzeni matematickiych schopnosti Zdka ucitelem a visledek ve standardizovaném
testu?

03: Jak odlisuje nadani konkrétni wloha jednoho ze subtesti vyzkumného testu?

04: Jaké fenomeény se vyskytuji v TeSenich Zaki, madanych i ostatnich, u uloh v jednom ze subtestu
vyzkumného testu?
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3 Metodologie

Pro zodpovézeni vyzkumnych otazek byla zvolena smiSend metodologie. Byly vyhodnoceny vysledky
celého vyzkumného testu a kazdého ze subtestti. Sledovala jsem korelace mezi tfemi uvedenymi metodami
stanoveni nadani zdka — mezi stanovenim nadani ucitelem, percentilem uréenym standardizovanym testem
a vysledkem ziskanym ve vyzkumném testu. Na stanoveni vztahu mezi vysledkem ve standardizovaném
testu a stanovenim nadani ucitelem byla pouzita Spearmanova korelace. Rovnéz na stanoveni vztahu
mezi vysledkem ve standardizovaném testu a vysledkem ve vyzkumném testu byla vyuzita Spearmanova
korelace. Kromé deskriptivni statistiky byly stanoveny hypotézy popisujici vztah mezi ispéSnosti v tloze
zkoumaného subtestu a vysledkem standardizovaného testu. Hypotézy byly testovany pomoci Pearsonova
chi-kvadratu.
Kvalitativni Setfeni se zamérovalo na fenomény vyskytujici se v feSenich zaka.

3.1 Ug&astnici vyzkumu

Vyzkum probihal v priibéhu $kolniho roku 2023/2024 v jedné zékladni skole Jihomoravského kraje, ktera
ma jako jednu ze svych priorit pééi o nadané zaky. Nejedna se vsak o skolu vykonové zaméfenou nebo
vzdélavajici pouze nadané zaky. To znamend, Ze zde najdeme vSechny vykonnostni skupiny zéki. Skola
se snazi o vnitini diferenciaci a zaky separuje podle vykonu pouze jednou tydné, kdy se ucitelé zaméruji
na vyukové specifika kazdé ze t¥i skupin (Z4ci s poruchami udeni a zaci s podprimérnymi vysledky
v matematice, Z4ci s primérnymi vysledky v matematice, nadani zéaci). Zaci nejsou do téchto skupin
rozdélovani podle znamek, ale podle jejich schopnosti a motivace k rozsifujicimu studiu matematiky.
Napriklad skupina nadanych zakt, kterd je vedena v ramci klubu pro nadané, je vybirana na zakladé
specialniho Skolniho testovani a také dlouhodobého pozorovani zaku, aby se do skupiny dostali zaci
motivovani pro vzdélavani.

Spolupréce probihala se tfemi uciteli. Uéast ve vizkumu byla pro zaky dobrovoln a z celkového poctu
83 zaku ze tii t¥id 5. rocniku se do testovani zapojilo 45 zakt. Paty rocnik byl vybran ze dvou duvodi.
Prvnim divodem bylo to, Ze standardizovany test TIM®®, ktery bude pfedstaven dale, je uréen pro zky
3. az 5. ro¢niku. Druhym ddvodem byl zamér vytvorit na zédkladé vysledkt tohoto vyzkumného Setieni
standardizovany test pro zaky 5. az 7. ro¢niku.

Zaky jsem znala osobné. Se skupinou nadanych 74k jsem v daném gkolnim roce pracovala v ramci
jejich klubu pro nadané a vSechny zapojené zdky jsem pozorovala pii feSeni tloh béhem jejich plnéni
vyzkumného testu.

3.2 Popis vyzkumného setieni

Na zacatku vyzkumu byli vyucujici pozadani, aby uvedli, jak zédky posuzuji vzhledem k jejich vykonu
v matematice. Ve vzorku bylo podle nich 5 matematicky nadanych zakd, 8 zakd nadanych, 1 nadany zédk
s dysortografii, 1 zdk s nadprumérnymi vysledky, 28 zakt s pramérnymi vysledky, 2 Zaci s podprumérnymi
vysledky.

Zéci byli nejdiive podrobeni testovani standardizovanym Testem pro identifikaci nadangjch Zdki v ma-
tematice TIM3™® (Cigler et al., 2017). Dle Ciglera et al. (2017) test TIM3® vykazuje dobrou vnitini kon-
zistenci (Cronbachovo « v rozmezi 0,67-0,91 dle roéniku a formy), uspokojivou stabilitu (r = 0,68-0,78)
a velmi vysokou shodu mezi hodnotiteli (ICC = 0,99). Faktorova analyza potvrzuje jednodimenzionélni
strukturu testu (TLI = 0,97; RMSEA = 0,02). Soubé&zné validita s inteligenénimi testy je stfedné silnd
(r = 0,64) a test zaroveti dobfe rozliSuje nadané zéky od bézné populace (Cohenovo d = 1,2-1,8).

Test (Cigler et al., 2017) urcil pro jednotlivé zaky jejich percentil, na kterém se pravdépodobné
pohybuji v matematickych schopnostech. Na zakladé vysledkti v testu byli Zaci rozdéleni do skupin
nadanych a ostatnich. Pfi stanovovani hranice nadani jsem vychézela z teoreticky popsanych zptisobi
rozdéleni nadéani, v nichz jsem se pfiklonila k Renzulliho pojeti, v kombinaci s dlouhodobym pozorovanim
zakl, ke kterému jsem dostala ptilezitost pii sledovani jejich prace. Mnou vybrand hranice nadani byl
85. percentil ve standardizovaném testu TIM3®. Z dlouhodobého hlediska byli Zaci z tohoto pasma
schopni podavat stabilné nadpriimérné vykony, a to i v nestandardnich tlohach.

Nésledné zaci fesili postupné v mésicich prosinec roku 2023, leden, tinor a biezen roku 2024 pét
subtesti. Na FeSeni méli tolik ¢asu, kolik potiebovali (zak test odevzdal, az byl hotov), aby se odstranily
naptiklad hendikepy zaku s dyslexii. Byli vzdy pozadani, at uvadi také postup feseni tlohy.

3.3 Vyzkumny test

Vyzkumnym néstrojem byl didakticky test, sestdvajici z péti subtestt o Sesti slovnich tlohach (tlohy
typu ,myslim si ¢islo“, déleni celku na nestejné casti, tlohy vedouci na soustavy rovnic, diofantické
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rovnice, kombinatorika, viz ptiloha). Ulohy v subtestech byly gradovany od téch, které by dle oéekavani
autorky, podlozeného dlouholetym praktikovanim diferencované vyuky matematiky, méli zvladnout i zaci
s prumérnymi vykony v matematice, az po ty, které by mély byt vyzvou i pro nadané zaky. Vzhledem
k tomu, Ze se jednalo o pilotni studii, nebyla gradace tloh pfedem ovérovana.

Do testu byly vybrany slovné formulované tlohy s kontextem i bez néj. Slovni ulohy jsou, jak bylo
uvedeno vySe, pro zdky vyzvou, protoZe je nutné zorientovat se v textu, najit podstatné informace a ty
zapsat a zpracovat matematicky. Algebraické slovni tlohy jsou naro¢né na nalezeni vztahti mezi veli-
¢inami. V nizsich rocnicich jsou feSeny experimentalni ¢i aritmetickou strategii, od 8. ro¢niku, kdy se
obvykle probiraji rovnice, mohou zaci pouzit také strategii algebraickou. I kdyz v diivéjsi studii bylo zjis-
téno, Ze u nadanych zakd dochazi nékdy k osvojeni algebraické strategie diive, nez je probirédna ve skole
(Budinové, 2018). Je pravdépodobné, Ze se u téchto tloh projevi aritmetickd zruénost zéka, jeho aritme-
ticka predstavivost i dovednost najit pro situaci ze zadani spravny matematicky model. Kombinatorické
tlohy kladou diraz na porozuméni struktufe problému a vytvoreni systému pii FeSeni, ktery umozni
najit vSechny moznosti (Vondrova, 2020). Nadani Zaci mohou mit v téchto tlohéch vyhodu oproti svym
vrstevnikim diky kreativité (Krutetskii, 1976; Renzulli, 1978), flexibilité a originalité mysleni (Macht et
al., 2013) a schopnosti pfechazet k alternativnim postuptim feSeni (Krutetskii, 1976).

Ulohy do vjzkumného testu byly voleny vzhledem k autorce zndmjm parametriim, které mohou
ovliviiovat obtiznost ulohy. Napi. naro¢nost tilohy ovliviiuje volba &isel. Zaci nejsnadnéji pracuji s ma-
Iymi pfirozenymi ¢isly, velkd a slozitd ¢isla (napiiklad ¢isla s velkym poétem cifer, zlomky s velkym
jmenovatelem aj.) mohou snizit tisp&$nost (Vondrova et al., 2019). Naptiklad déleni 24 : 6 zvladnou zaci
i zpaméti, oproti tomu 14 652 : 37 mize nékteré zaky od feSeni tilohy odradit. V tlohéch jsem proto ¢isla
volila tak, aby zaka nenavadéla na pozadovanou operaci, ale zaroven aby nebyla zdrojem dalSich chyb,
které jsem nesledovala. Do slovnich Gloh mtZeme déle ptidavat antisigndly (distraktory) nebo nadbyteéné
udaje, které tlohu dale ztézuji. Antisigndl muZeme popsat jako slovo nebo slovni spojeni, které navadi
FeSitele na nespravnou operaci (napf. Adetula, 1990). Rizné studie (mezindrodni i tuzemské) ukazaly, Ze
pfi pouziti antisignalu je slovni tloha pro zéky obtizné&jsi (Vondrové et al., 2019), proto jsem ji zafadila
do vyzkumného testu.

3.4 Popis aloh subtestu Ulohy typu ,,Myslim si cislo*

V tomto ¢lanku se zaméfuji na prvni subtest vyzkumného testu. P¥i vyhodnocovani byly posuzovany:
e spravnost vysledku;
e zapsany postup (zda zak zapsal jen vysledek, zda rozepsal postup, jaky postup FeSeni byl pouzit);
e zapisovani odpovédi;
e pisemné provedeni zkousky spravnosti;
e specifické fenomény (implika¢ni zapis, volba chybné metody FeSeni).

V nésledujicim textu budou pfedstaveny jednotlivé tlohy subtestu a autor¢ino ocekavani feseni zak.
Uloha 1. Myslim si ¢islo. Kdy# k nému prictu 8, dostanu 22. Které ¢islo si myslim?

Uloha 1 je jednokrokova, k jejimu feSeni staci jeden vypocet. Jednoduchost tlohy vede u fady zakt
k tomu, Ze nemaji potifebu zapisovat postup a pisi jen vysledek, ktery urcili zpaméti. Ocekavala jsem, ze
7aci zapisi pouze vysledek (14) nebo odpovéd (,,myslis si 14“), piipadné aritmeticky vypocet 22 — 8 = 14.
Neodekéavala jsem problémy s antisignilem (je pouzito slovo pfiétu, ackoli se ma od¢itat), nebot tloha
je snadné na vytvoreni pfedstavy. V testu tloha plni roli spiSe motivacéni, aby zaci dosahli tspéchu na
zacatku testu.

Uloha 2. Myslim si ¢islo. KdyZ ho vyndsobim dvéma a od vysledku odectu 3, dostanu 7. Které ¢islo si
myslim?

Uloha 2 je dvoukrokova, mnoho zakt viak ziejmé nebude mit potfebu postup zapisovat a visledek
uréi zpaméti. Ocekévala jsem zapsani vysledku (5) nebo odpovédi (,myslis si 5*), pfipadné aritmetického
v§poctu 7+ 3 =10, 10: 2 = 5.

Uloha 3. Myslim si ¢islo. Kdyz od néj odectu 7 a vysledek vydélim dvéma, dostanu 8. Které cislo si
myslim?

Uloha 3 je také dvoukrokova a na prvni pohled se az na pofadi operaci p¥ilis nelisi od druhé lohy.
Rozdil oproti druhé tloze je vSak ve vétsich Cislech, coz by mohlo snizit Gspésnost. Ocekavala jsem
aritmetické feSeni 8 - 2 = 16, 16 + 7 = 23. Déle bylo sledovano, zda néktefi zaci neprovedli operaci 8 : 2
misto 8 - 2, coz by mohli provést v pripadé, ze pouziji povrchovou strategii feseni.
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S tlohami podobnymi uvedenym tfem se zkoumani Zaci obcas setkali ve vyuce a byli seznamovani
s tzv. postupem feSeni od konce. V poslednich minimélné péti tydnech pfed testovanim vsak takové alohy
do vyuky zarazeny nebyly.

Uloha 4. Myslim si ¢islo. KdyZ ho vyndsobim samo sebou a k ziskanému soucinu prictu myslené &islo,
dostanu 90. Které cislo si myslim?

Uloha 4 je nestandardni tiloha a lze piedpokladat, Ze se zaci s timto typem setkali poprvé az v testu.
Nelze na ni pouzit metodu od konce a je nutné vytvofit situaéni model, ktery umozni tlohu vytesit. Cisla
jsou iimyslné volena tak, aby pfi znalosti malé nasobilky zak feseni rychle odhalil: 94+9-9 = 9481 = 90.
Pokud by zéak fesil tlohu na zékladé této pfedstavy, ocekdvala jsem, Ze zapise pouze vysledek. V opacném
pripadé muize postupovat experimentalné. Zvoli napf. ¢islo 6 a provede s nim operace: 6+6 - 6 = 6 + 36 =
= 42, postupné zvétsuje volené ¢islo.

Uloha 4 mé druhé feseni v oboru celych ¢isel: —10-(—10) — 10 = 90. Vzhledem k véku zakii jsem vsak
neocekavala, ze budou uvazovat timto zptisobem, a plny pocet bodt obdrzeli po nalezeni feSeni z oboru
pfirozenych cisel.

Uloha 5. Myslim si dvojciferné ¢islo. Kdyz vytvorim jeho ciferny soucet (napiiklad ciferny soucet cisla 25
je 2+ 5="7) a vyndsobim ho dvéma, dostanu myslené cislo. Které céislo si myslim?

Rovnéz tloha 5 je nestandardni a vyzaduje nejen vytvoreni modelu situace, ale také porozumeéni vsem
termintim v zad4ni. Ocekédvala jsem experimentalni feSeni, bud metodou pokusu a omylu, nebo Fizenym
experimentem. Pfi fizeném experimentu mutze zak postupovat tak, ze vybere dvojciferné ¢islo, urci jeho
ciferny soucet, vynasobi ho dvéma a z vysledku posoudi, jak vybrané ¢islo zménit: napf. 36; 3 +6 = 9;
9.2 =18, ¢islo 18 je o 18 mensi nez 36, pokusi se zmensit vybrané ¢islo, napt. 27; 2+ 7=19; 9-2 = 18,
¢islo 18 je o 9 mensi nez 27. Postupné lze vypozorovat, ze ciferny soucet musi byt alespon 5, jinak
jeho vynasobenim dvéma neziskdme dvojciferné ¢islo. Nejvétsi ciferny soucet je 18, coz je vynasobeno
dvéma 36, a dané cislo musi byt mensi nez 36. Vysledkem je 18; 1 +8 =9;9 -2 =18.

Uloha 6. Myslim si ¢islo. KdyZ k nému prictu trojndsobek tohoto ¢isla, dostanu 24. Které ¢islo si myslim?

Uloha 6 je tiloha s antisignalem. Jako antisignal zde vystupuje slovni spojeni ,pii¢tu trojnasobek®,
které muze zaky navést k tomu, aby ¢islo 24 délili tfemi. Pokud Zak bude situaci analyzovat a vytvori
si situa¢ni model, bude postupovat naptiklad délenim ¢isla 24 ¢tyimi, nebot 24 : 4 = 6; 6 + 3 - 6 = 24.
Hledané ¢islo je 6. Pokud zék bude postupovat povrchové, neché se zmast slovem ,trojnasobek” a bude
pocitat 24 : 3 = 8.

3.5 Analyza dat

Data, tedy pisemna zakovska feSeni, byla nejdiive zpracovana co do tspésnosti feseni. Ulohy v subtes-
tech 1, 2 a 3 byly bodovany 1 (spravnd odpovéd) nebo 0 (nespravni odpovéd). V téchto subtestech bylo
tedy mozné dosdhnout maximélné 6 boda. V tlohach, které mély vice feseni, coz byly tlohy vedouci na
diofantické rovnice a kombinatorické tlohy (subtesty 4 a 5), bylo bodovéni odlisné: V piipadé, ze zdk
nasel vSechna fesSeni, dostal 2 body, v pripadé, Ze naSel jen néktera feSeni, dostal 1 bod. V celém testu
mohl tedy zék ziskat nejvyse 46 bod1.

Pfi analjze dat byla nejprve pouzita deskriptivni statistika, s jejiz pomoci byly zjisfovany vysledky
pro cely vyzkumny test a jednotlivé subtesty, ¢etnosti bodovych hodnoceni jednotlivych tloh, relativni
Cetnosti, aritmeticky primér, medidn, kvartilové rozdéleni a charakteristiky rozptyleni (rozptyl a sméro-
datna odchylka). Nésledné byly stanoveny korelace mezi jednotlivymi metodami posuzovani matematic-
kych schopnosti: jednak korelace mezi percentilem, ktery byl urcen standardizovanym testem, a vysledkem
ve vyzkumném testu, jednak korelace mezi vysledky v testu a trovni nadani, kterd byla stanovena vy-
ucCujicimi. Za tim ucelem byl pouzit Spearmantv korela¢ni koeficient poradi, coz je statistickd metoda
pouzivana k hodnoceni sily a sméru monoténniho vztahu mezi dvéma proménnymi, jejichz hodnoty lze
sefadit podle potradi. Tento koeficient je vhodny zejména tehdy, kdyz nelze predpokladat linedrni vztah
mezi proménnymi nebo kdyz data nevyhovuji pozadavkiim na normalitu, k ¢emuz dochézi naptiklad
tehdy, kdyZ se pracuje s malymi vybéry (Hendl, 2012). Korelace byly testovany na hladiné vyznamnosti
5 %.

