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The current study describes the process of development and validation of a rubric 
for assessing educational robotics skills among middle school students. A multiphase 
method has been followed, including a literature study, expert consultation, content 
validation, pilot testing, reliability analysis, and construct validation. The resulting 
dual-category rubric designing and programming skills were further elaborated by 
specific criteria and performance levels. Content validation identified seven key 
criteria: stability and durability, motors, innovation, code organization, dependability 
and reliability, movement and rotation, and innovative use of sensors. The results 
of inter-rater reliability analysis for all criteria indicated good agreement, with 
Krippendorff’s alpha ranging from 0.941 to 1.000. Additionally, construct validation 
using exploratory factor analysis confirmed a two-factor structure that aligns with 
the intended domains of design and programming skills, explaining 67.4% of the 
total variance. The rubric was consistent with learning/teaching theories such as 
Bloom’s taxonomy, constructivist learning theory, and self-determination theory. 
This rubric fulfills the existing need for a specific assessment tool in educational 
robotics and supports educational practices through very detailed feedback to 
students on their performance. This adds much to educational assessment and 
education in robotics and enhances teaching and learning outcomes for STEAM 
education in various settings.
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Introduction

Robotics education has become an important component of the STEAM (Science, 
Technology, Engineering, Arts, and Mathematics) curriculum, promoting essential skills such 
as problem-solving, creativity, and cooperation (Eguchi, 2014). Middle school is important for 
introducing robotics as it corresponds with students’ considerable cognitive and social growth. 
There have been indications to show that activities on robotics increase the motivation of 
students to understand complex subject matters, hence preparing them for other technological 
challenges in future studies (Elkin et al., 2018; Nugent et al., 2013). Although the role of 
robotics education is realized, there is still a lack of a robust and reliable assessment tool that 
precisely captures students’ skills in designing, building, and programming robots. Traditional 
forms of testing cannot capture multidimensional skills in robotics. They include conventional 
assessment techniques, which can hardly go beyond rote learning and theoretical approaches. 
These are away from the capture of practical problem-solving skills rightly classically taught 
in educational robotics, particularly for middle school students (Zhu et  al., 2023). This 
insufficiency underscores the critical need for robust tools that could grade students based on 
their performance and skills through a more comprehensive and practical approach.
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The question is, how to achieve this? A rubric is an assessment 
tool containing the criteria and performance levels for a particular 
task, so it becomes an extensive guide for a teacher and student. 
Rubrics not only help clarify expectations and offer a guide toward 
effective instructional strategies and structured feedback to the 
students but also justify learning and improvement for students 
through guidance (Gallardo, 2020).

The most significant necessity for rubrics lies in educational 
robotics. In robotics education, learners are supposed to piece together 
knowledge from a variety of domains to acquire hands-on, project-
based learning. These domains include engineering, programming, 
and mathematics. Using clear criteria for performance and guiding 
students throughout the learning process, rubrics effectively assess 
very different skills (Reddy and Andrade, 2010). Rubrics are essential 
to enhancing self-regulation in student reflective learning, other than 
an assessment tool. This means that students can be able to use the 
rubrics thereof to refer to what is expected from them and where gaps 
exist. This self-assessment feature is critical in building critical 
thinking and problem-solving skills that define robotics practice 
(Panadero and Jonsson, 2013). However, several varieties of rubrics 
may be  developed for the implementation of general assessment 
purposes. Holistic rubrics are those that provide one general score 
produced from the overall impression created by a student’s 
performance. For analytic rubrics, it drops it into offering several 
criteria variables that are scored independently and demonstrate their 
respective scores. There are also further categories, such as 
developmental rubrics, which manifest in the ability to echo skill 
development over time. The last are classified under single-point 
rubrics and thus portray detailed feedback for each criterion, however, 
minus the specifics of scoring such variables (Andrade, 2005). Rubrics 
can have a valuable position in educational institutions, particularly 
in sectors or specialties that involve practical, hands-on applications 
of learned skills and creativity. Rubrics in robotics education help 
bridge the gap between theory and practice by ensuring that adequate 
assessment is conducted against realistic abilities and competencies in 
the real world (Moskal, 2000).

The present study was part of a larger study that targeted 
investigating the effect of using rubrics-based instruction to improve 
robotics skills and academic self-regulation for middle school Arab 
students in Jerusalem. Ethical aspects of the broad study were 
approved by the PhD Program Committee in Teaching & Learning, 
Faculty of Graduate Studies, An-Najah National University, ensuring 
all procedures adhered to the highest ethical standards. Written 
informed consent was acquired from each student and guardian, with 
full verbal and written disclosure about the nature of the research 
study and their option to withdraw at any time, with data collected 
kept highly confidential. This paper aimed to describe the cycle of 
development and validation of the robotics skills rubric for middle 
school students systematically.

