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The pervasive integration of learning technologies has fundamentally
transformed educational landscapes, offering powerful tools to enhance
teaching and learning processes. Formative assessment, as a cornerstone of
effective pedagogy, provides real-time insights into student understanding
and guides instructional adjustments. Employing a qualitative research
design with an interpretive phenomenological approach, this study engaged
twenty experienced teachers from second-grade elementary schools in
Hamedan, Iran. Participants were selected through purposive and criterion-
based sampling. Data were collected via in-depth, semi-structured
interviews, each lasting 45-60 minutes, and were meticulously analyzed
using a hierarchical thematic analysis method, involving open, axial, and
selective coding. The analysis of qualitative data, derived from in-depth
interviews with experienced elementary teachers, revealed a comprehensive
and multi-dimensional framework of six core competencies essential for the
effective integration of learning technologies into formative assessment
practices. These competencies represent a synergistic blend of knowledge,
skills, and attitudes. The study concludes that the effective integration of
technology into formative assessment is a multi-faceted endeavor requiring
teachers to develop a sophisticated blend of technical, pedagogical, cultural,
and subject-specific competencies..
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Extended Abstract

Introduction

The rapid advancement of learning technologies has profoundly impacted educational systems, creating
a revolution in the teaching and learning process. These changes present both significant opportunities and
challenges. For educational systems to navigate these challenges and transform them into new avenues for
teaching and learning, the participation of various stakeholders, including upper elementary school teachers,
is essential. These teachers act as the executive engineers of the educational system, tasked with shaping
the mindset and character of students, a role with considerable implications for meeting the demands of the
modern era. To keep pace with technological changes in education, upper elementary teachers require
essential capabilities in various domains, including general knowledge, content knowledge, pedagogical
knowledge, and contextual knowledge. These competencies enable them to align themselves and the
educational system with technological transformations.

Teacher competencies encompass a complex set of knowledge, attitudes, and skills that allow educators
to nurture the next generation of students in line with technological changes. Among these, teachers'
professional competencies in Information and Communication Technology (ICT) are particularly crucial.
Professional competency includes knowledge—a set of understandings and awareness regarding ICT in
the context of teaching and assessment that teachers use as a roadmap; skills—the abilities and power to
use ICT in various educational contexts, recognized as part of teachers' professional performance; and
attitudes—the mental and emotional state of teachers that influences their use of ICT in their work, acting
as a driving force for its application in education. Therefore, developing the necessary competencies for
upper elementary teachers to confront technological changes and advance the educational system is of
paramount importance.

Assessment is one of the most fundamental needs and an inseparable pillar of the educational system,
conducted in two main forms: summative and formative assessment. Summative assessment evaluates the
achievement of educational goals set by curriculum planners and teachers, typically at the end of an
instructional period. In contrast, formative assessment is conducted step-by-step throughout the learning
and teaching process. It aims to facilitate the improvement of student learning by identifying and analyzing
information obtained from various data collection methods. Through formative assessment, teachers can
identify the strengths and weaknesses of their students, as well as flaws in their own teaching methods. This
awareness helps them improve their educational judgment and decision-making, thereby contributing to
student progress.

Changes in the educational system have also influenced assessment, steering it towards the continuous
use of ICT throughout the learning process. This shift has led to formative assessment being conducted
using online and offline tools and platforms, allowing for the continuous identification and analysis of
student learning data. The ongoing influence of ICT on assessment has aligned these new changes with the
formative assessment approach. Both focus not only on learning objectives but also on identifying learning
difficulties, providing immediate and multimedia feedback, and improving the teaching process over time.
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Using ICT alongside formative assessment requires various competencies from upper elementary teachers
to leverage this challenge as a novel opportunity in education.

