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Digital formative assessment can be understood as the integration of formative
assessment into lessons by using different digital tools or learning environments
and aims to support the progression of students. Although a number of studies
have addressed formative assessment and the effectiveness of digital tools, there
are very few studies in the literature on how educators should plan to effectively
integrate digital formative assessment into the classroom, or how it can be
integrated into, the recent trending topic, entrepreneurial STEM education. This
paper thus aims to provide educators with information about how to facilitate
digital formative assessment in the classroom and support them in planning why
and how such assessment can be applied to entrepreneurial STEM issues as an
integral part of the teaching and learning process. To do so, first, what
entrepreneurial STEM education and digital formative assessment are, and their
importance is conceptually discussed. Then, a sample lesson plan was developed
and presented on how this integration can be developed within the scope of
Assessment of Transversal Skills in STEM (ATS-STEM) and Digital Formative
Assessment Frameworks. The paper is finalised with proposing various
suggestions to help plan an effective digital formative assessment for
entrepreneurship STEM education and eliminate the problems related to the
topic. Therefore, the paper concludes by suggesting that pre-service teachers and
educators should be trained with the required knowledge, skills and attitudes
about STEM education and digital formative assessment, and that they should
be adequately equipped to conceptualize, plan, integrate, and implement these
topics.
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Introduction

An important means of ensuring social development can be considered as supporting personal
development. Personal development can be supported by the family and school in the most effective and
long-lasting way. As important as the development itself is, how this development is achieved is equally
important. Over the past few years, entrepreneurship and STEM education have gained traction as means
to support individual and social development. In spite of the differing definitions of entrepreneurship
and STEM education in different fields, there are some common benefits that can be derived from them.

STEM education, which receives increasing attention and publications, has positive effects on
the individual, the community, and the global level. Among these benefits are contributing to the social,
economic and environmental development of a country (Kelley & Knowles, 2016), maintaining a
country’s economic competitiveness at global level (Corlu, Capraro & Capraro, 2014), ensuring the
renewal and development of technologies (Sanders, 2007) and bringing up the required qualified STEM
workforce (Nistor, Gras-Velazquez, Billon & Mihai, 2018).

Enterprise education, whose place in the curriculum has been debated and the publication rate
has increased since 2004 (Deveci, 2022), also has benefits individually, socially, and globally. Enterprise
education can help create students equipped with 21st century skills such as innovation, problem solving,
risk taking and adapting to new situations (Adatepe, Kul & Adatepe, 2021; European Commission,
2014; Rindova, Barry & Ketchen, 2009), support individuals’ career development (Alvarez & Barney,
2007; Birdthistle, Hynes & Fleming, 2007; Bruyat & Julien, 2001) and increasing awareness on socio-
economic issues (Irzik, 2013).

A growing number of disciplines are taking an interest across the world in the integration of
entrepreneurship and STEM education, also known as entrepreneurial STEM education (Bosman &
Fernhaber, 2019; Elliot, Mavriplis, & Anis, 2020; Ucar, 2019). This may be because it is believed that
the development and implementation of STEM practices from an entrepreneurial perspective will yield
more effective results than the segregated applications of STEM and entrepreneurship (Kaya-Capocci
& Peters-Burton, 2023). The integration, however, has yet to be effectively implemented since it is a
new concept. Although entrepreneurship and STEM are reflected as discrete topics, these topics have
taken place in the curriculum of different countries (e.g., Department of Education and Skills, 2016;
Finnish National Board of Education, 2014; Turkish Board of Education and Discipline, 2013). Since
educators are the first implementers of the subjects in the curriculum, their incorporation of these topics
into the teaching and learning process in an effective and efficient way is crucial. In order to achieve
this, educators need pedagogical competencies and content knowledge on the topic.

Assessments can provide insight into the effectiveness and efficiency of the teaching and
learning process as well as the extent of the learning occurance. From this point of view, assessment has
a great role in determining the success of a teaching and learning process. Even though assessment is an
integral part of the teaching and learning process (Basol et al., 2013), the assessment is sometimes fully
neglected, and sometimes only summative assessment is focused on while neglecting formative
assessment (Medland, 2016; Struyven, Dochy & Jansens, 2005). Apart from this, with the development
of technology and globalization, the use of digital media and technological devices in education has
become widespread. With the emergence of studies showing the effectiveness of these devices in
education and the importance of giving feedback to students, digital formative assessment has also
started to take its place among research (e.g., Celik, 2021). In addition to increasing student motivation,
helping students become responsible and autonomous learners, and developing lifelong learning
strategies, digital formative assessment has a significance in increasing student achievement, helping
low-achieving students, including individuals with learning disabilities, and supporting high-level
learning (Hotaman, 2020; Kaya-Capocci, O’Leary, & Costello, 2022; Lopez-Pastor & Sicilia-Camacho,
2017).

Consequently, entrepreneurial STEM education and digital formative assessment are essential
for the advancement of a country's education, society, science, and economy. However, the non-
systematic literature review revealed little or no work on how digital formative assessment should be
integrated in an interdisciplinary context, particularly into entrepreneurial STEM education. Therefore,
this theoretical study aims to inform educators about how digital formative assessment can be
implemented in entrepreneurial STEM education in a timely and effective manner as an integral part of
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the teaching and learning process, and to support educators in during the planning of the implementation.
This study, thus, first introduces entrepreneurship and STEM education and formative assessment and
then, explains how digital environments and technological devices can be used as a part of formative
assessment in the education-teaching process, and discusses the necessity of this. After discussing the
necessity of educators' self-development on these issues, it is explained how formative assessment can
be applied in entrepreneurial STEM education through digital environments during the teaching and
learning process, and a lesson plan is presented exemplifying how these practices can be developed. The
lesson plan was developed based on the ATS-STEM Scientific Framework (McLoughlin, Butler, Kaya,
& Costello, 2020) and the Digital Formative Assessment Framework (Kaya-Capocci, O’Leary, &
Costello, 2022). This study was completed by providing recommendations for an effective digital
formative assessment.

Entrepreneurship and STEM Education

In recent years, the implementation of STEM education has become increasingly prevaltent as
a formal interdiscilipnary education goal for individuals of all ages. This approach rejects the discrete
nature of the sciences and supports a paradigm shift towards integration based on similarities between
disciplines by embracing a holistic view. STEM education centers, STEM laboratories, STEM schools,
STEM programs, and many more STEM-related centers and applications are operationalised worldwide
using resources. Although the disciplines and subject areas in STEM education are clearly defined and
the term has been used in education programs for over two decades, debates about how these disciplines
are brought together still continue (McLoughlin et al., 2020). Researchers use STEM education in
different ways, from teaching two or more disciplines together being one discipline a focal point, to
teaching four disciplines in an integrated manner by distributing the focus to all four disciplines equally
(Bybee, 2013). Although there is still no clear definition of what integrated STEM education is, the
definitions are becoming more similar by time (Johnson, 2013). This interdisciplinary approach does
more than demonstrating how the content of STEM disciplines can inform each other by showing how
STEM design, inquiry, analysis, and 21st century skills can be integrated (Kaya-Capocci & Peters-
Burton, 2023).

The integration of STEM education into curricula gained momentum by the end of the 20th
century. This integration has been supported in different countries for different reasons. One of the
potential reasons for this support would be that the countries with strong and stable economies generally
have an effective and successful STEM education (Marginson, Tytler, Freeman, & Roberts, 2013). This
may be because STEM education helps people better understand the world and improve a country's
economy, scientific knowledge, and technology as the main purpose of STEM education can be viewed
as supporting students to deal with the problems they encounter in daily life and find solutions to
overcome these problems (Johnson, Peters-Burton, & Moore, 2015; Li, Wang, Xiao, Froyd, & Nite,
2020; McLoughlin, Butler, Kaya, & Costello, 2020). Additionally, integrated STEM education can
contribute students develop an integrated perception of the natural and designed world as well as
relational connections between concepts by analysing and synthesising the relationships between
different concepts (Fortus & Krajcik, 2020). Other reasons for supporting STEM education may include
its contribution to the countries' social, economic and environmental development (Kelley & Knowles,
2016) and creating a qualified workforce in STEM fields (Nistor, Gras-Velazquez, Billon & Mihai,
2018).

With the increasing role and importance of innovation in our everyday lives, enterprise
education began to gain prominence. However, before discussing enterprise education, it is essential to
comrehend what entrepreneurship is, its types, and its use in education. Entrepreneurship is defined from
specific and broader perspectives according to the field in which it is studied. Specific definitions of
entrepreneurship focus more on starting a business and making a profit, while broader definitions focus
on features such as producing something new, an effort to innovate, and entrepreneurial skills. In the
education context, Kaya, Erduran, Birdthistle, and McCormack (2018) analysed broader
entrepreneurship definitions and defined entrepreneurship as follows:
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The process of establishing new economic, social, institutional, cultural and scientific
environments or organisations to create future products and services by realising the
opportunities and their possible failures and using required resources.

Kaya et al. (2018)

Despite its use in education, the literature shows that most educational studies focus on financial
entrepreneurship (e.g., Deveci & Cepni, 2014). This may not be surprising considering that
entrepreneurship has been related to economic and administrative sciences for many decades. However,
since education faculties are not places where the main aim is to conduct businesses, it is not acceptable
to integrate the entrepreneurship without its conceptual adaptation from economics and administrative
sciences where entrepreneurship is first viewed from a financial perspective to education. Considering
its contribution to countries and the goals of education, giving the focus to social and innovative
entrepreneurship in the field of education should be prioritised. The reason for this prioritisation may be
better understood looking at the features of social and innovative entrepreneurship. Social
entrepreneurship focuses on features such as being equipped with a social mission and vision, creating
social values, realising social entrepreneurship opportunities, being innovative, providing resource
creation and sustainability, and utilising social networks (Kirilmaz, 2014). Innovative entrepreneurship
aims to reach effective and productive results in different areas in order to contribute to social progress
as well as individual and regional wealth (Block, Fisch, & Van Praag, 2017). Integrating these
entrepreneurship types into education effectively will naturally facilitate the emergence of financial
entrepreneurship while contributing the social, scientific and technological development as well as
economic development of countries.

In addition to the benefits of utilizing social and innovative entrepreneurship in enterprise
education, the integration of entrepreneurship, with different types of entrepreneurship, into education
has different advantages. For example, entrepreneurship contributes to raising students who are
innovative and problem solver, who can take appropriate risks and adapt to new situations (Adatepe,
Kul, & Adatepe, 2021; European Commission, 2014; Hisrich & Peters, 2002; Rindova, Barry &
Ketchen, 2009). Integration of entrepreneurship into other disciplines would also support students’
career development (Alvarez & Barney, 2007; Bruyat & Julien, 2001; Birdthistle, Hynes & Fleming,
2007), increased awareness of socio-economic issues (Irzik, 2013), development of 21st century skills
(Hisrich & Peters, 2002; Volkmann, Wilson, Mariotti, Rabuzzi, Vyakarnam, & Sepulveda, 2009) as
well as the social and economic progression of countries (Amos & Onifade, 2013).

Innovation becoming more and more important in our daily lives has prompted entrepreneurship
and STEM education to become more intertwined. In education, this connection appears in many
different forms, such as the idea of identifying the required skills for STEM education through enterprise
education. In order to benefit from STEM education more efficiently and effectively, STEM skills need
to be brought to the fore and developed further. In a number of studies, these STEM skills are also
referred as 21st century skills. One way to reveal STEM skills can be through enterprise education as it
prioritises the development of skills (Leffler, 2014) which are similar to the targeted STEM skills.

In recent years, entrepreneurial STEM education has begun to be studied in different disciplines
around the world (e.g., Bosman & Fernhaber, 2019; Elliott, Mavriplis, & Anis, 2020; Jackson et al.,
2023; Kaya-Capocci & Peters-Burton, 2023). In entrepreneurial STEM education, STEM content is
taught through an entrepreneurial lens that promotes the development of an entrepreneurial mindset and
intention in STEM. In other words, in entrepreneurial STEM, through an entrepreneurial perspective,
STEM knowledge and resources are transformed into digital technologies, scientific inventions and
STEM products or services and transferred from the academy to the public (Kaya, 2019; Sarasvathy,
2001). Entrepreneurial STEM education can help students realise where and how STEM is used in daily
life (Pabuccu Akis & Demirer, 2023), which can increase interest and motivation in STEM disciplines
(Ucar, 2020). Additionally, students improve their 21st century skills and competencies by being
exposed to entrepreneurial STEM education and, they better learn to produce innovative solutions to
daily problems by applying these skills in different contexts (Deveci & Cepni, 2014; Jang, 2016; Kaya-
Capocci & Ucar, 2023). With the development of an entrepreneurial STEM perspective, students realise
new opportunities easier, which can help them to find new job opportunities in the future and advance
in their careers (Alvarez & Barney, 2007; Kaya et al., 2018). All these can help students to reveal their
full potential (Volkman et al., 2009). Raising citizens with an entrepreneurial STEM perspective can
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also contribute to the social, scientific, economic and environmental development of countries. This can
help prevent or overcome many problems in the future, such as global epidemics or global warming.
STEM outputs that are not used for scientific, economic and technological development and do not
benefit the public lose their importance and become forgotten.

Although the entrepreneurial STEM education takes its place in the curriculum, albeit as
separate disciplines in undergraduate courses such as "Interdisciplinary Science Teaching"”, assessment
has a key role in determining the effectiveness of this integration. Assessment, particularly formative
assessment, is sometimes neglected, yet it maintains its place in education as an integral part of the
teaching and learning process (Basol et al., 2013). With the use of digital environments and
technological devices in education due to the development of technology and globalisation, digital
formative assessment became more significant.

Formative Assessment: Advantages, Disadvantages and Recommendations

The need to increase diversity in assessment practices has been highlighted in various studies.
Yet, assessment in higher education is still dominated by summative assessment strategies (Medland,
2016). In Turkey, there is a lack of literature on how formative assessment should be applied to teaching
and learning processes, not only in higher education but also at all levels of education. Therefore, in this
section, the advantages and disadvantages of formative assessment will be discussed first, and then,
suggestions will be provided on how this application can be integrated into classrooms.

Formative assessment commonly refers to in-class processes that aim to collect and use
information about students' learning to determine what is needed to support their learning progress
(ARG, 2002). Formative assessment can be applied for each learning outcome throughout the learning
process. In this type of assessment, factors such as feedback, correction and student participation, which
are included in the process and used to determine the quality of education, contribute to the success of
teaching (Atilgan, 2017). Formative assessment provides many benefits to the teaching and learning
process. Performing such an assessment acts as a stimulant in the education process by providing short
and guiding feedback on whether the goals tried to be achieved through educational activities during the
learning process have been successfully achieved (Hotaman, 2020). Additionally, formative assessment
can increase student motivation, help students become responsible and autonomous learners, and
develop lifelong learning strategies as well as enhance student achievement, assist low-achieving
students, including individuals with learning disabilities, and support high-level learning (Lopez-Pastor
& Sicilia-Camacho, 2017). The benefits of formative assessment may vary depending on how it is
applied and the size of the student sample (Bennett, 2011).