Literature review

Educational robotics in middle schools

Educational robots have evolved considerably over the last two 
decades, from specialized programs to being more part of middle 
school STEAM curricula. This move underlines recent shifts in 

increased emphasis on technology literacy and 21st-century skills in 
education (Wang et al., 2023). Research portrays numerous gains in 
robotics education among middle school children. The results are 
usually a tremendous increase in the problem-solving skills 
developed through critical and creative thinking required during the 
building and programming of robots (Zhang et  al., 2024). 
Collaborative teamwork helps learners develop social skills and 
enables them to work effectively in groups while doing robotics 
projects (Demetroulis et  al., 2023). This significantly improves 
higher levels of student motivation and engagement in robotics 
education. Students who participate in robot programs provide 
reports regarding increased overall motivation and interest in 
STEAM subjects, which is very critical during middle school years 
when they are forming their academic identities and initially 
beginning to consider choices of future career fields (Selcuk et al., 
2024). Challenges exist in educational robotics, however, which are 
mainly based on its resource-demanding nature. Most schools lack 
the primary resources, which include funds, equipment, and access 
to technology. This, in turn, prevents such schools from starting and 
maintaining a robotics school program (Ateş and Gündüzalp, 2024) 
On the other hand, these school robotics programs generally rely on 
the availability of pre-service and in-service teachers who are trained 
and hence knowledgeable, hence needing professional development 
together with continuous support for the teachers (Sullivan and 
Bers, 2018). The integration of robotics into the middle school 
curriculum ranges from dedicated robotics courses to projects 
integrated into existing science or technology classes. Successful 
integration would align activities in robotics with educational 
standards such as the Next Generation Science Standards (NGSS) 
and the International Society for Technology in Education (ISTE) 
standards, ensuring that robotics education supports broader 
learning objectives in line with students’ critical STEAM capability 
development (Furse and Yoshikawa-Ruesch, 2023). Educational 
robotics enhances this growth mindset in students by encouraging 
them to view challenges as learning opportunities. Through iterative 
design, building, and programming of robots, the students learn to 
persist through difficulties, hence valuing experimentation and 
innovations (Bers et al., 2014). Educational robotics has positive 
impacts on academic performance in terms of revealing improved 
problem-solving abilities and overall improvement in the academic 
achievement of students participating in robotics programs (Anwar 
et al., 2019).

Robotics skills and competencies

The skills of educational robotics incorporate quite a great variety 
of capabilities relevant to the development of students from STEAM 
majors, falling under technical and soft skills. Technical skills refer to: 
programming/coding, mechanical design, and construction, 
electronics, and sensors. This entails understanding the physical 
principles, spatial relationships, engineering concepts, and basic 
electronics (Boya-Lara et al., 2022; Ouyang and Xu, 2024). Some soft 
skills that can be  induced through education in robotics include 
problem-solving and logical thinking, collaboration and teamwork, 
creativity and innovation, persistence, and adaptability. They are, 
therefore, born out of the iterative design and troubleshooting 
processes involved with robotics projects, teamwork, and the 
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experimental nature thereof (Ouyang and Xu, 2024; Coufal, 2022; 
Graffin et al., 2022).

Assessment in educational robotics

In an educational robotics context, practical assessment generates 
further motivation and is also demanded for judgments related to 
student progress, instructional practices, and feedback. Current 
assessment practices are based essentially on less formal observations 
of students’ activity processes and reviews of project outcomes, which 
are subjective measures or varying quality. Robotics education 
combines cognitive skills, technical skills, and interpersonal skills that 
require assessments that can tease out technical accuracy from creative 
processes (Wang et  al., 2023). Authentic assessment tools include 
project-based appraisal, performance tasks, and portfolios to help the 
teacher gather insights into student learning and development. These 
assessments will cover all the process and product domains of learning 
concerning creativity, innovation, and practical application knowledge 
(Gedera, 2023). Rubrics also help score complicated robotics skills 
clearly and provide specific criteria with descriptions of performance 
levels so that there is complete consistency and objectivity while 
performing an assessment. Whereas analytical rubrics disaggregate 
assessment into parts, holistic rubrics render general judgments about 
performance quality (Moskal, 2000). Despite significant progress in 
educational robotics, several gaps remain, particularly concerning the 
assessment of robotics skills in middle school students. These gaps 
include the lack of standardized, validated assessment tools, limited 
research on the long-term impact of robotics education, the 
transferability of robotics skills to other academic domains, issues of 
equity and access, teacher professional development, assessment of 
soft skills, and alignment with educational standards (Gallardo, 2020; 
Ouyang and Xu, 2024; Darmawansah et al., 2023; Gao et al., 2020; Luo 
et al., 2019).

Theoretical framework

The development of rubric standard assessment tools for 
educational robotics skills draws on several foundational educational 
theories and models, including Bloom’s taxonomy, constructivist 
learning theory, self-determination theory (SDT), and authentic 
assessment principles. These theories provide a robust understanding 
of how students learn in robotics education and inform the design of 
effective assessment tools (Black and Wiliam, 1998; Krathwohl, 2002; 
Adams and Krockover, 1999; Ryan and Deci, 2000; Darling-
Hammond, 1995). The learning goals set by Bloom’s taxonomy are 
categorized under the cognitive, affective, and psychomotor domains. 
Primarily, there is a concern for six levels of cognitive learning 
objectives: knowledge, comprehension, application, analysis, 
synthesis, and evaluation. Together, this shall provide the framework 
for designing rubrics that will tap these various cognitive skills in 
robotics—from basic recall to the highest intellectual skills 
(Krathwohl, 2002). The constructivist learning theory argues that 
students develop their knowledge when they are fully involved with 
their surroundings. In the context of educational robotics, this theory 
emphasizes hands-on/experiential learning and hence aligns very 
well with formative assessments that have continuous feedback loops 