Kromé deskriptivniho popisu vysledki vyzkumného souboru byly stanoveny také hypotézy popisujici
vztah mezi ispésnosti v kazdé tloze subtestu 1 a naddnim. U kazdé z Sesti tiloh byla tedy stanovena nulova
hypotéza Hy: Uspésnost v uloze nezdvisi na naddni. Hypotézy byly testovany na hladiné v§znamnosti
5 %. Vysledky byly statisticky zpracovany v programu Statistica.

V kvalitativni ¢asti byla provedena analyza feSeni jednotlivych tloh, rznych pristupt zaku k feseni
a opakujici se chyby. Byly sledovany strategie feseni tloh a jevy charakteristické pro jednotlivé tlohy,
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jako je napr. implikacni zapis, vyuziti distraktoru aj. Nejprve jsem vytvorila rdmec kédovani na zékladé
didaktické analyzy tloh, a pak jsem tento ramec rozsifila o nové kategorie, které vzesly pfimo z redlnych
feSeni zakd. V ¢lanku budou pfedstaveny vysledky pro tlohy subtestu 1. Ostatni subtesty jiz byly také
analyzovany a nékteré byly ¢ budou publikovany (doposud Budinova, 2025).

4 \Vysledky

4.1 Vyhodnoceni vyzkumného testu jako celku

Stru¢né predstavime celkové vysledky vyzkumného celku a poté se zaméfime na to, jak koresponduje
identifikace nadani prostfednictvim standardizovaného testu a identifikace nadani prostfednictvim vy-
zkumného testu. Dale nas bude zajimat, jak koresponduje stanoveni nadani ucitelem s identifikaci nadéani
standardizovanym testem.

Jak je uvedeno vyse, zaci mohli ve vSech tilohach vyzkumného testu ziskat maximalné 46 bodt. Nej-
vy$si ziskané skore bylo 41 bodt a nejnizsi 1 bod. Priamér byl 20,1 bod a smérodatnéd odchylka 10,3,
medidn 19,0, kvartilové rozdéleni: 1. kvartil (Q1): 12, 3. kvartil (Q3): 29. Procentuélni ispé$nost v jed-
notlivych tlohach podle subtestu je uvedena v tab. 3.

Tab. 3: Procentualni tispésnost v tlohach subtesti

Subtest Uloha 1 Uloha 2 Uloha 3 Uloha 4 Uloha 5 Uloha 6
1 96 % 84 % 78 % 64 % 31 % 29 %
40 % 58 % 42 % 53 % 27 % 29 %
67 % 64 % 40 % 40 % 18 % 18 %
82 % 58 % 47 % 41 % 33 % 21 %
82 % 41 % 27 % 39 % 22 % 14 %

Y | W N

Korelace mezi percentilem, ktery byl urcen standardizovanym testem, a vysledkem ve vyzkumném
testu byla statisticky vyznamnd na hladiné vyznamnosti 0,05 (percentil vs. suma bodf: Spearmanovo
R =10,86, t(N —2) = 11,07, p < 0,001).

Lze tedy konstatovat, Ze test jako celek (s péti subtesty a celkem 30 tlohami) stanovuje nadani
pomérné spolehlivé. Z grafu na obr. 1 vSak vidime skupinu zakt mezi 80. a 95. percentilem, ktefi ziskali
v testu relativné malo bodt (8 az 22 bodt z 46 bod®). Vhodnym vysvétlenim tohoto faktu mutze byt
vyskyt naro¢nych tloh, které byly i pro nadprimérné ¢i nadané zaky komplikované a snizovaly jejich
aspésnost.

Také korelace mezi percentilem, ktery byl stanoven standardizovanym testem, a Grovni nadani, ktera
byla stanovena vyuéujicimi, byla statisticky vyznamn4 na hladiné vyznamnosti 0,05 (percentil vs. nadani:
Spearmanovo R = 0,72, t(N — 2) = 6,87, p < 0,001).
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Obr. 1: Suma bodt ve vyzkumném testu proti percentilu ve standardizovaném testu
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Obr. 2: Percentil ve standardizovaném testu proti nadani podle ucitelu

Z grafu na obr. 2 Ize za prvé vy¢ist, Ze Zaci oznacCeni uciteli jako matematicky nadani ziskali jako
skupina dle ocekdvani nejvyssi skére ve standardizovaném testu. Jako matematicky nadany je obvykle
ucitelem oznacen zak, ktery v béznych Skolnich testech dosahuje vybornych vysledkti. Protoze matema-
ticky nadani zaci obvykle dobte zvladaji i nestandardni ulohy, dalo se ocekavat, ze dosahnou vysokého
skore i ve standardizovaném testu, ktery pravé takové dlohy obsahoval. Za druhé, zédk s dysortografii
oznaceny ucitelem jako nadany ma horsi vysledky nez vSichni Zaci oznaceni jako nadani a také nez jeden
zak oznaceny jako zak s nadprimérnymi vysledky a né€kolik zakd s primérnymi vysledky. Za tteti, fada
zakl, kteri byli uciteli oznaceni jako zaci s primérnymi vysledky, dosahovali ve standardizovaném testu
vysledkt stejnych jako zaci oznaceni jako nadani.

Lze tedy konstatovat, ze posouzeni ucitelt je v mnoha pfipadech vypovidajici, ale zejména u skupiny
zékd s primérnymi vysledky vidime, ze na zakladé projevi zaka v hodinach matematiky je zdk vniman
jako primérny, avsak pii feSeni problémovych tloh dosahuje neocekdvané dobrych vysledkt.

Na zakladé vysledkil ve standardizovaném testu TIM?® a ve vjzkumném testu bylo ve vzorku iden-
tifikovano 20 zakt nadanych.

4.2 Nadani zaci a vysledky aloh subtestu 1

V tomto oddile je zjistovano, do jaké miry lze tlohy v subtestu 1 vyzkumného testu vyuzit pro testovani
nadani.

Tab. 3 ukazuje, Ze spésnost tloh subtestu 1 klesa dle ocekavani podle zvysujici se naro¢nosti tloh.
Prvni dvé tlohy jsou velmi jednoduché, zaddné loha nemé tGspésnost mensi nez 20 %, a nebyla tedy pro
zédky prilis naro¢na. Pro pochopeni toho, jak dana tloha testuje a zda je schopna odlisit zdky nadané
a ostatni, vSak bude vhodné podivat se na vysledky v zavislosti na matematickych schopnostech zak.
Nulova hypotéza Uspésnost v dané tloze nezdvisi na naddni nebyla zamitnuta pro ulohy 1, 2, 3 a byla
zamitnula pro tlohy 4, 5, 6 (tab. 4). Lze tedy konstatovat, Ze v poslednich tfech tlohach testu tspésnost
zéka v dané tloze zavisi na nadéni.

Tab. 4: Procentualni tispésnost tloh subtestu 1 podle nadani

Uloha 1 Uloha 2 Uloha 3 Ulocha4 Uloha5 Uloha 6

Nadani (20 zaka) 100 % 95 % 85 % 95 % 55 % 60 %
Ostatni (25 zaka) 92 % 76 % 72 % 40 % 12 % 4%
Hladina vyznamnosti rozdilu vysledki (p) 0,076 0,065 0,143 < 0,001 0,003 0,005

vvvvvv

podstatny a neni statisticky vyznamny. Statisticky vyznamné rozdily na hladiné vyznamnosti 0,05 lze
sledovat az u poslednich tii iiloh. U tloh 5 a 6 byla i u nadanych zaki relativné nizsi ispésnost, a tyto tlohy
tedy pro stanovovani trovné nadéani piilis§ vhodné nejsou. U ulohy 5 byl jednim ze zatézujicich faktort
pouzity jazyk. Pojem ciferny soucet i pfes vysvétleni zfejmeé ¢inil fadé zakt potize. Nekteri zaci zadani
ziejmé porozuméli a provadéli experiment (vétSinou nefizeny), nedokézali z néj vSak vyvodit spravné

Scientia in educatione, 16(2), 2025, p. 15-33 24 https: //doi.org/10.14712/18047106.4710


https://doi.org/10.14712/18047106.4710

zavéry a tlohu nechali nedofesenou. U posledni dlohy byl zatéZujicim faktorem distraktor. Zaci, ktefi
jsou zvykli pouzivat povrchové strategie a neanalyzuji dostatecné situaci, se nechali navést na nespravny
vypocet. Tuto chybu délali také nadani zaci, i kdyz ne v tak velkém procentu jako zaci ostatni. V nasem
vzorku to konkrétné byla ¢tvrtina zakd nadanych a (necelé) tii Gétvrtiny zakt ostatnich, ktefi provedli
chybny vypocet 24 : 3 = 8.

Nejvhodnéjsi pro stanoveni tirovné nadani je z téchto uloh tloha 4 (Pearsontiv chi-kvadrét= 14,67,
p < 0,001). Je to tloha, u niz zaci nemohli mit natrénovany postup feSeni a zdroven si museli vytvorit
situa¢ni model. Uloha vSak neobsahovala dalsi jevy, které by byly pfili§ zatézujici i pro nadané zaky.
Rozdil mezi nadanymi a ostatnimi zaky se tedy nejvice projevil ve ¢tvrté tloze, u niz zaktm nebyl znam
algoritmus, ale soucasné zadani nesvadélo k pouziti povrchovych strategii feseni.

4.3 Kvalitativni analyza reseni zaku

V tomto oddile uvadim prevladajici feseni zaka u jednotlivych tloh a poté Casté fenomény, které bylo
mozné v FeSenich zaki sledovat. Analyza se zaméfovala na FeSeni vSech zaku ze vzorku. V pripadé, kdy
u skupiny nadanych zaka prevazoval urcity zptsob feseni, je tento fakt zminén.

Ulohu 1 nékteif Zaci vytesili zpaméti a zapsali pouze visledek (v 5 ptipadech), ale nejéastéji zapsali vy-
pocet jako na obr. 3 (ve 38 pfipadech). Vzhledem k jednoduchosti tilohy se neobjevily z4dné neoéekavané

jevy.
Myslim si €islo. KdyZ k nému pfiftu 8, dostanu 22. Které &islo si myslim?

- g =1y
7] /

Obr. 3: Ukazka reseni tlohy 1

Ulohu 2 stéle néktefi zaci vytesili zpaméti (17 zaki), ale vice zakt postup zapsalo. Nejéastéji pii tom
postupovali od konce (ve 24 p¥ipadech), tedy Gvahou 74 3 =10, 10: 2 = 5.

Dva kroky, které uloha vyzadovala, vedly nékteré zaky k implika¢nimu zapisu (v 19 ptipadech). To je
zapis, ve kterém zak postupné zapisuje své na sebe navazujici myslenky, ale vznikajici zapis je matematicky
nespravny. Ukézka implika¢niho zapisu je na obr. 4. Zak v tomto piipadé nezapsal ani odpovéd.

Myslim si ¢islo. KdyZ ho vyndsobim dvéma a od vysledku odedtu 3, dostanu 7. Které ¢islo
si myslim?
Obr. 4: Ukéazka feseni tlohy 2 s implika¢nim zapisem
Obdobné postupy byly u ulohy 3, ale ta méla nizs$i GspéSnost u obou skupin zékd. Zpaméti tlohu
vyfesilo 17 Z4ki, metodou od konce 19 zékti. Zaci ¢astéji ucinili numerickou chybu (ve 4 ptipadech)
nebo zaménili jednu z operaci (ve 4 pifpadech). Ukdzku feSeni se zaménou operaci vidime na obr. 5. Zak

chybne interpretoval obrat ,,vysledek vydélim dvéma‘“ a tuto ¢ast pocital jako 2 - 4 = 8. Chybéjici zkouska
spravnosti zpisobila, Ze chyba nebyla odstranéna.

Myslim si ¢islo. KdyZ od néj odectu 7 a vysledek vydélim dvéma, dostanu 8. Které islo si
myslim?

Z.¥=8

17— 7=%
o e & /
MLIN 517

Obr. 5: Chybné feseni tlohy 3 se zdménou operace
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Velmi Casto se vSak objevilo feSeni, kdy Zak urcil hledané ¢islo zpaméti a naslednym zapisem pouze
deklaroval spravnost svych myslenek (12 zaki), viz obr. 6.

Myslim si &islo. Kdyz od néj odeétu 7 a vysledek vydélim dvéma, dostanu 8. Které ¢islo si

myslim?

19946253 2%
F

N oM
?‘Z:{é J(?ff{f

Obr. 6: Spravné vyfesena tloha s naznacenim postupu inverznimi operacemi

Implikacni zapis byl u tfeti tlohy pouzit v 10 pripadech.

V dloze 4, kterd nejlépe odlisovala zaky nadané od ostatnich, byly pouzity nejcastéji tyto postupy:
zék ulohu vyfesil zpaméti a zapsal bud spravny kontrolni vypodet (23 zaki), nebo jen vysledek (4 zaci),
78k volil metodu pokusu a omylu (5 z&kl), nebo 7k nechal tlohu nevyfesenou ¢ pouzil chybnou tvahu
(13 z4kt). Treti a ¢tvrtou variantu volili nejéastéji zaci nenadani. Ukdzka spravného feseni s implikacnim
zapisem je na obr. 7.

Myslim si ¢éislo. KdyZz ho vyndsobim samo sebou a k ziskanému souéinu pfi¢tu myslené

7z wr

Cislo, dostanu 90. Které Cislo si myslim?

§4=£9+1-10 @

Obr. 7: Ukazka implika¢niho zapisu

Implikacni zapis pouzilo ve ¢tvrté tloze 17 zak.

Uloha byla pro fadu zaki, zejména ostatnich, naroéné z ditvodu uvedené slovni formulace, ke které zaci
obtizné hledali matematicky model. Objevily se problémy s porozuménim tomu, co znamena ,,vynasobit
¢islo samo sebou”, kdy zaci asto pristupovali ke s¢itani dvou stejnych c¢isel nebo k déleni dvéma jako na
obr. 8.

Myslim si ¢islo. KdyZ ho vyndsobim samo sebou a k ziskanému soucinu pfictu my3lené
¢islo, dostanu 90. Které Cislo si myslim?

o Z:ig /fys//_?— ;) 5/3‘/0’ //f
4[‘2 - ¢c>
Obr. 8: Chybné pochopeni vztaht ze zadani

Ulohu 5 Zéci Fesili nejéastéji zpaméti (napsali jen vysledek, piipadné s pifslusnym vypoctem, 11 zaki),
metodou pokusu a omylu (nefizeny experiment, 5 zakl), Fizenym experimentem (3 Zaci), nebo tlohu
nechali nevyfesenou (26 zaki). Na obr. 9 je spravné vyiesena tiloha s implikaénim zépisem. Zak své
myslenky zkratil natolik, Ze dokonce dal rovnitko mezi ¢islo a jeho ciferny soucet.

Myslim si dvojciferné €islo. Kdyz vytvoiim jeho ciferny souéet (napfiklad ciferny souéet

s wr

Cisla 25 je 24+5=7) a vyndsobim ho dvéma, dostanu myslené islo. Které &islo si myslim?

= 159 4<%

Obr. 9: Spravné vyfesend tloha 5 s implika¢nim zapisem
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Na obr. 10 je ukazka nefizeného experimentu, pti kterém zak nedokézal vyuzit ziskanych vysledku

k tomu, aby doSel ke spravnému zaveéru.

Myslim si dvojciferné &islo. KdyZ vytvoiim jeho ciferny souéet (napfiklad ciferny soucet
¢isla 25 je 245=7) a vyndsobim ho dvéma, dostanu mysiené Cislo. Které cislo si myslim?

Boovel Ygg Moaliny st Gl 2,
15 4+32y Yoz=g

15 14524 6221

T 1+6=32 311y

33 3324  pop=4L

19 A«A=Y 4. 1=

Obr. 10: Nedoresena tloha 5 metodou pokusu a omylu

U dlohy 6 se jako velmi silny faktor projevil distraktor. Zaci se tak rozdélili na ty, ktefi si spravné
vztahy mezi ¢isly uvédomili (13 zaki), na ty, ktefi se nechali svést distraktorem (28 zaki), a na ty, ktefi
ulohu nefesili (4 zaci). Pokud Zéci pouzili distraktor, provedli vypocet 24 : 3 = 8 a jako vysledek uvedli 8
(viz obr. 11). Jak jiz bylo uvedeno vySe, na nespravny vypocet se zaddnim nechala navést ¢tvrtina zkt
nadanych a tii ¢tvrtiny zaka ostatnich.

Myslim si Cislo. KdyZz k nému pri¢tu trojndsobek tohoto &isla, dostanu 24. Které &islo si
myslim? ?

26:3: &
Obr. 11: Uloha 6 vyfeSena nespravnym vypodtem

Na obr. 12 je uvedeno stru¢né a implika¢ni feSeni matematicky nadaného zéka, ktery vysledek uvadi
pfimo ve vypoctu.
Myslim si &islo. KdyZ k nému pfi¢tu trojndsobek tohoto ¢isla, dostanu 24. Které cislo si

myslim?