As with anything, formative assessment also comes with disadvantages. In a study conducted
after six years, Lopez-Pastor and Sicilia-Camacho (2017) found similar results to Bennett (2011). The
results referred to the problems such as lack of student and educator experience in formative assessment,
lack of educator knowledge about how formative assessment should be applied in schools, and the
perception of students and educators about the excessive workload due to the use of digital formative
assessment. In order to overcome such problems, studies should be conducted to increase the knowledge,
skills and attitudes of educators and students about formative assessment and to use practices utilising
this type of assessment. In this sense, as a first step, students and educators should be informed about
formative assessment strategies and encouraged to employ these strategies in classroom for the
integration of assessment and learning.

Wiliam and Thompson (2008) suggested five formative assessment strategies that are widely
used in the literature. These strategies are summarised as follows:

Clarifying and sharing learning outcomes and success criteria,

Designing effective classroom discussions, question-answer activities and learning tasks,
Providing feedback that helps progress students' learning,

Engaging students as teaching resources for each other (peer assessment), and
Activating students as owners of their own learning (self-assessment).

While many international studies have been conducted on formative assessment in STEM-
related disciplines, very few studies have been conducted in Turkey. Inaltun and Ates (2018) reviewed
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the literature on formative assessment in science education in the Web of Science (WoS) database
between 2001 and 2017 and identified 31 studies, only one in the context of Turkey. The authors also
listed seven other Turkish studies on the same topic not included in WoS. Aydeniz and Dogan (2016),
the only study listed in the WoS database, conducted a study with 53 pre-service science teachers in
Turkey examining their pedagogical capacities in formative assessment. The results indicated that the
participants failed to successfully identify the false beliefs, limitations and strengths of the students in
their justifications. This result may also be an indicatior of how limited formative assessment studies
are in Turkey. Furthermore, the recent epidemics, natural disasters, and pandemics such as COVID-19
brought up consideration of the more widespread use of digital media and technological tools in
education, and therefore in assessment. The next section, thus, introduces digital formative assessment
and discusses the means of its implementation.

Digital Formative Assessment: Integration of Technology into Formative Assessment

A number of researchers suggest that online formative assessment should be used to create a
learning environment that is student-focused and assessment-centered (Gikandi, Morrow, & Davis,
2011). Digital formative assessment is described as a formative assessment approach that uses all the
features of digital learning to support assessment of student progress (Kaya-Capocci, O’Leary, &
Costello, 2022; Looney, 2019). To apply digital formative assessment effectively, technology has an
important place. Different advantages of using digital formative assessment in the classroom have been
identified in the literature. For example, there are benefits associated with complex cognitive processes,
including enhanced self-regulation capacity as well as the ones associated with knowledge and
achievement including the ability to provide more immediate and purposeful feedback (McLaughlin &
Yan, 2017). Furthermore, digital formative assessment enables students to increase their motivation to
learn (Bhagat & Spector, 2017) and to support learning without any time and place limitations as it can
be used anytime, anywhere (Barana & Marchisio, 2016).

When facilitates effective and immediate feedback and provides participation in critical learning
processes and equitable education, online formative assessment serves as an innovative and learner-
centered pedagogical approach (Gikandi, Morrow & Davis, 2011). McLaughlin and Yan (2017)
reviewed the online formative assessment literature and identified 55 relevant studies published between
2006 and 2016. Excluding the studies identified by Gikandi, Morrow, and Davis (2011), 32 additional
studies published from 2010 to 2016 were found. Considering that these 32 studies target primary,
secondary, high school and university levels, it can be said that the number of studies on the subject in
seven years is very limited. Different studies have been conducted on the use of digital tools for
formative assessment. For example, McLaughlin and Yan (2017) provided a list of digital tools that can
be used for digital formative assessment. A more extended version of this list with potential uses of the
tools is presented by Reynolds, O'Leary, Brown, and Costello (2020). Different studies have also been
conducted on the use and effectiveness of the digital tools in the list. For instance, Ismail, Ahmad,
Mohammad, Fakri, Nor, and Pa (2019) conducted research comparing Kahoot! and e-Quiz which were
included the formerly mentioned list and found Kahoot! more effective formative assessment tool.
Similarly, Zhan, Sun, Chan, Chan, Lam, and Lee (2021) compared Kahoot!, Mentimeter, and Google+.
The results of the study showed that whilst the majority of respondents doubted the effectiveness of
Google+, they showed a positive attitude towards Kahoot! or Mentimeter. Although there are studies
showing the effectiveness of using digital tools in formative assessment, these studies also show that
educators lack knowledge about how such tools can be integrated into the teaching and learning process.

Few studies in different education fields are also found in Turkish literature. Hotaman (2020)
conducted a literature review to evaluate the benefits that can be obtained by applying formative
assessment in distance education and bring it to the attention of educators. The review showed that
placing formative assessment at the center of online education would make an important contribution to
identifying and eliminating learning deficiencies that may arise. Celik and Tepe (2022) investigated the
experiences of pre-service teachers in the field of social studies regarding the process of planning lessons
using digital assessment tools and implementing these plans in digital environments. The authors found
that most content was created at the 7th grade level and the "Quiziz" application was mostly preferred
for content creation. In addition to emphasizing the necessity of digitalization in educational practices,
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the pre-service teachers stated that educators and pre-service teachers should be more knowledgable on
how to use digital assessment tools and be aware of the importance of using the active learning during
formative assessment. Another study conducted by Celik (2021) in the field of social studies researched
the experiences of pre-service social studies teachers who use Web 2.0 technologies for assessment.
Ozcan (2022) investigated the effect of in-class technology-supported formative assessment competence
on educators' classroom management skills. Yilmaz (2017) conducted research on whether mobile
technologies can be used to create an in-class formative feedback and assessment system. As seen so
far, no study has been found in Turkey directly on how digital formative assessment can be integrated
into lesson planning in interdisciplinary fields, particularly entrepreneurial STEM education, and how
it can be implemented in the classroom. Within this context, Butler, McLoughlin, O’Leary, Kaya, Brown
and Costello (2020) developed the ATS-STEM Framework through their research in nine European
countries for the application of digital formative assessment in STEM education. This framework is
presented in Figure 1.
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Figure 1. Expanded ATS STEM Conceptual Framework for Integrated STEM Education
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Formative Assessment in Science and Mathematics Education (FaSMEQA) initiative recommends
considering three functions of technological tools to effectively integrate digital tools into teaching and
learning processes (European Commission, 2016). These three functions include sending/displaying,
processing/analyzing and providing an interactive environment which are briefly introduced below.

1. Sending and Displaying: Sharing can be done with students using this function.
Content can be displayed to students or sent digitally. By doing so, students'
background knowledge can be determined, communication can be established
between different actors of the formative assessment process (e.g., student, peer,
educator), and students’ memorization and student response process can be
facilitated.

2. Processing and Analysis: Using this function, students can be aware of their mental
processes. The content provided by the students is processed and analyzed. This
function can be helpful to selectively extract or summarize relevant data and
interpret formative assessment by processing or analyzing learner performance
based on the success criteria.

3. Interactive Environment: This function can provide interaction between different
actors in a digital environment. Students can be included in this environment
individually, with their peers, or with their educators to explore the content. Digital
tools can be used in this process to provide students with an interactive environment
and enable them to explore content interactively.

Based on digital formative assessment strategies and the functions of technology, Kaya-
Capocci, O’Leary, and Costello (2022) developed and presented the Digital Formative Assessment
Framework. This framework is presented in Figure 2.

Digital Technology Funetionalities

Formative Assessment
Strategies Se_nding_ and B.  Processing and C. Interactive
Displaying Analysing Environment

1. Clarifying and Sharing

Leamning Outcomes and 1A 1B 1

Success Criteria
2. Classroom Discussion,

Questioning, and IA B e

Learning Tasks
3. Feedback A W .
4 Peerand

Self-Assessment 4A 4B 4iC

Figure 2. A framework for conceptualising, planning, and implementing digital formative assessment in
higher education

As presented in Figure 2, three functions of technology can be used in conjunction with
formative assessment strategies in the context of entrepreneurial STEM education to support student
progress. However, educators may need support to plan and implement such strategies and approaches.
Therefore, in the next section, a sample lesson plan is developed and presented within the scope of ATS-
STEM and Digital Formative Assessment Frameworks to contribute to educators' planning and
implementation of digital formative assessment in a timely and effective manner in entrepreneurial
STEM education as an integral part of the teaching and learning process.
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Step-by-Step Integration: Digital Formative Assessment in Entrepreneurial STEM Education
Lesson Plan

Despite being integrated as separate disciplines, entrepreneurship and STEM have been
incorporated into the curricula of different countries (e.g., Department of Education and Skills, 2016;
Finnish National Board of Education, 2014; Turkish Board of Education and Discipline, 2013). When a
subject is included in the curriculum, educators should have the competence to integrate it into their
teaching. For example, the recent addition of a compulsory course - Interdisciplinary Science Teaching
- to teacher training programs in Turkey in the 2021-2022 academic year aims to bring up well-equipped
educators on interdisciplinary approaches that have become widespread worldwide. Entrepreneurship
and STEM education can be implemented as part of this course. However, as seen in the literature,
educators and pre-service teachers are still not familiar with the concepts of entrepreneurial STEM
education, formative assessment, and digital education. Thus, it may not be surprising that difficulties
may occur during the planning and implementation of the lessons. The literature presented in the
previous sections also supports this inference. To integrate these concepts into lessons, educators must
become more familiar with the content and the ways of incorporating that content into lesson plans. A
sample lesson plan has been developed in this section to provide educators with explanatory, practical
and innovative teaching practices.

General details of lesson plans such as date, name-surname, unit name, are skipped in the lesson
plan presented in this section. All the steps of the lesson plan development process were determined
based on the themes of the ATS-STEM Framework (Butler, McLoughlin, O’Leary, Kaya, Brown &
Costello, 2020) presented in Figure 1. The last step (Step 7) is detailed based on the Digital Formative
Assessment Framework (Kaya-Capocci, O’Leary, & Costello, 2022) presented in Figure 2.

Step 1 - Identifying the integrated STEM education topic

In this step, educators can choose which integrated STEM education topic they will focus on
based on the content of the following week. It is recommended to select the topics within the scope of
the sustainable development goals which has gained importance recently and is supported by the United
Nations (2015) to achieve by 2030. The current study is planned for students to select the topic according
to the problems they observe in their daily life. This is a more effective method than the educator's
deciding on the topic as it requires active participation of the students. In this context, first of all, the
following practices are carried out:

e In the previous week, before determining the topic, the educator informs the students about
social, innovative and financial entrepreneurship and gives relevant examples.

e The previous week, before determining the topic, the educator conducts a classsroom discussion
on the features of STEM education.

e The educator asks students to identify three main problems that local people are facing and to
bring them to the classroom.

e The educator assigns students a little research on how entrepreneurship and STEM applications
can be used to solve these problems.

e The following week, students come to class with a list of problems and solutions to these
problems with entrepreneurial STEM.

While clarifying the subject, the educator asks questions about how sustainable development
goals are included in the problems identified by the students.

Step 2 — Identifying STEM competencies

STEM competencies are identified after deciding on the topic or its content. In the current
activity, one of the eight competencies included in the ATS-STEM Framework was determined as a
core competency and the other two as a side competency.

Core competency: Problem solving
Sub-competencies: Critical thinking; Creativity
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Step 3 — Determining the learning outcomes

The educator determines the learning outcomes after discussing the topic and selecting the
targeted STEM competencies. In the current activity, learning outcomes (LO) were determined as
follows:

LO1: Students will be able to notice the problems they encounter in their area (targeting
problem solving competence)

LO2: Students will be able to propose a STEM-based creative solution to the problem
they have selected using local resources (problem solving and creativity competencies)

LO3: Students will be able to critically evlauate how solving this local problem
contributes to the development of society (critical thinking competence)

LO4: Students will be able to analyze how entrepreneurship types contribute to the
solution of this local problem (problem solving and critical thinking)

LO5: Students will be able to analyze how STEM education contributes to the solution
of this local problem (problem solving and critical thinking)

Step 4 — Deciding on the learning design principles (methods and strategies) to use in STEM
education

There are different learning designs that can be used in STEM education (Butler, McLoughlin,
O’Leary, Kaya, Brown, & Costello, 2020). Learning designs with different teaching methods and
strategies can be adapted in this step, such as the use of appropriate technologies, the engineering design
process (EDP), design thinking, and project-based learning. The current study uses appropriate use and
application of technologies and EDP (Douglas, Moore, & Adams, 2016). The details of this use are
explained further in the sixth step.

Step 5 — Determining success criteria

To determine whether or not targeted learning outcomes have been achieved, success criteria
are determined. Learning outcomes and success criteria should be written in a simple, clear and
understandable language that the students can make sense of. The aim should be to make learning visible
for both students and educators. In the current study, aligned with the learning outcomes presented in
Step 3, five success criteria (SC) were determined as follows.

SC1: If the student can identify at least two problems s/he encounters in the local area
and explain the reasons for these problems,

SC2: If the student can propose a creative solution to the problem using local resources,

SC3: If the student can discuss the advantages and disadvantages of solving this
particular local problem for the society,

SC4: If the student can provide at least two justifications about how solving the local
problem contributes to the development of the community,

SC5: If the student can explain, using at least one type of entrepreneurship, how
entrepreneurship types contribute to the solution of the local problem,

SC6: If the student can explain, using at least two STEM disciplines, how STEM
education contributes to the solution of the local problem, the student will be accepted
successful.

It is important to set the success criteria first, as assessment is usually neglected in the teaching
and learning process. Here, while SC1 visualises the success of LO1, SC2 visualises the success of LO2,
SC3 and SC4 visualises LO3's success, SC5 visualises LO4's success, and SC6 visualises the success of
LO5.

Step 6 — Planning the entrepreneurial STEM practice

Since EDP is selected as the learning design in Step 4, the activity is designed according to the
phases of EDP. This study follows the phases adopted by Douglas, Moore, and Adams (2016) which is
widely used around the world. Identifying an existing problem or deficiency and bringing a creative
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solution to this situation is also placed within the scope of enterprise education. It is, however, necessary
to move beyond an intellectual design on a piece of paper in order for this process to be considered
entrepreneurship. What action is taken and what the content includes determine the type of
entrepreneurship adopted in the activity. For example, developing a prototype, that has not been seen
before, on a scientific basis indicates the use of innovative entrepreneurship. Sharing the knowledge and
findings with the target group benefiting from the solution through a social responsibility project
indicates the use of social entrepreneurship. Forming a profit-oriented organization based on the
knowledge and findings obtained shows the use of financial entrepreneurship.

Define: Students first define the problem they will target by conducting research in
different places such as libraries, digital environments, or by interviewing their
families, friends or individuals around them about what kind of daily problems they
encounter.

