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Abstract
The aim of this study is threefold: (1) to present a valid and reliable scale in the 
framework of the Technology Acceptance Model; (2) to reveal factors affecting pre-
service science teachers’ intentions to use technology-based STEM; (3) to exam-
ine the effect of technology-based STEM education training on pre-service science 
teachers’ perceived ease of use, perceived usefulness, attitude, and intention. This 
study has two sections. Study 1 defined the reliability and validity of the Technol-
ogy Based-STEM Intention Scale (TB-STEMIS) in the framework of the Technol-
ogy Acceptance Model (TAM) with pre-service science teachers in Turkey. Study 
2 examined the pre-service science teachers’ intentions to use technology-based 
STEM and the impact of technology-based STEM education training on pre-service 
science teachers’ intentions concerning the TAM model. The results of the study 
revealed that the proposed model tested after STEM training is superior to the 
before STEM training. Findings also indicated that technology-based STEM educa-
tion training had a positive effect on pre-service science teachers’ perceived ease of 
use, perceived usefulness, attitude, and intention to use the technology-based STEM 
education. Finally, implications were discussed and recommendations were found 
for further studies in line with the limitations.
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1 Introduction

The emergence of diverse forms of technology allows the use of new technology 
in STEM (Science, Technology, Engineering, and Mathematics) education to trans-
form positively learning and teaching methods (Bell, 2016; Ng & Park, 2021). The 
use of educational technologies in STEM education such as augmented reality (AR), 
coding, and simulations should be one of the significant issues for researchers for 
an effective STEM education (Wu & Anderson, 2015). Undoubtedly, technology 
facilitates the discovery of STEM topics and encourages students to connect differ-
ent disciplinary opinions (Yang & Baldwin, 2020). Technology is a cognitive tool 
to improve students’ critical thinking skills, communicate, collaborate, and solve 
authentic problems (Ertmer & Ottenbreit-Leftwich, 2012; Nelson & Hawk, 2020). 
With the help of technology, lifelong learning is possible as well as teaching deeper 
and faster. In addition, learning with technology can take place not only in the class-
room, but wherever the student can fully concentrate on the learning process (Bell, 
2016; Hobbs et al., 2018). Therefore, it is important to disseminate STEM education 
with the help of technology. However, studies have shown that the only existence of 
technologies will not guarantee the quality of education; rather the quality of educa-
tion depends on how they are used in teaching and learning processes (Chauhan, 
2017; Stegmann, 2020; Tamim et al., 2011).

The teacher is among the key players (e.g. students, curriculum) in effectively 
integrating technology into STEM learning-teaching processes. A meta-analysis, 
conducted by Scherer and Teo (2019), concluded that teachers mostly integrated 
educational technology to be focused on "word processing, presentation, and infor-
mation tools" (p. 91) rather than on the supplying of authentic and active learning 
(Watson & Rockinson-Szapki, 2021). Some research findings also revealed that 
technology is insufficiently used by pre-service and novice teachers (Dawson, 2008; 
Kirschner & Selinger, 2003). Huang and Liaw (2005) stated that the level of tech-
nology comprehension is strongly depended on teachers’ acceptance of the technol-
ogy. Various recent studies revealed the significant influence of teachers’ acceptance 
of the technology on their intention to use technology in their future classes (e.g. 
Gurer, 2021; Menabò et al., 2021; Sungur-Gül & Ateş, 2021; Yeo et al., 2022). In 
order to effectively use technology in educational settings, teachers’ positive expe-
riences with technology use and their intentions to use technology are vital (Baek 
et al., 2008; Sungur-Gül & Ateş, 2021). For this reason, it is necessary to start with 
pre-service teacher education to effectively apply STEM education using technol-
ogy in classrooms (National Academies of Sciences, Engineering, and Medicine-
NASEM, 2019). Thus, it is necessary to identify factors influencing pre-service 
teachers’ intentions to use technology-based STEM education and the impact of 
technology-based STEM education training on these intentions to take actions pur-
posing to be willing to use it in their future classes. The main reason for searching 
pre-service teachers’ intentions to use technology-based STEM education is to better 
predict future technology-based STEM education use in teaching.

