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ABSTRACT

This study examined the challenges that science
teachers encounter when assessing students'
skills in STEM tasks. The research employed a
phenomenological design consistent with the
attributes of qualitative research. Teachers who
incorporate  STEM activities in scientific
curricula are favored. The research study group
comprises seven science teachers employed in
I+ and N*** provinces for the 2021-2022
academic year. Semi-structured interviews
comprising two open-ended questions were
executed. The first researcher performed online
interviews, obtaining audio recordings with the
patticipants' consent. Following  the
transcription of the audio recordings, a content
analysis was performed by establishing
categories, subcategories, and codes. The study
found that science teachers encounter multiple
challenges regarding accomplishment, time,
student engagement, active participation, and
integration of STEM disciplines while assessing
skills in STEM activities. These issues include
the lack of alternative assessment tools,
students' difficulty in addressing skill-based
questions, their familiarity with conventional
assessment methods, insufficient preparedness,
the challenge of measuring integrated skills,
and overcrowded classrooms.

0z

Bu ¢aligmada fen bilimleri 6gretmenlerinin STEM
etkinliklerini gerceklestirme esnasinda beceri 6lgme
acisindan  yasadiklart  sorunlart  aragtirilmigtir.
Calismada, nitel arastirma yonteminin 6zelliklerine
uygun olarak, fenomenoloji deseni kullanlmistir. Fen
bilimleri dersinde STEM etkinliklerini uygulayan
Ogretmenler tercih edilmigtir. Arastirmanin ¢alisma
grubunu 2021-2022 egitim-6gretim yilinda K*** ve
N#*f - llerinde gorev yapmakta olan yedi fen
bilimleri 6gretmeni olusturmaktadir. Tki actk uglu
sorudan olusan yari yapilandirilmis goriismeler
gerceklestirilmistir. Goérigmeler birinci aragtirmact
tarafindan ¢evrimici olarak gergeklestirilmis ve
katiimcilardan izin alinarak ses kaydi alinmustir. Ses
kayitlar1 yaziya dokildikten sonra kategoriler, alt
kategoriler ve kodlar olusturularak icerik analizi

yapilmustir. Calisma sonucunda STEM
etkinliklerinde beceri Olcerken fen bilimleri
Ogretmenlerinin  kazamim, sire, 6grenci, aktif

katullm ve STEM disiplinlerinin entegrasyonu
acilarindan ¢esitli problemlere sahip oldugu ortaya
¢tkmistir. Bu problemler arasinda; alternatif 6lgme
aract bulamama, &grencilerin  beceri  sorularint

yetistirememesi, Ogrencilerin  geleneksel ~6lgme
araclarina  daha aliskin  olmasi, dusik hazir
bulunusluk,  entegrasyonda  beceri  Slcimi

yapilamamasi ve siniflarin kalabalik olmasi vardur.

DOI: https:/ | doi.org/ 10.69643/ kaped. 1622662

Atef/ Cite as: Varinlioglu, S. & Bektas, O. (2025). Challenges faced by science teachers in assessing skills in STEM education.
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1 Bu ¢alisma, birinci yazarin ikinci yazar danusmanliginda yurittiigt doktora tezinden tretilmistir.
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Introduction

Constructivism emphasizes formative assessment, in which the teacher observes and evaluates as students
apply and internalize new knowledge during the learning process (Maslovaty & Kuzi, 2002; Oakes & Lipton,
1999). Therefore, the constructivist learning approach requires various types of assessment that more deeply
examine the structure and quality of students' learning and understanding (Hickey & McCaslin, 2001;
Vadeboncoeur, 1997). Significant developments in the nature and conceptualization of assessment and
evaluation have been observed in recent years, driven by the growing importance of constructivism (Gipps,
1999). Assessment and evaluation have evolved into both the outcome of the teaching-learning process and
an integral component of it (Brooks & Brooks, 1992). In this context, assessment and evaluation have
experienced a paradigm shift from a traditional to a broader educational assessment and evaluation approach,
transitioning from a culture of tests and exams to a culture of assessment (Gipps, 1994; Murphy & Torrance,
1988).

The alternative assessment emerging from the new paradigm promotes higher-order thinking, encompasses
learning outcomes and processes, integrates with instruction, and enables students to assess their work
(Shepard, 2000). Traditional assessment tools generally determine the extent to which cognitive skills have
been acquired. For this reason, the importance of measuring other skills is also increasing (Kylonen, 2012).

The constructivist approach has improved understanding of the relevance of students developing the
previously mentioned skills. (Bybee, 2013). Grounded in the constructivist approach, STEM education is a
learning methodology that promotes the development of these skills (Akgiindiiz, 2019). STEM education
fosters a blend of knowledge and skills across various disciplines, enabling a thorough development and
assessment of students (Honey et al., 2014; NRC, 2012). However, the problems encountered in measuring
and evaluating students' skills during the STEM education process have not yet been sufficiently understood
(Brophy et al., 2008). The issues faced in assessing the abilities obtained by students through STEM education
and analyzing their underlying causes have been inadequately addressed (Buhagiar, 2007; Cepni, 2018).