for iterative improvement. Rubrics based on this approach measure 
learning processes such as strategies to tackle problems, creativity, 
and reflection, in addition to the final product (Adams and 
Krockover, 1999). SDT describes intrinsic motivation to learn, 
whereby students are much more motivated to learn if they 
experience feelings of autonomy, competence, and relatedness. 
Project choices, development of competencies with challenging tasks, 
and collaborative work support these elements in educational 
robotics. A rubric designed with these criteria will reward student 
autonomy, competence, and collaboration to motivate the learning 
environment (Deci et  al., 1991). Authentic assessment looks at 
students’ skills concerning the application of knowledge and acquired 
competencies in real-life scenarios, thus going hand in hand with 
constructivist principles of learning. Examples of authentic 
assessments applicable in educational robotics are project-based 
assessments, performance tasks, and portfolios. All these will capture 
the depth of student learning clearly. These rubrics spell out criteria 
for both the learning processes and their products, including 
creativity, innovation, and whether knowledge was well put into 
practice (Darling-Hammond, 1995). Formative assessment provides 
feedback during the process of learning, whereas summative 
assessment deals with the end of some instructional period. Both 
types are crucial in educational robotics. On the other hand, 
formative assessment allows for iterative design, test, and refinement 
cycles, while summative assessment helps to evaluate overall project 
success. In this respect, rubrics should support both types, yielding 
clear and helpful feedback yet comprehensive evaluation criteria 
(Black and Wiliam, 1998). Integration of theoretical frameworks 
drawing on aspects of bloom’s taxonomy, constructivist learning 
theory, SDT, and authentic assessment together with formative and 
summative evaluation becomes possible for a teacher to design 
rubrics that will not only evaluate technical and cognitive skills but 
also allow for student motivation, engagement, and holistic  
development.

Methodology

Developing and validating a rubric for evaluating educational 
robotics skills among middle school students followed a systematic, 
multiphase approach that guaranteed the rubric to be comprehensive, 
reliable, and valid. It started by delineating the goal and selecting a 
rubric type. After this, a literature review identified critical skills and 
provided information for the initial standards of the rubric. Expert 
consultations and content validation are used to fine-tune these 
criteria. Pilot testing with middle school students allowed some 
practical insights. Reliability analysis checked for inter-rater reliability. 
Finally, exploratory factor analysis (EFA) identified if the construct 
validity of the rubric was adequate to ensure the accurate measurement 
of the competencies being assessed. Each phase is explained below:

Phase 1: determining the goal of creating 
the rubric

First, we needed to determine the purpose and goal of the rubric. 
We  engaged with different teachers, curriculum developers, and 
experts in robotics. Its primary goal was to create a rubric that 
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assesses skills of middle school students in educational robotics, 
specifically designing and programming according to 
academic theories.

Phase 2: selection of rubric type

After determining the goals, an analytic rubric was chosen for this 
study. The choice of an analytic rubric was based on the reason that it 
provides detailed feedback on several criteria, which is essential given 
the multifaceted nature of robotics skills.

Phase 3: literature review and theoretical 
frameworks

Grounded in a critical review of the extant literature on 
educational robotics, STEAM education, assessment tools, and 
established theoretical frameworks such as Bloom’s taxonomy and 
constructivist learning theory, sources included peer-reviewed 
journals, academic reports, existing published rubrics, famous 
robotics platforms, and competitions. This review identified a 
narrower set of skills and competencies required for effective robotics 
education. These included understanding concepts, applying 
principles, analyzing problems, creating solutions, and evaluating  
designs.

Phase 4: preliminary drafting of the criteria

We developed from the literature review preliminary criteria of 
the rubric. The criteria were written to be clear and specific so that 
each skill would be measurable and observable. The rubric consisted 
of two major categories: designing skills and programming. The 
detailed criteria for each category are as follows:

Criteria of designing skills
The literature search yielded six key criteria for designing skills:

 1 Simplicity vs. Complexity: The design of the robots should 
consider the balance between simplicity and complexity so that 
they are functional and efficient. Optimal kinematic design 
principles ensure that this balance is attained so that robots are 
neither simplistic nor cumbered with unnecessary complexities 
that render them impractical and ineffective (Paden and Sastry, 
1988; Angeles and Park, 2008; Laribi et al., 2023).

 2 Stability and Durability: These critical features will ensure 
robots can endure operational stresses without constant 
breakdowns. With a bid to offer complete insight into designing 
robust robotic systems, the Springer Handbook of Robotics 
explains mechanical stability and operational durability in 
design specifications for any robotic system (Siciliano and 
Khatib, 2016).

 3 Aesthetics: The role of aesthetics in design concerning robotics 
comes from the urge to find a middle path between form and 
function. Aesthetic designs are pleasing, and as such, they 
increase user interaction and overall appeal without ever 
compromising functionality (Xefteris, 2021).

 4 Innovation: Innovation in the design of robots means that they 
can be differently equipped with mechanisms and features that 
single them out from conventional designs. Within the most 
recent trends in innovative robot designs, new conceptual 
solutions and creative ideas have entered this space, which 
considerably move the capability boundary for robots forward 
(Carbone and Laribi, 2023).

 5 Motors: Proper selection and integration of motors are very 
essential for robots. They determine their movement and 
performance in doing tasks designed for them (Angeles and 
Park, 2008).

 6 Attachments: The attachments can be  considered 
mechanisms that extend a robot’s capability in certain 
aspects. Literature available on the selection and 
optimization of robots includes works where to enhance 
overall capabilities, designing and integrating attachments 
to do specific tasks have been discussed in detail (Laribi 
et al., 2023).