Learn: This stage is for students to learn about the problem. Students try to obtain
information about what causes the problem and how it can be solved by using
different sources. Here, it is investigated whether there is a solution for the problem
which is currently in use. If there is a solution in use, its effectiveness is
investigated. Depending on the findings, it is decided either to update and develop
the existing solution or to come up with a new solution. The role of STEM
disciplines in finding a solution and the required materials should also be researched
and discussed.

Plan: This stage is to plan a solution. At this stage, the criteria and constrains to
achieve success are reviewed, and different ideas are put forward to solve the
problem creatively. Among these ideas, the applicable ones are selected and the
preparations for implementation are started. Meanwhile, it is decided on how STEM
disciplines will be used at which stage. During the process, materials required,
blueprints, steps to be followed in the process, cost calculation (if necessary), and
further information that found necessary are planned.

Try: This stage is to try the solutions that are planned previously. The ways of
optimizing the work and the potential risks that may be encountered during the
application are considered here. The plan is implemented by using the materials laid
out in the planning, by following the blueprints and the steps, by keeping the income
and outcome under control if any, and by following the further information decided
on planning. If a prototype is decided to be developed, it is developed at this stage
and checked whether it works. It is aimed that the students internalize how STEM
disciplines are used in practice by discussing whether the targeted STEM disciplines
are used as envisaged; if not, the reasons for not being used; whether there are
STEM disciplines added or removed during the implementation; and if so, the
reasons for this change. Students are also asked during this process whether they
used any of entrepreneurial knowledge, skills or any of its types in practice. In this
way, it is aimed that students internalize how entrepreneurship is used in practice.

Test: This stage is to test the solutions that are tried. Testable questions or
hypotheses are considered. The effectiveness of the process is investigated by
conducting experiments or applying rubrics. Existing rubrics can be used, or new
rubrics can be developed to identify whether the solution met the criteria, constrains,
and needs. Apart from this, other suitable methods can also be applied. The data is
collected and analyzed in this stage. Also, what went well and what difficulties were
encountered about the best solution are identified here.

Decide: This stage is to decide whether a solution is good enough. By looking at
the criteria decided at the beginning of the study and considering the test results, the
adequacy of the solution is decided. It is checked whether the implemented solutions
contribute to the solution of the problem and whether there are difficulties with the
implementation of the solutions. Based on these, if the solution has been successful,
the solution can be shared with public. If it is not successful, the solution is planned,
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implemented, and tested again by discussing how the problems can be solved and
how the solution can be improved. This process is iterated until an effective solution
is found, and the problem is eliminated.

Providing students with information about entrepreneurship and all STEM disciplines here does
not mean that entrepreneurial STEM education is applied. What is important is whether students can
utilize entrepreneurial STEM competencies, embrace teaching principles and practice, analyze the
situation by taking responsibility for their own learning as well as realize and explain how
entrepreneurship and STEM are integrated into the practice. There is also a common misperception that
students must do marketing or advertising, start a business, or make profit through their actions in order
to integrate entrepreneurship into the teaching and learning process. As emphasized earlier, this is called
financial entrepreneurship, and other entrepreneurship types are available to use in the clasrooms.

Step 7 — Integrating digital formative assessment into entrepreneurial STEM activity

In this step, the activity suggested in Step 6 is detailed, based on the Digital Formative
Assessment Framework (see Figure 2). Formative assessment strategies and the ways in which digital
technologies can be applied to the content aligned with these strategies are explained. At this step, the
first five steps are taken as they are. Then, digital formative assessment is weaved into to Step 6 and
integrated into the lesson. To do so, five formative assessment strategies are implemented through the
three functions of technology in Step 6. An example lesson is presented under four main groups
(1A/1B/1C, 2A/2B/2C, 3A/3B/3C and 4A/4B/4C) based on the formative assessment strategies. All
formative assessment strategies and their integration into a lesson plan through technology are explained
and exemplified. EDP and the appropriate use and application of technology are adopted and presented
in the lesson plan.

1A/1B/1C: The first formative assessment strategy (clarifying/sharing learning outcomes and
success criteria) is used at the very beginning of the lesson through the functions of technology that are
processing/analysis and interactive environments. Within this context, at the beginning of the lesson,
relevant learning outcomes are shared with the students through Google documents. Projecting on the
board falls under the display function which is not used in this plan. This sharing aims to enable students
to achieve the learning outcomes whenever they want by increasing students” awareness of potential
outcomes. The educator then shares the learning outcomes in Poll Everywhere and asks the students to
review and score them in this application according to how much they think the learning outcomes will
be challenging for them. According to the results from Poll Everwhere, learning outcomes that are very
easy or very difficult, unclear, or have other problems are determined. The educator works with the
students on these learning outcomes through a shared Google document, makes the required changes
and creates at least one success criterion for each learning outcome. The first formative assessment
strategy is thus integrated into an interactive environment.

2A/2B/2C: The second formative assessment strategy (effective class discussions, question-
answer activities and learning tasks) are implemented in this part through the functions of
sending/displaying, processing/analyzing and interactive environments. This part is integrated into the
defining phase of EDP in this study. As part of the sending/display process, students are sent online
newspaper news about public issues the day before class to encourage them to think about such everyday
issues. Students are asked to analyze the news and then, come to the classroom by conducting their own
research and identifying a problem situation the local people are facing. When students come to the
lesson, they are divided into groups of 3 and 5 according to the class size. Each group comes together
and explains to each other the problem situation they have identified. Students, then, analyze their
findings in the group in a pre-arranged Padlet by writing down at least one advantage, one disadvantage
of solving this local problem and how each of them will contribute to the development of the community.
After completing the fields in the Padlet, the students decide as a group on a problem that they will
address by conducting discussion and analysis. If there is not enough time left, each group can start a
Whatsapp chat (the educator is also added to the chat) to complete their analysis and decide on the
problem using interactive environments.

As part of the learning phase of EDP, students conduct research on the history and current status
of the problem they have chosen to tackle. If there is a solution in use, its effectiveness is analyzed.
According to their findings, the students decide to update and develop the existing solution or to search
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for a new solution. Students create an e-portfolio and collect the data and the information in this
portfolio. Within the group, students analyze and discuss the data and propose different and creative
solutions accordingly. Students also explore, collect and discuss the role STEM disciplines and
entrepreneurship in reaching these solutions and the materials to use in the same e-portfolio. Then,
students move to the next phase of EDP, the planning phase. Students begin to plan different solutions
to overcome the identified local problem by finding a new, creative way or improving the existing option
with a creative approach. These plans are again saved in the e-portfolio. Students discuss possible
solutions to the problem in their WhatsApp groups used as an interactive environment. The students,
who move on to the trying phase of EDP, start to put their solution into practice and create and share a
video of their trials. This video includes a prototype they developed to solve the problem or an
environment that represents how they would solve the problem. The video also reflects the potential
risks that can be faced when coming up with a solution.

3A/3B/3C: Students who reach the testing phase of EDP investigate what methods they can use
to understand the effectiveness of the applied solutions and the existence of a rubric that focuses on the
topic. At this stage, educators also guide students on where to look and what to do. If a relevant rubric
is found, this rubric can be used, if not, a new rubric can be developed according to the purpose with the
support of the educator. Apart from this, it can be applied if there are other suitable methods. Students
share their results with educators and peers. Here, the third formative assessment strategy, providing
feedback that supports student progression, is integrated into the lesson using the sending/display and
interactive media functions of technology. As part of sending/displaying function, each group receives
a 3-minute MP3 recording with personalized feedback via email from the educator. As part of the
interactive environment function, the educator organizes a Zoom meeting for each group, answers
students' questions and discusses the advantages and disadvantages of the solutions with the students.
Amongst others, what went well and what difficulties were encountered during the implementation are
discussed at the Zoom meeting.

4A/4BJ/AC: The adequacy of the solution phase was implemented in this part. Peer and self-
assessment, which are the fourth and fifth formative assessment strategies, were integrated into this
phase by using technology's processing/analysis and interactive environment functions. It is aimed that
students become learning resources for each other and become active as owners of their own learning.
As part of the processing/analysis, students watch each other's videos and evaluate the quality of their
peers' videos according to the success criteria identified previously. As part of the interactive
environment function, students review the feedback provided and in their WhatsApp groups, discuss the
strengths and weaknesses of their solutions and how these solutions can be improved further. In this
way, the adequacy of the solutions is decided based on the criteria and the obtained test results, the
feedback of the educator, and peer and self-assessment results. If the solution has been successful, the
solution can be shared with public. If it is not successful, the solution is planned, implemented, and
tested again by discussing how the problems can be solved and how the solution can be improved. This
process is iterated until an effective solution is found, and the problem is eliminated.

Discussion, Conclusion and Suggestions

The study aimed to inform educators about digital formative assessment, entrepreneurial STEM
education and their integration into lesson plans. In the current study, a non-systematic literature review
was used. The future studies can invastigate the effectiveness of different variables through meta-
synthesis. The lesson plan developed in this study aimed to support the development of students in the
context of entrepreneurial STEM education by using formative assessment through different digital tools
and learning environments. While developing lesson plans, assessment was viewed as an integral part
of the teaching and learning process.

Several recommendations to assist the planning of an effective digital formative assessment for
interdisciplinary learning, particularly entrepreneurial STEM education, are summarized below:

e Formative assessment should aim to support student progress.
e Learning outcomes and success criteria should be written in a simple and clear language that
students can understand and should aim to make learning and success visible.
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e |f applied in the entrepreneurial STEM education context, the role of entrepreneurship and
STEM education should be included in the learning outcomes and success criteria.

e A clear learning outcome (intention) should help students focus on their own learning as well
as the content.

e Each learning outcome must have at least one success criterion.

o As well as supporting teamwork rather than individuality, formative assessment (with its five
strategies) should be used to help students build on existing STEM ideas and competences to
create new ones through entrepreneurship.

e The teaching and learning process must be adapted to meet immediate learning needs.

Through collaborative, interactive, and reflective activities, digital formative assessment can be
incorporated into interdisciplinary learning to increase learner engagement and success (Baleni, 2015;
Gikandi, Morrow, & Davis, 2011; McLaughlin & Yan, 2017; Petrovic, Pale & Jeren, 2017).
Additionally, such activities can help students learn from their mistakes thanks to feedback, which is
one of the formative assessment strategies (Barana & Marchisio, 2016) and contribute to improving
students' self-regulation (McLaughlin & Yan, 2017). Using digital formative assessment can provide
opportunities for self/peer assessment as well as formative and immediate feedback (Baleni, 2015;
Gikandi, Morrow, & Davis, 2011). Such assessment can also help develop and review innovative
teaching methods to support learning progression (Barana & Marchisio, 2016). Overall, egalitarian
education can be supported at a higher level with the effective use of digital formative assessment
(Gikandi, Morrow, & Davis, 2011; Reynolds, O'Leary, Brown & Costello, 2020).

Entrepreneurial STEM education, on the other hand, can help students realize where and how
STEM is used in everyday life (e.g., Pabuccu Akis & Demirer, 2023), which can increase interest and
motivation in STEM disciplines (Ucar, 2020). Furthermore, with this education, students can become
equipped with 21st century skills and competencies and by applying them in different contexts, they can
produce solutions to daily problems (Deveci & Cepni, 2014; Jang, 2016; Kaya-Capocci & Ucar, 2023).
With the development of an entrepreneurial STEM perspective, students can realise and pursue new
opportunities more, and this can help them to find new job opportunities in the future and advance in
their careers (Alvarez & Barney, 2007; Kaya et al., 2018). All these can help students to reveal their full
potential (Volkman et al., 2009). Eventually, raising citizens with an entrepreneurial STEM perspective
can contribute to the social, scientific, economic and environmental development of countries.

Overall, for pre-service teachers and educators to adapt to today's global, technological, and
innovative world, and to help students adapt to it, they need to be equipped with the necessary
knowledge, skills, and attitudes about entrepreneurial STEM education and digital formative
assessment. This can be provided through pre-service and in-service education programmes. This study
recommends conducting further research on the topic determining the qualification of educators and
pre-service teachers to conceptualize, plan and implement digital formative assessment in
entrepreneruial STEM education.
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Dijital big¢imlendirici degerlendirme farkli dijital araglart veya Ogrenme
ortamlarm1 kullanarak bi¢imlendirici degerlendirmenin derslere entegrasyonu
olarak adlandirilir ve 6grencilerin gelisimini desteklemeyi amaglar. Bigimlendirici
degerlendirmeyi ve dijital araglarin etkililigini konu alan akademik ¢aligmalar
bulunmasina ragmen, literatiirde egitimcilerin  dijital  bigimlendirici
degerlendirmeyi etkili bir sekilde derse entegre etmek igin nasil bir planlama
yapmasi gerektigine ya da son giinlerde siklikla konusulan girisimci STEM
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Bu nedenle, bu ¢alisma dijital bigimlendirici degerlendirmenin derslerde nasil
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degerlendirmenin 6grenme ve 6gretim siirecinin igsel bir pargasi olarak girisimei
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Giris
Toplumsal gelisimi saglamanin en Oonemli yolunun bireysel gelisimi saglamak oldugu
diisiiniilebilir. Bireysel gelisim ise en etkili ve kalict sekilde aile ve okul tarafindan desteklenebilir.
Ancak bu gelisimin nasil saglanacagi da ayrica dnemlidir. Son yillarda bireysel gelisim ve toplumsal
kalkinmay1 desteklemek icin girisimcilik ve STEM egitimi 6n plana ¢ikmaktadir. Farkli alanlarda farkli
tanimlar1 bulunan girisimcilik ve STEM egitiminin faydalarina bakildiginda ise hangi alanda olursa
olsun ortak faydalar1 bulundugu gortilebilir.

Giderek daha fazla ilgi géren ve alaninda daha fazla yaym yapilan STEM egitiminin bireysel,
toplumsal ve kiiresel olarak farkli faydalar1 bulunmaktadir. Bir {ilkenin sosyal, ekonomik ve gevresel
kalkinmasina katkida bulunmasi (Kelley & Knowles, 2016), diinya ¢apinda goriilen ekonomik rekabette
geri kalmamaya yardimci olmast (Corlu, Capraro & Capraro, 2014), teknolojilerin yenilenmesini ve
gelismesini saglamasi (Sanders, 2007) ve STEM alanlarinda gerekli goriilen nitelikli is gliclinlin
yetistirilmesi (Nistor, Gras-Velazquez, Billon & Mihai, 2018) bu faydalar arasinda yer almaktadir.

2004 yili itibariyle egitim sisteminde 6gretim programindaki yeri tartisilan ve konu ile ilgili
yayinlarda artig gozlemlenen girisimcilik egitiminin de (Deveci, 2022) ayni1 sekilde bireysel, toplumsal
ve kiiresel olarak farkli faydalar1 bulunmaktadir. Girisimcilik egitimi sayesinde yenilikgilik, problem
¢cOzme, risk alma ve yeni durumlara uyum saglama gibi 21. yiizy1l becerileri ile donatilmis 6grenciler
yetistirilebilecegi (Adatepe, Kul & Adatepe, 2021; Avrupa Komisyonu, 2014; Rindova, Barry &
Ketchen, 2009), bireylerin kariyer gelisiminin desteklenebilecegi (Alvarez & Barney, 2007; Birdthistle,
Hynes & Fleming, 2007; Bruyat & Julien, 2001) ve sosyo-ekonomik konularda farkindaligin daha da
artirilabilecegi (Irzik, 2013) diigiiniilmektedir.