Skill refers to the capacity to attain a particular outcome with optimal precision while minimizing the
expenditure of energy and time (Guthrie, 1952). The world is continuously evolving, leading to the emergence
of increasingly complex skills (WEF, 2020). The 2024 Maarif Model Program in Tirkiye identifies skills
comprising domain, conceptual, social-emotional learning, and literacy skills (MoNE, 2024). This program
highlights the importance of imparting various skills, particularly vital skills such as 21st-century skills, to
students. In STEM education, students must acquire problem-solving, creative thinking, decision-making, and
critical thinking (Brophy et al., 2008). Honey et al. (2014) identify several goals of STEM education for
students, including STEM literacy, the development of 21st-century skills, preparedness for the STEM
workforce, fostering interest and engagement, and the capacity to integrate knowledge across STEM
disciplines. It is as important to measure the extent to which students have acquired these skills as it is for
them to acquire them themselves (Crane et al., 2003). In STEM education, assessment tools should be of a
nature that measures skills. In other words, assessment in STEM education should be capable of measuring
the higher-order thinking skills mentioned above (Fan & Yu, 2017; Saxton et al., 2014).

Although measuring skills in STEM education is important, there are issues in measuring various skills,
especially 21st-century skills. Therefore, it is necessary to focus on what can be done to measure and evaluate
these skills (Cepni, 2018). The literature suggests designs such as rubrics for measuring skills, but there are still
limited quality assessment tools suitable for STEM education (Saxton et al., 2014).

There are two characteristics that the assessment and evaluation of quality STEM education should possess
(Potter, 2017; Saxton et al., 2014; Sondergeld, 2014; Srinivasan, 2015). Firstly, assessment in STEM education
should enable students to demonstrate their knowledge and skills. Secondly, assessment in STEM education
should be able to measure various skills. Therefore, assessment in STEM education should be able to identify
higher-order thinking skills such as cognitive, affective, psychomotor, and 21st-century skills (Harwell et al,,
2015; Potter, 2017; Saxton et al., 2014; Sondergeld, 2014; Srinivasan, 2015; Tan & Leong, 2014; The Dayton
Regional STEM Center, 2017). Teachers implementing STEM activities should perform assessments and
evaluations based on the specified characteristics. Therefore, it is not sufficient for these teachers to use
traditional assessment tools in STEM education (Odabagi, 2018; Sardag et al., 2018). Utilizing alternative
assessment tools in conjunction with traditional assessment tools presents particular challenges for educators.
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In this context, this study aims to determine the opinions of science teachers who implement STEM activities
regarding the problems they encounter while using alternative assessment tools.

The literature reveals the inadequacy of teachers in alternative assessment (Tao, 2020). Therefore, studies have
shown that teachers are not sufficiently competent in assessing STEM activities (Fan, 2024; Zengin et al.,
2020). Some reasons show why teachers cannot use alternative assessment tools to measure various skills. For
example, the cost of photocopying, difficulties in preparing and organizing alternative assessment tools
(Gozitok et al., 2005; Sekel, 2007), difficulties experienced during implementation, parental reluctance
(Bayraktar & Cinar, 2010), the central examination system's emphasis on traditional assessment tools, students'
familiarity with results-oriented examination systems (Tezcan Sirin et al., 2022), the time-consuming nature of
evaluating alternative assessment tools, the inability to evaluate alternative assessment tools objectively, issues
related to wvalidity and reliability, the inability to manage the classroom during the implementation of
alternative assessment tools (Biyiiktokatlh & Bayraktar, 2014), and the inadequacy of classroom physical
structures (Radloff & Guzey, 2017). Therefore, this study has identified the problems teachers face
implementing STEM activities when measuring their students' skills using alternative assessment tools. Thus,
the authors identified problems similar to or different from those mentioned in the literature and aimed to
shed light on educators who wish to address the issues in alternative assessment and evaluation. In this
context, the study will contribute to the literature and raise awareness among researchers.

The lack of studies on alternative assessment in STEM education (e.g., Radloff & Guzey, 2017) has resulted in
teachers implementing STEM activities possessing limited awareness of assessment. Therefore, more studies
should be conducted on alternative assessment tools to solve the problems teachers face (Jeong et al., 2020).
Although there are many assessment tools in the literature to measure STEM-related skills, finding and
implementing all of these tools takes a significant amount of time for teachers (Cil & Cepni, 2018). Therefore,
there is a need for comprehensive and multidimensional alternative assessment tools that will create a culture
of measurement and evaluation. To rectify this shortcoming, it is necessary to identify problems when
measuring skills. From this perspective, this study will constitute an important step in initiating positive
actions to measure skills in future STEM activities.

Another notable point in the literature is that there is minimal emphasis on alternative assessment and
evaluation methods and their issues in studies related to the implementation of STEM activities (Sarican,
2017). Therefore, there are very few studies on assessment and issues in STEM education (Zengin, 2021).
From this perspective, this study will fill this gap in the literature and contribute to developing alternative
assessment tools by identifying the problems of science teachers. As the reason for this situation, the authors
of this study argue that alternative assessment tools should be used to determine the extent to which students
have acquired skills in STEM activities. Thus, by measuring more skills, an assessment suitable for STEM
education is conducted (Kutlu, 2006). Therefore, the authors of this study argue that the primary focus of the
alternative assessment process used by teachers to measure their student's skills should be on identifying the
problems. When these problems are identified, they believe practical alternative assessment tools can be used
in STEM education. From this perspective, based on their opinions, this study aims to identify the problems
experienced by science teachers who implement STEM activities in their classrooms while measuring skills in
STEM education. In line with this purpose, the research question of this study is: What are the problems
faced by science teachers who measure their students' skills in STEM education?