There are some studies examining pre-service teachers’ STEM teaching inten-
tions (e.g., Adams et  al., 2014; Aydogan Yenmez et  al., 2021; Karisan et  al., 
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2019; Lin & Williams, 2016; Vlasopoulou et al., 2021), intentions to use a spe-
cific technology such as augmented reality, mobile apps (Ateş & Garzón, 2022a, 
b), and technology use intentions in teaching (e.g., Watson & Rockinson-Szap-
kiw, 2021). However, to the best of our knowledge, there is no study investigating 
PST’ acceptance of technology-based STEM education and no study conducted 
the empirical impact of technology-based STEM education training on PST’ 
intentions. In addition, there was no scale developed to measure the pre-service 
teachers’ acceptance of technology-based STEM education in the framework 
of the Technology Acceptance Model (TAM). Therefore, current study aims to 
exhibit a valid and reliable Turkish version of the multiple-component scale to 
detect the factors influencing pre-service science teachers’ (PST) intentions with 
TAM. Moreover, study aims is to predict PST’ intentions to use technology-based 
STEM education and the effect of technology-based STEM education training 
on their intentions in the teaching process through the extension of the Technol-
ogy Acceptance Model (TAM) (Davis, 1989) as a psychological based theoretical 
framework. According to earlier studies, TAM is efficient in determining indi-
viduals’ acceptance and use of a particular technology (Hsu & Lin, 2022; Unal & 
Uzun, 2021). In these studies, participants’ acceptance of mobile devices and the 
Edmodo app, an educational technology, was examined by incorporating some 
research-specific variables (e.g. psychological influence factors) in the extension 
of the TAM model. At the same time, TAM provides individuals to explain the 
ease and usefulness of behavior with their statements (Davis, 1989). In this study, 
TAM was chosen, since it is an accepted well established technology acceptance 
theory that is also preferred by researchers to estimate research variables in the 
acceptance of new technology, for example when using mobile applications (Al-
Rahmi et al., 2022; Ateş & Garzón, 2022b), augmented reality (Ateş & Garzón, 
2022a). A key reason for examining pre-service teachers’ intentions to use tech-
nology is to better predict future technology use in teaching (Ateş & Garzón, 
2022a; Venkatesh et al., 2003).

The current study attempted to fill gaps and expand current literature with the 
following contributions to existing work. First, better understand which psychologi-
cally based constructs explain PST’ STEM teaching intention through technology, 
a Turkish version of the multiple-component scale was developed in the framework 
of TAM. Second, to understand the constructs of TAM including perceived useful-
ness (PU), perceived ease of use (PEOU), and attitude (ATT) and pre-service teach-
ers’ STEM teaching intention relationship better, this study also focused on testing 
a robust theoretical framework using innovative educational technologies including 
Mobile applications, Augmented reality, QR Code, 3D Modeling, Simulations, and 
Coding in STEM education. In line with the aim, the study investigated how such 
training changes the explanation variance on the intention variable and the relation-
ship coefficients on the variables in the TAM model. Third, considering the impor-
tance of technology in STEM education, this study aimed to conduct an implemen-
tation process assessing the effect of technology-based STEM education on PST’ 
PU, PEOU, ATT, and Behavioral Intention (BI).

In line with these aims, the following research questions were sought to examine 
in line with the main research objectives:
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1. Is the Technology Based-STEM Intention Scale (TB-STEMIS) in the framework 
of TAM reliable and valid?

2. How well does the TAM model explain PST’ intentions to use technology-based 
STEM education in their classes?

3. What is the impact of technology-based STEM education training on PST’ inten-
tions with regards to the TAM model?

2  Literature review and theoretical framework

2.1  Technology in STEM education

Covering the disciplines of science, technology, engineering, and mathematics, 
STEM is applied in educational settings by conducting different activities that ena-
ble students to ask questions, become persons who solve problems related to the 
real world, improve 21st-century skills, and make productive students (Adams et al., 
2014), increase interdisciplinary understanding and also improve students’ interest 
in STEM careers (Roehrig et al., 2012). Therefore, creating an appropriate STEM 
learning environment is important to enabling students to acquire STEM learning 
outcomes. However, designing such an environment is difficult because of removing 
the traditional boundaries of disciplines, the requirement for teachers to be proficient 
in all STEM disciplines, and students need to apply and learn simultaneously knowl-
edge of all disciplines in solving a problem (Yang & Baldwin, 2020). Moreover, 
students may entirely focus on hands-on activities, namely constructing prototypes 
and designing activities, and thus they do not naturally make connections to relevant 
concepts from STEM disciplines (Penner et al., 1997).