Girisimcilik ve STEM egitiminin birbirine entegre edilmesiyle ortaya ¢ikan girisimci STEM
egitimi ise diinya ¢apinda farkli disiplinlerde ¢alisilmaya baslanmistir (Bosman & Fernhaber, 2019;
Elliott, Mavriplis, ve Anis, 2020; Ugar, 2018). Bu anlamda STEM egitimi icerisinde girisimci bakis
acistyla etkinliklerin gelistirilmesinin ve uygulanmasmin STEM ve girisimciligin ayr1 ayn
uygulanmasindan daha etkili bir sonu¢ verecegi diisiiniilmektedir (Kaya-Capocci & Peters-Burton,
2023). Buna ragmen, bu entegrasyon yeni bir bakig acis1 oldugu icin heniiz etkili bir sekilde bu
entegrasyon gerceklestirilememistir. Girisimcilik ve STEM ayr1 ayrn konular olarak yansitilsa da bu
konular farkl iilkelerin 6gretim programlarinda yerini almigtir (6rn., Finlandiya Ulusal Egitim Kurulu,
2014; irlanda Egitim Bakanlhig1, 2016; Tiirk Talim ve Terbiye Kurulu, 2013). Ogretim programinda yer
alan konularm ilk uygulayicisi egitimciler oldugu icin egitimcilerin bu konulari etkili ve verimli bir
sekilde 6gretme ve 6grenme siirecine tasiyabilmesi de 6nem arz etmektedir. Bunu gergeklestirebilmek
icin ise egitimciler konuyla ilgili pedagojik yeterliliklere ve igerik bilgisine ihtiya¢ duymaktadir.

Ogretme ve 6grenme siirecinin ne kadar etkili ve verimli oldugu, yani 6grenmenin ne dereceye
kadar gerceklestigi degerlendirmeler yiiriitiilerek belirlenebilmektedir. Bu acidan bakildiginda, bir
Ogretme ve 0grenme siirecinin basarisini belirlemede degerlendirmenin rolii bitytiktiir. Degerlendirme
Ogretme ve Ogrenme siirecinin ayrilmaz bir pargasi olmasina ragmen (Basol vd., 2013), kimi zaman
ihmal edilebilmekte, kimi zaman ise bi¢imlendirici (siire¢) degerlendirme ihmal edilerek, sadece
Ozetleyici (sonug) degerlendirmeye odaklanilmaktadir (Medland, 2016; Struyven, Dochy & Janssens,
2005). Bunun disinda teknolojinin geligsmesi ve kiiresellesmeyle birlikte dijital ortamlarin ve teknolojik
cihazlarm egitimde kullanimi da yaygimlagmistir. Bu cihazlarin egitimde kullanim1 ve 6grencilere geri
bildirimde bulunmanin 6nemi gibi konularin etkililigini gdsteren calismalarin da ortaya ¢ikmasiyla
dijital bigimlendirici degerlendirme de arastirmalar arasinda yerini almaya baslamigtir (6rn., Celik,
2021). Dijital bigimlendirici degerlendirme, 6grenci motivasyonunu artirmanin, dgrencilerin sorumlu ve
Ozerk Ogrenenler olmalarina yardimei olmanin ve yasam boyu dgrenme stratejileri gelistirmenin yani
sira 6grencilerin basarisini artirmak, 6grenme giicliigii olan bireyler de dahil olmak {izere diisiik basariya
sahip Ogrencilere yardimci olmak ve yiiksek diizeyde 6grenmeyi desteklemek acisindan onemlidir
(Hotaman, 2020; Kaya-Capocci, O’Leary & Costello, 2022; Lopez-Pastor & Sicilia-Camacho, 2017).

Tim bunlardan yola ¢ikarak, girisimci STEM egitiminin ve dijital bi¢imlendirici
degerlendirmenin bir {ilkenin egitiminin ilerlemesi ve sosyal, bilimsel ve ekonomik gelisimin
saglanmas1 agisindan ayri ayri oneme sahip oldugu sonucu c¢ikarilabilir. Buna ragmen, yapilan
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sistematik olmayan literatiir taramasi, dijital bi¢imlendirici degerlendirmenin disiplinlerarasi baglamda,
ozellikle girisimci STEM egitimi kapsamina, nasil entegre edilmesi gerektigine dair yok denecek kadar
az caligma ortaya koymustur. Bu nedenle, bu teorik c¢alisma, egitimcileri dijital bigimlendirici
degerlendirmenin 6gretme ve 6grenme siirecinin ayrilmaz bir pargasi olarak smiflarda girisimci STEM
egitiminde zamanlt ve etkili bir sekilde nasil uygulanabilecegi konusunda bilgilendirmeyi ve
uygulamalar1 kapsayan planlamalarin yapilabilmesi i¢in egitimcilere destek olmayir amaglamaktadir.
Bunun i¢in bu calisma oncelikle girisimcilik ve STEM egitimini tanitmakta, sonra bigimlendirici
degerlendirmeyi tanitarak dijital ortamlarin ve teknolojik cihazlarin bi¢imlendirici degerlendirmenin bir
parcast olarak egitim-6gretim siirecine nasil dahil edilebilecegini agiklamakta ve bunun gerekliligini
tartismaktadir. Bu konularda egitimcilerin kendini gelistirmesinin gerekliligi de vurgulanarak
tartisildiktan  sonra, teknoloji kullanilarak Ogretme ve Ogrenme siirecinde bigimlendirici
degerlendirmenin girisimci STEM egitiminde nasil uygulanabilecegi agiklanmakta ve bu uygulamalarin
nasil gelistirebilecegini 6rnekleyen bir ders plani sunulmaktadir. Ders plani, ATS-STEM Bilimsel
Cercevesi (McLoughlin, Butler, Kaya, & Costello, 2020) ve Dijital Bi¢imlendirici Degerlendirme
Bilimsel Cergevesi (Kaya-Capocci, O’Leary, & Costello, 2022) temel alinarak gelistirilmistir. Bu
caligma, etkili bir dijital bigimlendirici degerlendirme igin dneriler sunularak tamamlanmustir.
Girisimcilik ve STEM Egitimi

Disiplinler arasi bir yaklagim olan ve her yastan birey i¢in 6rgiin egitim hedefi olarak goriilmeye
baglanan STEM egitimi yaklasimi uygulamalar1 son yillarda ivme kazanarak devam etmektedir. Bu
yaklagim, bilimlerin ayrik dogasini reddetmekte ve disiplinler arasindaki benzerliklerden yola ¢ikarak
biitlinlesmeye yonelen bir paradigma degisimini desteklemektedir. STEM egitimi merkezleri, STEM
laboratuvarlari, STEM okullari, STEM programlar1 ve daha nice STEM ile iliskili merkezler ve
uygulamalar diinya ¢apinda kaynaklar kullanilarak islerlige gegirilmektedir. STEM egitiminde yer alan
disiplinler ve konu alanlar1 agik bir sekilde tanimlanmasina ve bu terim yirmi yili agkin bir siiredir egitim
Ogretim programlarinda yerini almasina ragmen, bu disiplinlerin nasil bir araya getirildigine dair
tartismalar hala devam etmektedir (McLoughlin vd., 2020). Arastirmacilar STEM egitimini, bir disipline
odaklanarak iki veya daha fazla disiplini birlikte 6gretmekten, disiplinlerin odagini esit olarak dagitarak
dort disiplini birbirine entegre olarak 6gretmeye kadar farkli sekillerde kullanmaktadir (Bybee, 2013).
Biitiinlestirilmis STEM egitiminin ne olduguna dair de hala net bir tanim yapilmamasina ragmen,
yapilan tanimlar daha birbirine benzer hale gelmektedir (Johnson, 2013). Bu disiplinler aras1 yaklagim,
STEM disiplinlerinin igeriginin nasil birbirine bilgi saglayabilecegini gostermekten daha fazlasini
yaparak, tasarim, sorgulama, analiz ve 21. ylizyil becerilerini biitiinlestirmeyi amaglamaktadir (Kaya-
Capocci & Peters-Burton, 2023).

20. yiizy1lin sonlarma gelindiginde, STEM egitiminin 6gretim programlarina entegrasyonu ivime
kazanmaya baglamigtir. Bu entegrasyon farkli iilkelerde farkli nedenlerle desteklenmektedir. Bu
destegin potansiyel gerekcelerinden birisi gii¢lii ve istikrarli ekonomilere sahip iilkelerin genellikle etkili
ve basarilt bir STEM egitimine sahip olmalar1 olarak goriilebilir (Marginson, Tytler, Freeman ve
Roberts, 2013). Genel olarak STEM egitimi, insanlarin diinyay1 daha iyi anlamalarina ve bir iilkenin
ekonomisini, bilimsel bilgilerini ve teknolojisini gelistirmelerine yardimci olmaktadir. STEM egitiminin
temel amaci, 6grencilerin gilinlitk yasamda karsilastiklar1 sorunlari ele almalaria ve ¢oéziimler bularak
bu sorunlarin iistesinden gelmelerine destek olmak olarak goriilebilir (Johnson, Peters-Burton ve Moore,
2015; Li, Wang, Xiao, Froyd & Nite, 2020; McLoughlin, Butler, Kaya, & Costello, 2020). Buna ek
olarak biitiinlestirilmis STEM egitimi 6grencilerin dogal ve tasarlanmis diinyanin biitiinlesmis algisina
sahip olmalarina ve farkli konseptler arasindaki iliskileri analiz ve sentez ederek konseptler arasi iligkisel
baglantilar gelistirmesine yardimei olabilir (Fortus & Krajcik, 2020). STEM egitimini desteklemenin
diger gereckgeleri arasinda iilkelerin sosyal, ekonomik ve g¢evresel kalkinmanin gelisimine katkida
bulunmak (Kelley & Knowles, 2016) ve STEM alanlarinda nitelikli bir ig giicii olusturmak (Nistor,
Gras-Velazquez, Billon & Mihai, 2018) goriilebilir.

Yenilik¢iligin (inovasyonun) giinliik hayatimizda yerinin ve 6neminin artmasiyla, girisimcilik
egitimi de daha on plana ¢ikmaya baslamistir. Ancak girisimcilik egitiminden 6nce girisimciligin ne
oldugu, ne gibi ¢esitleri oldugu ve egitimde nasil kullanilabilecegi ile ilgili bilgi edinmekte fayda vardir.
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Girisimcilik ¢alisildig: alana gore spesifik ve daha genig bakis agilariyla tanimlanmaktadir. Spesifik
tanimlar daha ¢ok is kurmaya ve kar elde etmeye odaklanirken, girisimciligin daha genis tanimlari yeni
bir sey liretme, yenilik ortaya koyma cabasi ve girisimcilik becerileri gibi 6zelliklere odaklanmaktadir.
Kaya, Erduran, Birdthistle ve McCormack (2018) de girisimciligin genis tanimlarini analiz etmis ve
buradan yola ¢ikarak egitim acisindan girisimciligi su sekilde tanimlamistir:

Girisimcilik; firsatlar: ve olast basarisizliklarini fark ederek ve gerekli kaynaklar
kullanarak gelecegin iiriin ve hizmetlerini yaratmak igin yeni ekonomik, sosyal,
kurumsal, kiiltiirel ve bilimsel ¢evreler veya organizasyonlar olusturma siirecidir.

Kaya vd. (2018)

Egitimde de kullanilmaya baslanmasina ragmen, alanda yapilan ¢alismalara bakildiginda, bu
caligmalarin daha cok finansal girisimcilige odaklandigi1 goriilmektedir (6rn., Deveci ve Cepni, 2014).
Girisimciligin ¢ikis noktasinin iktisadi ve idari bilimler oldugu goz oniine alindiginda, bu sasirtici bir
sonug degildir. Ancak egitim fakiilteleri bir ticarethane olmadigi, bir egitim kurumu oldugu i¢in bu
kavramin iktisadi ve idari bilimlerden dogrudan finansal bir bakis acistyla alinarak, kavramsal
adaptasyonu yapilmadan kullanilmast dogru bir yaklasim olarak kabul edilmemelidir. Ulkelere katkisina
ve egitimin hedeflerine bakildiginda girisimciligin sosyal ve yenilik¢i (inovatif) tiirlerinin egitim
alaninda kullanilmasinin daha dogru olacagi sdylenebilir. Bunun nedenlerini daha iyi anlamak igin
sosyal ve yenilik¢i girisimcilige bakacak olursak, sosyal girisimcilikte sosyal temelli misyon ve vizyonla
donatilmis olmak, sosyal degerler yaratmak, sosyal girisimcilik firsatlarin1 gergeklestirmek, yenilikei
olmak, kaynak yaratmay1 ve siirdiiriilebilirligi saglamak ve sosyal aglardan faydalanmak gibi 6zelliklere
odaklanilmaktadir (Kirilmaz, 2014). Yenilik¢i girisimcilige bakildiginda ise, bu girisimcilik tiiriiniin
bireysel ve bolgesel zenginlik yaratmanin yani sira toplumsal ilerlemeye katkida bulunmak i¢in farkli
alanlarda etkili ve verimli sonuglar ortaya koymay1 hedefledigi goriilmektedir (Block, Fisch & Van
Praag, 2017). Bu girisimcilik tiirleri etkili bir sekilde egitime entegre edildigi zaman finansal girisimcilik
de dogal yollarla kendiliginden agiga ¢ikacak ve iilkelerin sosyal, bilimsel ve teknolojik geligiminin yani
sira ekonomik gelisimine de katkida bulunacaktir.

Girisimcilik egitiminde sosyal ve yenilik¢i girisimcilige yer verilmesiyle ortaya ¢ikan faydalarin
yani sira, girisimcilige egitimde yer verilmesinin farkli faydalari da bulunmaktadir. Ornegin,
girisimcilik, yenilik¢i ve problem ¢oziicii, uygun riskleri alabilen ve yeni durumlara uyum saglayabilen
ogrenciler yetistirmeye katkida bulunmaktadir (Avrupa Komisyonu, 2014; Adatepe, Kul & Adatepe,
2021; Hisrich & Peters, 2002; Rindova, Barry & Ketchen, 2009). Girisimciligin diger derslerle
birlestirilmesinin kariyer gelisimi (Alvarez & Barney, 2007; Bruyat & Julien, 2001; Birdthistle, Hynes
& Fleming, 2007), sosyo-ekonomik konularda farkindaligr artirma (Irzik, 2013), 21. ylizy1l becerilerini
gelistirme (Hisrich & Peters, 2002; Volkmann, Wilson, Mariotti, Rabuzzi, Vyakarnam & Sepulveda,
2009) ve tlkelerin sosyal ve ekonomik olarak ilerlemesi (Amos & Onifade, 2013) gibi konularda da
fayda saglayabilecegi dngoriilmektedir.