Method
Research Design
This study has utilized phenomenology, which is the design of qualitative research. Phenomenology is a
research design that examines events, perceptions, and experiences recognized but not fully understood in
detail (Patton, 2018). This research employs a phenomenological design to thoroughly examine science

teachers' challenges concerning skill measurement in STEM activities, which they recognize but do not fully
comprehend.

Study Group

This study used criterion and maximum diversity sampling, which are types of purposive sampling, by varying
the sample. Criterion sampling involves the examination of all instances that satisfy established criteria
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(Patton, 2018). This study selected science teachers who implement STEM activities in science classes as the
study group based on the criterion. Establishing a maximum diversity study group aims to identify common
occurrences across varied contexts (Creswell, 2013). This research sought to identify common occurrences in
STEM practices related to gender and school context by examining the participants' gender and their
respective schools. Therefore, the study group was formed by selecting two women and five men, seven
science teachers working in various public and private middle schools, science art center (BILSEM), and
public high schools affiliated with the Ministry of National Education (MoNE) in the provinces of K*** and
N*** during the 2021-2022 academic year. The study group selection considered the voluntary participation
of science teachers and their instruction of science across various grade levels. The participants have the
pseudonyms Cankat, Harun, Sevim, Buse, Murat, Ersin, and Mehmet. The demographic information of the
science teachers in the study group is provided in Table 1.

Table 1. Demographic Information of the Participants
‘The school where he/she is

Participants Gender The classes s/he teaches .

assigned
Cankat Male Fifth-eighth grade Science art center
Ersin Male Sixth grade The state middle school
Buse Female Seventh grade The state middle school
Sevim Female Ninth grade The state high school
Harun Male Fifth grade The state middle school
Mehmet Male Fifth grade The state middle school
Murat Male Fifth grade Private middle school

Data Collection Tools

This study used semi-structured interviews. An interview is an interactive data collection tool conducted in a
question-and-answer format for a predetermined, planned, and serious purpose (Creswell, 2013; Stewart &
Cash, 1985). In this study, one of the reasons for using interviews is the researchers' desire to gain a more
detailed understanding of the issues faced by science teachers in measuring skills during the implementation of
STEM activities. Additionally, the high response rate of participants during the interview and the ability to
record their immediate reactions to questions can be cited as another reason (Creswell, 2013).

Data Collection Process

The necessary institutional permissions and ethics committee approval (No. 105) for this study have been
obtained. Before starting the interview process, a literature review was conducted to create a pool of interview
questions. The opinions of a science educator were sought on which of these questions would be included in
the research. Therefore, questions have been created to identify the problems that science teachers encounter
while measuring skills during the implementation of STEM activities. In this context, an interview form has
been prepared. The interview form consists of sections that include general information-ethical explanations,
personal information, and open-ended questions. There are two open-ended questions and probes in the
interview. The interviews were conducted online via Zoom by the first researcher, lasting approximately 30-45
minutes. Video and audio recordings were made with the participants' consent during the interview, provided
that ethical rules were followed. The audio recordings obtained during the interview were transcribed and put
into written form. After the interview, the recorded discussions were transcribed and confirmed by the
participants, who signed them.

Data Analysis

This study used content analysis. Content analysis is a type of data analysis that aims to reach concepts that
can explain the obtained data and the relationships between these concepts (Merriam, 2018). The reason for
using content analysis in this study is to reach concepts and inter-conceptual relationships related to the
difficulties experienced in measuring skills. To address this issue, we initially examined the sections that lacked
clarity due to the interview data being recorded in spoken language. In cases where a word is reiterated in
spoken language, it is documented singularly in written form. The places where the participant made semantic

100



errors have been attempted to be corrected. Instead of the small, meaningless conversations the participants
asked themselves, ellipses (...) have been used.

Secondly, categories, subcategories, and codes have been created to identify meaningful data sets. In this
process, the researchers identified two different categories. Ideas were gathered from the supervisor regarding
the categories and codes, and necessary corrections were made based on the feedback received. For example,
the expert suggested that instead of the code "unable to find an alternative assessment tool suitable for the
subject-learning outcome in measuring cognitive skills," it might be better to revise it to "unable to find an
alternative assessment tool." After the necessary reductions, the researchers reached a consensus and
concluded the analysis process. These categories and subcategories are presented in Table 2. The findings
section presents each category in detail under its respective heading,

Table 2. Categories and Subcategories
Categories Subcategories
Objectives
Duration
Student level
Active participation
Integration of mathematics, technology, and engineering
Number of students
Unmeasurable Skills in STEM and Their Justification -

Problems in Measuring Skills in STEM

Validity is categorized into two types: internal validity and external validity (Merriam, 2018). This research
utilizes the findings of Eroglu and Bektas (2016) as a study of internal and external validity. Table 3 delineates
the validity assessments performed by the authors.

Table 3. Actions Taken for Validity Control

Long-term interaction
Participant and environment confirmation
Internal validity Sample triangulation

Validity E)Fpert review
Direct quote

Purposeful sampling choice
External validity Detailed descriptions
The role of the researcher

The first researcher created a communication group on their mobile phone for the interview. Before the
interview, the researcher gave a calming talk to reduce the participant's excitement. The first researcher read
the purpose of the study before starting the interview, obtained permission for the interview recording, and
stated that the information about the participants would remain confidential. The researcher avoided words
and actions that would disturb the participant during the interview. Additionally, he refrained from asking
leading questions or exhibiting guiding behaviors toward the participant. The interviews lasted between 30-45
minutes. After the participant's responses, the first researcher summarized the answers to the patticipant and
expected the participant to confirm the responses. The first researcher ensured that interview was conducted
in a quiet environment with uninterrupted internet connectivity. After the interview, the transcripts were
signed by the participants. The study employed criterion and maximum diversity sampling methods to
establish the study group. Therefore, a variety of study groups have been formed. Within the scope of the
expert review, the authors sought the opinions of an expert science educator on the selection of data
collection tools, the preparation and finalization of the interview form, and the organization of codes and
categories in qualitative research. The authors provided direct quotations related to the codes in the findings.