Criteria of programming skills
Five key criteria identified about the programming skills are 

as follows:

 1 Code organization: Any robotic software developed 
subsequently requires proper organization for easy 
maintenance and updating. Best practices in software 
engineering emphasize on a logical structure of the code, 
which is well documented and easy to read (Siciliano and 
Khatib, 2016).

 2 Advanced programming concepts: Loops, conditionals, and 
functions are the core of any effective and efficient robotic 
software. Reviews on advanced techniques of robot 
programming give insights into how such advanced 
programming concepts can be  relevant in enhancing the 
capabilities and performances of robots (Zhou et  al., 2020; 
Kormushev et al., 2011).

 3 Dependability and reliability: The development of robust 
software is supposed to have the ability for dependability 
and reliability under different conditions (Pinto 
et al., 2021).

 4 Movement and rotation: Accurate movement and rotation are 
required for smooth and precise movement, hence, in complex 
operations performed (Angeles and Park, 2008).

 5 Innovative Sensor Use: The innovative function of sensors in 
robotics supports decision-making and adaptability. Recent 
trends in sensor integration consider how creative use enhances 
the functions and responsiveness of the surroundings (Carbone 
and Laribi, 2023).

Phase 5: selection of initial performance 
levels

Initial performance levels with scores were defined for each 
criterion in the rubric. Performance levels with detailed descriptors 
are provided to ensure clarity and consistency of assessment. Three 
levels included nothing provided (0 points), poor performance (1 
point), and achieves the goal (2 points).
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Phase 6: expert validation

We contacted a panel of experts to help us develop the rubric. 
A questionnaire was administered to gather suggestions on the 
initial standards and performance levels. Based on this feedback, 
the rubric was changed to ensure that each item was relevant, clear, 
and accurate. A detailed questionnaire was prepared to elicit expert 
opinions that would correspond to the proposed criteria of a rubric 
for assessing robotic skills. Each criterion is stated with its 
justification and one example that may allow experts to evaluate, 
per their expert opinion, the need, utility, and consequences 
arising from including each of these criteria. Ethical considerations 
ensure that participation by experts is voluntary, with informed 
consent obtained. There were 13 experts in robotics education and 
evaluation at Jerusalem. The panel of experts consisted of various 
educational backgrounds: mechatronics engineering, information 
technology, computer science, management information systems, 
and education technology. This broad multidisciplinary approach 
ensured scrutiny would be  applied to the rubric from every 
professional perspective. In addition, these are experts with a rich 
practical experience of 5–10 years in robotics education, which 
helped add much value to the proceedings for validating the 
process. Experts contributed a lot toward developing the relevance 
and applicability of the rubric in the education environment. The 
details of the expert panel are summarized in Table A1. This panel’s 
expertise and opinion were influential in establishing the relevance 
and content validity of the rubrics. For example, M.Y.’s background 
in mechatronics engineering and guide in robotics and electronics 
made a vital contribution to technical accuracy in the design 
criteria within the rubric. The same line was strongly supported by 
F.A. with his IT background and M.B. with his computer science 
background. He helped develop the programming rubric so that it 
would align with current standards of learning in robotics. This 
diverse composition, not only professional but also gender-based 
and institutional, should guarantee a balanced debate through the 
characteristics of experts. This intense review process, then, has 
sharpened and made the criteria fitter from a cultural point of view 
and an educational perspective of courses in robotics in Jerusalem. 
Being experts, as H.A. has been, in covering techno-pedagogical 
development much more on the education front broadened it—the 
rubrics are sure to support pedagogical objectives and technical 
skill assessment. It had composition from experts cut across the 
board in various educational institutions and government 
departments around Jerusalem, such as schools and ministries. 
This makes the rubric quite flexible and hence able to find 
applications in many teaching environments, with a corresponding 
increase in general usefulness and relevance expected.

Phase 7: content validation

Content validity was assessed with the content validity ratio 
(CVR) and Item-Content Validity Index (I-CVI). Experts rated each 
criterion as “Essential,” “Useful but not Essential,” or “Unnecessary” 
and to adjust for chance agreement among the experts the modified 
kappa statistic (K*) was used. This process checked whether the rubric 
items were essential and representative of the targeted skills. Content 
validation analysis scores were computed based on judgments by a 

panel of experts in the field of education for robotics. The formula 
used was as follows: / 2

/ 2
eN NCVR
N
−

= , where Ne = a number of 

experts indicating the item is “Essential,” N = total number of experts 
(Lawshe, 1975). It can be  viewed as the amount of unanimous 
agreement among the experts regarding the identified essential 
criteria. I-CVI is the ratio of agreement among experts that an item is 
“Essential” and is given by eNI CVI

N
− =  (Polit and Beck, 2006). For 

items rated “Essential,” the chance-adjusted agreement was assessed 
using the K*. The formula used was 

1
I CVI PeK

Pe
− −

∗ =
−

, where Pe, the 

chance agreement, would conventionally be one-third as there are 
three options; as there were three options, then the chance agreement 
would constantly be  one-third (Polit et  al., 2007). An inclusion 
criterion in the rubric with a CVR of more than 0.53 and an I-CVI of 
more than 0.76 showed strong consensus among experts on the 
criterion of evaluating robotics skills as being essential (Polit and 
Beck, 2006).