Yenilik¢iligin (inovasyonun) giinliik hayatimizda yerinin ve dneminin artmastyla, girisimcilik
ve STEM egitimi de birbiriyle daha ¢ok iliskilendirilmeye baslanmistir. Bu iliskilendirme egitimde
farkli sekillerde yapilmaktadir. Bunlardan birisine 6rnek olarak STEM egitimi i¢in gereken becerilerin
girigimcilik egitimi araciligtyla ortaya ¢ikarilabilmesi diisiincesidir. STEM egitiminden daha verimli ve
etkili bir sekilde faydalanilabilmesi igin STEM becerilerinin 6n plana ¢ikarilmasi, gelistirilmesi
gerekmektedir. Bu STEM becerileri bazi kaynaklarda 21. yiizy1l becerileri olarak da karsimiza
¢ikabilmektedir. STEM becerilerini a¢iga ¢ikarmanin bir yolu ise girisimcilik egitimi olarak goriilebilir
clinkli girisimcilik egitiminde (enterprise education) becerilerin gelistirilmesi 6n plandadir (Leffler,
2014) ve hedeflenen beceriler girisimcilik becerileriyle benzerlik gostermektedir.

Son yillarda, girisimei STEM egitimi diinya ¢apinda farkli disiplinlerde ¢alisiimaya baslanmigtir
(Bosman & Fernhaber, 2019; Elliott, Mavriplis, & Anis, 2020; Jackson vd., 2023; Kaya-Capocci &
Peters-Burton, 2023). Girisimci STEM egitiminde STEM igerigi, STEM'de girisimci bir zihniyet ve
niyet gelistirmeyi destekleyen girisimci bir mercek araciligiyla 6gretilir. Bagka bir deyisle, girisimci
STEM'de girisimci bir bakis agisiyla STEM bilgi ve kaynaklari dijital teknolojilere, bilimsel buluglara
ve STEM iiriin veya hizmetlerine doniistiiriiliir ve akademiden halka aktarilir (Kaya, 2019; Sarasvathy,
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2001). Girisimci STEM egitimi, 6grencilerin STEM'in giinliilk yasamda nerede ve nasil kullanildigini
fark etmelerine yardimei olabilir (6rn., Pabugcu Akis & Demirer, 2023), bu da STEM disiplinlerine ilgi
ve motivasyonu artirabilir (Ugar, 2020). Ayrica girisimci STEM egitimi ile 6grenciler 21. yiizyil beceri
ve yeterlilikleri ile donatilmakta ve bunlar1 farkli baglamlarda uygulayarak giindelik sorunlara yenilikci
¢ozliim tretmektedirler (Deveci & Cepni, 2014; Jang, 2016; Kaya-Capocci & Ugar, 2023). Girisimci
STEM bakis agismmin gelistirilmesiyle, 6grencilerin yeni firsatlarin varligi konusundaki farkindaligi
artirilabilir ve bu farkindalik onlarin gelecekte yeni is olanaklari ortaya ¢ikarmalarina ve kariyerlerinde
ilerlemelerine yardimci olabilir (Alvarez & Barney, 2007; Kaya vd., 2018). Tiim bunlar, 6grencilerin
potansiyellerinin tamamini ortaya koyabilmelerine yardimci olabilir (Volkman vd., 2009). Girisimci
STEM bakis a¢isina sahip vatandaglar yetistirmek, iilkelerin sosyal, bilimsel, ekonomik ve g¢evresel
kalkinmasina da katkida bulunabilir. Bu da gelecekte kiiresel salgin hastaliklar veya kiiresel 1sinma gibi
birgok sorunun 6nlenmesine veya iistesinden gelinmesine de yardimeci olabilir. Bilimsel, ekonomik ve
teknolojik gelisme icin kullanilmayan ve halka fayda saglamayan STEM ciktilar1 nemini yitirerek
unutulmaktadir.

Girisimci STEM egitimi “Disiplinler Aras1 Fen Ogretimi” gibi lisans dersleri araciligiyla ayri
ayr1 disiplinler olarak da olsa egitim 6gretim programinda yerini alsa da bu entegrasyonun verimliligini
belirlemede degerlendirmenin rolii biiyiiktiir. Degerlendirme, 6zellikle bigimlendirici degerlendirme,
kimi zaman ihmal edilmis olsa da 6gretme ve dgrenme siirecinin ayrilmaz bir pargasi olarak egitimdeki
yerini korumaktadir (Basol vd., 2013). Teknolojinin gelismesi ve kiiresellesmeyle birlikte dijital
ortamlarin ve teknolojik cihazlarin egitimde kullanima girmesiyle ise dijital siire¢ degerlendirmenin
onemi dikkatleri cekmeye baglamistir.

Bicimlendirici Degerlendirme: Avantajlari, Dezavantajlar1 ve Oneriler

Degerlendirme uygulamalarinda cesitliligin artirilmasi gerektigine isaret eden pek ¢ok calisma
bulunmaktadir. Ancak, yliksek 6gretimdeki degerlendirmeye hala Gzetleyici (sonug) degerlendirme
stratejileri hakimdir (Medland, 2016). Tirkiye'de sadece yiiksek Ogretimde degil, diger egitim
seviyelerinde de bigimlendirici degerlendirmenin 6gretme ve 6grenme siireclerine nasil uygulanmasi
gerektigine dair literatiir eksikligi bulunmaktadir. Bu nedenle bu béliimde oncelikle bigimlendirici
degerlendirmenin avantajlar1 ve dezavantajlari tartigilacak, sonrasinda ise bu uygulamanin siniflara nasil
entegre edilebilecegine dair dneriler verilecektir.

Bi¢imlendirici degerlendirme genellikle, O6grencilerin dgrenmelerindeki ilerlemelerini
desteklemek i¢in nelerin gerekli oldugunu belirlemek amaciyla 6grencilerin 6grenmeleri hakkinda bilgi
toplamayr ve kullanmayi hedefleyen smif i¢i siiregleri ifade eder (ARG, 2002). Bic¢imlendirici
degerlendirme, 6grenme siireci boyunca her adimdan ya da kazanimdan sonra uygulanabilir. Bu tiir
degerlendirmede siire¢ igerisinde yer alan ve egitim-0gretimin kalitesini belirlemede kullanilan doniit,
diizeltme ve 6grenci katilimi gibi unsurlar 6gretimin basarisina katki saglamaktadir (Atilgan, 2017).
Smif i¢i egitim siirecinde bi¢cimlendirici degerlendirmeyi kullanmanin birgok faydasi vardir. Bu tiir bir
degerlendirme gerceklestirilmesi, 6grenme siireci boyunca egitsel faaliyetlerle ulagilmaya c¢aligilan
hedeflere basarili bir sekilde ulasilip ulasilamadigi konusunda kisa ve yonlendirici doniitler saglayarak
egitim silirecinde uyarici bir iglev gosterir (Hotaman, 2020). Buna ek olarak, bi¢imlendirici
degerlendirme, 6grenci motivasyonunu artirmanin, 6grencilerin sorumlu ve 6zerk 6grenenler olmalarina
yardimc1 olmanin ve yasam boyu Ogrenme stratejileri gelistirmenin yani sira 0grencilerin basarisini
artirabilir, 6grenme giicliigii olan bireyler de dahil olmak {izere diisilk basariya sahip Ogrencilere
yardimci olabilir ve yiiksek diizeyde ogrenmeyi destekleyebilir (Lopez-Pastor & Sicilia-Camacho,
2017). Bigimlendirici degerlendirmenin faydalari, nasil uygulandigina ve ogrenci Ornekleminin
biiytikliigiine gore degisebilir (Bennett, 2011).

Her seyin oldugu gibi bigimlendirici degerlendirmenin de dezavantajlar1 vardir. Lopez-Pastor
ve Sicilia-Camacho (2017), alt1 yil aradan sonra Bennett’in (2011) c¢aligmasina benzer bir ¢alisma
yiirlitmiis ve bu calismalarin sonucunda benzer bulgulara ulagmistir. Bu sonuglara bakildiginda,
bi¢imlendirici degerlendirme konusunda ogrenci ve egitimci deneyimi eksikligi, bi¢imlendirici
degerlendirmenin okullarda nasil uygulanmasi gerektigine dair egitimci bilgisi eksikligi ve 6grencilerin
ve egitimcilerin dijital bi¢imlendirici degerlendirme kullanimindan dolay1 ortaya ¢ikan asir1 is yiikii
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algist gibi sorunlar tespit edilmistir. Bu tiir sorunlarin iistesinden gelebilmek igin bi¢imlendirici
degerlendirme konusunda egitimci ve 6grencilerin bilgi, beceri ve tutumlariin yiikseltilmesini ve bu
tir degerlendirmenin yapildigi uygulamalarin artirilmasimi destekleyen g¢aligmalar yapilmalidir. Bu
anlamda, ilk adim olarak 6grenci ve egitimcilerin bigimlendirici degerlendirme stratejileri konusunda
bilgi sahibi olmasi saglanarak, sinif i¢i uygulamalarla bu stratejilerin degerlendirme ve 6§renmenin
entegrasyonu i¢in kullanilmasi i¢in tesvik edilmelidir.

Wiliam ve Thompson (2008) yiiriittigii ¢alisma sonucunda bes tane bigimlendirici
degerlendirme stratejisi Onermis ve bu stratejiler kabul gorerek alan yazinda yaygin olarak ¢aligilmistir.
Bu stratejiler asagidaki gibi 6zetlenmektedir:

Kazanimlar1 ve basari kriterlerini netlestirme ve paylasma;

Etkili sinif i¢i tartismalari, soru-cevap etkinlikleri ve 6grenme gorevleri tasarlamak;
Ogrencilerin 6grenmesini ileriye tasiyan geri bildirimlerde bulunmak;

Ogrencileri birbirleri igin 6gretim kaynaklari olarak harekete gegirmek (akran degerlendirmesi);
Ogrencileri kendi 6grenmelerinin sahipleri olarak harekete gegirmek (6z degerlendirme).

arwbdPE

Diinya capinda STEM ile iliskili disiplinlerde bi¢cimlendirici degerlendirmenin uygulanmasina
yonelik bir¢cok ¢aligma yapilmasina ragmen, Tiirkiye’de yiiriitiilen sinirli sayida ¢aligma bulunmaktadir.
Inaltun ve Ates (2018), 2001 ve 2017 yillar1 arasinda Web of Science (WoS) veri tabaninda fen
egitiminde bicimlendirici degerlendirme ile ilgili literatiirii gozden gecirmis ve sadece biri Tiirkiye
baglaminda olmak iizere 31 ¢alisma tespit etmistir. Yazarlar ayrica ayni konuda WoS 'da yer almayan
yedi bagka Tiirk ¢caligmasini da listelemislerdir. WoS veri tabaninda listelenen tek caligma olan Aydeniz
ve Dogan (2016) calismasinda Tiirkiye'deki 53 son smif fen bilgisi 6gretmen aday: ile dgretmen
adaylarinin bi¢cimlendirici degerlendirme konusundaki pedagojik kapasitelerini inceleyen bir arastirma
yuriitmistiir. Elde edilen sonuglara bakildiginda, katilimcilarin 6grencilerin gerekgelendirmelerindeki
yanlig inanislari, sinirliliklari ve giiclii yonlerini basarili bir sekilde belirlemede basarisiz olduklari tespit
edilmistir. Bu sonug, Tiirkiye'de bicimlendirici degerlendirme arastirmalarinin ne kadar simirh
oldugunun bir gostergesi de olabilir. Bi¢imlendirici degerlendirmenin sinirlt kullanimina ek olarak son
donemde COVID-19 gibi ¢esitli salginlarin, pandemilerin ve dogal afetlerin ortaya ¢ikmasiyla dijital
ortamlarin ve teknolojik araglarin da egitimde, dolayisiyla degerlendirmede, daha yaygin olarak
kullanimi giindeme gelmistir. Buradan yola c¢ikarak, bir sonraki bdliimde dijital bicimlendirici
degerlendirme tanitilacak ve uygulamalar tartigilacaktir.

Dijital Bicimlendirici Degerlendirme: Teknolojinin Bicimlendirici Degerlendirmeye
Entegrasyonu

Cesitli aragtirmacilar, 6grenci ve degerlendirme merkezli 6grenme ortamlart olusturmak igin
¢evrimi¢i bicimlendirici degerlendirmeye odaklanmayi onermektedir (Gikandi, Morrow & Davis,
2011). Dijital bi¢imlendirici degerlendirme, 6grenci ilerlemesinin degerlendirilmesini desteklemek i¢in
dijital O6grenmenin tiim oOzelliklerini kullanan bi¢imlendirici degerlendirme yaklagimi olarak
aciklanmaktadir (Kaya-Capocci, O’Leary ve Costello, 2022; Looney, 2019). Bu tiir degerlendirmede
teknoloji Onemli bir yere sahiptir. Dijital bi¢imlendirici degerlendirmenin smif igerisinde
kullanilmasinin da literatiirde farkli avantajlar1 belirlenmistir. Ornegin, daha anlik ve amagli olan
geribildirimlerin verilebilmesini de i¢ine alan ve bilgi ve basari ile iliskilendirilen faydalarinin yani1 sira
gelismis 6z-diizenleme kapasitesinin artmasini da i¢ine alan karmasik bilissel siirecler ile iligkilendirilen
avantajlar1 yer almaktadir (McLaughlin & Yan, 2017). Buna ek olarak dijital siire¢ degerlendirme,
Ogrencilerin 6grenme motivasyonunun artirilmasini (Bhagat & Spector, 2017) ve her zaman her yerde
kullanilabildigi i¢in zaman ve mekan smirlandirmasi olmadan 6grenmeyi destekleyebilmeyi de
saglamaktadir (Barana & Marchisio, 2016).