The authors performed three distinct studies, detailed in Table 3, to validate the transferability of the research
for other researchers. Initially, science teachers who engaged in the implementation of STEM activities were
selected. Participants for the study group were selected based on criteria including gender, grade level, and the
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schools in which they were employed. Secondly, each section of the study has been documented in
comprehensive detail. The role of each researcher has been clearly defined throughout the study.

Table 4. Actions Taken for Reliability Control

Consensus among coders

Internal reliability . . . .
/ Presenting findings without commenting on them

Reliability Verifying the alighment among the data analysis, results, and discussion

External reliabilit . . . L : .
Y sections with a specialist in science education

Table 4 shows the tresearchers' internal and external reliability studies. In internal reliability studies, the
researchers reached a consensus on the codes and presented the findings without interpretation. As an
external validity study, the researchers had the data analysis, results, and discussion sections verified by an
expert in qualitative research in science education.

Results
The researchers categorized the findings into two distinct groups. The authors have presented the codes for
each subcategory in tables. Direct quotes were employed as evidence to support each code. The authors have

incorporated direct quotes from various participants. The writers chose to include just one quote from each of
the three frequency groups (high, medium, and low).

Problems in Measuring Skills in STEM
Objectives

Table 5 presents the codes associated with participants' petceptions of the challenges encountered in assessing
skills in STEM relative to objectives. The participants recognized issues categorized under six distinct codes.
The writers have provided direct quotations corresponding to each code in Table 5.

Table 5. Codes for Participants in the Objectives

Participants Codes

Mehmet, Ersin, Mutat, Hatun  Inability to find an alternative assessment tool

. The inability of teachers to develop assessment tools appropriate to the learnin;
Harun, Ersin, Murat ty p pprop g

outcomes
Mehmet, Murat Students' grade anxiety
Mehmet, Harun The incompatibility of alternative assessment tools with the grading system

The inability to measure higher-order thinking skills, students giving random answers to

Murat
assessment tools

Mehmet, Ersin, Murat, and Harun expressed the difficulty of locating alternative assessment instruments for
measuring cognitive skills. Mehmet asserts, "Challenges arise in identifying assessment forms relevant to biology objectives.
Assessment  tools related to environmental subjects, cellular division, DNA, mutations, alterations, organisms, energy,
photosynthesis, and respiration are currently limited in availability. 1 believe it is an issue." Harun, Ersin, and Murat
contend that teachers cannot develop assessment instruments that align with the learning outcomes. Ersin
assetts, "I encountered challenges in ntilizing (developing) alternative assessment tools while executing biology-related activities due
to my difficulties in performing the tasks." Murat raised the concern over the inability to assess higher-order thinking
skills. Murat states: "... our challenge lies in integrating objective into daily life... The primary issue is present. He understands
the concept but faces considerable difficulties in its practical application. A challenge necessitating exploration and analysis... We
are struggling with everyday life problems."

Duration

Table 6 shows the codes related to the participants' thoughts on the problems experienced in measuring skills
in STEM in terms of time. The participants identified issues categorized under five distinct codes. Direct
quotes related to each code are presented in Table 6.

Table 6. Codes for Participants in the Duration
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Participants Codes

Murat Students' inability to complete skill questions, the time it takes to measure abstract concepts

Ersin The teachers do not have enough time to prepare the guidelines for the assessment tools

Cankat The measurement of affective skills takes time.

Harun The process of obtaining assessment tools suitable for measuring cognitive skills is time-
consuming.

The authors provided direct quotes from Murat, who has two different codes in the duration category, and
Cankat, who has one code. Indicating that he experienced problems in measuring time, Murat expressed this
issue from both the student and teacher perspectives. For example, concerning the challenge faced by
students in completing skill-based questions, Murat thought: "When a child moves from seventh grade to eighth and
sees the skill questions related to adapting the objectives learned under the new generation to daily life, they experience mmch
difficulty. The time is not enongh.” Cankat, on the other hand, stated that he had trouble assessing the students'
affective traits. Cankat stated: "...some affective gains are not gains that can be measured in a short time. A study should be
conducted for at least eight weeks to measure an attitude effectively. The literature says so. Therefore, if you say we should
constantly measure affective skills in real-time, 1 think you wonld be mistaken.”

Student Level

Table 7 presents the codes associated with the participants' reflections on the challenges faced at the student
level in assessing skills in STEM. The participants identified issues categorized under nine distinct codes.
Table 7 presents direct quotes associated with each code.

Table 7. Codes for Participants in the Student Level

Participants Codes

Murat, Sevim, Ersin, Harun ~ Students' familiarity with traditional assessment tools

Murat, Mehmet, Harun Low readiness

Mehmet The lack of STEM infrastructure for students

Harun Students receive help from their surroundings.

Ersin The relegation of affective skills to the background

Cankat Students' biases towards skill-related ass.essment forms, Students' reluctance to have
process-based assessments take a long time
The lower grades experience adaptation problems in the assessment and evaluation

Murat process, and the lack of teaching problem-solving skills to students in the lower

grades.