Obr. 12: Spravné vyfeSena tuloha 6 s implika¢nim zapisem

Zaci mnohdy sviij vysledek zapsali ¢islem nebo slovni odpovédi, ale uz jej nepodrobovali kontrole.
Na obr. 13 je priklad feSeni, v némz zak navrhl chybny postup feseni, ktery nekonfrontoval se zadanim,
a v disledku nasledného neprovedeni zkousky svoji chybu neodhalil.

Myslim si €islo. KdyZ ho vyndsobim dvéma a od vysledku odettu 3, dostanu 7. Které &islo

si myslim? = | /
J L 1548 =

Obr. 13: Ukazka chybného feseni a neprovedené zkousky
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5 Diskuse

5.1 Identifikace nadani
Zjisténi této studie potvrzuji, Ze identifikace matematického nadani ve Skolnim prostiedi je komplexni
a mnohovrstevnaty proces, ktery nelze zazit pouze na vysledky standardizovanych testi ¢i posouzeni
ucitelem (Macht et al., 2013; Szabo et al., 2024). Ackoliv byla mezi vysledky standardizovaného testu
a vykonem ve vyzkumném testu nalezena silnd korelace, podrobnéjsi analyza ukézala vyznamné indi-
vidualni odchylky vztahujici se k jednotlivym tlohédm. Tyto rozdily poukazuji na faktory, které se poji
s testovou tlohou a které mohou vykon nadanych zaki ovlivnit — zejména narocnost tloh a typ zadanjch
uloh. Ackoli problémovéa matematicka tloha je chdpéana jako tézisté nejen testovani, ale také vzdélavani
nadanych zakd (Liljedahl et al., 2016), i v naSem testovani se ukdzalo, Ze najit mezi tlohami takovou,
ktera citlivé méfi nadani, je slozity tkol. Zatimco tlohy, u nichz zaci jiz znaji postup feseni, problémové
nejsou a muze je algoritmicky vyfesit i primérny zak, lohy s prili§ zatézujicimi faktory jsou naro¢né i pro
nadané zéky, kteri takovou tlohu nemusi, napriklad z divodu nedostatecné zkuSenosti, zdarné vytesit.
V nasem testovani se jako takovy nepfiméfené ndroény parametr ukdzala p¥itomnost antisignalu (dis-
traktoru) v 6. tloze, coZ je v souladu s vysledky vyzkumt (Vondrové et al., 2020). Druhym zatézujicim
faktorem, ktery ovliviioval vykony i nadanych zakt, byla jazykova stranka tlohy s cifernym souctem.

Vyznamnym zjisténim je fakt, ze fada zaku s vysokym skdre ve vyzkumném testu nebyla uciteli ozna-
odrazi spiSe vykonnost v rutinnich tlohach a prizptisobivost skolnimu systému nez skuteény potencial
zéka. Je zde patrny soulad s modelem Bettse a Neihart (1988), ktery upozoriiuje na existenci ,skrytych®
¢i podvykonnych nadanych zaki, jejichz schopnosti se ve skolnim prostfedi nemusi plné projevit.

Dalsim dtlezitym aspektem je samotnad povaha pouzitych matematickych tloh. Dle ocekavani se
ukézalo, Ze tlohy rutinniho typu nejsou pro rozpoznani nadanych vhodné, nebot nezachycuji kreativni ¢i
alternativni zptsoby feseni. Kreativita je jednou z vlastnosti, kterou se nadani jedinci odlisuji od ostatnich
(Lithner, 2017; Renzulli, 1978) a kterou lze v matematice odhalovat zaddvanim nevSednich problémovych
uloh, se kterymi se jedinec dosud nesetkal. Nadany zak by se mél v nezndmé situaci snaze zorientovat
a hledat alternativni zptisoby FeSeni (Krutetskii, 1976). Zaroveri vSak p¥ili§ komplexni problémové tlohy —
pokud nejsou citlivé vybrany — mohou byt natolik naro¢né, ze pii jejich reseni selhavaji i nadani zaci.
To se potvrdilo i v pfedloZzeném vyzkumu a je v souladu se zjisténimi autord jako Hadamard (1945),
Krutetskii (1976) nebo Lithner (2017), Ze nadani zaci potfebuji prostor pro hlubsi porozuméni problému
a Casto premysleji vice divergentné. Pokud vSak neni testovani navrzeno tak, aby tento zptisob uvazovani
zohlednilo (napf¥. ¢asové, strukturou tloh), muzZe byt vysledek zkresleny.

7Z vysledku dale vyplyva, ze pouze jedna z analyzovanych tloh se ukazala jako vhodna pro rozliseni
mezi nadanymi a ostatnimi zaky. Byla to pravé ta, kterd nespoustéla automatické resitelské strategie
a zaroven nenutila zdky k povrchovému uvazovani. To podporuje myslenku, ze tlohy pouzivané pro
identifikaci nadanych by mély byt nejen origindlni a neobvyklé, ale zaroven by i u nadanych zakt mély
zohlednovat rzné moznosti selhani, které prameni naptiklad z malé zkusenosti nadanych zakt s problé-
mové zadavanymi tlohami.

5.2 Fenomény v pisemnych fesenich zaku

Kvalitativni analyza pisemného feseni 1iloh odhalila nékolik jevii. Velmi ¢astym jevem, a to i u nadanjch
zak1l, byl implika¢ni zapis. Tento typ zapisu ve vétsiné pripadt nevede k chybé, ale poukazuje na chybné
chapéni ekvivalence, které miize zakovi ¢init problémy u rovnic (Budinova, 2018). Implika¢ni zapis se
objevoval rovnomérné u nadanych i ostatnich zakd. Druhym casto sledovanym jevem bylo pouzivani po-
vrchovych strategii. Zak dle zadani zvolil uréity postup, ale nepodroboval ho hlubsi analjze a nezjistoval,
zda zvoleny postup odpovidal zadani. Povrchové strategie byly patrnéjsi u skupiny ostatnich zaka.
Tretim fenoménem bylo neprovadéni zkousek spravnosti vysledku vzhledem k zadéani, coz se projevo-
valo napfi¢ vzorkem a miize poukazovat na nerozvinutou metakognici. Tento nedostatek platil pro obé
skupiny zaki, avSak s tim rozdilem, Ze nadani zZaci méné casto udélali chybu ve vypoctu ¢i v tvaze,
a tak se absence kontroly vysledku neprojevovala tak vyrazné, jako u ostatnich. Zvysend metakognice je
sice jednim z atributd nadani (Alexander et al., 1995; Macht et al., 2013), jenZe i nadany zak potfebuje
dostavat k jejimu rozvoji prilezitost. Naopak projev rozvinuté metakognice jsem shledavala v ochoté mé-
nit strategie feSeni, pfechazet mezi strategiemi dle potieby a tim zvySovat moznost tspéchu. To platilo
pomérné pro obé skupiny zakd, nadané i ostatni. Kdyz zéaci neznali postup feseni, velmi ¢asto vybrali
metodu pokusu a omylu, aby ulohu vyfesili. Rozdil mezi feSenimi nadanych zakd a ostatnich byl spise
zakd bylo vice typické experimentovani ¢i zanechani tlohy bez feSeni. Prechazeni mezi strategiemi se
vSak vyskytovalo u obou skupin. Domnivam se, ze to mohlo byt proto, Ze jsou zaci z vyuky zvykli na
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zadavani nestandardnich tloh, u kterych neznaji algoritmus feseni. Experimentalni strategie je ve skole,
v niz vyzkum probihal, vniméana jako relevantni moznost feseni.

6 Limity vyzkumu

Hlavnim limitem vyzkumu je maly pocet respondentii. VSichni Zaci, ktefi se vyzkumu zacastnili, navic
navstévujl stejnou zakladni skolu. Ucitelé, ktefi zaky vyucuji, byli t¥i, tedy alespon v tomto ohledu
byla zachovana urcita diverzita. OvSem charakter skoly, ktera je oteviena vzdélavani nadanych zaki,
mohl vysledky testovani ovlivnit. Pokud bychom chtéli ziskat spolehlivéjsi data, bylo by nutné vyzkum
zopakovat na podstatné vétsim poctu zakd z riznych typt skol.

Dalsim z omezeni vyzkumu bylo rozdéleni zak® na nadané a ostatni, které si vyzadalo stanoveni jas-
ného kritéria. Ackoli bylo toto rozdéleni zaloZeno na odborné literatuie, dlouhodobém pozorovani zaku
a vysledcich standardizovaného testu, je tfeba si uvédomit, ze pojeti nadani mize byt rizné. Zvolena
kritéria tak nemuseji plné zachycovat vSechny jeho dimenze a vysledné rozdéleni nemusi byt zcela vypo-
vidajici.

Limitujici byl i vybér typu uloh, tedy algebraickych a kombinatorickych tloh. Ackoli jsou ulohy
z uvedenych oblasti skolské matematiky vhodné pro rozvoj i testovani nadanych zaki z toho thlu pohledu,
ze vyzaduji prokazat orientaci ve vztazich uvedenych v zadéani, pro jejich feseni je mnohdy potfebna
kreativita a schopnost volit alternativni zptsoby FesSeni, nebo najit vSechna feSeni, pfesto nepokryvaji
celou skalu dovednosti, kterou se nadani lisi od ostatnich. Jiné typy tloh by mohly pfinést jiné zavéry.

7 Zavér

Cilem vyzkumu bylo urceni vztahu mezi vysledkem v daném vyzkumném testu a percentilovym hod-
nocenim ziskanym na zakladé jiného standardizovaného testu, a déale mezi vysledkem ve vyzkumném
testu a posouzenim trovné nadani vyucujicim matematiky. Cilem vyzkumu bylo také zjistit, do jaké miry
jednotlivé tlohy testu prispivaji k identifikaci nadanych zakt a jak dokazou tyto zaky odlisit od jejich
vrstevniki.

Vysledky analyz ukazuji, ze percentil zaku silné souvisi jak s jejich vykonem ve vyzkumném testu, tak
s ucitelskym hodnocenim matematického nadani. Korelace mezi percentilem a vysledkem testu byla velmi
vysokd (Spearmanovo R = 0,860; p < 0,001), coz potvrzuje, Ze percentil spolehlivé predikuje Gspésnost
zékt. Silny vztah byl zjistén také mezi percentilem a uéitelskym soudem (Spearmanovo R = 0,720;
p < 0,001), coz naznacuje, Ze ucitelé ve velké mife dokazi odhadnout schopnosti zakd na zakladé jejich
vykonu.

Presto bodové grafy odhalily urcité nesoulady. V pfipadé vztahu mezi percentilem a vysledkem ve
vyzkumném testu byla patrnd skupina zadkd v rozmezi 80.-95. percentilu, kteii v testu ziskali pouze
8-22 bodi (z maximélnich 46). Tento rozdil lze pravdépodobné vysvétlit charakterem vyzkumného testu,
jehoz tlohy byly naro¢éné i pro nadané zadky. Podobné se i u korelace mezi percentilem a ucitelskym
soudem ukazala skupina zakt s vysokym percentilem, ktefi vSak byli uciteli hodnoceni jako primeérni.
Tyto pfipady naznacuji, ze ackoli je vztah obecné silny, mohou existovat situace, kdy ucitelsky tsudek ¢i
konstrukce testu vedou k odlisnym vysledkim.

Oba zjisténé vztahy jsou nejen statisticky, ale i vécné vyznamné, a to i pfes omezeni vyplyvajici
z velikosti vzorku (N = 45). Je proto vhodné ovétit je na vét§im souboru zakd a soucasné se zamétit na
faktory, které mohou vysvétlovat zminéné nesoulady — at uz jde o naroc¢nost tiloh ¢i dalsi charakteristiky
zakt ovliviujici ucitelsky tsudek. Tyto vysledky ukazuji, Ze objektivni méreni vykonu a ucitelsky tsudek
se vzajemné doplnuji, avsak kazdy z téchto zdroji muze podléhat specifickym omezenim.

Pro kazdou tulohu byla testovana hypotéza Uspésnost v tloze nezdvisi na naddni. Jako citlivd na
testovani nadani se ukazala jedind tloha ze sledovaného subtestu, a to byla tiloha 4, kterd neumoznila
algoritmické Teseni, ale zaroven neobsahovala prili§ zatézujici faktory pro nadané zaky. V pisemnych
fesenich zak jsem se setkavala s povrchovymi zptisoby feSeni, absenci kontroly vysledku a implika¢nimi
zapisy. Povrchové pristupy k feseni se tykaly vice skupiny zaki ostatnich. Chybéjici kontrola vysledku
platila pro obé skupiny, nadani zaci méli vSak vyhodu v tom, Ze méné cCasto chybovali a neprovedeni
zkousky se tedy na vysledku neprojevilo. Implikacni zapis se vyskytoval u obou skupin zakt. Na druhou
stranu se ve vzorku zakt projevila ochota pfechazet mezi strategiemi v piipadé, ze zak nedokézal feseni
najit sofistikovanéjsi metodou. To platilo pro obé skupiny zakd, ovSem s tim rozdilem, ze ve skupiné
nadanych byla vétsi ¢ast téch, ktefi feseni urcili zpaméti, a ve skupiné ostatnich naopak vétsi ¢ast téch,
ktefi tlohu nechali nevytesenou.

Vyhledévani matematickych talentd v pribéhu zakladni skoly je dilezité zejména proto, aby se nadani
zakt mohlo véas zacit rozvijet, a to idedlné na tGrovni §koly, nikoli jen mimo ni. Predlozeny vyzkum znovu
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upozornil na to, Ze identifikace nadani je komplexni proces, do kterého by mélo vstupovat nejen posuzovani
vykonnosti zadka na zakladé testi, ale také dlouhodobé posuzovani projevi zaka z riznych hledisek.
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Priloha

Subtest 1: Ulohy typu Myslim si ¢islo
1. Myslim si ¢islo. KdyZ k nému pfi¢tu 8, dostanu 22. Které ¢islo si myslim?
2. Myslim si ¢islo. Kdyz ho vynasobim dvéma a od vysledku odec¢tu 3, dostanu 7. Které ¢islo si myslim?
3. Myslim si ¢islo. Kdyz od néj ode¢tu 7 a vysledek vydélim dvéma, dostanu 8. Které ¢islo si myslim?

4. Myslim si ¢islo. Kdyz ho vynésobim samo sebou a k ziskanému soucinu pfictu myslené cislo, do-
stanu 90. Které ¢islo si myslim?

5. Myslim si dvojciferné ¢islo. Kdyz vytvofim jeho ciferny soucet (napiiklad ciferny soudet éisla 25 je
2+ 5=7) a vyndsobim ho dvéma, dostanu myslené ¢islo. Které ¢islo si myslim?

6. Myslim si ¢islo. Kdyz k nému pfi¢tu trojnasobek tohoto ¢isla, dostanu 24. Které ¢islo si myslim?
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Subtest 2: Déleni celku na nestejné casti

1.
2.

Soucet dvou ¢isel je 100, jejich rozdil je 32. O ktera ¢isla se jedna?

Maminka s tatinkem maji dohromady 70 let. Tatinek je o 4 roky starsi nez maminka. Kolik let je
mamince a kolik tatinkovi?

Jul¢a ma v levé a pravé kapse dohromady 51 korun. V levé kapse ma o 7 korun méné nez v pravé
kapse. Kolik korun méa v pravé kapse?

Rozdélte 100 kostek do tii krabic tak, aby v modré krabici bylo dvakrat vic kostek nez v ¢ervené
a v zelené o 20 kostek méné nez v Cervené krabici. Kolik kostek bude v kazdé krabici?

Obvod trojuhelniku je 87 cm. Strana b je o 15 cm kratsi nez strana a, strana c je o 12 cm delsi nez
strana b. Vypodcitej délky jednotlivych stran.

35 litrit benzinu se ma rozlit do ¢tyt kanystri tak, aby ve tfetim kanystru bylo o pét litrt méné nez
v prvnim, ve ¢tvrtém kanystru o 10 litrd vice nez ve tfetim a v druhém kanystru polovina toho, co
v prvinim. Kolik litrtt benzinu bude v jednotlivych kanystrech?

Subtest 3: Ulohy vedouci na soustavy rovnic

1.

Dvé housky a dva rohliky stoji dohromady 22 K¢. Dvé housky a ¢tyfi rohliky stoji dohromady
28 K¢. Urdi, kolik korun stoji rohlik a kolik houska.

Tatinek kupoval tfi auticka, ¢ervené, modré a zelené. Modré stalo dvakrat vice nez ¢ervené, zelené
stalo tolik, co ¢ervené a modré dohromady. VSechna auticka stdla dohromady 120 K¢. Kolik korun
stalo kazdé auticko?

Sesit a tuzka stoji dohromady 39 K¢. Dvé tuzky a tii seSity stoji dohromady 102 K¢. Kolik korun
stoji sesit a kolik tuzka?

Lucka chova kocicku a pejska. Kocka a pes vazi dohromady 24 kg, kocka a Lucka vazi dohromady
41 kg, Lucka a pes dohromady 47 kg. Kolik kilogramu vazi kazdy z nich?

Vsichni ¢lenové ¢tyiclenné rodiny vazi dohromady 176 kg. David a Honza vazi dohromady 45 kg,
Honza a maminka dohromady 84 kg, Honza a tatinek 99 kg. Kolik kilogramu vazi Honza?