Cevrimigi bigimlendirici degerlendirme etkili ve aninda geri bildirim, kritik 6grenme siireglerine
katilim ve esitlik¢i egitimi tesvik sagladiginda yenilik¢i ve 6grenen merkezli bir pedagojik strateji olarak
islev gormektedir (Gikandi, Morrow & Davis, 2011). McLaughlin ve Yan (2017) ¢evrimigi
bi¢imlendirici degerlendirme literatiiriinii inceleyerek ve 2006 ile 2016 arasinda yayinlanan ve konu ile
iligkili goriilen 55 calisma belirlemistir. Gikandi, Morrow ve Davis' in (2011) belirledigi ¢alismalar
cikarildiginda, 2010'dan 2016’ya kadar yaymlanmis 32 ek ¢alismaya rastlanmistir. Bu 32 calismanin
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ilkogretim, ortadgretim, lise ve liniversite diizeylerini ele aldig1 diisliniildiiglinde, yedi yil igerisinde
konu ile ilgili yapilmig ¢aligmalarin ¢ok sinirli sayida oldugu ¢ikariminda bulunulabilir. Bigimlendirici
degerlendirmede dijital araglarmn kullanimina iliskin farkli ¢alismalar yiiriitiilmiistiir. Ornegin,
McLaughlin ve Yan (2017), dijital bi¢cimlendirici degerlendirme i¢in kullanilabilecek dijital araglarin
bir listesini sunmustur. Bu listenin potansiyel kullanimlariyla birlikte daha genisletilmis bir versiyonu
Reynolds, O'Leary, Brown ve Costello (2020) tarafindan saglanmaktadir. Listede yer alan dijital
araglarin kullanimi ve etkililigi {izerine de farkli ¢alismalar yiiriitiilmistiir. Bu listede de yer alan
Kahoot! ve e-Quiz, ismail, Ahmad, Mohammad, Fakri, Nor ve Pa’ nin (2019) yiiriittiikkleri calismada
karsilagtirllmis ve Kahoot!” un daha etkili bir bi¢imlendirici degerlendirme araci oldugu bulgusuna
ulagsmustir. Benzer sekilde, Zhan, Sun, Chan, Chan, Lam ve Lee (2019) yaptiklar1 ¢alismada Kahoot!,
Mentimeter ve Googlet'yi karsilastirmistir. Calismada elde edilen sonuglar, katilimcilarin
cogunlugunun Google+'nin etkililiginden siiphe ederken Kahoot! veya Mentimeter'e kars1 olumlu bir
tutum sergiledigini gostermistir. Bicimlendirici degerlendirmede dijital araglar kullaniminin etkililigini
gosteren arastirmalar bulunmasina ragmen, bu aragtirmalar egitimcilerin bu tiir araglarinin 6gretme ve
Ogrenme siirecine nasil entegre edilebilecegine dair bilgi eksikligine sahip oldugunu da gostermektedir.

Tiirkiye literatiiriine bakildiginda ise farkli egitim alanlarinda yine sinirhh sayida calisma
karsimiza ¢ikmaktadir. Hotaman (2020) bigimlendirici degerlendirmenin uzaktan egitimde
uygulanmasiyla elde edilebilecek faydalari degerlendirip egitimcilerin dikkatine sunmay1 amaglayan bir
literatlir taramasi ylriitmustiir. Literatiir taramasinin sonucunda bigimlendirici degerlendirmeyi
cevrimici egitimin merkezine yerlestirmenin ortaya ¢ikabilecek 6grenme eksikliklerinin belirlenmesi ve
giderilmesi hususunda 6nemli bir katkisinin olacagi goriisiine varilmistir. Celik ve Tepe (2022) sosyal
bilgiler alaninda 6gretmen adaylarinin dijital degerlendirme araglari kullanarak dersler planlayip dijital
ortamlarda bu planlar1 uygulama siirecine iligkin deneyimlerini arastirmistir. Aragtirmanin sonucunda
en fazla ders igeriginin 7. Smf diizeyinde olusturuldugu ve igerik olusturmada en fazla “Quiziz”
uygulamasinin tercih edildigi goriilmiistiir. Ogretmen adaylar1 egitim uygulamalarinda dijitallesmenin
gerekliligini vurgulamanin yami sira egitimcilerin ve 6gretmen adaylarinin dijital degerlendirme
araglarinin nasil kullanilacagi konusunda daha fazla bilgiye sahip olmasi gerekliligi ve bu siirecte aktif
ogrenme siirecinin kullanilmasinin 6nemini belirtmistir. Yine sosyal bilgiler alaninda Celik (2021)
tarafindan yiiriitiilen bir caligmada Web 2.0 teknolojilerini degerlendirme siirecinde kullanan sosyal
bilgiler 6gretmen adaylarinin siirece iliskin deneyimleri arastirilmistir. Ozcan (2022) calismasinda, simf
ici teknoloji destekli bigimlendirici degerlendirme yetkinliginin egitimcilerin sinif yonetimi becerileri
lizerine etkisini arastirmistir. Yilmaz (2017) ise arastirmasinda sinif i¢i bigimlendirici geri bildirim ve
degerlendirme sistemi olusturmak i¢in mobil teknolojinin kullanilabilirligini arastirmistir. Yapilan bu
caligmalara bakildiginda dijital bi¢imlendirici degerlendirmeyi disiplinler arasi alanlarda, 6zellikle
girisimci STEM egitimi kapsaminda uygulayabilmek i¢in ders planlamasinin nasil gelistirilebilecegine
ve uygulanabilecegine dair bir c¢alismaya Tirkiye’de rastlanmamistir. Bu kapsamda, Butler,
McLoughlin, O’Leary, Kaya, Brown ve Costello (2020), Avrupa’ da dokuz iilkede yiiriittiigli calisma
sonucunda, STEM egitimi kapsaminda dijital bi¢gimlendirici degerlendirmenin uygulanabilmesi igin
ATS-STEM Bilimsel Cergevesi’ni ortaya koymustur. Bu gergeve Sekil 1’ de sunulmustur.
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Problem ¢ozme Problem ¢6zme tasarimi ve
Yenilikgilik ve yaraticilik yaklagimlari
iletisim Disipliner ve disiplinlerarasi bilgi

Kritik disinme

Ust biligsel beceriler
ishirlikgilik

0Oz diizenleme

Disipliner beceri ve yeterlikler

Gergek yasam baglami

Teknolojinin uygun kullanimi ve
uygulamasi

Miihendislik tasarim ve uygulamalari
Uygun pedagojik uygulamalar

Buttinlestirilmis

STEM konulari
(Kazanimlar)

STEM 6greme tasarimi ilkelerini
yansitma

EsnekA Geribildirimi destekleme

Fonksiyonel STEM igerigi entegre etme

EUHTISII 0z degerlendirmeyi destekleme
rati

Ogrenme kanitlarini ortaya gikarma
Akran degerlendirmeyi destekleme

J L

Sekil 1. Biitiinlestirilmis STEM Egitimi i¢in Genisletilmis ATS STEM Kavramsal Cergevesi
Dijital araglar1 6gretme ve 6grenme siireglerine entegre ederken teknolojik araglarin ¢ islevi

g0z Oniine alinarak bu entegrasyonun etkili bir sekilde gergeklestirilmesi Fen ve Matematik Egitiminde
Bicimlendirici Degerlendirme (FaSMEd) girisimi (Avrupa Komisyonu, 2016) tarafindan
onerilmektedir. Bu {i¢ islev gonderme/goriintiileme, isleme/analiz ve etkilesimli ortam saglama olarak
belirlenmis ve islevlerin agiklamalari agagida sunulmustur.

1. Goénderme ve Gosterme: Bu islev kullanilarak ogrencilerle paylasim yapilabilir. Icerik

ogrencilere gosterilebilir ya da dijital ortamda gonderilebilir. Bu sekilde, 6grencilerin konu ile
ilgili gegmis bilgileri/6grenmeleri belirlenebilir, bigimlendirici degerlendirme siirecindeki farkli
aktorler (6rnegin 6grenci, akran, egitimci) arasinda iletisim kurulabilir, 6grencinin animsama
ve cevap slireci kolaylastirilabilir.

Isleme ve Analiz: Bu islev kullanilarak 6grencilerin zihinsel siireclerinden haberdar olunabilir.
Ogrencilerin sagladig1 icerik islenir ve analiz edilir. Bu sekilde, belirlenen basar1 kriterlerine
dayali olarak 6grenen performansim isleyerek ya da analiz ederek ilgili verilerin segilerek
cikarilmasina veya Ozetlenmesine ve bigimlendirici degerlendirmenin yorumlanmasina
yardimei1 olunabilir.

Etkilesimli Ortam: Bu islev kullanilarak dijital bir ortamda egitimde farkli aktorlerin
birbirleriyle etkilesime girmesi saglanabilir. Ogrenciler, igerigi kesfetmek icin bu ortama
bireysel olarak, akranlar1 ile veya egitimcileri ile birlikte dahil edilebilirler. Ogrencilere
etkilesimli bir ortam saglamak ve icerigi etkilesimli olarak kesfetmelerini saglamak i¢in bu
siiregte dijital araclar kullanilabilir.

Dijital bigimlendirici degerlendirme stratejileri ve teknolojinin iglevlerinden yola ¢ikarak Kaya-

Capocci, O’Leary ve Costello (2022) Dijital bigimlendirici degerlendirme Bilimsel Cergevesi’ ni
gelistirmis ve sunmustur. Bu cerceve Sekil 2’de sunulmaktadir.
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Bi¢imlendirici Degerlendirme Dijital Teknoloji islevsellikleri
Stratejileri _
A. Gonderme/Goriintiileme B. Isleme/analiz etme C. Etkilesimli ortamlar
1. Ogrenme niyetlerini (kazanimlarini) ve 1A 1B 1C
basar kriterlerini netlestirme/paylasma ve
anlama
2. Etkili sinif tartigmalari, soru-cevap 2A 2B 2C
etkinlikleri ve 6grenme gorevleri
tasarlama
3. Ogrencileri ileriye tastyan geri bildirim 3A 3B 3C
saglama
4. Akran ve 6z degerlendirme 4A 4B 4C

Sekil 2. Yiiksek d6grenimde dijital bigimlendirici degerlendirmeyi kavramsallastirmak, planlamak ve
uygulamak i¢in bilimsel bir ¢ergeve

Sekil 2’den de anlasilacag: gibi, teknolojinin bu islevleri, 6grencinin ilerlemesini desteklemek
icin girisimci STEM egitimi baglaminda bigimlendirici degerlendirme stratejileri ile birlikte
kullanilabilir. Ancak, egitimciler bu tiir stratejileri ve yaklagimlari planlamak ve uygulamak icin destege
ihtiya¢ duyabilir. Bu nedenle, bir sonraki boliimde egitimcilerin dijital bicimlendirici degerlendirmeyi
Ogretme ve 6grenme siirecinin ayrilmaz bir pargasi olarak siniflarda girisimci STEM egitiminde zamanl
ve etkili bir sekilde nasil uygulanabilecegi konusunda planlama ve uygulama yapabilmesine katkida
bulunabilmek i¢in ATS-STEM ve Dijital Bi¢imlendirici Degerlendirme Bilimsel Cerceveleri
kapsaminda 6rnek bir ders planmi gelistirilmis ve sunulmustur.

Adim Adim Entegrasyon: Girisimci STEM Egitiminde Dijital Bicimlendirici Degerlendirme
Ders Plam

Girigsimcilik ve STEM ayr1 ayr1 konular olarak yansitilsa da, bu konular farkli iilkelerin 6gretim
programlarinda yerini almistir (6rn., Finlandiya Ulusal Egitim Kurulu, 2014; irlanda Egitim Bakanligi,
2016; Tiirk Talim ve Terbiye Kurulu, 2013). Ogretim programina bir konu dahil edildiginde, egitimciler
bunu dgretimlerine entegre edebilecek yetkinlige sahip olmalidir. Ornegin, 2021-2022 akademik y1l1 ile
birlikte Tiirkiye'de 6gretmen yetistirme programlaria eklenen “Disiplinler Arasi Fen Ogretimi” baslikli
zorunlu bir ders ile de diinya ¢apinda yayginlasan disiplinler aras1 yaklagimlar konusunda donaniml
egitimciler yetistirmek hedeflenmistir. Bu ders kapsamina girisimcilik ve STEM egitimi dahil edilebilir.
Ancak literatiirde de goriildiigl gibi egitimciler ve 6gretmen adaylar1 hala girisimci STEM egitimi,
bi¢imlendirici degerlendirme ve dijital egitim kavramlarina yeterince asina degildir. Bu nedenle,
derslerin planlanmasi ve uygulanmasi siirecinde zorluklar yasanabilecegi ongoriilmektedir ve onceki
boliimlerde sunulan alan yazin da bu ¢ikarimi destekler niteliktedir. Bu kavramlar1 derslere entegre
etmek igin, egitimciler icerikle ve bu igerigi ders planlarina dahil etme yollariyla daha asina hale
gelmelidir. Egitimcilere aciklayici, pratik ve yenilik¢i 6gretim uygulamalari saglamak i¢in bu boliimde
ornek bir ders plan1 gelistirilmistir.

Bu boliimde sunulan ders planinda standart olarak biitiin planlarda yer alan tarih, ad-soyad, iinite
adi1 gibi genel ayrintilar verilmemistir. Ders planinin gelistirilmesi siirecindeki biitiin adimlar, Sekil 1°de
sunulan ATS-STEM Cergevesi’ nde (Butler, McLoughlin, O’Leary, Kaya, Brown & Costello, 2020) yer
alan temalardan yola c¢ikilarak belirlenmistir. Son adim (Adim 7’de) ise Sekil 2°de sunulan Dijital
Bigimlendirici Degerlendirme Bilimsel Cergevesi (Kaya-Capocci, O’Leary & Costello, 2022) temel
alinarak detaylandirilmustir.

Adim 1 - Biitiinlestirilmis STEM egitimi konusunun belirlenmesi

Bu adimda egitimciler bir sonraki haftanin konusuna ve igerigine bakarak biitiinlestirilmis
STEM egitimi konusuna karar verebilirler. Genel anlamda bu konularin son dénemde onem kazanan
Birlesmis Milletler (2015) tarafindan 2030 yilina kadar gerceklestirilmesi desteklenen siirdiiriilebilir
kalkinma hedefleri kapsaminda secilmesi ya da desteklenmesi nerilmektedir. Mevcut ¢alisma, egitimci
kisinin konuyu belirlemesi yerine daha etkili bir yontem olan ve 6grencilerin derse aktif katilimini
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gerektiren 6grencilerin giinlilk yasamda gozlemledikleri sorunlar dogrultusunda konuyu 6grencilerin
belirlemesi dogrultusunda planlanmistir. Bu kapsamda ilk olarak asagidaki ¢aligmalar yapilir:

. Bir 6nceki hafta, konuyu belirlemeden 6nce, egitimci kisi 6grencileri sosyal, inovatif ve
finansal girisimcilik konusunda bilgilendirir ve konu ile ilgili 6rnekler verir.

. Bir dnceki hafta, konuyu belirlemeden 6nce, egitimci kisi STEM egitiminin 6zellikleri
konusunda dgrenciler arasinda tartisma yaptirir.

° Egitimci kisi 6grencilerin yerel halkin karsi karsiya oldugu {i¢ ana sorunu belirleyerek
smifa getirmelerini ister.

. Egitimci kisi, bu sorunlarin ¢dziimiinde girisimcilik ve STEM uygulamalarimin nasil
kullanilabilecekleri konusunda kiigiik bir aragtirma yapmalarini belirtir.

. Ogrenciler, sorunlar ve sorunlarin girisimci STEM ile ¢oziimleri konusunda
¢Oziimlerini igeren bir taslak ile bir sonraki hafta sinifa gelirler.

Konu netlestirilirken egitimci, 6grencilerin tespit ettikleri sorunlarda siirdiiriilebilir kalkinma
hedeflerinin nasil yer aldigina dair sorular yoneltecektir.