Murat, Sevim, Harun, and Ersin have talked about the issue of students being accustomed to traditional
assessment tools. Harun stated: "Due fo the high school entrance exam (LLGS), when we ask the students to do an activity,
they say, let us solve multiple-choice questions. The students have focused on the question. The child sees these activities as a waste
of time. Let us solve questions, Why should we bother with these? (they say). I tend to be more besitant in measuring various
skills in eighth graders.”” Ersin mentioned the issue of affective skills being sidelined in assessments. Ersin
explained: "I can say that 1 felt more comfortable measuring cognitive and psychomotor skills in the fifth, sixth, and seventh
grades. However, I think that the anxiety of the LGS negatively affects the measurement of these skills in eighth grade as well.
Due to the exams, measuring affective skills is being sidelined.”

Active Participation

Table 8 presents the codes associated with the patticipants' reflections on the challenges faced in actively
engaging in measuring skills within STEM. The participants have categorized the problems into four distinct
codes. Table 8 presents direct quotations associated with each code.
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Table 8. Codes for Participants in the Active Participation

Participants Codes

Mehmet, Cankat, Sevim Low readiness

Murat, Cankat Students' prejudice

Mehmet The inadequacy of physical conditions, The lack of STEM infrastructure for students

Mehmet, Cankat, and Sevim have mentioned the issue of low preparedness. Sevim stated: "Unfortunately, solving
problems is their top priority for some students. Therefore, the activities you do to develop and measure their creativity have little
impact on those students.” Murat and Cankat have mentioned the issue of students' biases. Murat explained: "There
is a problem with active participation. If you want, use the best of the Web 2.0 tools. If the youngster is prejudiced, they perceive
assessment and evaluation unfavorably."

Integration of Mathematics, Technology, and Engineering

Table 9 presents the codes associated with participants' perceptions of the challenges encountered in
integrating mathematics, technology, and engineering in assessing skills within STEM. The participants have
delineated issues categorized under six distinct classifications. Table 9 presents direct quotations
corresponding to each code.

Table 9. Codes for Participants in the Integration of Mathematics, Technology, and Engineering

Participants Codes

. . The inability to measure skills in the integration of science with mathematics and
Ersin, Mehmet, Cankat, Sevim

technology
Murat The inadequacy of mathematics achievements
Ersin The centrality of science and engineering

The lack of integration and assessment knowledge among teachers, Only the

Mehmet . . . . .
measurement of science subjects, Insufficient physical conditions

Ersin, Mehmet, Cankat, and Sevim have identified the challenge of assessing competencies in integrating
science with mathematics and technology. For example, Sevim stated: "... mathematical modeling is the area where
we are weakest because they have almost completely removed mathematics from the chemistry content. We do not rely heavily on
calenlations. 1 make sure that students do mathematical calenlations as mnch as possible”. Ersin mentioned the issue of
science and engineering being at the center. Ersin stated: "I can say that 1 can measure the integration of science and
engineering more easily because I can say that the children produced a product and that these products emerged as a result of
engineering integration. 1 can say that I have a problem with measuring the integration of science, mathematics, and technology
with alternative assessment tools.”

Number of Students

Table 10 presents the codes associated with participants' perceptions of the challenges encountered in
assessing skills in STEM, quantified by the number of students. The participants have categorized the issues
under a unified code. Table 10 presents direct quotes related to this code.
Table 10. Codes for Participants in the Number of Students
Participants Code
Mehmet, Ersin, Harun The overcrowding of the classrooms

Mehmet, Ersin, and Harun have mentioned the issue of crowded classrooms in skill assessment. Ersin stated:
"... As the number of students increases, onr difficulties in cognitive, psychomotor, and affective assessments also increase."

Unmeasurable Skills in STEM and Their Justification

Participants stated that they could not measure logical reasoning, affective, psychomotor, 21st-century,
mathematical modeling, interdisciplinary connection-making, design-oriented, and scientific process skills, and
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they provided their justifications for this situation. Table 11 consists of codes that express the justifications
provided by the participants for at least four skills. Table 11 presents direct quotations related to each code.
Table 11. Codes for Participants in the Unmeasurable Skills in STEM and Their Justification

Participants Codes

Murat, Mehmet, Ersin, Harun, Sevim Emphasis on cognitive skills

Mehmet, Cankat, Harun, Sevim Time constraint

Ersin, Murat, Cankat, Harun The teacher's inadequacy in assessment

The lack of sufficient alternative assessment tools and the difficulty in

Murat, Ersin, Cankat, Harun .
preparing them

Ersin, Murat, Mehmet The inadequacy of physical conditions

Murat, Ersin, Harun The intensive use of traditional assessment tools
Mehmet, Sevim The inadequacy of the student-level

Ersin The neglect of higher-order thinking skills in the scales

The preference for scales in academic work, The lack of validity and

Cankat reliability for the scales

Murat, Mehmet, Ersin, Harun, and Sevim expressed the reason for measuring various skills as the emphasis
on cognitive skills. For example, Ersin stated: "In our traditional assessment approach, cognitive skills are more
prominent, and we use alternative assessment tools mainly to measure cognitive skills."” Murat, Ersin, Cankat, and Harun
explained the reason for not measuring various skills as the lack of sufficient alternative assessment tools and
the difficulty in preparing them. Harun declared, "If we were provided with a lesson plan, sample scales, or materials fo
measure the skills, 1 believe we conld easily handle it." Cankat stated the reason for not measuring various skills as the
preference for scales in academic work and the lack of validity and reliability studies. Cankat said: "V alidity and
reliability studies need to be conducted. There may be many studies and theses, but it is debatable how accurate it is when applied
to onr BILSEM students. Therefore, 1 have not nsed such a scale until now, but 1 would probably use it if we were to conduct a
scientific study,”