Educators and researchers progressively emphasized the potential benefits of 
using educational technology to increase STEM learning outcomes with the rapid 
development of information and communication technologies (Wu & Anderson, 
2015). Using immersive and interactive technologies (e.g., simulations, Augmented 
reality-AR) can promote the learning of STEM subjects, support for students to 
connect different disciplinary ideas, and also allow students to arrange mathemati-
cal and scientific ideas in a new path (e.g., constructing robots or creating content) 
(Yang & Baldwin, 2020). Moreover, the use of technology provides students and 
teachers to be ability to identify and solve larger problems (Beal & Cohen, 2012). It 
can be concluded that the efficient use of technology may facilitate to implementa-
tion of STEM education and its related innovative practices. In the current study, we 
used interactive educational technologies including mobile apps, augmented reality, 
QR codes, 3D modeling, simulation, and coding in STEM education. The relation-
ship between each educational technology and STEM education is explained and 
why they are preferred is below.

Mobile learning provides access to learning and assessment tools anywhere 
and anytime (Criollo-C et  al., 2018). Accordingly, many studies have reported 
that mobile learning can be used to reduce the challenges of STEM education 
(Almaiah et  al., 2016; Criollo-C et  al., 2018; Kong, 2018; Yeop et  al., 2019). 
Mobile learning can offer subject content more engagingly for effective STEM 



1 3

Education and Information Technologies 

learning and this motivates learners to spare their time for learning (Mutambara 
& Bayaga, 2020). Because of the potential benefits of mobile learning to STEM 
education, it is important to use mobile apps in STEM education.

Augmented reality is a 3D technology that combines the physical and virtual 
worlds in real time. Studies have emphasized that AR offers many educational 
affordances when used in STEM fields including conceptual understanding, sci-
entific inquiry learning, spatial ability, and practical skills (Cheng & Tsai, 2013; 
Ibáñez & Delgado-Kloos, 2018; Sırakaya & Sırakaya, 2020; Wu et  al., 2013). 
According to AR-STEM studies, various advantages such as increasing success, 
motivation and interest/willingness to learn, developing positive attitudes, and 
facilitating learning were identified by Sırakaya and Sırakaya (2020). These con-
tributions in educational settings revealed that AR is an effective tool for STEM 
education. Thus, we preferred some AR technologies (Anatomy 4D, Space 4D, 
Quiver, Element 4D) for STEM training in the study.

QR (Quick Response) code is a two-dimensional type of matrix barcode that 
encodes information. Using QR codes in education provides many advantages 
such as being an alternative to the problem of location (Law & So, 2010), estab-
lishing the relationship between teacher, student, and technology (Aktaş & Çaycı, 
2013). This is useful because of being fast, portable, and using Qr code can be 
used in non-school learning environments (Law & So, 2010). We used QR codes 
in STEM to create a digital presentation of the final product or summarize infor-
mation in product design due to the above reasons in the study.

3D modeling is the process of developing a mathematical representation of 
the object through special software and the product that emerges at the end of 
this process is called a 3D model (Spallone, 2015). Studies are showing that the 
3D design process develops students’ spatial skills (Liao, 2017; Luh & Chen, 
2013) and improve creativity (Chang, et  al., 2016). Moreover, computer-aided 
3D modeling technology offers the opportunity to create original designs for stu-
dents (Benzer & Yildiz, 2019). With the widespread use of STEM and the Maker 
movement, 3D modeling tools have become important for product design. In this 
study, we used Tincercad which is an online 3D modeling program, a free web 
app, and easy to use.

In the STEM fields, it can be difficult for students to access real materials, how-
ever, simulations allow students to experience a scientific phenomenon (D’Angelo 
et al., 2014). Due to the potential contributions of the simulations, just as permit-
ting people to examine a phenomenon at different physical scales and periods, many 
experts suggest that using simulations in the classroom can enhance student learning 
(NRC, 2011). Moreover, when the simulation is used, it has facilitated students to 
explore STEM topics and relate interdisciplinary ideas (Yang et al., 2020). In this 
study, the specific simulation technology used was the Algodoo software with 2D, 
free, and simple interface developed for physics concepts. The choice of Algodoo 
software is suitable for allowing students to design their simulations. Alan et  al., 
(2021) also concluded that Algodoo is a good tool for integrating STEM disciplines 
according to PST’ opinions. Similarly, Sungur Gül and Saylan Kırmızıgül (2022) 
found that although PST had some challenges using Algodoo, they were aware of 
the contributions of Algodoo simulations to STEM approach.
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Coding is the computer language that benefits from a series of syntax rules or 
blocks for primary school students that informs a computer program to perform a 
set of functions (Miller, 2019). Educational coding may be mentioned through inno-
vative methods in STEM education. Coding training develops 21st-century skills, 
especially computational thinking skills used for coding, and is critical for all STEM 
disciplines (Miller, 2019; Prinsley & Johnston, 2015). For this reason, we used the 
“Scratch” coding program, which is a blocks-based programming language devel-
oped by MIT in the study.