Phase 8: pilot testing

The practicality of the rubrics was tested. This has been done by 
two pilot tests that included four practicing teachers and 40 middle 
school students attending robotics courses in Jerusalem. Precisely for 
this reason, modifications were enabled due to the feedback received 
from the students and teachers: rating scale modification and 
refinement of performance-level descriptors on the rubrics.

Phase 9: reliability analysis

To make sure the rubric would be  consistent and reliable 
across different raters, inter-rater reliability was tested. Three 
raters rated the same projects of seven student performances 
using the rubric. Percent agreement and Krippendorff ’s alpha 
(Krip.α) were run to measure rating consistency. While percent 
agreement only measures shared opinion by the raters in cases 
where they agree, Krip.α counts chance agreements and gives 
allowances for several different measurement scales; thus, it shall 
be used for complex judgments (Krippendorff, 2019). To ensure 
that the rubric was applied consistently, all raters received 
training. The session also provided a detailed walk-through of 
using the rubric, including student work examples and practice 
assessments to help people conducting the assessment calibrate 
their scoring as a way to improve reliability.

Phase 10: apply the rubric

That involved collecting all the validation results and then 
further fining and polishing the rubric. Present the application of 
the rubric to educators, train them, and then implement the rubric 
in the after-school robotics course on a sample of 72 students from 
three different middle schools in Jerusalem in the academic year 
2023–2024. Table 1 presents the demographic characteristics of 
the participants.
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Phase 11: construct validation

Construct validity using EFA was determined through data from 
the application of the rubric to participants. This was carried out with 
the intention of finding latent structure in the rubric and assuming 
items clustered into expected skill categories (Tavakol and Wetzel, 
2020). This assisted in ensuring it measured intended constructs so 
precisely. EFA was used with JASP statistical analyses software version 
of 0.18.3.

Results

Expert feedback and rubric tuning

The refinement of our rubrics was greatly influenced by expert 
feedback. For instance, from the comment, “The design for the 
robot should start simple and build in complexity only when 
necessary to perform specific tasks,” we can emphasize efficient and 
task-adaptive design. Moreover, because “without stability and 
durability, operational problems may result, which will reduce the 
effectiveness of the robot,” this strengthened the argument behind 
our stability criterion and provided specific detail to the 
descriptors. An insight of expert that “Innovation encourages 
exploration and development of new mechanisms, adding value to 
the robot” encouraged us to increase the innovation criterion. 
Several experts indicated a well-organized code; among them, one 
commented, “Well-organized code is easier to understand, modify, 
and develop,” which led us to create specific criteria about the 
structure and readability of code. That “creative sensor use enables 
the robot to interact more with its environment” has been an 
observation that has led to nuanced descriptors of evaluation in 
sensor integration. While aesthetics did not quite meet the 
statistical thresholds to separate as a criterion in their own right, 
we  rolled elements into the Innovation criterion based on the 
feedback that “Attention to aesthetic details could enhance positive 
interaction with the robot.” We used these expert comments to 
identify fine-tuning our rubric criteria and descriptors for real-
world robotics education needs.

Content validation scores

Table 2 presents the content validity scores after the instrument 
had been rigorously evaluated by 13 experts against several criteria 
ranked for relevance and clarity.

The accepted criteria were stability and durability, motors, 
innovation, code organization, dependability and reliability, 
movement and rotation, and innovative use of sensors. High content 
validity was shown in these as the CVR values range from 0.54 to 1.00, 
I-CVI values range from 0.77 to 1.00, and K* values range 0.65 to 1.00. 
Such high scores reflect strong agreement by experts about the 
importance and clarity of these criteria. On the other hand, criteria 
such as simplicity vs. complexity, aesthetics, attachments, and 
advanced programming concepts have not been selected because their 
CVR, I-CVI, and K* values were smaller, indicating that these criteria 
were either deemed less relevant or lacked sufficient clarity according 
to the experts’ evaluations. This thorough validation process ensures 
that only the most pertinent and well-defined criteria are utilized in 
the assessment of robotics skills.

Pilot testing outcomes

At the first pilot testing, student feedback constantly pointed out 
the flaws in the three-point scale that, most of the time, did not 
capture the differences between the designed robots. Teachers’ 
responses indicate that performance levels are vague, do not seem 
specific, and there is uniformity in grading, so a multiplier needs to 
be added to critical skills, such as “stability and durability,” “motors” 
and “movement and rotation.” These were monumental changes: The 
performance levels were changed from three levels to four levels: very 
weak (1 point), weak (2 points), medium (3 points), and achieves the 
goal (4 points). Zero points were excluded due to one of the teachers’ 
comments that the student who attended and watched the course and 
did not perform anything his situation was still better than the student 
who did not attend this course so Zero points should not be given as 
a student’s grade in the course, this view of the teacher was according 
to no-zero policy. The results of a second pilot test with this new rating 
scale were quite good, with students expressing appreciation for 
having clear guidance on how one would attain higher scores and 
teachers reporting improved consistency of their grading. It was only 
after this stage that the revised rubric shown in Table 3, currently fully 
meeting educational goals, demonstrated its usefulness in not 
requiring development further toward better teaching and assessment 
of robotics skills.

Reliability measures

Percent agreement and Krip.α between criteria for design and 
programming skills in robotics presented in Table 4.