Conclusion, Discussion, and Recommendations

Problems in Measuring Skills in STEM

This research has concluded that science teachers face many problems when measuring skills in STEM
activities. Teachers have problems regarding achievement, duration, students, active participation, and
integration. Among these problems are the inability to find alternative assessment tools, students' inability to
keep up with skill questions, students' familiarity with traditional assessment tools, low readiness, the inability
to measure skills in integrating science with mathematics and technology, and overcrowded classrooms.

The authors have concluded that science teachers could not find alternative assessment tools to understand
whether students have achieved STEM gains. This result is consistent with the studies of El Nagdi and
Roehrig (2022), Anil and Acar (2008), and Gerek (2006) in the literature. El Nagdi and Roehrig (2022) and
Gerek (2000) stated that teachers favor traditional assessment tools for measuring and evaluating student
skills. Gerek (2006) stated that the reason for teachers' preference for traditional assessment tools is that they
are easy to prepare and evaluate. Anil and Acar (2008) stated that teachers face serious difficulties using
alternative assessment tools; they are not sufficiently informed about them, their implementation requires
excessive time and financial resources, and they encounter problems preserving the assessment results.
Therefore, the authors of this study claim that teachers prepare these tools themselves due to the lack of
alternative assessment tools for STEM activities. This process leads teachers to abandon the assessment and
evaluation process because they do not have sufficient knowledge to prepare alternative assessment tools.
Therefore, the authors argue that teachers need training in preparing and implementing alternative assessment
tools for measuring skills in STEM education.

The authors have determined that students cannot answer skill-based questions in STEM activities
successfully. This outcome corresponds with the research conducted by Unsal and Kaba (2022). Unsal and
Kaba (2022) asserted that skill-based questions enhance students' problem-solving and advanced cognitive
skills. Conversely, Unsal and Kaba (2022) asserted that students with low academic performance experience a
sense of failure when they cannot resolve skill-based problems. The study's findings indicate that students'
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familiarity with multiple-choice questions, inadequate reading comprehension abilities, and insufficient focus
on assessing higher-order thinking skills in science classrooms may have contributed to their difficulties with
skill-based questions. Consequently, the authors assert that science teachers should prioritize activities
designed to cultivate higher-order thinking skills during STEM initiatives and allocate additional time to
children with lower academic performance.

The authors have concluded that students are accustomed to traditional assessment tools in STEM activities.
This result is consistent with Gelbal and Kelecioglu's (2007) and Senel Coruhlu et al. (2009) studies in the
literature. Gelbal and Kelecioglu (2007) concluded that teachers faced problems implementing alternative
assessment tools because these tools were not oriented toward centralized exams. The present study also
attributes teachers' preference for traditional assessment tools over alternative assessment tools in STEM
activities to multiple-choice questions used in centralized exams. Therefore, this study argues that alternative
assessment tools should be used in STEM activities. This argument will raise awareness among those
preparing to use alternative assessment tools for central exams.

The authors have concluded that students have a low level of preparedness in STEM activities, and this level
negatively affects their active participation. This result is consistent with the study by Karakaya and Yilmaz
(2022). According to Karakaya and Yilmaz (2022), the assessment and evaluation of STEM activities should
be carried out with the active participation of teachers and students. Birzina et al. (2021) concluded that
students are not ready for STEM learning and the evaluation process. Therefore, students' readiness is
influenced by changes in learning objectives, knowledge, understanding, skills, habits, values, and attitudes
(Kearney & Gatfield, 2019). Therefore, science teachers should measure students' readiness in the classroom
where they are conducting STEM activities for the first time and select activities and assessment tools
accordingly. The current study argues that teachers who support students' active participation in line with the
constructivist philosophy will determine their students' readiness. As a result, students can participate more
effectively in STEM activities and achieve meaningful learning,

The authors have concluded that science teachers cannot measure their students' skills in integrating science
with mathematics and technology in STEM activities. This result parallels the study by Gao et al. (2020). Gao
et al. (2020) stated that few programs assess interdisciplinary skills. Similarly, Pimthong and Williams (2018)
stated that pre-service teachers need interdisciplinary skill-based assessment and evaluation training. The
authors believe that students' skills cannot be measured in integrating science with mathematics and
technology due to STEM activities' multidimensional and complex nature. Additionally, the authors argue that
the lack of adequate training for science teachers in measuring interdisciplinary skills is also a factor in their
inability to conduct this assessment. Similarly, Gao et al. (2020) have emphasized that teachers evaluating
students in STEM education should pay attention to interdisciplinary learning and practices. Gao et al. (2020)
stated that the process of measuring interdisciplinary skills should be structured to provide feedback to
students. Additionally, Gao et al. (2020) stated that evaluating interdisciplinary connections in student
understanding would help determine whether an interdisciplinary STEM education program is achieving its
intended goals. In conclusion, the current study's authors argue that measuring and evaluating interdisciplinary
skills is important for effective STEM education and claim that this process will be improved through teacher
training. Therefore, the authors argue that researchers should use research designs such as action research,
experimental design, and nested design to provide teacher education.