2.2  Technology acceptance model (TAM) variables

Technology Acceptance Model (TAM) is proposed to predict factors affecting 
individuals’ behavioral intentions to use new information technology. TAM was 
developed by Davis (1989) and derived from Fishbein and Ajzen’s (1975) Theory 
of Reasoned Action (TRA). TAM includes four variables as Perceived usefulness 
(PU), Perceived Ease of Use (PEOU), Attitude towards use (ATT), and Behavio-
ral Intention (BI) to use technology (see Fig. 1). Two main constructs of the users’ 
technology system adoption are PU and PEOU. PU refers to the extent to which an 
individual believes that using a particular system would improve his/her job per-
formance, and PEOU refers to the extent to which an individual believes that using 
a special system would be free of effort (Davis, 1989). According to the original 
TAM, PU and PEOU directly affect the BI to use technology; furthermore, PU is 
directly impacted by PEOU. BI to use of technology is situated to be impacted by 
ATT toward using. Both PU and PEOU jointly impact ATT toward use (Davis, 
1989).

Although the first version of the TAM attempted to understand individuals’ com-
puter use, over time, the use of the model for the computer field has evolved into 
different technologies. The model has easily adapted to various study contexts such 
as computer science information systems (e.g., Kimiagari & Baei, 2021), business 
(e.g., Cengiz & Bakırtaş, 2020), environmental sciences (e.g., Shin et  al., 2022), 
management (e.g., Parikh et al., 2021), psychology (e.g., Sagheer et al., 2022), and 
educational research (e.g., Ateş & Garzón, 2022a). Among them, recently research-
ers have used the TAM framework in education-based studies such as mobile 
technology acceptance (e.g., Sungur-Gül & Ateş, 2021), augmented reality (e.g., 

Perceived 
Usefulness

Perceived 
Ease of Use

Attitude 
toward Use

Behavioral 
Intention to Use

Fig. 1  Technology acceptance model (TAM) (Davis, 1989)
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Papakostas et al., 2022), iPad use (e.g., Do et al., 2022), digital learning platforms 
(e.g., Songkram & Osuwan, 2022), and adoption of CCtalk (e.g., Wang et al., 2022). 
Further, TAM is considered to be one of the most widely used theoretical frame-
works in predicting and explaining teachers’ intention to use technologies such as 
mobile learning (e.g., Ateş & Garzón, 2022b), augmented reality (e.g., Ibili et al., 
2019), QR code (e.g., Lai et al., 2013), and 3D modeling (e.g., Ibili et al., 2019) and 
STEM teaching intentions (Aydogan Yenmez et al., 2021; Vlasopoulou et al., 2021). 
For example,in a study from Teo et al., (2017), a video stimulus containing innova-
tive (making new models, the evolution of group projects in a wiki environment) 
and traditional technologies (teaching with ready-to-use presentations, teaching with 
ready-to-use models, knowledge testing with ready-to-use tests) was developed. The 
reason for this was explained as the perceived difficulties of teachers regarding the 
use of technology. In a recent study, Jang et al., (2021) examined the determinants of 
Korean teachers’ intentions to use augmented reality and virtual reality for learning 
using the TAM model. The study revealed that, as expected, ATT had a significant 
influence on BI, and PEOU and PU had a significant influence on ATT. In another 
study, Ibili et al., (2019) confirmed the TAM model to examine mathematics teach-
ers’ level of acceptance and understand their intention to use the augmented real-
ity geometry tutorial system. Among the studies examining STEM teaching inten-
tions, in a study conducted by Vlasopoulou et al., (2021), the TAM was confirmed 
to understand in-service teachers’ intentions regarding the integration of STEM 
education in primary schools in Greece. Based on above mention statements, this 
study tested TAM as a conceptual framework to understand PST’ intentions to use 
technology-based STEM education, We also investigated the impact of technology-
based STEM education training on PST’ intentions with regards to the TAM model.