Generally, there is an inter-rater solid agreement in all criteria in 
both design and programming skills. More specifically, related to the 
requirements of stability and durability, motor, and innovation in 
design skills, solid reliability is shown with Krippendorff ’s alpha 
values equal to 0.978, 1.000, and 0.950, respectively, indicating near-
perfect agreement among raters. In the same way, the programming 
skills criteria of code organization, dependability and reliability, 
movement and rotation, and innovative use of sensors are highly 
reliable, with alpha ranging from 0.941 to 1.000. This strong inter-rater 
agreement resonates with the strength and clarity of the evaluation 
criteria in ensuring that assessments of robotics skills are consistent 
and reliable.

TABLE 1 Demographic characteristics of participants.

Demographic characteristics Total (N = 72)

Age Mean (SD) 13 (1)

Gender N (%)

Male 31 (43.1%)

Female 41 (56.9%)

Class N (%)

7th grade 38 (52.8%)

8th grade 34 (47.2%)
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Construct validity result

An EFA was conducted to establish the rubric construct by 
identifying the underlying factor structure. The chi-squared test 
indicated that the model fitted the data well, χ2(8) =15.772, p = 0.046; 
this p-value, being below the conventional threshold of 0.05, suggests 
statistical significance.

The factor loadings for each item on the two factors are presented 
in Table 5 items related to programming skills (code organization, 
dependability and reliability, movement and rotation, innovative use 
of sensors) loaded highly on factor 1, while items related to designing 
skills (stability and durability, motors, and innovation) loaded highly 
on factor 2.

The Promax rotation method was used to allow for correlations 
between factors. Factor 1 had an eigenvalue of 3.539 and explained 
46.3% of the variance before rotation and 39.8% after rotation. Factor 
2 had an eigenvalue of 1.814 and explained 21.1% of the variance 
before rotation and 27.6% after rotation. Together, these two factors 
explained 67.4% of the total variance in the data. The scree plot shown 
in Figure 1 supported the retention of two factors as indicated by the 
point where the eigenvalues began to level off.

The EFA results provide strong evidence of the construct validity 
of this rubric as the items strongly loaded onto their respective factors 
and uniqueness values were low. The chi-squared test result indicates 
a good fit between the model and the data, and characteristics 
demonstrate that these two factors have significant portion variance. 
The findings show that the rubric measures the intended constructs of 
programming and designing skills, making it a reliable tool for 
assessing educational robotics skills in middle school students.

Discussion

The results of this study on the matter are pretty consistent and 
in good concurrence with prior research that have strongly 
recommended the benefits of rubrics in educational settings. In 
regard to this, rubrics are instrumental in making expectations 
explicit, giving structured feedback, and engaging students in self-
regulation toward better performance (Panadero and Jonsson, 2013). 

Our findings justify these conclusions, showing that the clarity and 
detailed guidance of the developed rubric for robotics skills are a 
necessity not only for students but also for teachers. It shows that 
rubrics play an essential role in the evaluation of complex skills in 
educational robotics and hence contribute to a deeper understanding 
of the ways such tools can be effectively applied in STEAM education 
in the same way as (Eguchi, 2014). Though some prior studies bring 
out the challenges to high reliability and validity using a rubric-based 
approach (Gallardo, 2020), our study presents a contrasting 
perspective by showcasing robust reliability and strong construct 
validity. Several reasons may exist for this difference. First, in our 
research, we  adopted a multi-phase comprehensive approach, 
including expert consultations, pilot testing, and advanced statistical 
methods such as EFA. The whole process was thorough to ensure 
that the rubric was well-defined and rigorously tested for reliability 
and validity. Because only very distinct and well-defined robotics 
skills are assessed using the specific rubric design, this could 
be another reason why higher reliability and consistency were found 
in the second place. Similarly, the high level of involvement by the 
relevant and experienced experts with different educational and 
professional backgrounds increased the quality and relevance of the 
rubric, thereby making it a robust tool for assessment. This study 
provides significant contributions to both issues of educational 
assessment and robotics education. It provides rigorously developed 
and validated rubrics for rating robotics skills for middle school 
students, filling a critical gap in current assessment tools. The 
detailed methodology used in this research gives other interested 
researchers and educators one replicable model of how assessment 
instruments can be  developed and validated across various 
educational contexts. The multiphase process, involving phases such 
as expert validation and pilot testing, guarantees the creation of 
reliable and valid rubrics.

The integration of educational theories enriches the design of 
the rubric, making it not only an assessment tool but also a means 
to enhance learning and motivation among students. The results 
indicate that the robotics skills rubric aligns well with several 
educational theories and models. This rubric incorporated the 
theory of Bloom’s taxonomy by rating its criteria on steep levels of 
cognitive complexity. As an illustration, the bottom levels of the 

TABLE 2 Content validity scores.

Criterion Ne CVR I-CVI K* Decision

Simplicity vs. complexity 8 0.23 0.62 0.42 Rejected

Stability and durability 13 1.00 1.00 1.00 Accepted

Aesthetics 3 −0.54 0.23 −0.15 Rejected

Motors 11 0.69 0.85 0.77 Accepted

Innovation 10 0.54 0.77 0.65 Accepted

Attachments 7 0.08 0.54 0.31 Rejected

Code organization 10 0.54 0.77 0.65 Accepted

Advanced programming concepts 8 0.23 0.62 0.42 Rejected

Dependability and reliability 11 0.69 0.85 0.77 Accepted

Movement and rotation 10 0.54 0.77 0.65 Accepted

Innovative use of sensors 10 0.54 0.77 0.65 Accepted

The content validity for each criterion was assessed by 13 field experts.