The authors have concluded that science teachers face the problem of overcrowded classrooms during STEM
activities. This result parallels the study by Radloff and Guzey (2017). Radloff and Guzey (2017) mentioned
the importance of preparing a physical environment where the skills students will use to solve
multidimensional problems in STEM activities can be evaluated. From this perspective, the authors of this
study claim that teachers reduce the time they allocate for assessment and evaluation due to overcrowded
classrooms. Additionally, the authors suggest emphasizing activities that involve group work to ensure that the
time allocated for the assessment and evaluation process is sufficient for the students. Therefore, the authors
argue that science teachers should use alternative assessment tools suitable for group evaluation.

Unmeasurable Skills in STEM and Their Justification

The research findings indicate that science teachers engaged in STEM activities cannot assess logical
reasoning, affective, psychomotor, 21st-century, mathematical modeling, interdisciplinary connection-making,
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design-oriented, and scientific process skills. Teachers face challenges in measuring these skills due to the
focus on cognitive skills, insufficient alternative assessment tools, and the inadequacy of scales regarding
validity and reliability. The authors concluded that science teachers prioritized cognitive skills as the primary
factor contributing to their challenges in assessing various skills in STEM activities. Kaloyanova (2023) found
that teachers predominantly assess cognitive skills in the context of STEM education and that each STEM
activity possesses distinct characteristics, necessitating that educators assess various skills within each activity.
This study argues that science teachers should evaluate students' diverse skills in STEM activities.
Nevertheless, the authors contend that science teachers often prioritize assessing students' cognitive skills, as
they are familiar with an educational framework that predominantly evaluates academic achievement. The
authors suggest that an additional reason for this habit is the focus on assessing cognitive skill achievements
within the science education program. This study contends that the middle school science curriculum in
Tirkiye must be structured to assess the skills pertinent to the STEM education process. This study claims
that measuring these skills is unfeasible while the multiple-choice exam used for high school admission in
Turkey remains in place.

The authors conclude that science teachers struggle to assess various skills in STEM activities because of
insufficient alternative assessment tools and the challenges associated with their preparation. The findings
align with the research conducted by Tekin Poyraz (2018), Saxton et al. (2014), and Zengin et al. (2020).
According to Tekin Boyraz (2018), teachers face these challenges due to inadequate skills in assessment and
evaluation, along with the time-intensive demands of developing alternative assessment and evaluation
methods. Harris et al. (2023) emphasize the importance of teachers having sufficient alternative assessment
tools for process-based assessments. Kostur (2023) asserts the necessity for advancements in the alternative
assessment process within STEM education. Margot and Kettler (2019) assert the necessity for curricula that
facilitate the implementation of alternative assessment tools. The authors of this study contend that science
teachers face this issue due to inadequate literature review regarding alternative assessment tools. The inability
of science teachers to access adequate resources through the English literature, the primary language of
science, is a matter of concern. This study is significant for science teachers seeking to enhance their English
proficiency.

The authors found that science teachers could not effectively use the scales to assess skills in STEM activities,
as these scales were employed in academic research, and validity and reliability assessments could not be
performed. This outcome aligns with the findings of Karakaya and Yilmaz (2022) who indicated that science
teachers encountered difficulties due to their inability to design measurement tools with verified validity and
reliability. The authors of this study contend that employing measurement tools that lack adequate validity and
reliability assessments in STEM activities wastes time.

Suggestions

Based on findings:

e Science teachers and pre-service science educators require training in preparing and implementing
diverse alternative assessment tools.

e Science teachers should use research designs such as action research, experimental design, and nested
design in their study to improve the measurement of their students' skills.

e Science teachers should focus on activities that enhance their students' higher-order thinking skills in
STEM events.

e Science teachers should give more time to students with low academic performance.

e Science teachers should use alternative assessment tools for group evaluation in crowded classrooms.

e Science teachers should assess students' readiness before starting STEM activities and accordingly
select activities and assessment tools.

e The middle school science curriculum should be organized to measure the skills in the STEM
education process.

e Science teachers should improve their foreign language skills to access alternative assessment tools in
the literature.

Based on limitations:
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e This study was conducted using the phenomenological design within the qualitative research method.
Different studies addressing the issues encountered in skill assessment and evaluation in STEM
activities can be conducted using the action research design within the qualitative research method.

e This study was conducted with science teachers implementing STEM activities in their classes. Similar
studies can be conducted with pre-service science teachers

e In this study, a semi-structured interview was used as the data collection tool. Additionally, various
studies can be conducted using different data collection tools.
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GENISLETILMIS OZET

STEM egitiminde becerilerin dl¢tilmesi 6nemli olsa da 21. yiizyll becerileri basta olmak tizere gesitli becerilerin
Olctilmesinde sorunlar bulunmaktadir. Dolayisiyla, bu becerilerin Slgtilmesi ve degerlendirilmesi icin neler
yapilacaginin tzerinde durulmasi gerekmektedir (Cepni, 2018). Alan yazini, STEM egitiminde becerilerin
Olctilmesi i¢in rubrik gibi tasarimlar 6nerse de hentiz STEM egitiminin dogasina uygun nitelikli 6l¢me araclar
sinirlt kalmaktadir (Saxton vd., 2014). Nitelikli bir STEM egitiminde 6l¢gme degerlendirmenin sahip olmasi
gereken iki 6zellik vardir (Potter, 2017; Saxton vd., 2014; Sondergeld, 2014; Srinivasan, 2015). Birincisi, STEM
egitiminde Slgme degerlendirme égrencilerin bilgi ve becerilerini géstermelerine imkan saglamahdir. Ikincisi,
STEM egitiminde 6lgme degerlendirme cesitli becerileri 6l¢ebilmelidir. Dolayisiyla, STEM egitiminde 6l¢me
degerlendirme; biligsel, duyussal, psiko-motor ve 21. yiizyil becerileri gibi tst diizey disiinme becerilerini
belirleyebilmelidir (Harwell vd., 2015; Potter, 2017; Saxton vd., 2014; Sondergeld, 2014; Srinivasan, 2015; Tan
ve Leong, 2014; The Dayton Regional STEM Center, 2017). Bu calismada siniflarinda STEM etkinliklerini
uygulayan fen bilimleri 6gretmenlerinin goriisleri alinarak STEM egitiminde becerileri Slgerken yasadiklari
sorunlarinin tespit edilmesi amaglanmustir.