3  Method

We prepared this section as study 1 and study 2. TB-STEMIS was developed in the 
framework of TAM in study 1. Experimental research was conducted in study 2.

3.1  Study 1

3.1.1  Sample and data collection

Data for this study were collected from universities in several cities in Turkey 
through a self-administered online survey with the help of Google Forms from 
October 2020 to January 2021. The sample of the study consisted of 159 under-
graduate students (called also PST) studying in the department of science educa-
tion, determined by using the convenience sampling method. In Turkey, the depart-
ment of science education provides education to train science teachers who think, 
research, examine, are creative, scientifically literate, and can use modern education 
and teaching techniques. The curriculum of this department is prepared by the Turk-
ish Council of Higher Education and the education period is four years. Graduates 
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of this department teach basic information about physics, chemistry, and biology 
involved in science curriculum to middle school students. In the current science 
curriculum, technology is emphasized within the scope of science, engineering, 
and entrepreneurship practices. Moreover, it is stated that science must be associ-
ated with technology, engineering, and mathematics disciplines (Ministry of Edu-
cation-MoNE, 2018). Of these participants, 136 (85.5%) were female, 23 (14.5%) 
were male and regarding grade levels, 42 (26.4%) were in their first year of teacher 
training, nine (5.7%) were in the second year of their education, 22 (13.8%) were 
studying in the third grade, 51 (32.1%) were in the fourth grade, only 4 (2.5%) were 
receiving education at the fifth or higher grade level. 31 (19.5%) postgraduate stu-
dents who do not actively pursue their teaching profession and continue their mas-
ter’s and PhD education are also included in this research.104 (65.4%) pre-service 
teachers stated that they heard of the STEM concept earlier while participants’ expe-
rience in STEM education (e.g. at national projects, undergraduate courses etc.) 
was limited (19.5%). National projects in which pre-service teachers participate 
are focused on the theoretical framework of STEM and designing STEM activities 
within the framework of the engineering design process, applied activities, robotic-
coding, technology-enhanced STEM etc. Similarly, pre-service teachers stated that 
they were educated about the conceptual framework of STEM and prepared STEM 
activities in undergraduate courses such as Special Teaching Methods, Science 
Teaching, and Laboratory Training in Science Teaching. When we examine the 
Teacher Education Undergraduate Programs, it is seen that there is no direct course 
about technology-enhanced STEM or STEM, but there are courses such as Inter-
disciplinary Science Teaching, and Information Technologies (Turkish Council of 
Higher Education, 2018). Finally, 34% had experience in technology-based courses 
while participants’ experience in technology-based STEM education (15.1%) was 
very limited.

3.1.2  Data collection tool and data analysis

In order to develop the scale used in the current study, we adapted items from ear-
lier validated instruments to the current study context (Ajzen, 2002, 2006; Davis, 
1989; Davis et  al., 1989; Nikou & Economides, 2017; Venkatesh, et  al., 2003). 
Table  1 provides information from which studies the constructs and items were 
adapted to the current study. The initial scales and items were re-arranged with the 
help of experts’ reviews working on the department of science education and infor-
mation and communication technology (i.e., editing sentence structures and gram-
mar, changing some words, etc.). Then, a pilot test was implemented to pre-service 
teachers to increase the clarity of items and test whether the scale items are suitable 
for the study. Based on the results of the pilot test which is a preliminary test of 
the final version, items were modified. The constructs and items were first prepared 
in English and then translated into Turkish by translation-back-translation method 
suggested by Esfandiar et al., (2019, 2020). The translation was made by two aca-
demics who have language competency in both Turkish and English and have who 
have knowledge of the literature on the subject of this study to ensure linguistic 
equivalence.
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A final self-administered scale was composed of three parts. The first part 
includes the aim of the study, expectations from participants, ethical statements 
including ethical approval, statement of human rights, and statement of informed 
consent, and a description of educational technologies and STEM concepts. The 
second part of the scale was respondents’ demographic information including gen-
der, grade level, and STEM education background. The third part consisted of items 
and constructs (four items for ATT attitude for use), five items for PU, four items for 
PEOU), and three items for BI to use included in the TAM. To conclude, a total of 
16 items and four constructs were measured on a five-point Likert-type scale, rang-
ing from strongly disagree (1) to strongly agree (7).