Dédecek rozdava vnukiim ofisky. Kdyby jim daval po 10 ofiscich, 4 ofisky mu budou chybét. Kdyby
rozdaval po 8 ofiscich, 6 ofiskd mu zbude. Kolik mé dédecek vnukt a kolik ma ofiska?

Subtest 4: Diofantické rovnice

1.

Mirek mél 14 kolecek a stavél z nich auticka a trojkolky. Kolik auticek a kolik trojkolek mohl
vytvorit, kdyz vyuzil vSechna kolecka?

. Kuba mél v pokladniéce pouze dvoukorunové a pétikorunové mince. Kolik kterych minci mize mit,

jestlize ma v pokladnicéce pravé 37 Ké? Pokus se najit vSechna Feseni.

. Motyli a pavouci maji dohromady 76 nohou. Kolik mtize byt motyli a kolik pavouka? (Motyl ma

6 nohou a pavouk 8 nohou). Pokus se najit v8echna FeSeni.

. Laura si ukladd do pokladnicky jen dvacetikorunové a padesatikorunové mince. Kolika zptisoby

muze zaplatit 430 K¢7

. Ales mél 23 kolecCek a chtél stavét auticka, trojkolky a kolobézky. Chtél vyuzit vSechna kolecka a od

kazdého vozidla chtél mit alespon jeden kus. Kolik mél moznosti, jak vozidla vyrobit?

. Na farmé chovaji koné, kozy a kachny. Dohromady maji 64 hlav. Kachen je dvakrat vice nez koz,

koni je nejméné. Kolik mohou mit koni, koz a kachen?

Subtest 5: Kombinatorika

1.
2.

3.

Z &islic 2, 3, 6, 7 zapis viechna dvojciferna ¢isla. Cislice se v zapisu ¢isla nesmi opakovat.
V roviné je 5 bodl. Kazdé dva z téchto bodt spojime tiseckou. Kolik takovych tsecek existuje?

Pét kamaradi béhalo na plese v hadovi. Kolika zpusoby mohli byt v hadovi usporadani?
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4. Kolik existuje &tyfcifernjch &isel, kters jsou sestavena z &islic 1, 3, 4, 6, 07 Cislice se v zapisu ¢isla
nesmi opakovat.

5. Na vecirku bylo 12 osob a podali si ruku kazdy s kazdym. Kolik podani ruky to bylo?

6. Kolik riznych slov (i téch, kterd nadévaji smysl) lze sestavit z pismen slova OPERA?
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This paper presents a novel methodological approach to examining how different Key words:

groups involved in upper secondary physics education perceive lecture demonstra- physics demonstrations,
tions. The research utilizes a video-based, mixed-methods design that integrates mixed methods design,
high-inference rating scales and open-ended qualitative questions. This captures both upper-secondary
holistic and analytical evaluations of demonstration quality. The paper focuses on the education, video-study,
psychometric properties of the quantitative instrument and the alignment of ratings comparative analysis.
across four groups: secondary school students, in-service teachers, pre-service physics

teachers, and teacher trainers. Initial findings suggest minimal statistically significant

differences in how these groups evaluate physics demonstrations, indicating a poten-

tial universality in their perceptions. The methodological approach described in this

paper offers a framework for assessing experiment focused lecture demonstrations.

By providing insights into perceptions of teaching practices during demonstrations,  Received 12/2024

this paper contributes to improving the design and delivery of physics demonstrations  Revised 8/2025

that engage diverse audiences and foster conceptual understanding. Accepted 8/2025

1 Introduction

Experiments are fundamental to both physics as a scientific discipline and physics education (Owen et
al., toward more student-centred learning approaches, physics demonstrations continue to play a crucial
role in educational settings. Previous research highlights both the benefits and limitations of demonstra-
tions in fostering students’ interest and understanding. For instance, some studies report that science
demonstrations can raise students’ interest in a given field (Lin et al., 2013) and increase students’ un-
derstanding (Basheer et al., 2017), while others suggest that lecture demonstrations have a negligible
impact on students’ learning outcomes (Crouch et al., 2004). Despite these mixed findings, demonstra-
tions remain amongst the most common forms of experimentation in many physics classrooms (Seidel et
al., 2006), making them a valuable subject of research attention.

Our Department of Physics Education has been conducting physics lecture demonstrations (DEMOs)
for upper secondary school students (ISCED 3) for over 30 years. Each year, the DEMOs engage ap-
proximately 5000 students. In 2017/2018, a questionnaire-based study using the Intrinsic Motivation
Inventory (Ryan, 1982) examined students’ perceptions of these demonstrations (Kacovsky & Snétinova,
2021). The results revealed significant variation in students’ engagement with different physics topics,
which led to a follow-up video-study aimed at identifying specific performance aspects that influence
these perceptions.

To address these variations, we previously developed a categorical system' for analysing lecturer be-
haviour during demonstrations, focusing on audience interaction and the use of audiovisual technology
(Nikitin, 2021). The results revealed that the various topics performed by different lecturers are very
diverse regarding the mentioned aspects (Nikitin et al., 2022). However, the comparison with the data
from the Intrinsic Motivation Inventory questionnaire did not provide a satisfactory explanation of the
variations in students’ perception. This quantitative analysis showed some similarities in the interaction
patterns during topics that received lower ratings. Ill-perceived performances were generally less inter-
active, with the interaction being less varied than in the well-perceived ones. Yet some of the DEMOs
did not follow this tendency and even contradicted it. This indicates that there are important aspects of
these performances that were not sufficiently covered by the conducted quantitative analysis.

In response, this study adopts a new methodological approach to broaden and deepen our analysis of
physics demonstrations. We incorporate an expert evaluation method using high-inference rating scales
and engage diverse groups (referred to as raters in this paper) related to physics education — including
secondary school teachers, students, pre-service teachers, and teacher trainers — to assess demonstration
quality. This paper presents a detailed description of the newly developed methodology, offering a repli-
cable framework for future research in science education. Identifying aspects of demonstrations that are
valued by different stakeholder groups can help pinpoint the various parameters of the performances that

L Applicable to all sorts of lecturer-centred science shows.
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influence students’ perception. These insights may support the development of more effective teaching
practices in physics education.

The paper is structured as follows. Section 2 reviews prior research on physics lecture demonstrations
and introduces the specific demonstrations (DEMOs) studied in this work. Section 3 outlines the overall
research design, with a detailed description of the video-based evaluation tool used to capture perceptions
of demonstration quality. Section 4 focuses on the methodological approach, including the validation of the
tool’s psychometric properties and the statistical techniques employed to process the quantitative data.
Section 5 presents illustrative results from the comparison of rater groups, highlighting the practical
application of the methodology. Finally, Section 6 offers conclusions and discusses the implications of this
study for future research and teaching practices in physics education.

The primary focus of this paper is the detailed description and validation of the video-based method-
ology used to evaluate perceptions of physics demonstrations. Comparative findings from the different
rater groups are included to demonstrate the practical application of the method and to illustrate its
potential for providing meaningful insights into demonstration quality.

2 Research context

2.1 Lecture demonstrations

Lecture demonstrations are widely used in science education as an engaging instructional tool. Their
effectiveness in promoting student learning and conceptual understanding has therefore been extensively
researched and debated.

Ample evidence across multiple studies supports the use of lecture demonstrations in facilitating cog-
nitive and affective learning outcomes. Austin and Sullivan (2019), Basheer et al. (2017), and Breckler
et al. (2013) all reported that demonstrations led to significant improvements in conceptual understand-
ing compared to the initial understanding, academic achievement, and retention of concepts. Crouch et
al. (2004) argued that passive observation of demonstrations has a negligible effect, whereas involving
student predictions and interaction enhances learning outcomes. This finding is further supported by
other research (Manivannan & Meltzer, 2001; Milner-Bolotin et al., 2007; Thornton & Sokoloff, 1998).
Furthermore, the control group (without demonstrations) in the study by Breckler et al. (2013) caught up
to the experimental group (with demonstrations) after a month, suggesting only a temporary advantage
gained from watching demonstrations.

Di Stefano (1996) and Milne and Otieno (2007) highlighted the positive impact of demonstrations on
student engagement, interest, and emotional energy, fostering a conducive learning environment. Accord-
ing to Kécovsky and Snétinova (2021), these affective gains were particularly evident among students
intending to study physics or who felt competent in the subject.

While demonstrations offer potential benefits, their effectiveness depends on various factors identified
across multiple studies. Chang and Shieh (2018), Miller et al. (2013), Neo and Yap (2009), and Roth
et al. (1997) emphasized the importance of students’ prior knowledge, opportunities for prediction and
discussion, and explicit instructional guidance in facilitating meaningful learning from demonstrations.

Various studies proposed structured frameworks and strategies to optimize demonstration implemen-
tation. Examples include interactive lecture demonstrations (Sokoloff & Thornton, 1997; Zimrot & Ashke-
nazi, 2007), the survey-question-experiment-recite-reflect-review approach (Chamely-Wiik et al., 2014),
using demonstrations as contextual roadmaps (Buncick et al., 2001), ensuring accurate student observa-
tion (Miller, 2013), and limiting demonstration duration for better focus (Walton, 2002).

Despite the positive outcomes reported, some studies revealed contrasting findings or limitations.
Odom and Bell (2015) found a negative association between teacher demonstrations and student achieve-
ment, suggesting demonstrations alone may be insufficient for developing scientific understanding. Thijs
and Bosch (1995) observed no significant differences in learning outcomes between teacher demonstra-
tions and small-group practical work. However, in small-group practicals, girls showed a tendency to
underperform compared to boys. Rose (2018) noted challenges in delivering effective live demonstrations
and suggested that supplementing them with videos accessible outside class time may be more efficient.

Additionally, Sharma et al. (2010) reported learning gains from interactive lecture demonstrations
that were lower than previously claimed, although still substantial. This finding emphasizes the need
for realistic expectations and further research. Moll and Milner-Bolotin (2009) suggest that interactive
lecture demonstrations have the potential to improve academic achievement. However, their effectiveness
depends on implementation strategies, feedback mechanisms, and alignment with assessment practices.

The studies collectively highlight the potential benefits of demonstrations in enhancing student en-
gagement, visualization, and understanding. At the same time, they also emphasize the importance of
instructional design, implementation strategies, and consideration of student characteristics and prior

Scientia in educatione, 16(2), 2025, p. 34-47 35 https: //doi.org/10.14712/18047106.4777


https://doi.org/10.14712/18047106.4777

knowledge. Effective lecture demonstrations should be interactive, encourage accurate observation, and
be combined with other active learning strategies. Future research should continue to explore ways to
optimize the use of demonstrations and investigate their long-term impact on student learning.

2.2 Physics demonstrations for upper secondary school students

The Department of Physics Education at MFF, Charles University, has a long-standing tradition of or-
ganizing Physics demonstrations for upper secondary school students (DEMOs) (Kacovsky & Snétinova,
2021). These lecture demonstrations consist of a thoughtfully selected series of physics experiments ac-
companied by theoretical explanations. At the time of this research, DEMOs offered seven specialized
monothematic performances: Acoustics, Electricity and magnetism, Ionising radiation, Mechanics, Optics,
Thermodynamics and molecular physics, and Electromagnetic waves.

DEMOs are held in a university lecture hall and are led by one or two lecturers. Each session lasts
75 minutes and typically draws 60-90 students from multiple schools. Student participation in the ex-
periments is generally limited, with only a few volunteers directly involved. However, focus on fostering
student understanding is strong, as lecturers provide both basic and advanced explanations.

One video recording of each performance within DEMOs was obtained during the 2017/2018 school
year. To avoid disrupting the usual flow of the sessions, the recordings were taken from a video room
located behind the lecture hall. The camera focused on the lecturers’ performance, experimentation
and presentation. After each session, the lecturers were asked whether the performance had proceeded
normally or if it should be recorded again. This option was used only once, when the participants arrived
late and the session would otherwise have been significantly shortened.

2.3 Video as a common tool for educational inquiry

Video-based methodologies are widely used in educational research to analyse teaching practices. These
studies typically involve systematic coding of classroom interactions and teacher behaviours within
recorded lessons. Coders often assign codes from predefined frameworks (e.g., Roth et al., 2006) or rate
behaviours using structured scales, such as the Likert scale (e.g., Dalehefte et al., 2009), to evaluate the
intensity of specific actions. An alternative approach involves scales with explicit category definitions
for behaviour evaluation, such as the assessment of teachers’ curriculum knowledge (Wang et al., 2023).
Coding systems vary in their level of interpretation, ranging from high-inference methods, which require
subjective judgment, to low-inference methods that rely on more objective classifications (Dalehefte et
al., 2009). These methods facilitate the analysis of both the observable and the contextual aspects of
teaching. Some studies even examinee multiple dimensions of behaviour within the same video segment.

Video-based methodologies have proven effective across various research designs. Seidel and Prenzel
(2006) used time sampling to analyse physics lessons and demonstrated stable teaching patterns through
a coding framework with high inter-coder reliability. Jewitt (2012) emphasized the capacity of video
to capture multimodal classroom interactions, allowing for detailed analysis of gestures, expressions,
and speech. However, he also noted challenges such as camera effects and ethical concerns. Zhang et
al. (2011) highlighted the benefits of self-produced videos in teacher reflection, contrasting them with
published videos that model best practices, although technical limitations remained an obstacle. Similarly,
Vondrové and Zalska (2018) found that while pre-service teachers could identify mathematical phenomena
in videos, their interpretive skills showed limited progress.

Studies also support the role of video in teacher professional development. Simpson et al. (2018)
found that guided observation programs improved teachers’ focus on student engagement and reasoning.
However, interpretation skills still required further training. Lebak (2023) demonstrated that video-based
pedagogical action research fosters systematic reflection, helping teachers address instructional challenges.
Together, these findings underscore the potential of video for enhancing teacher awareness and instruc-
tional improvement, provided that structured guidance and sustained practice are included. In recognition
of this impact, we have incorporated a dedicated video study into our research design.

The methodologies outlined above align closely with the aims of this research, particularly the use of
structured scales and coding frameworks to analyse teacher behaviours. Building on these approaches, this
study adopts a multi-dimensional analysis that leverages video data to capture both the observable and
contextual aspects of teaching. By integrating video reflection into a broader research design, this study
aims to address existing gaps in interpretive training and contribute to the refinement of video-based
methodologies.
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3 Overall research design

From a methodological perspective, the research design can be described as an observational video-study
using high-inference rating scales for expert evaluation. The observation in our research is open, non-
participatory, partially structured and conducted in a natural setting (although captured on video).

To comprehensively address the aspects that may influence students’ perceptions, we evaluated the
recordings from two perspectives — as a whole topic and as many monothematic short sections into which
these performances are divided.

The research includes four groups of raters (21 raters each) related to upper-secondary school physics
education — upper-secondary school students, upper-secondary school teachers, pre-service physics teach-
ers and physics teacher trainers.

3.1 Assessing whole topic and short sections

One video recording of each topic, approximately 75 mins long, was analysed. These recordings are
referred to as whole topics, and one unique set of rating scales was developed for their assessment. Each
whole topic was evaluated by twelve distinct raters.

Furthermore, the recording of each whole topic was divided into several monothematic short videos,
typically about fourteen per topic. Here, monothematic refers to a short video centred on a single topic or
physics phenomenon, with an average length of about six minutes. These are referred to as short sections,
and a specific set of scales was developed to assess them.

Of the short sections, 55 were classified as mainly experimental, containing only minimal theoretical
explanation. An additional 29 sections were identified as mized, combining experiments with theory.
Finally, 16 sections were designated as mainly theoretical, involving only minimal experimental activity.
Each of these sections was assessed by at least nine distinct raters.

3.2 Rating scales

Two sets of rating scales were developed, each tailored to the nature of the performances being studied
and to the specifics of evaluating either a short section (one set of scales), or a whole topic (the other
set of scales). The following sections list the scales for both types of recordings, beginning with short
sections.

Short section scales:

Atmosphere in the auditorium: Assesses how well the lecturer maintains a focused and engaging
atmosphere in the audience, balancing attention, eye contact, humour, and age appropriateness.

Experiment clarity: Evaluates how clearly the lecturer conveys the purpose and results of experiments,
making them accessible and logically connected to theoretical points.

Visibility: Measures the visibility of demonstrations and equipment for all audience members, including
diagrams or camera use if needed.

Speech clarity: Assesses how understandable the lecturer’s explanations are, ensuring that scientific
terms and complex ideas are conveyed clearly to a lay audience.

Overall impression of the lecturer’s performance: Summarizes the lecturer’s effectiveness, confi-
dence, and ability to engage the audience through the presentation.

The designed scales consist of five points, with detailed descriptions provided for the 1st, 3rd, and
5th point. The Fxperiment clarity and Visibility scales also contain the point N, denoting “not relevant”
or “not judgeable” (e.g., evaluating visibility of an experiment in a mainly theoretical section). Visibility
scale is provided here as an example:

Scale: Visibility

5 Demonstrated or measured phenomena are clearly visible, provably observable. The equipment is suf-
ficiently large and visible to the audience, even from the back rows, or a camera is appropriately
used. Diagrams and drawings are sufficiently visible.

3 Some deficiencies reduce the visibility of the experiment — the effect is less noticeable or not equally
visible to all viewers.

Scientia in educatione, 16(2), 2025, p. 34-47 37 https: //doi.org/10.14712/18047106.4777


https://doi.org/10.14712/18047106.4777

1 The experiment is poorly visible to some viewers; the equipment is too small.

N Not relevant for this section.