Theoretical Framework and Literature Review

The accelerated evolution of learning technologies has placed unprecedented challenges and
opportunities before educational systems, making their effective integration a central axis for qualitative
transformation in the teaching-learning process. In this context, formative assessment, as a fundamental
pillar for improving teaching and guiding learning, requires the utilization of learning technologies more
than ever. This study's focus on the upper elementary level—a critical stage in learners' cognitive and
affective development—and on teachers' specialized competencies as the agents realizing this integration,
underscores a dual necessity. The theoretical framework aims to provide a coherent and reasoned structure
by reviewing the literature and key concepts of formative assessment, characteristics of the upper
elementary level, integration of learning technologies in assessment, and teachers' professional
competencies. Neglecting these specialized competencies reduces the use of technologies to a superficial
application lacking lasting impact.

Formative assessment, as the beating heart of the learning process, is a dynamic and cyclical system that
flows daily and interactively between teacher and students. Unlike cumulative assessments conducted only
at the end of an instructional period, this type of assessment allows teachers to monitor students' academic
progress and various behavioral aspects live and continuously, providing qualitative and quantitative
feedback. In this system, teachers use diverse tools such as short performance tests, e-portfolios, systematic
observation of learning behaviors, class discussions, and group projects to draw a comprehensive picture
of each student's abilities. Its main advantage is flexibility and corrigibility; the teacher, upon noticing
students' learning weaknesses or flaws in teaching and assessment methods, can take informed measures to
address them. The immediate, constructive feedback provided in this system helps students recognize their
strengths and weaknesses and guides them on the correct learning path. In the digital age, technologies like
Learning Management Systems (LMS), interactive applications, and artificial intelligence have enhanced
the analytical power of this type of assessment. These tools not only facilitate the collection and processing
of learning data but also provide a realistic picture of the progress of the entire class and individual students
through automated reports. Ultimately, formative assessment focuses on the learning process rather than
the outcome, aiming to foster independent, self-regulating, and responsible learners who can actively
participate in their own learning process.

The upper elementary level, encompassing grades four, five, and six, is a key stage in children's
cognitive, social, and emotional development (typically ages 9-12). Cognitively, students in this stage enter
the concrete operational stage, acquiring the ability for more logical thinking about tangible matters,
classification, reasoning, and solving simple problems. Their attention span and concentration increase, and
they exhibit growing curiosity about the world around them. Socially and emotionally, the need for peer
acceptance, the formation of a more independent identity, the development of communication and
collaboration skills, and increased sensitivity to the judgment of others are evident. The educational needs
of this stage include strengthening basic literacy (reading, writing, arithmetic), nurturing critical thinking
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and problem-solving skills, developing social and emotional skills, introducing independent learning
methods, and exploring individual interests and talents. The learning environment must be challenging,
supportive, collaborative, and appropriate for their developmental characteristics and interests.

Integrating learning technologies into teaching and assessment means the purposeful and meaningful
use of digital technologies as tools to facilitate, deepen, and transform teaching and learning processes. This
integration is not merely about using digital tools but necessitates changes in teaching methods, interaction,
and assessment. In the realm of formative assessment, learning technologies provide unparalleled
opportunities. Tools such as LMS, interactive quiz software, multimedia content creation tools (podcasts,
videos, infographics), blogs, e-portfolios, simulators, and data analysis software enable the collection,
recording, organization, and analysis of assessment data more continuously, accurately, and efficiently.
These tools also make it possible to provide immediate, personalized, and multimedia feedback; conduct
process-oriented assessment (e.g., tracking project progression); facilitate interactive self-assessment and
peer review; and create rich portfolios of learning evidence for both teacher and student, making assessment
more dynamic and closer to students' real lives.

In this research, teacher competency refers to an integrated and dynamic set of essential knowledge
(content, pedagogical, technological), skills (technical, instructional, communicative), and attitudes
(beliefs, values, inclinations) that enable a teacher to effectively perform their professional duties in using
specific learning technologies and achieve desired outcomes (enhancing student learning). These
competencies go beyond merely knowing how to use technological tools; they include a deep understanding
of the why and how of meaningfully integrating learning technologies with formative assessment, the
developmental characteristics of students, and the specific needs of the upper elementary level, enabling
them to design and implement technology-based assessment plans and scenarios appropriate to the learners
and learning situations.