Descriptive statistics analysis was conducted to evaluate the normality of data 
and sampling adequacy by using SPSS V.20. And then, we performed two phase 
SEM approach proposed by Anderson and Gerbing (1988) using maximum likeli-
hood estimation in the study: Measurement model and structural model. During the 
testing of the measurement model, a confirmatory factor analysis (CFA) obtained in 
the current study was utilized to test reliability and validity among items and con-
structs. Then, the structural model was tested to evaluate the associations among 
constructs. The results are presented in Section 4.1.

3.2  Study 2

3.2.1  Research design

In this section of the study, the quantitative method was used with a one-group pre-
test–posttest design to determine the effect of the integration of technology-based 
STEM education on PST’ intentions. The reason why the single-group pre-test and 
post-test design was used is that it is useful in the development and implementa-
tion of a new training module (Creswell, 2012). In this design, pre and post-tests 
were compared with each other based on several same scales to determine whether 
technology-based STEM education is effective.

3.2.2  Participants

The participants of the study were determined using convenience sampling from 
volunteered 37 PST who were educated in the fourth grade at the faculty of educa-
tion in the autumn semester of 2020–2021 in Turkey. It is important to support PST 
in terms of utilizing new technologies in STEM education (Ng & Park, 2021), offer-
ing their students a learning environment based on STEM, and using technology 
more effectively (NASEM, 2019). Among the participants, 78.4% (29) were female, 
and 21.6% (8) were male. A great majority of them (83.8%) stated that although 
they heard of the concept of STEM, 73% of the participants didn’t take any STEM 
course (e.g., at national projects, undergraduate courses, etc.) and almost half of the 
participants (48.6%) had not a course on the using of technological applications pre-
viously. Further, their experience with technology based STEM education was very 
limited (16.2%).
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3.2.3  Data collection tool

In study 2, we used TB-STEMIS, whose reliability and validity were studied using 
CFA in study 1. Cronbach’s alpha reliability coefficient of the scale was found as 
0.929. The reliability values of each construct ranged 0.864 from to 0.894.

3.2.4  Experimental process

An intervention was implemented to examine the impact of technology-based STEM 
activities on the Technology Acceptance Model (TAM) on PST. All the implemen-
tation process was carried out by researchers working as faculty members in the 
science education department of universities. During the process, the participants 
received credits determined by the Turkish higher education institution and no extra 
time was set. All the experimental process was conducted in accordance with ethical 
principles determined by the declaration of Helsinki (The World Medical Associa-
tion, 2018) and the American Psychological Association (2017).

The researchers prepared a course content related to technology-based STEM 
education for participants who take course ‘Special Teaching Methods-II’ conducted 
by the first researcher. The course includes the following subjects: Teaching strat-
egies and practices commonly used in science teaching; (scientific process, engi-
neering, and design skills, inquiry-based teaching strategy, argumentation, concept 
cartoons, predict-observe-explain, and learning cycle (5E and 7E); problem-based 
teaching method, project-based teaching method, case-based teaching method, role-
playing, drama, context (life) based learning in science teaching, etc.); preparing and 
implementing a lesson plan based on the use of teaching methods and techniques; 
examination of science teacher competencies, and current teaching approaches 
in science teaching (Turkish Council of Higher Education, 2018). The reason for 
choosing this course is that it is the most appropriate course for integrating edu-
cational technologies and STEM education in the teacher education undergraduate 
program and allowing to integration of content-specific methods and techniques 
with content knowledge.

The study group consisted of 37 PST divided into several heterogeneous groups. 
Thus, PST experienced technology-based STEM education through collaborative 
study groups for 14 weeks. Table 2 contains detailed information about the course 
content. The researchers consulted the opinions of two experts from science and 
STEM education in terms of criteria such as being suitable for STEM education, 
widespread use, suitable for the content of the course, and low cost, and thus they 
decided on the educational technologies and apps given in Table 2.