Adim 2 — STEM vyeterliklerinin belirlenmesi

Konu ile ilgili ne yapilmas1 gerektigi yapilandirildiktan sonra STEM yeterlikleri belirlenir.
Mevcut etkinlikte ATS-STEM Bilimsel Cergevesi’nde yer alan sekiz yeterlikten bir tanesi ana yetkinlik,
baska iki tanesi ise yan yetkinlik olarak belirlenmistir.

Ana yetkinlik: Problem ¢6zme
Yan yetkinlikler: Elestirel diisiinme; Yaraticilik

Adim 3 — Kazanimlarin belirlenmesi

Konu ile ilgili ne yapilmas1 gerektigi yapilandirildiktan ve hedeflenen STEM yetkinliklerine
karar verildikten sonra, egitimci 6grenci kazanimlarini belirler. Mevcut etkinlikte 6grenci kazanimlari
(K) asagidaki gibi belirlenmistir:

K1: Ogrenciler bulunduklar1 bolgede karsilastiklar1 sorunlari fark eder (problem ¢dzme
yeterliligini hedefleme)

K2: Ogrenciler yerel kaynaklar1 kullanarak belirledikleri bir soruna STEM temelli
yaratici bir ¢oziim Onerebilir (problem ¢ézme ve yaraticilik yeterlilikleri)

K3: Bu yerel sorunu ¢6zmenin toplumun gelisimine nasil katkida bulundugunu elestirel
bir sekilde degerlendirebilir (elestirel diisiinme yetkinligi)

K4: Bu yerel sorunun ¢dziimiine girisimcilik ¢esitlerinin nasil bir katkida bulundugunu
analiz edebilir (problem ¢6zme ve elestirel diisiinme)

K35: Bu yerel sorunun ¢6ziimiine STEM egitiminin nasil bir katkida bulundugunu analiz
edebilir (problem ¢dzme ve elestirel diisiinme)

Adim 4 — STEM egitiminde kullanilacak égrenme tasarimu ilkelerinin (yontem ve stratejilerin)
belirlenmesi

STEM egitiminde kullanilabilecek farkli 6grenme tasarimlari bulunmaktadir (Butler,
McLoughlin, O’Leary, Kaya, Brown & Costello, 2020). Burada, uygun teknolojilerin kullanimu,
miihendislik tasarim siireci (MTS), tasarim odakli diisiinme ve proje temelli 6grenme gibi 6gretim
yontem ve stratejilerini igeren etkinliklere yer verilebilir. Mevcut c¢alismada teknolojilerin uygun
kullanim1 ve uygulanmasina ve MTS’ye (Douglas, Moore, & Adams, 2016) yer verilmistir. Gerekli
detaylara altinct adimda yer verilecektir.

Adim 5 — Basart kriterlerinin belirlenmesi

Burada hedeflenen her bir kazanimin basariya ulasip ulagsmadigimi belirlemek icin basari
kriterleri belirlenir. Kazanimlar ve basar1 kriterleri sade, acik ve anlagilir bir sekilde 6grencilerin
anlayacagi bir dille yazilmalidir. Burada amag¢ 6grenmeyi goriiniir kilmak olmalidir. Mevcut ¢alismada
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yukarida Adim 3’de belirlenen kazanimlar dogrultusunda asagidaki gibi bes tane basari kriteri (BK)
belirlenmigtir.

BK1: Ogrenci bulundugu bolgede karsilastig1 en az iki sorunu tespit edip, bu sorunlarm
gerekcelerini agiklayabiliyorsa,

BK2: Ogrenci sorun ile ilgili olarak yerel kaynaklar1 kullanan yaratici bir ¢dziim
Onerebiliyorsa,

BK3: Ogrenci belirledigi yerel sorunun c¢oziilmesinin toplum igin avantaj ve
dezavantajlarini tartisabiliyorsa,

BK4: Ogrenci belirledigi yerel sorunun ¢dziilmesinin toplumun gelisimine nasil bir
katkida bulunduguna dair en az iki gerekce gelistirebiliyorsa,

BKS: Belirlenen yerel soruna getirilen yaratici ¢oziimlere girisimcilik gesitlerinin nasil
bir katkida bulunduguna dair en az bir girisimcilik ¢esidini kullanarak agiklama yapabiliyorsa,

BK6: Belirlenen yerel soruna getirilen yaratici ¢oziimlere STEM egitiminin nasil bir
katkida bulunduguna dair en az iki STEM disiplinini kullanarak agiklama yapabiliyorsa, bu
Ogrenci basarili sayilacaktir.

Ogretme ve 6grenme siirecinde genellikle degerlendirme daha zayif kaldig1 igin bu kriterlerin
en basta belirlenmesi 6nem tasimaktadir. Burada BK1 K1 i¢in basarisini gosterirken, BK2 K2nin
basarisini, BK3 ve BK4 K3un basarisint BK5 K4un basarisini ve BK6 K5in basarisim1 goriilebilir
kilmay1 hedeflemektedir.

Adim 6 — Girigimci STEM etkinliginin planlanmasi

Burada 6grenme tasarimi igerisinde MTS se¢ilmis oldugu igin, bu siiregte izlenmesi gereken
adimlar dogrultusunda etkinlik planlamasi yapilir. Farkli aragtirmacilar mithendislik tasarim siireci ile
ilgili olarak farkli adimlar izlemektedir. Bu ¢alismada, diinya genelinde yaygin olarak kullanilan
Douglas, Moore ve Adams’ 1n (2016) izledigi adimlara 6ncelik verilmistir. Varolan bir sorunun ya da
eksikligin tespit edilerek bu duruma yaratici bir ¢dziim yolunun getirilmesi girisimcilik egitimi
kapsaminda da degerlendirilmektedir. Ancak girisimcilik kapsamina tam olarak dahil edilebilmesi i¢in
siire¢ kagit lizerinde diisiinsel bir tasarim olmaktan ¢ikarilmali ve konu ile ilgili bir adim atilmalidir.
Atilacak adim ve icerikte neye yer verildigi bu etkinligin inovatif, sosyal ya da finansal girisimcilik
oldugunu belirlemektedir. Ornegin, daha énce yapilmamis bir prototipin bilimsel bir temelle ortaya
konulmast inovatif girisimcilik kullanildigim1 gosterirken, elde edilen bilgi birikiminin ve bulgularm
konunun hedefi olan grupla sosyal sorumluluk etkinligi ya da projesi olarak paylagilmasi sosyal
girisimcilik kullanildigini ve elde edilen birikim ve bulgular temelinde kar amaci giiden bir olusumda
bulunulmas1 finansal girigsimeilik kullanildigim gdstermektedir.

e Problemi tammlama: Ogrenciler ilk olarak kiitiiphane, dijital ortamlar gibi farkli yerlerde
arastirma yaparak ya da aileleriyle, arkadaslariyla veya gevrelerindeki bireylerle goriisiip giinliik
ne gibi sorunlarla karsilastiklarini belirleyerek hedef alacaklar1 probleme karar verirler.

e Problem hakkinda bilgi edinme: Ogrenciler farkli kaynaklari kullanarak problemin neden
kaynaklandigi ve nasil ¢oziilebilecegi konusunda bilgi edinmeye ¢aligir. Burada konu ile ilgili
daha 6nce bir ¢oziim yolu bulunmus mu arastirilir. Daha 6nce bulunan bir ¢6ziim yolu varsa
bunun neden etkili olmadig1 analiz edilir. Buna bagli olarak ya var olan ¢6ziim yolunun
giincellenip gelistirilmesi ya da yeni bir ¢6ziim yolunun arasgtirilmasina karar verilir. STEM
disiplinlerinin bu ¢6ziim yolunu bulmada nasil bir rol oynayacagi ve ne gibi materyaller
gerekecegi de yine arastirilmasi ve tartigilmasi gereken konular arasinda yer alir.

e Coziim yolunun planlanmasi: Bu evrede basariya ulagmak i¢in saglanmasi gereken kriterler
ve sinirliliklar gozden gecirilerek problemin yaratici bir sekilde ¢oziilebilmesi igin farkl: fikirler
ortaya konulur. Bu fikirlerden uygulanabilir olanlar secilerek uygulama yapilmasi i¢in gereken
hazirliklara baglanir. Bu sirada STEM disiplinlerinin hangi asamada nasil kullanilacagina da
karar verilir. Siire¢ boyunca gerekli olan materyaller, ¢6ziim yolu taslaklar, siiregte izlenmesi
gereken adimlar, gerekiyorsa maliyet hesaplamasi ve bunun gibi gerekli goriilen bilgiler
planlanir.
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e Coziim yolunun uygulanmasi: Planlamasi yapilan ¢dziim yollart uygulamaya konulur.
Uygulama esnasinda karsilagilabilecek riskler gbz oniine alinarak uygulamanin en iyi sekilde
yapilmast hedeflenir. Planlamada ortaya konulan materyaller kullanilarak, ¢6ziim yolu taslaklari
ve siiregte izlenmesi gereken adimlar izlenerek, varsa maliyet gelir ve giderleri kontrol altinda
tutularak ve bunun gibi gerekli goriilen bilgiler takip edilerek uygulama gergeklestirilir. Eger
bir prototip planlamasi yapildiysa prototip bu evrede gelistirilir ve ¢alisip calismadigina bakilir.
Planlamada belirlenen STEM disiplinlerinin 6ngoriildiigii gibi kullanilip kullanilmadigi,
kullanilmadiysa nedenleri, uygulamada eklenen ya da ¢ikarilan STEM disiplini olup olmadig1
ve olduysa nedenleri tartisilirak Ogrencilerin STEM disiplinlerinin uygulamada nasil
kullanildigini igsellestirmesi hedeflenir. Ogrencilere aym zamanda girisimcilik bilgisi,
becerileri ya da tiirlerinden herhangi birini uygulamada kullanip kullanmadiklar1 uygulama
stireci igerisinde sorulur. Bu sekilde 6grencilerin girisimciligi uygulamada nasil kullanildigini
igsellestirmesi hedeflenir.

e Coziim yolunun test edilmesi: Uygulanan ¢6ziim yollarinin etkililigi burada arastirilir. Bunun
icin var olan rubrikler kullanilabilir ya da amaca gore yeni rubrik hazirlanabilir. Bunun disinda
uygun bagka yontemler varsa uygulanabilir. Rubriklerden elde edilen sonuglara gore en basaril
olan ¢6ztiim yolu belirlenir. Bu ¢dziim yolunda nelerin yolunda gittigi ve ne gibi konularda
giigliiklerle karsilagildig1 belirlenir.

e Coziim yolunun yeterligine karar verilmesi: Calismanin basinda karar verilmis olan kriterlere
bakarak ve test sonuglart g6z Oniinde bulunarak ¢oziim yolunun yeterliligine karar verilir.
Uygulanan ¢dzlimlerin sorunun ¢oziilmesine katkida bulunup bulunmadigina ve ¢oziimlerin
uygulanmasi ile ilgili giicliikler bulunup bulunmadigina bakilir. Bunlardan yola ¢ikilarak eger
¢Oziim basartya ulagmigsa ¢0ziim yolunun yayginlastirilmasi icin adimlar atilabilir. Eger
basartya ulagmamissa sorunlarin nasil ¢dziilebilecegine ve ¢Oziim yolunun nasil
iyilestirilebilecegine dair tartigma yapilarak ¢oziim yolu tekrar planlanir, uygulanir ve test edilir.
Bu siireg etkili bir ¢6ziim yolu bulunup, problem durumu ortadan kaldirilana kadar devam eder.
Burada biitlin STEM disiplinlerine ve girisimcilige dair icerik/konu bilgi verilmesi girisimci

STEM egitiminin uygulandigi anlamma gelmemektedir. Onemli olan sey girisimci STEM
yetkinliklerinin, Ogretim ilkelerinin ve uygulamanin etkili bir sekilde Ogrenciler tarafindan
yiiriitiilebilmesi, 6grencilerin kendi 6grenmelerinin sorumlulugunu alarak durumu analiz edebilmesi ve
Ogrencilerin uygulama silirecine girisimcilik ve STEM’in nasil entegre edildigini fark edip
aciklayabilmesidir. Buna ek olarak yaygin olarak yanlis bir sekilde kullanilan ve g6z Oniinde
bulundurulmasi gereken bagka bir durum da girisimciligin ortaya ¢ikmasi i¢in dgrencilerin bir sey
pazarlamalarina, isyeri kurmalarina ya da kar elde etmelerine gerek olmamasidir. Daha 6nce de
vurgulandigi gibi bu tiir girigimcilik finansal girigimcilik olarak adlandirilirken bagka girisimcilik tiirleri
de kullanilabilir.

Adim 7 — Girisimci STEM etkinligine dijital bicimlendirici degerlendirmenin entegre edilmesi

Bu adimda, Sekil 2’de sunulan Dijital Bigimlendirici Degerlendirme Bilimsel Cercevesi temel
alarak Adim 6’ da 6nerilen etkinlik detaylandirilmigtir. Bigimlendirici degerlendirme stratejileri ve bu
stratejiler dogrultusunda igerige dijital teknolojilerin uygulanma sekilleri agiklanmistir. Burada ilk bes
adim aynen alinir. Sonrasinda dersin baslangicindan itibaren dijital bi¢imlendirici degerlendirme altinci
adima eklenerek derse entegrasyonu gercgeklestirilir. Bes big¢imlendirici degerlendirme stratejisi,
teknolojinin ¢ islevi araciligiyla altinci adimla birlestirilerek uygulanmaktadir. Bu entegrasyon igin
Sekil 2’de yer alan bi¢imlendirici degerlendirme stratejileri dogrultusunda, bir ders 6rnegi dort ana grup
(1A/1B/1C, 2A/2B/2C, 3A/3B/3C ve 4A/4B/4AC) olarak asagida sunulmustur. Burada, tiim
bi¢imlendirici degerlendirme stratejileri ve bunlarin teknoloji araciligiyla bir ders planina entegrasyonu
aciklanmig ve Orneklenmistir. Miihendislik tasarim siireci ve teknolojinin uygun kullanimi ve
uygulamast ders planinda benimsenmis ve sunulmustur.

1A/1B/1C: Dersin en baginda birinci bigimlendirici degerlendirme stratejisi olan &grenme
niyetlerini (kazanimlarini) ve basar1 kriterlerini netlestirme/paylasma ve anlama teknolojinin
isleme/analiz etme ve etkilesimli ortamlar islevleri kullanilarak uygulanir. Bu kapsamda, dersin baginda
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derse iligkin 6grenme kazanimlari Google dokiimanlari iizerinden 6grencilerle paylasilir. Burada tahtaya
yansitma yapilmasi gosterme islevine girmektedir ve bu islev kullanilmamistir. Bu paylasimla
Ogrencilerin derste ne yapilacagina dair farkindaligimnin artirilarak istedikleri zaman bu kazanimlara
ulagabilmelerini saglamak hedeflenmektedir. Bu paylasimin sonrasinda egitimei kisi Poll
Everywhere’de de kazanimlar1 paylasarak, ogrencilerin bu kazanimlari gdzden gec¢irmelerini ve
ogrenme ciktilarinin kendileri i¢in ne kadar zorlayici olacagim diisiindiiklerine dair bu uygulamada
puanlama yapmalarini ister. Poll Everwhere’de elde edilen sonuglara gore ¢cok kolay ya da ¢ok zor olan,
acik/anlasilir olmayan, ya da baska zorluklar tagiyan kazanimlar belirlenir. Egitici kisi, paylasilan
Google dokiimani araciligiyla 6grencilerle birlikte bu kazanimlar {izerinde ¢aligir, gerekli diizenlemeleri
yapar ve her bir kazanim i¢in en az bir tane basar1 kriteri olusturur. Bu sekilde, ilk bigimlendirici
degerlendirme stratejisi etkilesimli bir ortama entegre edilmis olur.