https://doi.org/10.3389/feduc.2024.1496242
https://www.frontiersin.org/journals/education
https://www.frontiersin.org


Yousef and Ayyoub 10.3389/feduc.2024.1496242

Frontiers in Education 08 frontiersin.org

rubric (“very weak” and “weak”) relate to simple remembering and 
understanding of robotics concepts, such as stability and durability. 
As one moves to high levels, such as “medium” and “achieves the 
goal,” application, analysis, and creation are manifest in students’ 
ability to design and develop innovative robots and find efficient 
solutions to programming. Aligned to Bloom’s taxonomy, the 
rubric-aligned measures not only develop current abilities but guide 
toward higher-order thinking skills (Krathwohl, 2002). The robotics 
skills rubric supports this type of constructivist learning, 

encouraging students to engage in hands-on activities. The criteria 
identified within this rubric—“innovation” and “innovative use of 
sensors”—further support creative problem-solving that is related 
to the application of theoretical knowledge within a context 
approximating reality. The approach clearly grants credence to the 
view of constructivism that learning is an active process in which 
students modify their prior knowledge and experiences to build 
new understandings.

Through clear and structured feedback, the rubric offers 
students the ability to reflect on the process of their learning and 
further comply with constructivist emphases on self-directed 
learning and continuous growth by showing them how to improve. 
Elements of SDT are encompassed within the robotics skill rubric 
through the provision of clear criteria of success and evidence for 
demonstrating competence at a variety of levels. The emphasis 
innovation and problem-solving brings to the rubric creates an 
autonomous time frame within which students can creatively 
approach tasks to develop unique solutions. The rubric enhances 
students’ feelings of competence in that the detailed feedback 
provided about performance helps students know where their 

TABLE 3 Final Rubric.

Skills Criteria Very weak Weak Medium Achieves the goal

(1 point) (2 points) (3 points) (4 points)

Design skills Stability and durability x2 Unstable and not 

durable

Poor stability and durability Medium stability and 

durability

Very stable and durable, 

withstands strong shocks

Motors x2 No motors One motor Two motors Two motors for the wheels 

and one for the arm

Innovation x1 Repeated design, 

nothing new

Only minor changes Improvements that 

make it different

Innovative and unique 

design

Programming 

skills

Code organization x1 Inefficient code Code that does not achieve 

what is required

Code that partially 

achieves the goal

Code that fully achieves the 

goal

Dependability and reliability x1 It crashes a lot It works sometimes It often works well Always works perfectly

Movement and rotation x2 Inefficient movement 

and rotation

Poor movement and 

rotation

Move and rotate with 

acceptable accuracy

Move and rotate with high 

accuracy

Innovative use of sensors x1 Inefficient sensor 

programming

Poor programming of 

sensors

Acceptable 

programming of 

sensors

Excellent and innovative 

sensor programming

TABLE 4 Reliability measures.

Robotics 
skills

Criterion Percent 
agreement

Krip. α

Design skills Stability and durability 90.47% 0.978

Motors 100.00% 1.000

Innovation 90.47% 0.950

Programming 

skills

Code organization 80.95% 0.941

Dependability and reliability 80.95% 0.956

Movement and rotation 100.00% 1.000

Innovative use of sensors 90.47% 0.981

7 projects and 3 raters.

TABLE 5 Factor loadings.

Item Factor 1 Factor 2

Dependability and reliability 0.932

Code organization 0.801

Innovative use of sensors 0.790

Movement and rotation 0.776

Stability and durability 0.883

Motors 0.762

Innovation 0.741

FIGURE 1

Scree plot for exploratory factor analysis (EFA).
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strengths and weaknesses are. In addition, relatedness is fostered 
through collaboration on robotics projects since students will 
be  working together, exchanging ideas, and learning from one 
another. Aligned with SDT, the rubric does not only assess 
students’ technical skills in the subject area but also provides the 
conditions to assist and help in maintaining students’ overall 
motivation and engagement in learning (Deci et  al., 1991). 
Provided for in this formative assessment, the robotics skills rubric 
entails giving elaborate feedback on many aspects of robotics skills 
developed by students. The detailed criteria within the rubric, such 
as “code organization” and “dependability and reliability,” help 
identify places where students may need to focus more of their 
practice time or areas in which they may need extra support to 
improve. In this way, educators can build upon progress over time 
by remaining consistent in using the rubric for student work 
assessment; they can look for patterns in trends of needs and know 
to adjust instruction for particular students. More than that, the 
rubric allows for self-assessment and reflection, which helps 
students take responsibility for their learning and further furnishes 
them with goals to improve. This formative approach epitomizes 
the principles of practical assessment in engendering a continuous 
cycle of feedback, reflection, and growth as stated by Hattie and 
Timperley (2007).

Several factors may, therefore, be  related to the positive 
findings of this study beyond the mere quality of the rubric itself. 
In this regard, one of the strengths associated with this development 
and validation process was involving highly experienced experts, 
ensuring its relevance and comprehensiveness. Their inputs, 
insights, and response backbone further refined the rubric to meet 
educational and practical needs. Iterative feedback and refinement 
with rounds of pilot testing enabled continuous improvement to 
this instrument function; perhaps that may be the reason, it turned 
out to be solid and efficient. Moreover, it may be that the degree of 
motivation and involvement of students when expressing 
themselves in robotics courses affected the results. In other words, 
highly motivated children are likely to perform better and give 
more constructive feedback during pilot testing.