Calismada, nitel arastirma yonteminin Ozelliklerine uygun olarak, fenomenoloji deseni kullanilmistir. Bu
calismada Orneklem cesitlemesi yapilarak amagli 6rnekleme tiirlerinden olan 6l¢iit ve maksimum gesitlilik
6rneklemesi kullandlmustir. Olgiit olarak fen bilimleri dersinde STEM etkinliklerini uygulayan fen bilimleri
Ogretmenleri ¢alisma grubuna secilmistir. Calisma, maksimum cesitlilik 6rneklemesi ile cinsiyet ve okul
baglaminda STEM uygulamalarinda herhangi bir ortak olgunun olup olmadigint ortaya ¢ikarmaya calismistir.
Dolayistyla, ¢alisma grubu, 2021-2022 egitim-6gretim yilinda K*** ve N*** illerinde MEB’e baglt ¢esitli resmi,
6zel ortaokul, BILSEM ve resmi lisede gérev yapmakta olan iki kadin ve bes erkek yedi fen bilimleri 6gretmeni
secilerek olusturulmustur. Calisma grubu secilitken fen bilimleri 6gretmenlerinin géniilléi olmasi ve farklt sinif
seviyelerinde fen bilimleri dersini yiiriitmeleri dikkate alinmustir ve gerekli izinler alinmustir. GOriisme siirecine
baslamadan 6nce alan yazini taramast yapilarak gériisme sorulart havuzu olusturulmustur. Calismanin ikinci
yazart olan fen egitimcisinden uzman gorisi alinmistir. Ardindan, fen bilimleri 6gretmenlerinin STEM
etkinliklerini uygulamalart esnasinda beceri Glcerken karsilastiklart sorunlar belirlemeye yonelik sorular
olusturulmustur. Bu kapsamda goériisme formu hazirlanmistir. Goriisme formu, genel bilgilendirme-etik
aciklamalar, kisisel bilgiler ve acik uclu sorularin yer aldigt kisimlardan olusmaktadir. Bu katilimeilarla iki agik
uclu sorudan olusan yart yapilandirlmis goriismeler gerceklestirilmistir. Goriismeler birinci aragtirmact
tarafindan c¢evrimici olarak gerceklestirilmis ve katilimecilardan izin alinarak ses kaydi alinmustir. Ses kayitlari
yaztya dokilditkten sonra kategoriler, alt kategoriler ve kodlar olusturularak icerik analizi yapilmustir.
Calismanin gegerlik ve giivenirlik kontrolleri yapilmistir.

Calismada dogrudan alintilar yapilarak bulgular sunulmustur. Yiksek, orta ve distik frekansa sahip kodlardan
birer alinti verilmistir. Bulgular, STEM egitiminde beceri 6l¢mede yasanan problemler ve Ol¢lilemeyen
beceriler ve gerekcesi kategorileri olmak tizere iki baslik altinda incelenmistir.. STEM egitiminde beceri
Olgmede yasanan problemler kategorisi kazanim, siire, 6grenci, aktif katilm ve matematik, teknoloji ve
mithendislik ile entegrasyon alt kategorilerinden olusmaktadir. Olgiilemeyen beceriler ve gerekgesi kategorisi
tek baslik altinda verilmistir.

Calisma sonucunda STEM etkinliklerinde beceri dlgerken fen bilimleri 6gretmenlerinin kazanim, siire, 6grenci,
aktif katilim ve entegrasyon agilarindan gesitli problemlere sahip oldugu ortaya ¢ikmustir. Bu problemler
arasinda, alternatif Ol¢me aract bulamama, Ogrencilerin beceri sorularini yetistirememesi, 6grencilerin
geleneksel 6l¢me araglarina aliskin olmasi, diisitk hazir bulunusluk, entegrasyonda beceri 6l¢iimii yapilamamast
ve siniflarin kalabalik olmast vardir. Ogretmenlerin gesitli becerileri élcememe gerekeeleri olarak biligsel
becerilere agirlik verilmesi, yeterli alternatif 6lgme aracinin olmamast ve OSlgeklerin gegerlik ve giivenirlik
acisindan yetersiz olmalari sonucu ortaya ¢itkmustir. Fen bilimleri 6gretmenlerine ve 6gretmen adaylarina gesitli
alternatif 6lgme araglarini hazirlama ve uygulama egitimleri verilmesi ve fen bilimleri 6gretmenleri STEM
etkinliklerinde 6grencilerinin tst diizey distinme becerilerini gelistirmeye yonelik ¢alismalara agirlik verilmesi
Onerilmistir.
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