Each scale is accompanied by a written commentary related to the aspects measured. This commentary
is mandatory if the rater selects a non-extreme point of the scale (points 2, 3, 4 or N), in which case the
rater is required to justify their choice.

‘Whole show scales:

Introduction and establishing contact: Evaluates the lecturer’s ability to quickly establish rapport
with the audience and create a relaxed, interactive environment in the first five minutes.

Interaction with the audience: Evaluates the lecturer’s efforts to engage the audience consistently
through questions, discussions, and responses to inquiries.

Atmosphere in the auditorium: Measures the overall engagement and atmosphere created by the
lecturer during the show.

Utilization of motivation: Assesses the lecturer’s use of motivational techniques (like surprise or prob-
lem questions) to maintain interest and emphasize relevance of the content.

Overall logical structure: Evaluates the logical coherence and flow of the presentation, particularly
the connection between theory and experiments.

Overall subjective impression: Summarizes personal responses to the lecturer’s style, engagement
level, and perceived value of the performance, using both a rating scale and open-ended questions.

The whole show scales are designed in the same way as the short section scales (see the example of
Visibility above), except for Overall subjective impression.

Unlike the other scales, the Overall subjective impression consists of a series of scales and questions
intended for two purposes: (a) to estimate the rater’s impression of the performance with an emphasis on
their subjective perception, and (b) to gather information about the rater’s attitude towards experiments
and their evaluation strictness. The second goal is achieved through ten statements rated on a four-point
Likert-type scales (with the neutral point being purposely omitted). For example:

e I felt immersed in the plot of the performance.
e The lecturer’s style of presentation is very interesting to me.
e I enjoyed the performance.

These scales are followed by four open-ended questions:

e The moment that interested me the most during the DEMOs (e.g. specific experiments, presentation
methods, explanations, lecturer’s reactions, .. .)

e I think the performance could be improved by. ..
e What I appreciate the most about the presenter...

e Is there anything you would like to add to the performance that you could not express in the
previous items?

The Owerall subjective impression concludes the observation sheet and serves as a final reflection point
for the raters.

3.3 Raters, rater groups and allotment of videos to raters

Collectively, 84 raters, evenly distributed amongst four different groups of respondents involved in Czech
physics instruction, participated in this research. These groups are in-service physics teachers (1), upper-
secondary school students (S), pre-service physics teachers (P), and physics teacher trainers (T). One of
the objectives of this study is to ascertain whether these groups involved in physics education value the
same aspects of lecture demonstrations.

Each rater evaluated eleven short sections and one whole topic using the previously described scales.
The short sections were systematically allotted to the raters according to the following rules:
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e evaluation of the whole topic excluded evaluation of sections from that particular performance;

e the distribution of sections assigned to each rater reflected the distribution of all sections (6/11
mainly experimental, 3/11 mized, and 2/11 mainly theoretical);

e thematic diversity was ensured (sections originated from several topics of DEMOs);
e there was a sufficient overlap both among raters and among sections.

Raters underwent a training session (with a recording available afterwards), and received codebooks
describing the fundamental principles of video evaluation and detailed explanations of the scales used.

Data from in-service physics teachers and upper-secondary school students was gathered during sum-
mer and autumn of 2022, while data from pre-service physics teachers and physics teacher trainers was
gathered during summer and autumn of 2023.

4 Methodological approach

Due to the complex nature of the designed research tool, several methodological considerations need to
be addressed. Firstly, we verify that the attitude statements display reasonable psychometric properties,
as they are used to improve the objectivity of the respondent’s answers. We also examine psychometric
properties of the individual responses to both the short section and whole show scales. Finally, we describe
the procedure for adjusting rater’s responses according to their attitude towards experimenting and
present its results.

4.1 Psychometric analysis of attitude statements

As previously mentioned, the overall subjective impression of the show covers ten items with 4-point
Likert scales (disagree — rather disagree — rather agree — agree). These items aim to estimate respondents’
strictness and their attitude toward experimenting, as both are important factors that may influence their
ratings. Table 1 presents the complete list of these items.

Table 1: Attitude statements used to estimate respondent’s attitude towards experimenting

item code reverse worded item wording

pl yes The lecturer’s style of demonstrating experiments and explanations does not
sit well with me.

p2 I was intrigued by the performance the whole time.

p3 I consider the time spent watching and evaluating the performance to be
meaningfully spent.

p4 yes I was bored while watching the performance.

pd I felt immersed in the show.

p6 The lecturer’s style of presentation is very interesting to me.

p7 I enjoyed the show.

p8 yes At times, I lost my attention during the performance.

p9 yes The performance was not interesting to me.

pl0 yes I did not find watching and judging the performance useful.

Responses to the reverse worded items were recoded so that more positive responses were assigned
higher values scaling from 1 to 4. Therefore, the increasing value reflects both a respondent’s better
attitude towards experimentation and a respondent who is more benevolent in their ratings. We refer to
this feature as respondent’s bias (or simply bias).

Inspecting parameters of the distribution of responses to these items in Table 2 reveals that the answers
are negatively skewed, with responses concentrating around the more positive values of the scales.

Figure 1 shows a heatmap of Pearson’s correlations between these items. Items p3, p9 and pl0 show
weaker correlations with the remaining items. Analysis of reliability (Table 2) confirms this pattern:
dropping item p10 would increase the internal consistency of the scale. Subsequently, removing item pl0
identifies item p9 for removal and removing item p9 in turn identifies item p3. Eliminating these three
items results in a scale exhibiting internal consistency of 0.934 in Cronbach’s alpha.

Any further analysis of the attitude statements used to estimate respondent’s bias is based only on
items pl, p2 and p4—pS.
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Table 2: Analysis of reliability of attitude statements (marked by their item code p1-p10)

item  mean SD min Q1 Q2 Q8 item-rest Cronbach’s «
correlation
scale 3.30 0.652 — 0.914
If item dropped
pl 3.568  0.746 1 3 4 4 0.747 0.903
p2 3.08  0.903 1 3 3 4 0.832 0.896
p3 3.48  0.683 1 3 4 4 0.537 0.913
p4 3.33  0.892 1 3 4 4 0.789 0.899
p5 3.06 0.943 1 2 3 4 0.809 0.897
p6 3.25  0.898 1 3 3 4 0.714 0.903
p7 3.35  0.841 1 3 4 4 0.864 0.895
p8 2.79 1.114 1 2 3 4 0.694 0.907
p9 3.51 0.826 1 3 4 4 0.557 0.912
pl0 3.58  0.762 1 3 4 4 0.319 0.924
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Fig. 1: Correlation heatmap of the attitude statements (marked by their item code pl-p10)

4.2 Descriptives of the short sections and whole shows scales

All the scales used for both — short sections and whole shows — consist of 5 points with higher values
corresponding to more positive ratings. The mean and median (Q2) for the whole show scales in Table 3
suggest that the responses are generally positive. Because the median is already equal to the highest
rating on the scales, the 3rd quartile (Q3) and maximum are equal to it and therefore omitted from the
table.

Table 3: Whole show scale descriptives and reliability analysis

N =85 mean SD min QI @2 item-rest correlation Cronbach’s «

scale 4.45 0.666 — 0.845
If item dropped

introduction 4.40 1.01 1 4 5 0.678 0.811
interaction 4.33 0.97 1 4 5 0.804 0.767
atmosphere 4.39 0.90 2 4 5 0.748 0.785
motivation 4.55 0.72 3 4 5 0.756 0.792
logical structure  4.71 0.55 3 5 5 0.317 0.881

The fact that more than 50% of responses correspond to the highest rating provides evidence of the
overall quality of DEMOs. However, it also provides a methodological challenge, as the responses do not

allow for clear differentiation among the shows with good ratings.
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Regarding reliability analysis of these scales, the overall logical structure of the show correlates the
least with the remaining scales, and its removal increases Cronbach’s o to 0.88. This result is not sur-
prising, as this scale measures qualitatively different and more objective aspect than the others, which
mainly capture subjective experiences or perceptions, which can vary widely across individuals based on
personal preferences and emotional responses.

The high internal consistency suggests that a combination of the remaining four scales can reasonably
be used as a measure of the show’s quality. Further inspection of the heatmap in Figure 2 shows that these
scales also correlate well with the attitude scales (apart from overall logical structure of the performance).

-1.0
0.8
0.6
0.4

0.2

Fig. 2: Correlation heatmap of the whole show scales with the attitude statements pl-p8

Table 4: Short section scales descriptives

N mean SD min QI Q2
atmosphere 937 4.38 0.92 1 4 5
experiment clarity 787 4.56  0.86 1 4 5
visibility 806 4.34 1.01 1 4 5
speech clarity 937 4.64 0.73 1 5 5
overall impression 937 4.41  0.85 1 4 5

As shown in Table 4, the scales for short sections are skewed towards the positive scale ratings as
well. More than 50% of responses represent the highest values of the scales. Since the scales wvisibility
and experiment clarity allow for the choice N (non-relevant), these are treated as “missings” in the
quantitative analysis, which explains the lower number of responses.

The correlation matrix in Figure 3 shows that the short section scales correlate significantly less at the
level of individual responses than the whole show scales. This outcome is expected, as the short sections
are significantly more varied regarding quality of the assessed aspects. Since the short section scales are
never analysed as a single aggregated scale, this does not present a problem.
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Fig. 3: Short section scales correlation heatmap

4.3 Response level correction

We assume that each respondent strives to be as objective as possible. However, the way they use the
scales differs based on their individual bias. A person that has better attitude towards experimenting in
physics (higher bias) tend to be more benevolent in their ratings. Therefore, a correction of the numerical
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scale levels is performed separately for each rater and applied to all their responses. This correction was
carried out as follows:

1) Each respondent was assigned an average score of their responses to the attitude statements — an
estimate of their bias.

2) Each respondent was also assigned an average score of their rating of the whole show.

3) For each whole show, a linear regression of the respondent’s average rating on their bias was esti-
mated using weighted ordinary least squares with 1000 bootstraps.

4) Each respondent was then assigned a residual from this model. The reasoning is that respondents
above the regression line are more positive in their responses than they should be (according to
their bias), and thus use the scales more benevolently, while those below the regression line are
more critical. The histogram of these residuals shown in Figure 4 reveals that these corrections are
relatively small for majority of respondents.

5) Each response for each respondent is lowered by this value (responses of those using the scales more
benevolently are lowered, and vice versa).

6) A scale-index estimate is computed as the mean of these responses with corrected levels, the standard
error of the mean is used as estimation error.

This approach considers both the multilevel research design and respondent bias.

-1.0 -0.5 0.0 0.5 1.0
Residuals

Fig. 4: Histogram of residuals used for response-level correction (with a kernel density estimation)

In simpler terms, if a respondent indicates a strong bias but their responses to whole show scales do
not reflect it (e.g. they are too benevolent given their bias), their responses are adjusted according to
the “general consensus about the whole show” as represented by the linear model. Thus, the correction
does not aim to eliminate respondent’s bias entirely, but rather to estimate how each respondent uses the
designed rating scales.

5 lllustrative results — comparison of rater groups

The theory of incomplete block designs (Dey, 2010) is used to compare various rater groups.

In essence, the responses to the individual short section scales with performed response level correction
are analysed using a mixed-effects linear model, with individual short sections as fixed factors® and
individual respondents as random factors.* Estimation of the random factors of this model provides an
estimate of each respondents’ effect on the ratings of the particular short section scale.

According to Vonesh et al. (1996), R? for mixed-effects models can be categorised into two types:
marginal R? and conditional R?. Marginal R? relates to the variance explained by the fixed factors,
while conditional R? relates to the variance explained by both the fixed and random factors (Nakagawa

2Excluding the scale overall logical structure of the performance as discussed above.
3 Treatments in the language of block designs.
4Blocks in the language of block designs.
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et al., 2013). Table 5 states these goodness-of-fit statistics for the mixed-effects models for each scale.
The results show that including respondents as random effects in the models significantly improves their
explanatory capabilities, with the full models explaining about 90% of variance in the responses. This
proves, that the response level correction described in Subchapter 4.3 does not remove the influence of
individual raters; rather, it serves as a ‘calibration’ of how the raters interpret the definitions of the rating
scales.

Table 5: Goodness-of-fit of the mixed-effects models for individual short section scales

overall impression  atmosphere speech clarity speech clarity visibility

R%... 0.504 0.529 0.423 0.431 0.469
R . 0.923 0.926 0.911 0.898 0.912

Descriptive statistics of the respondent effects estimated from these models are presented in Table 6
for each respondent group separately. The table shows that the means for in-service teachers (I), and
physics teacher trainers (T) are negative, while the means for upper-secondary students (S) and pre-
service teachers (P) are positive. This suggests that I and T tend to be more critical towards the DEMOs
than S and P. A brief look at the boxplots of the respondent effects in Figure 5 further shows that the
group distributions overlap significantly.

Table 6: Descriptives of the estimated respondent effects on the short scale ratings split by the respondent
group (I — in-service physics teachers; P — pre-service physics teachers; S — upper secondary school students; T —
physics teacher trainers)

scale respondent group | mean SEM min Q1 Q2 Q3 max

i 003 011 | =150 —0.13 002 029 095

, , P 0.11 008 | —0.67 —003 014 038 0.69
overall impression S 0.06 010 | —0.68 —024 006 036 0.82
T —0.14 012 | —147 —041 -009 008 0.86

i 005 011 | —1.38 —021 016 034 056

P 013 008 | —0.84 000 021 041 057

atmosphere S 0.09 0.12 | —0.91 —0.21 0.09 044 1.13
T —0.17 014 | 158 —0.36 -006 010 1.19

i 011 009 | —1.14 —026 —00l 028 043

, p 0.12 007 | —0.60 —006 011 038 0.70

speech clarity S 0.12 0.10 | —0.49 —0.30 0.10 0.27 1.15
T —0.13 009 | —1.12 —0.37 —007 010 0.66

i 010 012 | —1.71 _—0.19 000 017 061

. P 0.12 009 | —095 005 020 033 0.62

speech clarity S 017 011 | —0.86 —0.10 018 062 0.87
T 020 012 | -1.32 —0.38 —0.19 -001 0.65

i 004 011 | —1.25 —026 003 030 059

o P 021 008 | —074 006 017 040 0.83
visibility S 002 010 | —1.28 —024 012 033 0.8l
T —0.18 010 | —1.28 —0.37 —0.02 0.15 047
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Fig. 5: Boxplots of the estimated respondent effects split by the respondent group (I — in-service physics
teachers; P — pre-service physics teachers; S — upper secondary school students; T — physics teacher trainers)
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The results of Welch’s one-way ANOVAs in Table 7 confirm that the distributions overlap significantly,
as only wvisibility shows statistically significant differences (p < 0.05) between the respondent groups.
According to the Games-Howell post hoc test, the only significant difference in wvisibility is between T
and P, with P being more positive in their ratings (mean difference 0.39, Cohen’s d ~ 1.24).

Table 7: One-way Welch’s ANOVA for the effect of respondent groups on individual short section scales

scale F daft  df2 D
overall impression 1.16 3 44.0 0.335
atmosphere 1.34 3 43.8 0.272
speech clarity 2.47 3 44.1  0.074
experiment clarity 2.60 3 441 0.064
visibility 3.19 3 441 0.033

There are practically no significant differences between the quantitative responses of different rater
groups. Although physics teacher trainers appear somewhat more critical, as one might expect, and pre-
service teachers somewhat more benevolent, these differences are statistically insignificant, with the sole
exception of visibility.

6 Conclusions

Our research methodology is unique in several key aspects:

1. Comprehensive performance evaluation:

Unlike approaches that focus solely on selected key moments, we assess entire performances by
systematically segmenting videos and evaluating each segment without exception. This eliminates
the potential bias caused by selectively choosing specific parts for analysis.

2. Systematic segmentation and consistency:

The videos are divided into segments according to a systematic framework, ensuring uniformity
and objectivity in segment selection. Every segment is assessed using the same predefined scales,
regardless of its content. This standardization allows for direct comparisons between different parts
of the video and ensures consistency in data collection.

3. Detailed and explicit evaluation scales:

Our five-point scales include detailed descriptions for three anchor points, expressed in several
sentences rather than just a few words. This level of detail reduces ambiguity and makes the
scales more explicit compared to less defined metrics or those relying heavily on subjective coder
interpretations.

4. Qualitative insights:

Raters are encouraged to supplement numerical scores with written justifications. This allows for
a deeper reflection and adds qualitative depth to the data collected, extending beyond purely
numerical analysis.

5. Emphasis on systematic, detailed, and standardized assessment:

Our approach prioritizes a methodical and highly detailed evaluation process, creating a standard-
ized framework that promotes more objective and accurate assessments of video performances. It
should be noted, however, that this approach may require greater time investment and coordination
from raters.

Finally, it is worth noting that our study does not rely on professional perspectives, as even the
students participating in the research are not experts. This allows for a broader applicability of our
methodology beyond expert-level evaluations, making it accessible and relevant to a wider audience.

This novel methodology distinguishes itself from existing approaches by offering greater accuracy and
objectivity in video analysis for educational research, though it requires a higher investment of resources.
Our findings indicate that the proposed methodology, together with the evaluation tool for assessing
lecture demonstrations, successfully integrates quantitative and qualitative approaches. Initial analysis of
the quantitative data confirms the appropriateness of the selected rating scales, demonstrating satisfactory
psychometric properties. However, the validity of the qualitative component remains to be examined in
further research.
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The findings also suggest that various groups of raters (students, physics teachers, pre-service physics
teachers, and physics teacher trainers) generally value similar aspects of DEMOs. This points to a degree
of consistency in preferences across different roles in physics education. While teacher trainers tend to
be more critical in their assessments than students, the differences between the groups are statistically
insignificant in most cases. The only significant differences appeared in the visibility of DEMOs, where
pre-service teachers were more positive in their ratings compared to teacher trainers.