PST were informed the about the implementation of the technology-based STEM 
course contents and what is expected from them in the first week. In particular, they 
were asked to attend the course with a mobile device or laptop required by the app/pro-
gram every week and to prepare a STEM lesson plan in the 5E teaching model as sug-
gested by researchers (Bybee, 1997; Ünlü & Dökme, 2022) according to that week’s 
topic. The groups experienced teaching performance in a real classroom environment, 
and after the lesson process was completed, the other groups were expected to pre-
pare a STEM activity plan for that week’s subject (apps/program) to be delivered the 
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following week. Then, participants were asked to fill in the PEOU, PU, ATT, and BI 
questionnaires as a technology based STEM education pre-test. STEM education was 
deeply and theoretically explained in the second week with the active participation of 
the participants.

Mobile learning methods in STEM education, mobile tools, and various mobile 
apps were introduced, and some apps (Anatomy 4D, Space 4D, Plickers, Sky map, etc.) 
were experienced by PST in the third week. A group of PST showed the spacecraft 
from the Space 4D app and implemented a Space exploration vehicle activity as if they 
are in a real classroom environment in the fourth week.

The relationship between STEM education and augmented reality were theoretically 
established with the active participation of the participants in the fifth week. In addi-
tion, some apps/technological programs were introduced to the participants and they 
experienced in using them with the support of the instructor. Then, a group of PST 
introduced SkyView® Lite app to examine the stars in a daytime and night and pre-
sented a STEM activity that prevents light pollution.

In the 6th week, the relationship between QR codes and STEM education was dis-
cussed and sample apps were shown to PST. They experienced a QR code generator 
app and a group of PST prepared a recycling bin activity that contains QR codes. Thus, 
PST performed a STEM teaching process to their colleagues using QR codes.

The theoretical framework of 3D modeling in STEM was mentioned to the PST and 
the pre-service teachers learned the use of the Tinkercad program, which is an effec-
tive app in 3D modeling, from the corporate website called "Bilgeiş", by experiencing 
the "Introduction to 3D modeling" courses in the seventh week. Then, they designed 
sample practices for the use of the Tinkercad program in STEM. In the eighth week, 
a group of PST designed an activity called "Removing tables with pascal principle" in 
the Tincercad program with the focus on the Pressure subject.

In the ninth week, the theoretical framework and importance of using simulations in 
STEM education were mentioned, and Algodoo, a current program in the use of simu-
lation, was introduced to them. PST gained knowledge and skills about the use of Algo-
doo by preparing simulations for the contents of STEM education. In the tenth week, a 
group of PST used the Algodoo program to design a submarine.

Between 11 and 13 weeks, the importance of coding in STEM education and how 
it should be were discussed with pre-service teachers. Scratch, an app where individu-
als from all age groups can easily produce projects in coding, was introduced and a 
detailed education was provided for its use. Finally, in the 14th week, a group of PST 
designed a Space pollution cleanup vehicle in the Scratch app, focusing on The Solar 
system and beyond: Space studies unit.

Some examples of technology-based STEM activities of PST are presented in Fig. 2. 
Finally, the PST were asked to complete post-tests again to identify a possible change 
in their PU, PEOU, ATT, and BI.

3.3  Data analysis

Firstly, testing the goodness of fit of the structured model, model comparison, and 
path analysis were conducted in the second phase of SEM proposed by Anderson 
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and Gerbing (1988) with AMOS. Secondly, reliability analysis, descriptive statistics 
including mean and standard deviation, and inferential analyzes including t-test were 
performed with SPSS. Finally, the paired sample t-test was conducted to analyze the 
effect of technology-based STEM education on PST’ intentions to use technology 
based STEM education.

4  Findings

The findings include the results of study 1 and study 2. Firstly, the reliability and 
validity of the TB-STEMIS were tested by using CFA. Then, model comparison and 
path analysis based on the TAM model were conducted to evaluate the effective-
ness of the technology-based STEM training. Finally, the impact of the experimental 
process on PST’ ATT, PU, PEOU, and BI were examined using paired sample t-test.