Methodology

This study was conducted with a qualitative approach. The qualitative approach was chosen due to the
research's focus on deeply understanding teachers' beliefs, experiences, attitudes, and interactions in natural
educational settings. This approach allows the researcher to collect, analyze, and interpret the meaning of
findings within their real context. Among qualitative methods, interpretive phenomenological methodology
was employed in this research. This method is used to discover the hidden meanings in experiences,
understand complex situations, and comprehend mental and evaluative processes, emphasizing the
researcher’s interpretive role. Participants were selected due to their specific knowledge and experience in
implementing formative assessment based on learning technologies, with the main emphasis on discovering
their strategies, techniques, and operational methods.

The research field was upper elementary schools in Hamedan city. Participants were selected based on
purposive sampling logic using criterion sampling. Participants were chosen based on criteria such as
having a scientific article in the field of formative assessment or ICT application, at least five years of
teaching experience at the elementary level, experience teaching in electronic courses, and an interest in
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formative assessment in electronic environments. The basis for determining the number of participants was
the rule of theoretical saturation. Accordingly, interviews were conducted with twenty teachers, and no new
data were obtained from the eighteenth interview onwards. Therefore, two additional interviews were
conducted for assurance, and the interviews were completed with a total of twenty participants.

Research data were collected through semi-structured interviews. A protocol was prepared for the
interview, covering teachers' knowledge and awareness of formative assessment and learning technologies;
teachers' skills in using learning technologies for formative assessment; and teachers' attitudes towards
integrating learning technologies with formative assessment.

The collected data were analyzed using hierarchical thematic analysis at three levels: basic themes,
organizing themes, and global themes. In this method, diverse and scattered data are categorized and coded
in an organized and systematic manner. The data analysis steps were as follows: 1. Open coding: Data were
examined line by line, and initial codes were extracted. 2. Axial coding: Similar codes were placed into
larger categories (organizing themes). 3. Selective coding: Organizing themes were organized more broadly
into global themes.

To ensure the validity and reliability of the data, the four criteria proposed by Lincoln and Guba
(1985)—credibility, transferability, dependability, and confirmability—were used. For credibility,
techniques such as participant review and researcher self-review were used. By providing a precise
description of the research context and participant characteristics, an attempt was made to facilitate the
transferability of results to similar environments. For dependability, all interviews were recorded and
reviewed multiple times to ensure data were analyzed correctly. For confirmability, the data analysis
process was recorded and reported step-by-step to allow for examination and verification by other
researchers. Ethical principles of qualitative research were fully observed.

Findings

For data analysis, the required knowledge, skills, and attitudes of upper elementary teachers were first
extracted from the interviewees' statements as basic codes and categorized. Those with semantic affinity
were then organized together as an organizing theme, and for each organizing theme, a global theme was
selected in the form of a required competency. In total, by combining and expanding 119 basic codes and
21 organizing themes, seven global competencies for integrating learning technologies into the
implementation of formative assessment were identified from the interviewees' perspectives. These are
categorized and presented below:

1. Formative Assessment Literacy: This includes teachers' understanding of the goals, functions, and
various methods of formative assessment. It encompasses knowledge of different assessment types suitable
for integration with technology, awareness of the differences between common assessment types,
understanding the formative assessment approach for integration, knowledge of data collection methods
appropriate for learning technologies, awareness of various data storage methods using technology,
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identification of common and effective feedback types in technology-based formative assessment, and
knowledge of effective strategies for evaluating information with technological tools.

2. Interactive and Collaborative Skills: This involves the ability to recognize individual differences
among learners for effective implementation, understanding constructivist theory dimensions, identifying
students' cognitive development levels to use appropriate technological tools, recognizing students with
special needs, being aware of children's psychological states for using technology in assessment,
understanding learners' physical abilities for prolonged technology use, and skills in creating and expanding
interaction with learners, parents, and the community.