The minimal differences observed across rater groups likely reflect a shared understanding of what
makes lecture demonstrations effective — qualities such as clarity, visibility, and conceptual relevance
are widely appreciated in physics education, regardless of role or experience level. This alignment may
result from common educational experiences and professional norms that emphasize these features. While
teacher trainers tend to be slightly more critical, likely due to their greater pedagogical expertise, the
overall consistency indicates that effective demonstrations share broadly recognized characteristics.

To interpret this cautiously, analysing raters’ open-ended comments (not covered in this paper) could
help explain why more experienced individuals in physics education tend to be stricter. For instance,
teacher trainers may detect physics inaccuracies that upper secondary students miss, or they may focus
more strongly on evaluating the lecturer’s pedagogical content knowledge.

Looking ahead, we aim to investigate how these aspects influence students’ perceptions of physics
demonstrations by linking the collected data with previously published results from the Intrinsic Mo-
tivation Inventory questionnaire (Kécovsky & Snétinova, 2021). This approach will help identify which
specific parameters of demonstrations contribute most to positive student evaluations, thereby enabling
us to optimize the performance of DEMOs.

Acknowledgment

The present work was supported by the Specific University Research Project SVV 260 828 and by Charles
University in Prague, project GA UK No. 62223.

References

Austin, S.R.P., & Sullivan, M. (2019). How are we performing? Evidence for the value of science shows.
International Journal of Science Education, Part B, 9(1), 1-12. https://doi.org/10.1080/21548455.2018.1532620

Basheer, A., Hugerat, M., Kortam, N., & Hofstein, A. (2017). The effectiveness of teachers’ use of
demonstrations for enhancing students’ understanding of and attitudes to learning the oxidation-reduction
concept. Furasia Journal of Mathematics Science and Technology Education, 13(3), 555-570.

https: //doi.org/10.12973 /eurasia.2017.00632a

Breckler, J. L., Christensen, T., & Sun, W. (2013). Using a physics experiment in a lecture setting to engage
biology students with the concepts of poiseuille’s law. CBE—Life Sciences Education, 12(2), 262-273.
https: //doi.org/10.1187 /cbe.12-08-0129

Buncick, M. C., Betts, P. G., & Horgan, D.D. (2001). Using demonstrations as a contextual road map:
Enhancing course continuity and promoting active engagement in introductory college physics. International
Journal of Science Education, 23(12), 1237-1255. https: //doi.org/10.1080,/09500690010025030

Chamely-Wiik, D. M., Haky, J. E., Louda, D. W., & Romance, N. (2014). SQER3: An instructional framework
for using scientific inquiry to design classroom demonstrations. Journal of Chemical Education, 91(3), 329-335.
https://doi.org/10.1021/ed300689n

Chang, W., & Shieh, R.S. (2018). A study of the conceptual comprehension of electric circuits that engineer
freshmen display. European Journal of Physics, 39(4), 045705. https://doi.org/10.1088/1361-6404 /aab6el

Crouch, C., Fagen, A.P., Callan, J.P., & Mazur, E. (2004). Classroom demonstrations: Learning tools or
entertainment? American Journal of Physics, 72(6), 835-838. https://doi.org/10.1119/1.1707018

Dalehefte, I. M., Rimmele, R., Prenzel, M., Seidel, T., Labudde, P., & Herweg, C. (2009). Observing instruction
“next-door”: a video study about science teaching and learning in Germany and Switzerland. In T. Janik

& T. Seidel (Eds.), The power of video studies in investigating teaching and learning in the classroom

(pp- 83-99). Waxmann.

Dey, A. (2010). Incomplete block designs. World Scientific.

Di Stefano, R. (1996). Preliminary IUPP results: Student reactions to in-class demonstrations and to the
presentation of coherent themes. American Journal of Physics, 64(1), 58-68. https://doi.org/10.1119/1.18293

Jewitt, C. (2012). An introduction to using video for research (National Centre for Research Methods Working
Paper 03/12). Institute of Education.

Scientia in educatione, 16(2), 2025, p. 34-47 45 https: //doi.org/10.14712/18047106.4777


https://doi.org/10.1080/21548455.2018.1532620
https://doi.org/10.12973/eurasia.2017.00632a
https://doi.org/10.1187/cbe.12-08-0129
https://doi.org/10.1080/09500690010025030
https://doi.org/10.1021/ed300689n
https://doi.org/10.1088/1361-6404/aab6e1
https://doi.org/10.1119/1.1707018
https://doi.org/10.1119/1.18293
https://doi.org/10.14712/18047106.4777

Kécovsky, P., & Snétinova, M. (2021). Physics demonstrations: who are the students appreciating them?
International Journal of Science Education, 43(4), 529-551. https://doi.org/10.1080,/09500693.2020.1871526

Lebak, K. A. (2023). Utilizing video-based pedagogical action research to transform teacher practice in
elementary, middle and high school classrooms. Journal of Inquiry and Action in Education, 11(2). Retrieved
from https://digitalcommons.buffalostate.edu/jiae/volll /iss2/2

Lin, H.-s., Hong, Z.-R., & Chen, Y.-C. (2013). Exploring the development of college students’ situational
interest in learning science. International Journal of Science Education, 35(13), 2152-2173.
https: //doi.org/10.1080/09500693.2013.818261

Manivannan, K., & Meltzer, D. (2001). Use of in-class physics demonstrations in highly interactive format.
Paper presented at Physics education research conference 2001, Rochester, New York.
https: //doi.org/10.1119/perc.2001.pr.011

Miller, K. (2013). Use demonstrations to teach, not just entertain. The Physics Teacher, 51(9), 570-571.
https://doi.org/10.1119/1.4830081

Miller, K., Lasry, N., Chu, K., & Mazur, E. (2013). Role of physics lecture demonstrations in conceptual
learning. Physical Review Special Topics — Physics Education Research, 9(2), 020113.
https: //doi.org/10.1103/PhysRevSTPER.9.020113

Milne, C., & Otieno, T. (2007). Understanding engagement: Science demonstrations and emotional energy.
Science Education, 91(4), 523-553. https://doi.org/10.1002/sce.20203

Milner-Bolotin, M., Kotlicki, A., & Rieger, G. (2007). Can students learn from lecture demonstrations? Journal
of College Science Teaching, 36(4), 45-49. https: //www.jstor.org/stable /42992942

Moll, R.F., & Milner-Bolotin, M. (2009). The effect of interactive lecture experiments on student academic
achievement and attitudes towards physics. Canadian Journal of Physics, 87(8), 917-924.
https://doi.org/10.1139/P09-048

Nakagawa, S., Schielzeth, H., & O’Hara, R.B. (2013). A general and simple method for obtaining R2 from
generalized linear mixed-effects models. Methods in ecology and evolution, 4(2), 133—-142.
https://doi.org/10.1111/j.2041-210x.2012.00261.x

Neo, C.S., & Yap, K. C. (2009). The effect of classroom demonstrations based on conceptual change instruction
on students’ understanding of electromagnetism and electromagnetic induction. In M. Kim, S. W. Hwang

& A.-L. Tan (Eds.), Proceedings of the International Science Education Conference 2009 (pp. 1346-1386).
Singapore: National Institute of Education.

Nikitin, A. (2021). Fyzikdlni pokusy pro stiedni skoly — videostudie [Masters, Charles University].
http://hdl.handle.net/20.500.11956,/127719

Nikitin, A., Kacovsky, P., & Snétinova, M. (2022). Looking for parameters of students-lecturer interaction that
influence how students perceive physics demonstrations. In J. Ondruska, L. Valovicova & L. Zelenicky (Eds.),
Didactic Transfer of Physics Knowledge Through Distance Education, AIP Conference Proceedings, 2458(1).
ATP Publishing LLC. https://doi.org/10.1063/5.0078259

Odom, A.L., & Bell, C.V. (2015). Associations of middle school student science achievement and attitudes
about science with student-reported frequency of teacher lecture demonstrations and student-centered learning.
International Journal of Environmental and Science Education, 10(1), 87-97.

Owen, S., Dickson, D., Stanisstreet, M., & Boyes, E. (2008). Teaching physics: Students’ attitudes towards
different learning activities. Research in Science & Technological Education, 26(2), 113-128.
https://doi.org/10.1080/02635140802036734

Rose, T. M. (2018). Lessons learned using a demonstration in a large classroom of pharmacy students. American
Journal of Pharmaceutical Education, 82(9), 6413. https://doi.org/10.5688/ajpe6413

Roth, W.-M., McRobbie, C.J., Lucas, K. B., & Boutonné, S. (1997). Why may students fail to learn from
demonstrations? A social practice perspective on learning in physics. Journal of Research in Science Teaching,
34(5), 509-533. https://doi.org/10.1002/(SI1CI1)1098-2736(199705)34:5i509::AID-TEA6;3.0.CO;2-U

Roth, K. J., Druker, S. L., Garnier, H. E., Lemmens, M., Chen, C., Kawanaka, T., Rasmussen, D., Trubacova, S.,
Warvi, D., Okamoto, Y., Stigler, J., & Gallimore, R. (2006). Teaching science in five countries: Results from the
TIMSS 1999 video study. Statistical analysis report. NCES 2006-011. ED Pubs.

Ryan, R. (1982). Control and information in the intrapersonal sphere: An extension of cognitive evaluation
theory. Journal of Personality and Social Psychology, 43(3), 450-461.
https://doi.org/10.1037//0022-3514.43.3.450

Seidel, T., & Prenzel, M. (2006). Stability of teaching patterns in physics instruction: Findings from a video
study. Learning and Instruction, 16(3), 228-240. https://doi.org/10.1016/].learninstruc.2006.03.002

Scientia in educatione, 16(2), 2025, p. 34-47 46 https: //doi.org/10.14712/18047106.4777


https://doi.org/10.1080/09500693.2020.1871526
https://digitalcommons.buffalostate.edu/jiae/vol11/iss2/2
https://doi.org/10.1080/09500693.2013.818261
https://doi.org/10.1119/perc.2001.pr.011
https://doi.org/10.1119/1.4830081
https://doi.org/10.1103/PhysRevSTPER.9.020113
https://doi.org/10.1002/sce.20203
https://www.jstor.org/stable/42992942
https://doi.org/10.1139/P09-048
https://doi.org/10.1111/j.2041-210x.2012.00261.x
http://hdl.handle.net/20.500.11956/127719
https://doi.org/10.1063/5.0078259
https://doi.org/10.1080/02635140802036734
https://doi.org/10.5688/ajpe6413
https://doi.org/10.1002/(SICI)1098-2736(199705)34:5<509::AID-TEA6>3.0.CO;2-U
https://doi.org/10.1037//0022-3514.43.3.450
https://doi.org/10.1016/j.learninstruc.2006.03.002
https://doi.org/10.14712/18047106.4777

Seidel, T., Prenzel, M., Rimmele, R., Dalehefte, I. M., Herweg, C., Kobarg, M., & Schwindt, K. (2006). Blicke
auf den physikunterricht. Ergebnisse der IPN videostudie. Zeitschrift fir Pidagogik, 52(6), 799-821.

Sharma, M., Johnston, I., Helen, J., Varvell, K., Gordon, R., Andrew, H., Stewart, C., Ian, C., & Thornton, R.
(2010). Use of interactive lecture demonstrations: A ten year study. Physical Review Special Topics. Physics
Education Research, 6, 020119. https://doi.org/10.1103/PhysRevSTPER.6.020119

Simpson, A., Vondrové, N., & Zalské, J. (2018). Sources of shifts in pre-service teachers’ patterns of attention:
The roles of teaching experience and of observational experience. Journal of Mathematics Teacher Education,
21(6), 607-630. https://doi.org/10.1007/s10857-017-9370-6

Sokoloff, D. R., & Thornton, R.K. (1997). Using interactive lecture demonstrations to create an active learning
environment. The Physics Teacher, 35(6), 340-347. https://doi.org/10.1119/1.2344715

Thijs, G.D., & Bosch, G. M. (1995). Cognitive effects of science experiments focusing on students’
preconceptions of force: a comparison of demonstrations and small-group practicals. International Journal of
Science Education, 17(3), 311-323. https://doi.org/10.1080/0950069950170304

Thornton, R. K., & Sokoloff, D. R. (1998). Assessing student learning of Newton’s laws: The force and motion
conceptual evaluation and the evaluation of active learning laboratory and lecture curricula. American Journal
of Physics, 66(4), 338-352. https://doi.org/10.1119/1.18863

Vondrové, N., & Zalska, J. (2018). Ability to notice mathematics specific phenomena: What exactly do student
teachers attend to? Orbis scholae, 9(2), 77-101. https://doi.org/10.14712/23363177.2015.81

Vonesh, E. F.; Chinchilli, V.M., & Pu, K. (1996). Goodness-of-Fit in generalized nonlinear mixed-effects models.
Biometrics, 52(2), 572-587. https://doi.org/10.2307/2532896

Walton, P.H. (2002). On the use of chemical demonstrations in lectures. University Chemistry Education, 6(1),
22-27.

Wang, J., Wang, Y., Wipfli, K., Thacker, B., & Hart, S. (2023). Investigating learning assistants’ use of
questioning in online courses about introductory physics. Physical Review Physics Education Research, 19(1),
010113. https://doi.org/10.1103/PhysRevPhysEducRes.19.010113

Zhang, M., Lundeberg, M., Koehler, M. J., & Eberhardt, J. (2011). Understanding affordances and challenges of
three types of video for teacher professional development. Teaching and Teacher Education, 27(2), 454—462.
https://doi.org/10.1016/j.tate.2010.09.015

Zimrot, R., & Ashkenazi, G. (2007). Interactive Lecture Demonstrations: a tool for exploring and enhancing
conceptual change. Chemistry Education Research and Practice, 8(2), 197-211.
https://doi.org/10.1039/B6RP90030E

Scientia in educatione, 16(2), 2025, p. 34-47 47 https: //doi.org/10.14712/18047106.4777


https://doi.org/10.1103/PhysRevSTPER.6.020119
https://doi.org/10.1007/s10857-017-9370-6
https://doi.org/10.1119/1.2344715
https://doi.org/10.1080/0950069950170304
https://doi.org/10.1119/1.18863
https://doi.org/10.14712/23363177.2015.81
https://doi.org/10.2307/2532896
https://doi.org/10.1103/PhysRevPhysEducRes.19.010113
https://doi.org/10.1016/j.tate.2010.09.015
https://doi.org/10.1039/B6RP90030E
https://doi.org/10.14712/18047106.4777

The development of self-assessment accuracy in mathematical word
problems: A study of primary school learners

Irena Smetackoval, ® Anna Pachoval*

1 Faculty of Education, Charles University, Magdalény Rettigova 4, Prague, Czech Republic; Anna.pachova@pedf.cuni.cz

Self-assessment, as a critical component of self-regulated learning, plays a signifi- Key words:
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1 Introduction

The learning process is a very complex cognitive process. In an effort to enhance the effectiveness of learn-
ing, scientific attention has turned to self-regulation in recent decades (Panadero, 2017). Zimmerman’s
Cyclical Phases Model of self-regulated learning (2000) comprises three phases: forethought, performance,
and self-reflection. In the self-reflection phase, students evaluate their task performance and determine
their success or failure. This assessment then influences their approach and performance in future tasks.

From the above, it follows that self-assessment is a crucial component of self-regulated learning.
Moreover, it is hypothesised, that the relationship between self-regulated learning, metacognition and
self-efficacy is mediated by self-assessment (Cera et al., 2013; Schraw et al., 2006). Self-assessment also
plays a crucial role in supporting students’ learning by actively involving them in assessing their own
progress and improve their performance (Ross, 2006). However, self-assessment supports learning and
contributes to the development of both metacognition and self-efficacy only when students are able to
evaluate their performance accurately — judging weak performance negatively and strong performance
positively (Barana et al., 2022; Brown & Harris, 2014).

Although numerous studies have examined self-assessment accuracy (Barana et al., 2022; Brown
et al., 2015; Bradshaw, 2001), the existing evidence is heavily concentrated at the secondary and tertiary
educational levels. Far less is known about how young learners in elementary school monitor their perfor-
mance, despite the fact that metacognitive and self-regulatory abilities begin to develop early and show
substantial variation at this stage. Existing research with younger children is fragmented and provides
inconclusive evidence about how accurately they can judge their own performance. In this article, we are
particularly interested in investigating self-assessment in the context of solving word problems among
primary school pupils, as this is one of the most challenging aspects of the mathematics curriculum.

1.1 Self-assessment and learning process

Self-assessment is the evaluation of one’s own performance, knowledge, or skills (Barana et al., 2022). It
involves comparing one’s actual performance against a standard or set goals. Klenowski (1995) defined
self-assessment as “the evaluation or judgment of ‘the worth’ of one’s performance and the identification
of one’s strengths and weaknesses with a view to improving one’s learning outcomes” (p. 146). Andrade
(2019) emphasizes the significance of the assessment process and its role as feedback within the framework
of formative assessment. Self-assessment is a process focused on evaluating learning outcomes to provide
learners with insights into their strengths and weaknesses. The main goal of self-assessment is to promote
self-awareness, helping learners gauge their progress, identify areas for development, and set objectives
for improving their performance.