2A/2B/2C: Kazanimlar ve basar kriterleri ile ilgili gerekli ¢alisma yapildiktan sonra, ikinci
bigimlendirici degerlendirme stratejisi olan etkili sinif tartismalari, soru-cevap etkinlikleri ve 6grenme
gorevleri tasarlanir ve teknolojinin gonderme/goriintiileme, isleme/analiz etme ve etkilesimli ortamlar
islevleri kullanilarak derse entegre edilir. Bu kisim bu ¢aligmada MTSde yer alan problemi tanimlama
evresine entegre edilmistir. Burada, gonderme/goriintiileme kapsaminda, dersten bir giin Once,
Ogrencilerin toplumun giinliikk sorunlar1 hakkinda diisiinmelerini saglamak i¢in kamusal sorunlarla ilgili
baz1 gazete haberleri 6grencilere online platformlar araciigtyla gonderilir. Ogrencilerden bu haberleri
incelemeleri ve sonrasinda kendi aragtirmalarint yapip yerel halkin karsi karsiya oldugu bir problem
durumu belirleyerek smifa gelmeleri istenir. Ogrenciler derse geldiklerinde 3 ile 5 kisi arasinda olmak
tizere smnif mevcuduna goére gruplara ayrilirlar. Her grup bir araya gelerek birbirlerine belirledikleri
problem durumunu agiklarlar. Sonra, egitimci kisinin 6nceden diizenlemis oldugu bir Padlet'te grupta
yer alan problemlerin her biri i¢in bu yerel sorunu ¢ézmenin en az bir avantajini, bir dezavantajini ve
toplumun gelisimine nasil bir katkida bulunacagini yazarak analiz ederler. Padlet’te yer alan alanlar
tamamlandiktan sonra dgrenciler kendi gruplari igerisinde tartigma ylriitiip analizler yaparak grup
olarak yonelecekleri bir probleme karar verirler. Eger yeterli zaman kalmamissa, etkilesimli ortamlardan
WhatsApp araciligiyla 6grenciler kendi gruplarint olusturarak (egitimci de gruba alinir) analizlerini
tamamlayip probleme karar verebilir.

Sonrasinda, MTSde yer alan problem hakkinda bilgi edinme kapsaminda, 6grenciler ¢cézmeye
odaklanmaya karar verdikleri problemin tarihgesi ve bu konuda simdiye kadar neler yapildigi hakkinda
arastirma yapar. Daha 6nce bulunan bir ¢6ziim yolu varsa bunun neden etkili olmadig1 analiz edilir.
Ogrenciler, elde ettikleri bulgular dogrultusunda var olan ¢dziim yolunun giincellenip gelistirilmesine
ya da yeni bir ¢dziim yolunun arastirilmasina karar verir. Ogrenciler bir e-portfolio olusturarak elde
ettikleri bilgileri bu portfolioda toplar. Bu bilgileri arkadaslartyla analiz edip tartisarak birbirinden farkl
ve yaratic1 ¢dziim yollar1 dnerirler. Ogrenciler, girisimciligin ve STEM disiplinlerinin bu ¢dziim yolunu
bulmada nasil bir rol oynayacagini ve ne gibi materyaller kullanacaklarin1 da arastirip yine ayni e-
portfolio igerisinde bulgularini toplayip tartisirlar. Bu tartisma sonrasinda artik MTS’ de yer alan ¢6ziim
yolunun planlanmasi evresine gegilebilir. Ogrenciler yeni, yaratici bir yol bularak ya da mevcut segenegi
yaratici bir yaklagimla daha da gelistirerek belirlenen yerel sorunun iistesinden gelebilmek igin farkl
¢dziimler planlamaya baslarlar. Yine bu planlar e-portfolio icerisine kaydedilir. Ogrenciler etkilesimli
ortam olarak kullanilan WhatsApp gruplarmmda sorunun olas1 ¢éztimlerini tartisir. Bir sonraki MTS
evresi olan ¢6zliim yolunun uygulanmasi asamasina gegen 6grenciler, karar verip planladiklart ¢6ziim
yollarin1 uygulamaya koyup, bu uygulamalar1 kapsayan bir video olusturur ve paylagirlar. Bu video,
sorunu ¢dzmek i¢in gelistirdikleri bir prototipi veya sorunu nasil ¢dzeceklerini temsil eden bir ortami
gostermektedir. Video ayni zamanda Ogrencilerin soruna bir ¢oziim getirirken karsilasabilecekleri
potansiyel riskleri de yansitmaktadir.

3A/3B/3C: MTS’de ¢dziim yolunun test edilmesi evresine gelen 6grenciler uygulanan ¢oziim
yollarinin etkililigi anlamak i¢in ne gibi yontemler kullanabileceklerini ve konuya odaklanan bir
rubrigin varhigin arastirirlar. Bu evrede egitimci kisiler de 6grencilere nereye bakmalari ve ne yapmalari
gerektigi konusunda yonlendirmede bulunur. Eger hazir bir rubrik bulunursa bu rubrik kullanilabilir,
eger bulunamazsa yine egitimci kisinin destegiyle amaca goére yeni rubrik hazirlanabilir. Bunun diginda
uygun baska yontemler varsa uygulanabilir. Ogrenciler elde ettikleri sonuclar1 egitimci kisileri ve
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arkadaglartyla paylasirlar. Burada ti¢iincii bi¢imlendirici degerlendirme stratejisi olan 6grencileri ileriye
tagiyan geri bildirim saglama teknolojinin gonderme/goriintilleme ve etkilesimli ortam islevleri
kullanilarak derse entegre edilir. Gonderme/gdriintilleme kapsaminda, her grup, egitimcilerinden e-
posta yoluyla kisisellestirilmis geri bildirimle birlikte 3 dakikalik bir MP3 kaydi alir. Teknolojiyi
etkilesimli bir ortama entegre etme kapsaminda ise egitimci kisi her grup icin bir Zoom toplantisi
diizenleyerek Ogrencilerin sorularini yanitlar ve ¢oziim yollarinin avantajlarin1 ve dezavantajlarini
ogrencilerle tartisir. Zoom gorligmesi sirasinda bu ¢6ziim yolu uygulanirken nelerin yolunda gittigi ve
ne gibi konularda giicliiklerle karsilasildig1 da tartisilan konular arasinda yer alir.

4A/AB/AC: MTS’ nin ¢6ziim yolunun yeterliligine karar verilmesi evresi burada
gergeklestirilmistir. Dordiincli ve besinci bigimlendirici degerlendirme stratejileri olan akran ve 6z
degerlendirme, teknolojinin isleme/analiz etme ve etkilesimli ortam islevleri kullanilarak bu evreye
entegre edilmistir. Ogrencilerin birbirleri igin 6grenme kaynaklari olmasi ve kendi 6grenmelerinin
sahipleri olarak aktif hale gelmesi amaglanmistir. Isleme/analiz kapsaminda, 6grenciler birbirlerinin
videolarini izlerler ve arkadaslarinin videolarinin kalitesini dersin basinda tartisilan basar1 kriterlerine
gore degerlendirirler. Teknolojiyi etkilesimli bir ortama entegre etmek kapsaminda ise, dgrenciler
saglanan geri bildirimleri inceler ve WhatsApp gruplarinda ¢6ziimlerinin giiclii ve zayif yanlarini ve
¢Oziim yollarinin nasil daha fazla gelistirebileceklerini tartigirlar. Bu sekilde, ¢alismanin basinda karar
verilmis olan kriterlere ve test sonucglarina bakarak, egitimci doniitleri, akran ve 6z degerlendirme
sonuglar1 g6z oniinde bulundurularak ¢oziim yolunun yeterliligine karar verilir. Eger ¢6ziim basariya
ulagmissa ¢oziim yolunun yayginlastirilmasi i¢in adimlar atilirken, basartya ulasmamissa sorunlarin
nasil ¢oziilebilecegine ve ¢oziim yolunun nasil iyilestirilebilecegine dair tartisma yapilarak ¢6ziim yolu
tekrar planlanir, uygulanir ve test edilir. Bu siire¢ etkili bir ¢éziim yolu bulunup, problem durumu
ortadan kaldirilana kadar devam eder.

Tartisma, Sonuc ve Oneriler

Bu caligma, egitimcileri dijital bigimlendirici degerlendirme, girisimci STEM egitimi ve
bunlarin ders planlarina entegrasyonu hakkinda bilgilendirmeyi amaglamistir. Mevcut calismada
sistematik olmayan literatiir taramasi kullanilmistir. Gelecekte yapilacak ¢aligsmalarda meta sentez
kullanilarak farkli degiskenlerin etkililigine bakilmas1 6nerilebilir. Bu ¢alismada gelistirilen ders plant,
farkli dijital araglar ve 6grenme ortamlar araciligtyla bigimlendirici degerlendirme kullanarak girisimci
STEM egitimi baglaminda Ogrencilerin gelisimini desteklemeyi hedeflemistir. Ders planlart
gelistirilirken degerlendirme, 6gretme ve 6grenme siirecinin ayrilmaz bir parcasi olarak kabul edilmistir.

Disiplinler arasi konular, 6zellikle girisimcilik STEM egitimi, i¢in etkili bir dijital bigcimlendirici
degerlendirmenin planlanmasina yardimci olacak ¢esitli oneriler asagida 6zetlenmistir:

Bigimlendirici degerlendirme, 6grencinin ilerlemesini desteklemeyi amaglamalidir.

e Ogrenme ciktilar1 ve basari kriterleri 6grencilerin anlayabilecegi bir dille acik ve anlagilir bir
sekilde yazilmali, 6grenmeyi ve basarty1 goriiniir kilmay1 amaglamalidir.

o Eger girisimci STEM egitimi kapsaminda uygulama yapildiysa, kazanimlarda ve basari
kriterlerinde girisimciligin ve STEM egitiminin yerine vurgu yapilmalidir.

e Net bir 6grenme kazanimi (niyeti), 6grencilerin icerige oldugu kadar kendi 6grenimlerine de
odaklanmalarina yardimci olmalidir.

Her 6grenme kazaniminin en az bir bagar1 kriteri olmalidir.

e Bicimlendirici degerlendirme (bes stratejisi dahil), d6grencilerin tek basma caligmak yerine
birbirleriyle etkilesime girmelerinin yani sira, girisimcilik yoluyla yeni o6grenmeler
olusturmalar i¢in mevcut STEM fikirleri ve yeterlilikleri iizerine yenilerini ingsa etmelerine
yardime1 olmak i¢in kullanilmalidir.

e Ogretme ve dgrenme siireci, acil 6grenme ihtiyaclarini karsilayacak sekilde uyarlanmalidir.

Disiplinler arast konularda dijital bigimlendirici degerlendirmeyi uygulamak, isbirlikci,
etkilesimli ve yansitici etkinliklerle 6grenen katilimini ve basarisini artirma imkan1 saglayabilir (Baleni,
2015; Gikandi, Morrow, & Davis, 2011; McLaughlin & Yan, 2017; Petrovic, Pale & Jeren, 2017). Buna
ek olarak, bu tiir etkinlikler bi¢imlendirici degerlendirme stratejileri arasinda yer alan geri bildirim
sayesinde Ogrencilerin hatalarindan 6grenmesine yardimci olabilir (Barana & Marchisio, 2016) ve
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Ogrencilerin 0z diizenlemelerini gelistirmeye katki saglayabilir (McLaughlin & Yan, 2017). Genel
olarak, dijital bicimlendirici degerlendirmeyi kullanmak, bigimlendirici ve aninda geri bildirimin yam
sira 6z/akran degerlendirmesi i¢in imkanlar da saglayabilir (Baleni, 2015; Gikandi, Morrow, & Davis,
2011). Ayrica, bu degerlendirme ¢esidi 6grenmeyi gelistirmek i¢in yenilik¢i 6gretim ydntemlerinin
gelistirilmesine ve gézden gegirilmesine yardimci olabilir (Barana & Marchisio, 2016). Sonug olarak,
dijital bigimlendirici degerlendirmenin destegiyle esitlik¢i egitimi daha {ist diizeyde desteklenebilir
(Gikandi, Morrow, & Davis, 2011; Reynolds, O'Leary, Brown & Costello, 2020).

Girisimci STEM egitimi ise Ogrencilerin STEM'in giinlilk yasamda nerede ve nasil
kullanildigimi fark etmelerine yardimc olabilir (6rn., Pabugcu Akis & Demirer, 2023), bu da STEM
disiplinlerine ilgi ve motivasyonu artirabilir (Ugar, 2020). Ayrica girisimci STEM egitimi ile 6grenciler
21. yiizy1l beceri ve yeterlilikleri ile donatilmakta ve bunlar1 farkli baglamlarda uygulayarak giindelik
sorunlara ¢oziim tiretmektedirler (Deveci & Cepni, 2014; Jang, 2016; Kaya-Capocci & Ugar, 2023).
Girisimci STEM bakis acgisinin gelistirilmesiyle, dgrencilerin yeni firsatlarin varligi konusundaki
farkindalig1 artirilabilir ve bu farkindalik onlarin gelecekte yeni is olanaklar1 ortaya ¢ikarmalarina ve
kariyerlerinde ilerlemelerine yardimer olabilir (Alvarez & Barney, 2007; Kaya vd., 2018). Tiim bunlar,
ogrencilerin potansiyellerinin tamamini ortaya koyabilmelerine yardimci olabilir (Volkman vd., 2009).
Girisimci STEM bakis agisina sahip vatandaglar yetistirmek, iilkelerin sosyal, bilimsel, ekonomik ve
¢evresel kalkinmasina da katkida bulunabilir.

Tiim bunlardan yola ¢ikarak 6gretmen adaylar1 ve egitimciler giiniimiiz kiiresel, teknolojik ve
yenilik¢i diinyasinda geri kalmamak, bu yeni diinyaya uyum saglamak ve saglatmak igin girisimci
STEM egitimi ve dijital bicimlendirici degerlendirme konusunda gerekli bilgi, beceri ve tutuma sahip
olarak yetistirilmelidir. Buna ek olarak, 6gretmen adaylarimiz ve egitimcilerimiz kavramsallagtirilmast,
planlamast ve uygulamasi konusunda yeterli donanima sahip olmasi igin gerekenler yapilmali, bu
alanlardaki ¢aligmalar artirilmalidir.
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