Conclusion

The study successfully developed and validated a rubric to assess 
educational robotics skills in middle school students, with strong 
reliability and validity metrics demonstrating its effectiveness.

Implications for educational practice

These developed rubrics provide a standard way of assessing 
robotics skills, thereby filling a significant gap in current educational 
practice. The rubrics offer clear criteria on design and programming 
skills and hence help educators provide full, objective assessments of 
student performance. This increases the quality of feedback students 
will receive, thus helping in the identification of specific areas for 
improvement and tracking progress over time. Moreover, rubrics can 
be used to guide curriculum development through processes of finding 
primary skills and competency requirements that students would have 

to acquire through the education of robotics, thereby enabling educators 
to better instruct and design curricula targeting the learning needs of 
students and developing relevant vital competencies. Specifically, such 
standardized assessment tools as these rubrics could increase equity in 
robotics education because of their capacity to maintain consistent 
criteria for evaluation among all students from similar or different 
backgrounds with prior experience or no experience. This will 
be  beneficial in further addressing disparities in access to robotics 
education and making sure that every student has equal opportunities 
for the development of critical STEAM competencies. Moreover, the 
rubrics will evolve into helpful tools for teacher professional 
development: They provide clear criteria and expectations of 
performance, thus guiding teachers toward knowledge of what to look 
for in student projects and how to score them consistently—therefore 
enhancing instructional quality wholesale in robotics education and 
supporting teachers’ professional growth.

Contributions to the literature

The significant contributions this research makes to the literature 
on educational robotics assessment are the development of rubrics for 
design and programming skills in educational robotics, which were 
validated and checked for reliability; multiple theoretical anchorages—
Bloom’s taxonomy, constructivist learning theory, self-determination 
theory, and authentic assessment—underpinning the design and 
validation of these rubrics; and the adaption of a robust mixed-
methods approach that triangulated qualitative and quantitative data 
collection and analysis. In this way, it enhances the significance, 
reliability, and validity of the results, thereby providing an excellent 
ground for further research and practice.

Limitations

The scope of application for the present research is done only on 
middle school students and to use it in the academic year 2023–2024, 
raising questions about the usability of the rubric in other contexts. 
Additionally, the study focuses on specific robotics platforms, such as 
LEGO Mindstorms and Spike Prime, thereby somehow restricting the 
application of the rubrics to other platforms or new technologies. 
Further research would be carried out on more extensions covering a 
broader scope of robotics.

Implications for future research

Future research should focus on expanding participant 
diversity to test more-systematically the rubric across different 
educational settings for enhanced generalizability and strength of 
findings. Additionally, research should investigate the long-term 
impacts of using this rubric on students’ educational trajectories, 
particularly in STEAM fields. Furthermore, much more research is 
still needed to develop and validate assessment tools that will 
assess such soft skills as problem-solving, collaboration, and 
creativity with reliability for students’ all-round development and 
success in the fields of STEAM.
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Appendix

TABLE A1 Expert panel details.

# Name Gender Specialization Experience 
in years

Institution(s) Profession

1 M.Y. Male Mechatronics Engineering 8 Academy of Excellence/STEAM Company Robotics and electronics guide

2 F.A. Female Information Technology 5 Abu Hamed Al Ghazali School Computer and robotics teacher

3 M.B. Female Computer Science 5 Al Salaa Primary School for Girls Computer teacher

4 A.B. Male Management Information 

Systems

5 Surbahar Mixed Primary School Teacher

5 A.S. Male Computer Systems 

Engineering

10 Scientific and technological school of 

excellence

Software Teacher

6 M.A Male Bachelor of Science 10 SHOHOB company for the development of 

science and technology

Founder

7 A.H. Male Master of Electronics 10 Ministry of Education Teacher

8 J.N. Male Computer Science 10 Shuafat Preparatory School for Girls A Computer teacher

9 R.A. Female Business Administration 6 SHOHOB company for the development of 

science and technology

Executive Director

10 H.T. Female Computer Science 5 Academy for Excellence/Karev Mentor in programming and 

robotics topics

11 A.Z. Male Mechatronics Engineering 7 SHOHOB and AFAK School Teacher

12 D.A. Male Master of Mathematics 6 Shuafat Comprehensive School for Boys Teacher

13 H.A. Male Education and Technology 8 Department of Education Jerusalem 

municipality

Techno-pedagogical officer

https://doi.org/10.3389/feduc.2024.1496242
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

	Rubric development and validation for assessing educational robotics skills
	Introduction
	Literature review
	Educational robotics in middle schools
	Robotics skills and competencies
	Assessment in educational robotics
	Theoretical framework

	Methodology
	Phase 1: determining the goal of creating the rubric
	Phase 2: selection of rubric type
	Phase 3: literature review and theoretical frameworks
	Phase 4: preliminary drafting of the criteria
	Criteria of designing skills
	Criteria of programming skills
	Phase 5: selection of initial performance levels
	Phase 6: expert validation
	Phase 7: content validation
	Phase 8: pilot testing
	Phase 9: reliability analysis
	Phase 10: apply the rubric
	Phase 11: construct validation

	Results
	Expert feedback and rubric tuning
	Content validation scores
	Pilot testing outcomes
	Reliability measures
	Construct validity result

	Discussion
	Conclusion
	Implications for educational practice
	Contributions to the literature
	Limitations
	Implications for future research


	References