Self-assessment is intrinsically linked to self-regulated learning, particularly as a crucial component of
the self-reflection phase in Zimmerman’s model (2000). With respect to Vygotsky’s tradition of mediated
learning (Taber, 2025), based on Bandura’s social cognitive theory (2014) and experimental paradigms
of cognitive psychology (de Bruin & van Gog, 2012; Andrade, 2019), learning is considered to be the
result of the interaction of personal, environmental and behavioral factors and thus efficiency of learning
increases due to self-regulation. A self-regulated learner is able to set goals and choose appropriate
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strategies to achieve them, make effort, monitor learning progress, evaluate achievement, and reflect on
their emotional reactions (Pintrich, 2000; Siegesmund, 2017; Zimmerman & Schunk, 2011). As shown
by Zimmerman (2000) and others, self-regulated learning involves a number of interacting cognitive,
metacognitive (Bakar & Ismail, 2020; Georghiades, 2004), and motivational components, including self-
efficacy (Bandura, 2014; Liu-Ambrose et al., 2010).

There are many theories exploring the relationships between these concepts. There is undoubtedly
a strong connection between self-assessment and metacognition. Self-assessment involves monitoring and
reflecting on one’s own work, which are essentially metacognitive processes (Yan, 2020). From this per-
spective, self-assessment can be considered as part of metacognition. If students have well-developed
metacognition and self-assessment, they are able to monitor and evaluate their performance effectively.
However, causality can also operate in the opposite direction, where the source of influence determines the
relationship to ability or performance. For example, Siegesmund (2017) argues that self-assessment can
strengthen students’ metacognition and positively influence their self-regulation. At the same time, if stu-
dents improve the accuracy of their self-assessment, this contributes to the development of metacognition
and self-regulation. Thus, self-assessment serves as both a prerequisite and a consequence.

Other studies have also highlighted the relationship between self-assessment and self-efficacy. One
explanation lies in the connection through self-regulated learning models (Pintrich, 2000; Zimmerman,
2000). Accurate self-assessment helps learners evaluate their performance, leading to better self-regulation
and higher self-efficacy through successful learning experiences. Panadero et al. (2017) demonstrated this
by analyzing 19 studies involving 2 305 students, revealing the importance of self-assessment interventions
for the development of self-efficacy and self-esteem.

From the discussion above, it is evident that self-assessment is a crucial concept that is strongly
connected with self-regulated learning. Moreover, improving self-assessment can enhance related concepts
such as metacognition and self-efficacy.

1.2 Accuracy'of self-assessment

However, self-assessment aids the learning process and the only if students can accurately evaluate their
performance. This means that students should recognize poor performance as such and assess it negatively,
and similarly, recognize and assess strong performance positively (Barana et al., 2022).

Numerous studies have shown that learners often make inaccurate self-assessments, often overesti-
mating or underestimating their own abilities. Psychologists refer to this as the Dunning-Kruger effect
(Kruger & Dunning, 1999). Moreover, this effect is often more pronounced in lower-achieving students
who have difficulty recognizing their poor performance, its causes, and how to improve (Dunning et
al., 2004). Inaccurate self-assessment acts as a barrier to self-regulated learning and contributes to poor
academic performance.

The accuracy of self-assessment may be influenced by cognitive, motivational, emotional factors, in-
dividual characteristics, item characteristics and classroom environment characteristics (Brown et al.,
2015). Reduced accuracy in self-assessment can arise from learners’ tendencies to be unrealistically opti-
mistic about their abilities, deficiencies in skills and abilities, unclear assessment criteria, and classroom
norms that encourage overestimation (Dunning et al., 2004). Highly difficult tasks introduce greater un-
certainty into self-assessment, whereas easier tasks allow pupils to judge their performance with higher
confidence (Bradshaw, 2001). This means that the difficulty of the task correlates with the accuracy of
self-assessment, regardless of individual metacognitive competence (Barana, 2022). In the case of word
problems, assessing one’s own performance is even more complex, as accuracy depends on the combination
of mathematical competence and reading comprehension, which interact in non-trivial ways (Schleppe-
grell, 2007).

Accuracy in self-assessment shows clear developmental patterns (Bradshaw, 2001). Brown and Harris
(2014) found that accuracy varies with both age and performance level, with younger and less profi-
cient elementary pupils displaying lower accuracy. Age therefore plays a central role. Young children’s
cognitive abilities—particularly working memory, inhibition, and self-regulation—are still developing (Ze-
lazo & Carlson, 2012), which limits their capacity to evaluate their performance accurately. They also
have less mature emotional regulation and awareness, making it more difficult for them to reflect hon-
estly, whereas adolescents, with more advanced cognitive and emotional capacities, tend to produce more
accurate self-assessments (Harter, 2011).

According to Harter (2011), average levels of self-evaluation, and consequently self-assessment, tend
to decline from early childhood into adolescence as children develop social comparison skills and adopt

1Some authors use the accuracy of self-assessment, others the consistency (Andrade, 2019). We stay in the term accuracy
because we compare whether the student’s performance corresponds with his/her self-report on it. The consistency is usualy
used in the wider context of comparison with teacher’s assesments.
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a more critical view of themselves. Piagetian theory further suggests that younger children’s moral and
evaluative reasoning is heteronomous—anchored in authority and rules—which leads them to perceive
self-assessment more as obedience to teacher expectations than as autonomous reflection. Children also
rely heavily on teachers’ judgments as their primary source of evaluative feedback (Eelder, 2010). With
increasing age, pupils develop a more differentiated understanding of their abilities and a stronger capacity
for self-regulation, while younger children often display simpler and overly optimistic self-evaluations.
However, some longitudinal evidence, such as that from Orth et al. (2021), challenges the notion of a
sharp transition in self-efficacy or self-esteem during early adolescence. More longitudinal research—both
short- and long-term—is therefore needed.

Bradshaw (2001) also reports associations between self-assessment and cognitive ability, though this
relationship is not linear. Accuracy in self-assessment appears to depend on an interplay of cognitive
abilities, metacognitive skills, domain-specific knowledge, and task complexity. Importantly, intervention
research (Kajamies et al., 2010) shows that training and feedback can substantially improve accuracy,
even among individuals with varying cognitive profiles.

Teachers play a critical role in shaping pupils’ learning, including their self-assessment practices. They
influence students not only through positive expectations and instructional support but also through the
nature of learning challenges and classroom interactions. Li and Rubie-Davies (2015) [24] demonstrate
that teacher optimism can translate into measurable gains in academic progress. Certain pedagogical
practices—especially formative assessment—can enhance pupils’ self-assessment and self-regulation (Nicol
& Macfarlane-Dick, 2006). Factors supporting the development of self-regulated learners include the use of
multiple representations, rich mathematical tasks, productive classroom discourse, scaffolding of strategic
behaviour, and adaptive instructional support (Pape et al., 2003). Kramarski and Revach (2009) further
argue that teachers need to be capable of self-regulation themselves in order to foster student-centred
learning, a condition that has been linked to improved self-regulation among pupils (Perry et al., 2006).

1.3 The relationship between self-assessment and performance in mathematics

In this section, we examine the relationship between self-assessment and performance among elementary
school pupils. Self-assessment has received growing attention in both learning theory and educational
practice, as it represents a reflective process through which pupils evaluate their work against explicit
criteria and identify opportunities for improvement. As a formative practice, it has been shown to enhance
learning, support pupils in managing academic demands, and contribute to school success while reducing
the risk of school failure (Broadfoot, 2021; Andrade, 2019). Because empirical studies focusing specifically
on younger learners remain relatively scarce, we also draw on findings from research with older students.

Mathematical word problems offer a particularly meaningful context for studying self-assessment.
They require pupils to engage in higher-order thinking and complex problem-solving, draw on mul-
tidisciplinary knowledge, apply mathematical concepts to real-world situations, and reveal conceptual
understanding rather than procedural recall (Rendl et al., 2013; Kajamies et al., 2010; Pape et al., 2003).
Because solving word problems places considerable demands on metacognitive monitoring and self-efficacy,
self-assessment may serve as an important mechanism supporting pupils’ performance in this domain.

Findings from Czech research on young learners provide additional support for this argument. Chytry,
Ri¢an and Zivna (2019) showed that metacognitive skills are significantly associated with mathematical
performance across different educational approaches and that pupils with more developed metacognition
tend to achieve higher mathematical outcomes. The relationship also appears bidirectional: engaging
in word problems can strengthen metacognitive skills and self-efficacy, while these skills subsequently
support more effective problem solving. In a qualitative study, Tachie (2019) demonstrated that the
use of metacognitive strategies—including task analysis, planning, monitoring, checking, reflection, and
self-assessment—helped 8th- and 9th-grade learners solve mathematical problems.

Findings from younger pupils also support this relationship. Research with 311 primary school stu-
dents showed that those who successfully solved mathematical problems demonstrated higher levels of
prediction and self-assessment accuracy than less successful pupils (Novakova, 2024). Consistent with this,
the study by Chytry et al. (2019) indicates that metacognitive characteristics can differentiate mathe-
matical performance even among relatively young learners, suggesting that metacognition is not merely
an advanced skill but a central component of early mathematical development.

Although Novédkova’s (2024) study points to a positive link between metacognition and performance,
the broader literature reveals considerable variability in the strength of this relationship across studies
and age groups. In their meta-analysis, Brown and Harris (2013) found that relationships between self-
assessment and performance varied widely, with effect sizes ranging from 0.04 to 1.62 (Cohen’s d). This
variability was not determined by the type of self-assessment but by its complexity. One possible expla-
nation is the formative nature of assessment. For example, Black, Harrison, Lee, Marshall, and Wiliam
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(2004) demonstrated a strong relationship between formative assessment (including self-assessment) and
achievement among 11- to 15-year-olds.

Feedback may also influence the strength of the relationship. Sitzmann, Ely, Brown and Bauer (2010)
found that correlations between self-assessment and learning were stronger in courses that included feed-
back than in those without it. Although their meta-analysis focused on adults, evidence suggests that
similar mechanisms operate in children. Elder (2010), for instance, showed that both younger (1st grade)
and older (4th/5th grade) pupils rely on evaluations provided by others, especially teachers, though older
pupils draw on a broader range of sources when forming self-assessments.

One of the few intervention studies targeting elementary pupils (grades 5-6) is the work by Ross
et al. (2002), who examined the effects of self-evaluation training on mathematics achievement. Their
12-week program, which included a range of activities aimed at improving self-assessment, led to improved
mathematical problem-solving in the experimental group compared to the control group.

Taken together, these findings suggest that comprehensive self-assessment training supported by feed-
back can lead to more accurate self-evaluations and improved problem-solving performance. However,
further research is needed to examine the sources of self-assessment accuracy in younger children in lower
grades. Only then will it be possible to develop effective self-assessment interventions tailored to this age
group.

As demonstrated by prior research, self-assessment is closely linked to a range of psychological factors
that play a pivotal role in school learning. Nevertheless, establishing self-assessment practices in the class-
room may be challenging. Individual variability in cognitive abilities and developmental maturity must
be taken into account. In light of these considerations, the present study focuses on the accuracy of self-
assessment in mathematics across two developmental periods. Mathematical word problems were selected
because of their recognized complexity within the curriculum (Rendl et al., 2013). These problems not
only reflect real-life applications but also have a documented connection to self-assessment, as discussed
earlier. The study seeks to explore changes in self-assessment accuracy in the context of mathematical
word problems and examine its relationship with cognitive ability.

The research aims to investigate whether pupils can accurately evaluate their performance in test
items, particularly in the challenging domain of mathematical word problems. Our study is guided by
the following research questions: (1) How does self-assessment accuracy in solving mathematical word
problems develop from Year 2 to Year 3 among elementary school pupils? (2) Is there a relationship
between self-assessment accuracy and cognitive ability in solving mathematical word problems?

2 Methodology

This study forms an integral part of two larger research projects that synergistically complement one
another. The first project is dedicated to enhancing pupils’ problem-solving strategies in mathematical
word problems, an area perceived as challenging by elementary school pupils. Regrettably, no longitudinal,
comprehensive data from primary school pupils were available for this research. The second project con-
centrates on strategies employed by teachers to mitigate the risk of school failure. This study encompasses
data from 29 primary school classes, gathered through a variety of methods, including tests, standardized
psychological instruments, and teacher questionnaires. In this paper, we present the results of our study,
which utilizes data collected in the second research project and analyses it within the framework of the
objectives established in the first research project.

2.1 Measurements
Mathematical test and word problems

The main tool used in the study was a test on mathematics. They have been developed in several
steps following Downing’s recommendations (Downing, 2006). The content was based on the Framework
Educational Programme for Basic Education (FEP BE) that sets out the expected learning outcomes. The
structure of the test, including the format, types of questions, and scoring criteria, was reviewed by a group
of educational experts. Test items are systematically generated, reflecting the content and cognitive
skills to be assessed. The items were pretested to enhance their quality, considering clarity, relevance,
and fairness. The same test specification was used for in Year 2 and Year 3 with respect to increasing
knowledge and cognitive skills. Thus, both test results can be compared. The psychometric parameters
of both tests were good. Pupils solved tests individually, but in the presence of other classmates, their
own teacher, and a researcher whom they already knew. The situation was relatively familiar to them
and thus it was not a source of great stress. The tests had no time limit. Due to the COVID-19 situation,
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the administration of the first test was delayed, resulting in a reduced level of difficulty compared to the
second test.

The mathematics test contained 7 tasks with a total score of 100 points. Pupils’ answers in tests were
recorded in electronic form and then evaluated. The sum of the points for the individual tasks resulted
in the total score. Each task was generated to measure a certain educational outcome requested by the
Framework Educational Programme for Basic Education (FEP BE). The type of task was either typical
or untypical for school lessons in researched classes, however, for the purpose of the study, only typical
items were used. The maximum score for each task was set based both on the levels in which the task was
typical for school lesson and cognitive challenging. The analysis of self-assessment accuracy across the
entire test was presented in a previous article (Svamberk Sauerovd & Smetackova, 2022). However, due
to limited comparability between the tests, a closer examination of individual items with similar content
was necessary.

The tests in Year 2 and Year 3 contained of one school-typical mathematical word problem (M2 in
Year 2 and M3 in Year 3) with similar structures. In both cases, it was complex multi-step problems in
which pupils needed to solve individual phases through addition and subtraction. The difference between
the tasks was both in the number of steps and in the size of the numbers with which the mathematical
operations were performed. The wording of both mathematical word problems is given below.

The task M2 for Year 2 was: There are 11 girls in the class, 4 more boys than girls. There are ____boys.
There are fewer girls than boys. There are ____ children in the class. The task diagnoses the pupil’s
ability to connect two situations described in the addition task, which requires reading comprehension,
and the pupil’s ability to add two small numbers: 11 + 4 and 11 + 15. It is a typical word problem with
the comparison operator (“4 more than”). The first subtask was deliberately easier, as it was intended to
allow pupils to experience success and motivate them to solve further problems. The context of the task is
familiar to the pupils and is part of their life experience. The text of the task is simple, the words ‘more’
and ‘total’ correspond to the operation of addition which leads to the correct result. The number range
corresponds to the beginning of Year 2 when the number range starts to expand from 20 to 100. The two
numbers in the problem (11 and 4) express numbers and are easily modeled using some manipulatives.
The problem is compound — the calculation of the first part of the problem is needed for the second part.
Between the two parts is sandwiched a statement for the pupil to complete, which tests whether the pupil
is aware of the link between the relations more and less.

The task M3 for Year 3 was: Zdenka got 403 points in the computer game, Tereza got 118 points more
than Zdenka, David scored 20 points less than Tereza. Tereza scored points. Zdenka and Tereza
scored together points. David scored more points than Zdenka. David scored points. The
task, like the previous one, diagnoses the pupil’s ability to connect the situations described in the task
with additive operations. The key is understanding the text, that is, the discovery of the links between the
number of points of each child, and the ability to perform additive operations in the domain of natural
numbers up to one thousand. The task context belongs to pupils’ lives, but not every pupil needs to
have experience with computer games. The number domain corresponds to Year 3. The numbers in the
problem represent a number but are too large to use manipulatives. The text of the problem is rather short
but contains a lot of information. The problem is complex and requires chaining of thought operations.
Completing the first two statements is easy. For the first, the comparison operator (118 more) is added to
the state (403 points). The second requires adding two forms, one of which is in the problem statement,
and the other is written in the first statement. The completion of these first two statements is identical
in idea to that in Problem 1 of the Year 2 test, only the number field is adapted to Year 3. Completing
the third statement is more challenging as it requires finding the comparison operator. The pupil can
arrive at it in two ways, the first of which is easier. Either the pupil completes the fourth statement first
(the comparison operator “20 points less” subtracts from the state “521 points”) and then calculates the
comparison operator from the two known states (501 and 403). Or the pupil works only with comparison
operators (Tereza 118 points more than Zdenka, David 20 points less than Tereza). The number field
corresponds to Year 3. The numbers in the problem express a number, but they are too large to use
manipulatives.

For each item, after solving it, the pupils were asked the question: How do you think you managed to
solve the problem? Pupils indicated using circling one of three options: thumbs up (good performance),
thumbs horizontally (uncertain or average performance), or thumbs down (poor performance). For each
task, including the mathematical complex word problem an accuracy index of the pupil’s self-assessment
was created, and their sum resulted in an accuracy index for the word problem item and for the math
test overall.