3. Socio-Cultural Understanding: This competency requires a deep understanding of the social context
of students, awareness of cultural issues related to ICT use in assessment, familiarity with the technological
infrastructure and available facilities in the environment, knowledge of the educational system type and
existing policies, understanding of students' access to school, knowledge of local games that can be
implemented with technology for practical activities, and awareness of the economic status and literacy
level of families for acquiring and using technology.

4. Technological Literacy: This involves identifying new and up-to-date learning technologies,
recognizing the limitations and problems of ICT tools for use in formative assessment, emphasizing the
ease and speed of learning technologies in assessment, having the technological knowledge needed to
troubleshoot during implementation, identifying the knowledge students need to use ICT for formative
assessment, evaluating existing technologies, analyzing the technical and educational capabilities of
technologies, critiquing technologies, designing new technological tools, and even creating original
technologies for assessment.

5. Process-Oriented Teaching Skills: This encompasses the ability to design activity-based teaching,
provide feedback during teaching, identify active and high-utility online teaching methods related to
formative assessment, awareness of the strengths and weaknesses of online teaching for correction via
formative assessment, identifying key points of lesson content for summarization via technology,
familiarity with classroom management methods in technology-based environments, providing life-related
activities to enhance teaching quality, patience in teaching, interest in student-centered teaching methods,
creativity in teaching, and teacher authority for management.

6. Content and Subject Mastery: This requires a deep and comprehensive understanding of the subject
matter, including familiarity with concepts, principles, and related theories, understanding the structure and
connections within the subject, recognizing horizontal and vertical connections of a subject across the
curriculum, attention to the subject's structure, the ability to align learning objectives with appropriate
assessment methods using technology, and understanding how to leverage technology (e.g., augmented
reality) to allow students to demonstrate learning in line with the subject.
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Discussion and Conclusion

This study aimed to identify the competencies required by upper elementary teachers for using learning
technologies in formative assessment. The findings revealed that for the effective implementation of
formative assessment in the context of learning technologies, teachers need not only technical skills and
knowledge of diverse learning technologies but also a deep understanding of the functioning of formative
assessment, socio-cultural understanding, and high pedagogical insight. The identified competencies—
Formative Assessment Literacy, Interactive and Collaborative Skills, Socio-Cultural Understanding,
Technological Literacy, Process-Oriented Teaching Skills, and Content and Subject Mastery—form a
holistic framework essential for effective integration.

The findings align with previous research. The necessity of formative assessment literacy corroborates
studies emphasizing teachers' need to understand various assessment methods and provide analytical
feedback. The importance of interactive skills is supported by research highlighting interaction as the
foundation of formative assessment, requiring mastery of learner-centered and constructivist theories. The
role of socio-cultural understanding resonates with studies stressing the need to comprehend contextual and
environmental factors, including family culture and community participation. Technological literacy as a
key competency is consistent with frameworks like TPACK and research underscoring the need for digital
literacy, problem-solving with digital tools, and critical evaluation of technologies. The emphasis on
process-oriented teaching aligns with studies showing that teachers with process-oriented lesson plans can
better engage students in problem-based learning situations and provide appropriate feedback. Finally,
content mastery is highlighted as essential for guiding students through the novel and challenging situations
that arise in technology-enhanced, problem-based learning environments.

In conclusion, this research demonstrates that upper elementary teachers require a diverse set of
knowledge, attitudes, and skills to effectively implement formative assessment using learning technologies.
These competencies can be classified into six main categories. This framework can potentially extend
existing models like TPACK, which is often used for teacher professional development. Practically,
identifying these competencies provides a valuable opportunity for teachers to view formative assessment
as a learning opportunity for acquiring diverse knowledge and skills. Therefore, for elementary teachers to
utilize the capabilities of learning technologies in formative assessment, they must have a correct
understanding of the nature of the technologies, the nature of formative assessment, the characteristics of
their audience, and the prevailing cultural and social conditions. This necessitates having structured
programs for the professional development of teachers, both during pre-service teacher training and
throughout their in-service careers.

Keywords: Teacher Competencies, Formative Assessment, Learning Technoloies, Integration,
Scendary School
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