Scientia in educatione, 16(2), 2025, p. 48-59 52 https: //doi.org/10.14712/18047106.5068


https://doi.org/10.14712/18047106.5068

Cognitive abilities

Besides tests on mathematics, pupils in Year 2 and Year 3, also completed an independent standardized
test measuring cognitive abilities. Nonverbal reasoning was tested by Coloured Progressive Matrices
(CPM) in Year 2, respectively by Standard Progressive Matrices (SPM) in Year 3. In each year, the
cognitive test was assigned several weeks before the test. The cognitive test was used in a one-off manner
and thus may have been influenced by situational factors.

Teachers evaluations of individual pupils

Therefore, we used the teacher’s assessment of cognitive abilities as a supplementary contextual data
source based on long-term experience with the pupils in school tasks, to provide additional background
information for Research Question 2 rather than as a separate research question.

The measure used was a questionnaire in which teachers were asked to make expert judgments about
each pupil on 32 items relating to different aspects of school achievement. The following five items related
to the assessment of cognitive ability: He/she can concentrate for 10-15 minutes on one activity; He/she
has a good memory, remembers easily; He/she is a logical thinker; He/she is inquisitive, likes to learn
new things; He/she immediately understands the task and the teacher’s instructions. Each statement was
rated on a scale of 1 (statement about the child is true) to 3 (statement about the child is not true).

The analytical unit was the pupil. For each pupil, characteristics were analyzed as assessed by two
tests and within them for one complex mathematical word problem as well as his/her achievements were
ascertained with two independent standardized achievement measures.

2.2 Sample

The study included 657 pupils, of whom 49% were boys and 51% were girls. Complete longitudinal data
were obtained from 542 pupils. The pupils belonged to 29 primary school classes. The classes were se-
lected at the end of Year 1 and subsequently tested in Year 2 and Year 3. Classes were included based on
the following criteria: a) an average-size school and class with a typical proportion of pupils with special
educational needs according to national statistics; b) no specific or alternative educational programme;
c) agreement from teachers, parents, and pupils to participate in a three-year research project involv-
ing extensive data collection through psychological tests, interviews, and classroom observations; d) an
experienced teacher, whose practice was consistently rated as effective by school leadership, colleagues,
parents, and the Czech School Inspectorate. Although these indicators offer a reasonable proxy for effec-
tive teaching, they do not encompass all dimensions of teacher quality, which is a limitation of the study.
Class sizes ranged from 15 to 29 pupils, with an average of 23, which corresponds to the national mean
in the Czech Republic.

3 Results

Descriptive statistical results of mathematical word problem-solving during Year 2 and Year 3 are pre-
sented in Table 1. This comprehensive analysis encapsulates crucial metrics encompassing the mean
success rate, average self-assessment scores, and the accuracy of these self-assessments.

Table 1: Scores and self-assessment in mathematical word problems in Year 2 (M2) and Year 3 (M3)

N Minimum Maximum Mean Std. Deviation

M2 score 624 0 13 11.18 3.05
M3 score 608 0 12 8.16 4.20
M2 self-assessment 599 1 3 1.25 0.49
M3 self-assessment 591 1 3 1.67 0.63

Both mathematical word problems were proficiently addressed, with an average score of 11.2 out
of a maximum of 13 points in M2, and 8.2 out of 12 points in M3. While 62.7% of Year 2 pupils
accurately solved the M2 problem, a substantial 27.9% responded partially correctly, and only 9.4%
answered incorrectly. However, in Year 3, the scenario underwent a significant transformation, with only
31.3% solving Problem M3 correctly, 48.8% responding partially correctly, and 20% offering incorrect
solutions. Notably, despite an overall dominance of high performance, there was a substantial decline in
the success rate between Year 2 and Year 3 (p < 0.001). The M2 test was less challenging due to its
delayed administration caused by the COVID-19 situation. Therefore, the poorer performance on the
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M3 test does not necessarily indicate a decline in children’s abilities. These differences in performance
prompted further consideration of the structural characteristics of the two tasks.

It is therefore important to note that the apparent decline in pupils’ accuracy between M2 and M3
may partly reflect methodological characteristics of the two tests. The third-grade task (M3) was not only
more cognitively demanding but also included larger numbers and a more complex wording structure.
Therefore, the difference in performance could result from the task’s higher difficulty rather than a true
decrease in self-assessment accuracy.

Since performance and self-assessment accuracy may follow different developmental trajectories, both
outcomes were examined separately. The accuracy decreased as well. In M2, 58% of pupils estimated
their achievement adequately, while in M3 it was only 32%. The paired t-test shows that this result
is statistically significant (p < 0.001) and it is a high effect as measured” by Cohen’s d = 0.761. We
would reach the same conclusion in the case of the self-assessment for these two tests, with p < 0.001.
However, this is no longer a large effect, as Cohen’s d = 0.018. This divergence highlights that changes
in performance and changes in the accuracy of self-assessment cannot be interpreted as parallel phenom-
ena.

Based on the first research question, the analysis concerned whether the accuracy of self-assessment
evolves over time. Given the observed differences in both performance levels and accuracy between M2
and M3, it was necessary to examine self-assessment patterns in a more controlled way. To ensure that
the analysis is not burdened by different success rates in Task 2 and Task 3, we looked at accuracy
separately for the group of pupils who gave a completely correct or incorrect answer in each task. The
results are presented in Table 2. The table shows that in M2, almost twice as many pupils considered
their solution correct in a situation where they solved the problem incorrectly in comparison with M3
(63,3% vs. 36.4%). In contrast only slightly more than half of the successful pupils in M3 considered their
solution to be correct.

Table 2: Comparison of the self-assessment accuracy and the achievement

M2 M3
Achievement in Task Self-Assessment Frequency Percent Frequency Percent
0 point (wrong answer)  Correct answer 136 63.3% 147 36.4%
Not sure or average performance 69 32.1% 211 52.2%
Wrong answer 10 4.7% 46 11.4%
Total 215 100% 404 100%
1 point (correct answer) Correct answer 330 85.9% 103 55.1%
Not sure or average performance 49 12.8% 77 41.2%
Wrong answer 5 1.3% 7 3.7%
Total 384 100% 187 100%

In addition, we analysed an independent subgroup of pupils who solved both tasks correctly (N = 143).
The average accuracy of the self-assessment (on a scale of —1; 1) for item M2 was —0.063 (SD = 0.20)
and for item M3 —0.21 (SD = 0.27). This difference was significant (p < 0.001) and showed that the
accuracy of self-assessment declined over time among same children who are correct solvers. Pupils are
more rigorous in assessing their own performance in test tasks and there is an increasing tendency towards
self-deprecation. This pattern can be explained methodologically: M2 was generally easier, allowing most
pupils to succeed and thus to correctly evaluate their success. In contrast, M3’s complexity may have
increased uncertainty, leading to more mismatches between actual and perceived performance.

According to the comparison of the accuracy of self-assessment in Year 2 and Year 3, we divided
the pupils into several groups. The accuracy of the self-assessment measured by the Bias procedure
takes values from —1 to +1, where negative values indicate underestimation (the pupil’s estimate was
worse than the actual performance), positive values indicate overestimation (the estimate was better
than the actual performance), and a value of 0 indicates agreement between the estimate and the actual
performance. We compared whether the pupil’s self-assessment was adequate (accurate), overestimating
or underestimating on both the first and second measures. The proportions of each variation in the
accuracy of self-assessment are shown in Table 3.

The results show that the accuracy of pupil self-assessment is quite low. Those who are stably capable
of accurate self-assessment make up only 1/5. If we also include the subset of pupils who have moved
towards accurate self-assessment in at least the second measurement, the proportion rises to just under
1/3. A similar proportion of pupils tend to overestimate their performance and a slightly higher proportion
tend to underestimate their performance.

20.2-0.5: small effect; 0.5-0.8: medium effect; 0.8 or more: large effect (Cohen, 1988)
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Table 3: Number of pupils according to the self-assessment accuracy over time

Accuracy of Self-Assessment Number of pupils Percent
M2 M3

Accurate Accurate 121 22.4%
Overestimation Overestimation 57 10.5%
Underestimation Underestimation 48 8.9%
Accurate or Underestimation Overestimation 115 21.3%
Accurate or Overestimation Underestimation 152 28.1%
Overestimation or underestimation  Accurate 48 8.9%

For further analyses, we included only three groups of pupils whose self-assessment accuracy was stable
across both measures. These groups were (1) pupils who stably underestimated themselves (their self-
assessment was below their real performance; Underestimation/ Underestimation in Table 3), (2) pupils
whose self-assessment was stably accurate (their self-assessment matched their performance on both
tasks; Accurate/Accurate in Table 3), and (3) pupils who overestimated themselves (their self-assessment
overestimated their real performance; Overestimation/Overestimation in the Table 3).

The groups were compared in the cognitive ability measured by Coloured Progressive Matrices (CPM)
in Year 2, respectively by Standard Progressive Matrices (SPM) in Year 3. The highest score in the
CPM might be 36 and in the SPM 60. An additional variable was used in the teacher’s evaluation of
pupils’cognitive skills. The score for the dimension “Cognitive skills” was computed from five items and
presented as an average on a scale from 1 to 3. The means in all three variables for groups according to
the development of self-assessment accuracy are shown in Table 4.

Table 4: Cognitive abilities of three groups based on the self-assessment accuracy

Underestimated pupils  Acccuratly estimated pupils Overestimated pupils

(N =48) (N =121) (N =57)
Mean SD Mean SD Mean SD
Teacher’s Evaluation 1.64 0.60 1.32 0.46 1.64 0.56
CPM (Year 2) 27.06 5.63 29.90 3.60 26.91 4.39
SPM (Year 3) 37.68 8.20 42.11 6.88 35.50 8.72

Within the comparison of individual groups, a one-factor analysis of variance was used.® The deter-
mined values are in Table 5.

Table 5: ANOVA — Cognitive abilities of three groups based on the self-assessment accuracy

2

Areas monitored

ANOVA

Effect size — w

Teacher’s Evaluation

F = 10.964; p < 0.001%%*

w? =0.042

Post-hoc analysis 1>5 (p=0.001)*** WEower Index = 0.001
5 <9 (p < 0.001)*** Wpper Tndex = 0.071
Raven 1 F =12.818; p < 0.001*** 2 =0.058
Post-hoc analysis 1 <5 (p <0.001)*** WEower Index = 0.009
5> 9 (p < 0.001)*** Wpper ndex = 0.091
Raven 2 F =15.729; p < 0.001*** % = 0.057
Post-hoc analysis 1 <5 (p <0.001)*** WE wer Tndex = 0.008
5> 9(p < 0.001)*** Wi per tndex = 0.089

Explanations: *(p < 0.1); **(p < 0.05); ***(p < 0.001)

The analysis of variance shows that statistically significant differences at the one percent significance
level are found in all areas. The post-hoc analysis conducted through the Scheffeny test shows that the
5 groups always differ from the same groups. While in terms of the teacher’s perspective, the values are
significantly lower than the other two groups, in terms of the Raven’s test the values are significantly
higher for both year groups. In terms of substantive significance, these are not very significant effects.

Pupils who were consistently accurate in word problems had significantly higher cognitive ability (as
measured by the standardized test and as judged by the teacher) than both other groups. In contrast,
the cognitive abilities of pupils who overestimated themselves were the weakest.

3Data were assessed for normality using the Shapiro-Wilk test and equality of variances using Brown-Forsythe test.
When necessary data were transform to fit assumptions of normality and homogeneity of variance prior the analysis.
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In addition to cognitive ability, which is an individual characteristic, it is necessary to ask to what
extent the accuracy of self-assessment varies from class to class. In our research, 29 classes of the same
grade were included. Comparison of the proportion of each subgroup of pupils according to the accuracy
of self-assessment confirmed strong differences between classes. The number of children with consistently
accurate self-assessments in word problems varied across classes from 7% to 39%. Some classes had
a strong group of underestimating pupils (up to 22%), while others had a group of overestimating pupils
(up to 28%). In some classes, the accuracy of self-assessment was unstable, with up to 1/3 of pupils
moving from overestimating to underestimating or in opposite direction between Year 2 and Year 3.

4 Discussion

Our study examines patterns of self-assessment accuracy in mathematical word problem-solving among
elementary school pupils. We focus on changes in accuracy across grade levels, the influence of cognitive
ability, and the role of classroom environments. The research addresses two questions: (1) How does self-
assessment accuracy in solving mathematical word problems develop from Year 2 to Year 37 (2) Is there
a relationship between self-assessment accuracy and cognitive ability in this domain? Because the Year 2
test was less challenging due to COVID-19 delays, children performed better in Year 2 than in Year 3.
This decline in performance was accompanied by a noticeable drop in self-assessment accuracy. Although
average accuracy remained relatively stable, older pupils in Year 3 were more likely to believe they had
solved the task incorrectly, suggesting a reduced proportion of children capable of accurately judging
their performance. Methodologically, these differences may be driven not only by development but also
by variation in task difficulty and the limited number of items. With only one complex word problem
per grade, random factors (e.g., text comprehension, familiarity with context) could disproportionately
influence accuracy. Future studies should therefore employ multiple tasks of varying difficulty levels.

Although our observations cover only two school years, the results align with Harter’s (2011) assertion
that self-assessment tends to decline as children move from early to middle childhood. This shift often
reflects a more critical self-view, which may lead to performance underestimation. At the same time, it
is important to consider potential teacher influences—third-grade teachers may apply stricter evaluation
criteria than second-grade teachers—an issue explored later in this article.

We also examined the relationship between self-assessment accuracy and cognitive ability. Using stan-
dardized tests and teacher evaluations, we found substantial differences in cognitive skills across accuracy
groups. This finding supports conclusions by Bradshaw (2001) and Dunning, Heath, and Suls (2004), who
identified cognitive ability as a key factor underlying reduced accuracy in self-assessment.

Our study revealed variation in self-assessment accuracy across classrooms. Beyond age and cognitive
ability, teaching practices and classroom climate played central roles. Interestingly, the frequency of self-
assessment activities did not predict accuracy. This suggests that not only the presence but also the
form and quality of self-assessment practices matter. Teachers’ communication, instructional strategies,
and assessment methods were identified as influential factors, consistent with findings by Brookhart et
al. (2004) and Andrade and Valtcheva (2009). More targeted research is needed to understand these
dynamics.

Self-assessment is an essential component of self-regulated learning, which is increasingly recognized
as foundational for academic success and lifelong learning. Accurate self-assessment enables pupils to
reflect on performance, set realistic goals, and assume responsibility for their learning. Our contribution
lies in showing that self-assessment accuracy does not automatically improve with age or exposure to self-
assessment activities. In fact, accuracy may decline when cognitive demands increase or when classroom
conditions become more complex. This challenges the assumption that developmental progression alone
enhances metacognitive skills and underscores the need for intentional pedagogical strategies.

Our findings illustrate the dynamic nature of self-assessment and its variation across pupils with
different cognitive abilities. Teachers should be mindful of these differences and adjust their approaches
accordingly. Simply expecting children to develop more precise self-assessments as they mature is insuf-
ficient. Developmental shifts may introduce new challenges, such as heightened sensitivity to self-esteem
threats or increased peer comparison, which can impede accuracy. Developing precise self-assessment
therefore requires carefully structured practices tailored to pupils’ cognitive and metacognitive abilities
(Siegesmund, 2017). Pupils with weaker abilities may require targeted interventions to strengthen their
capacity for evaluating their performance.

Even in classrooms where teachers implement self-assessment tools, our study highlights inconsisten-
cies in the proportion of pupils who assess themselves accurately. These discrepancies may stem from
uniform, one-size-fits-all approaches using a single self-report scale. Such approaches fail to account for
pupils’ individual tendencies to overestimate or underestimate. Our findings emphasize the need for
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more nuanced and individualized self-assessment methods. Teachers should adapt strategies and tools to
pupils’ characteristic self-evaluation patterns, which may be linked to personality and self-esteem. While
our study does not provide an exhaustive set of effective techniques, it clearly signals the need for further
research in this direction.

Several limitations should be considered when interpreting the findings. The comparability of the two
assessment points was influenced by a delay in administering the first test, which resulted in a slightly
lower difficulty level than intended. Although tasks M2 and M3 had comparable structures, the broader
number range and greater linguistic complexity of M3 may have contributed to differences in performance
and accuracy unrelated to development. The small number of test items and participating classes also
reduces the generalizability of the findings. Although the same children were tested at both time points,
the design does not constitute a fully controlled longitudinal study, as differences in task difficulty may
influence interpretations of developmental change. Testing in familiar classrooms reduced stress but may
have introduced subtle social influences. Finally, the absence of standardized measures of metacogni-
tion and the limited range of tasks likely constrained our analyses. Future research would benefit from
longitudinal designs, use of multiple task types, and more controlled conditions.

Future work should employ a more differentiated set of assessment tasks varying in linguistic and
numerical complexity. Multiple items at each measurement point would allow for more reliable estimates
of accuracy and help distinguish task-specific effects from genuine developmental trends. Incorporating
standardized metacognition instruments would also strengthen analyses. A longitudinal design follow-
ing the same cohort over several years would further clarify how cognitive ability, task difficulty, and
instructional context shape the accuracy of pupils’ self-evaluations over time.

5 Conclusions

In conclusion, our research aligns with contemporary educational paradigms that emphasize learner
agency, self-regulation, and the development of accurate self-assessment. Our findings contribute to the
growing body of evidence that self-assessment is not a static skill but one requiring intentional support
and differentiation. The study reveals that pupils’ self-assessment does not inevitably improve with age;
instead, it may decline. This poses a significant educational challenge and highlights the need for peda-
gogical approaches designed to counteract this decline and increase the proportion of pupils capable of
accurate self-evaluation.
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