4.1  Testing reliability and validity of the scale

So as to evaluate the reliability and validity of the TB-STEMIS, CFA was conducted 
using a maximum likelihood estimation method (Anderson & Gerbing, 1988). In 

Fig. 2  Some examples of technology based STEM activities
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this process, as seen in Table 3, the validity (convergent and discriminant validity) 
and reliability (Cronbach Alpha and composite reliability) of the constructs were 
examined (Fornell & Larcker, 1981). According to the results of the goodness-of-fit 
statistics showed an adequate fit to the data (χ2 = 1614.241, df = 588, χ2/df < 0.001, 
Comparative Fit Index [CFI] = 0.92, Incremental Fit Index [IFI] = 0.92, Tucker-
Lewis Index [TLI] = 0.91, Normed Fit Index [NFI] = 0.91, Root Mean Square Error 
of Approximation [RMSEA] = 0.06). All the factor loadings and the average vari-
ance extracted (AVE) exceeded 0.50 and the coefficient alpha was greater than the 
recommended value of 0.70 (Hair et al., 2017; Kline, 2015). The values of compos-
ite reliability were between 0.87 and 0.94 which were more than the suggested value 
of 0.60 (Bagozzi & Yi, 1988). Finally, all of the AVE values were above the square 
of correlations between constructs as Fornell and Larcker (1981) suggested. These 
findings showed that both reliability and validity are provided.

4.2  Model comparison

In the current study, there were two different model testing processes. The TAM 
model was tested before and after STEM training. The Structural Equation Mod-
eling (SEM) was performed to evaluate the proposed models at two different times. 
The structural conceptual model adequately fits the data in the STEM education con-
text before (χ2 = 402.312, df = 161, p < 0.001, GFI = 0.91, CFI = 0.931, IFI = 0.930, 
TLI = 0.922, IFI = NFI = 0.90, [SRMR = 0.058, RMSEA = 0.055) and after STEM 
implications (χ2 = 402.213, df = 169, p < 0.001, χ2 /df = 2.613, GFI = 0.93, 
CFI = 0.943, IFI = 0.939, TLI = 0.938, IFI = NFI = 0.092, [SRMR = 0.051, 
RMSEA = 0.050). The findings of the study showed that the proposed model tested 
after STEM training (χ2 /df = 2.38) is superior to the before STEM training (χ2 
/df = 2.50). Further, the conceptual model after STEM training  (R2 = 0.62) had 
greater power in predicting PST’ intentions to use technology-based STEM educa-
tion in their classes than before the STEM training  (R2 = 0.49). These results imply 
that interventions involving STEM based educational technologies including mobile 
applications, augmented reality, QR codes, 3D modeling, simulations, and coding is 
more effective in explaining PST’ intentions to use technology-based STEM educa-
tion in their classes than before the intervention process.

Table 3  Results related to the measurement model

ATT  Attitude, PU Perceived Usefulness, PEOU Perceived Ease of Use, INT Intention, α Cronbach’s 
Alpha, AVE Average Variance Extracted, CR Composite Reliability, SD Standard Deviation

Constructs 1 2 3 4 α AVE
√

AVE CR

1. ATT – 0.88 0.78 0.88 0.93
2. PU 0.808 – 0.87 0.73 0.85 0.93
3. PEOU 0.467 0.511 – 0.86 0.81 0.90 0.94
4. INT 0.534 0.647 0.549 – 0.85 0.69 0.83 0.87
Mean 4.45 4.44 3.80 4.18 – – – –
SD 0.66 0.62 0.70 0.78 – – – –
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4.3  Path analysis

Path analysis was performed to test the role of constructs of the TAM model 
on PST’ intentions to use technology-based STEM education in their classes. 
SEM results revealed that variables of the model were significantly related to 
intentions to use technology-based STEM education in both time intervals. In 
particular, importance of high ATT (βbefore experiment = 0.27, βafter experiment = 0.39, 
p < 0.01) and PU (βbefore experiment = 0.29, βafter experiment = 0.42, p < 0.01) signifi-
cantly strengthen PST’ BI to use technology-based STEM education. In addi-
tion, PEOU (βbefore experiment = 0.31, βafter experiment = 0.43, p < 0.01), and PU 
(βbefore experiment = 0.33, βafter experiment = 0.44, p < 0.01) had a significant direct 
effect on ATT. The hypothesized association between PEOU and PU was sig-
nificant (βbefore experiment = 0.23, βafter experiment = 0.30, p < 0.01). Finally, consider-
ing explanation power, PEOU and PU explained 41% and 46% of the variance 
in ATT before and after the experiment, respectively. In addition, 21% of the 
total variance in PU was accounted for by PEOU before the experimental pro-
cess, while the ratio was found as 29% when the implementation process was 
completed. Lastly, 42% of the variance in BI was explained by PU and ATT, 
while this explanation was found as 49% after the implementations. The findings 
obtained from the structural model are indicated in Fig. 3 and Table 4.

4.4  Experimental results

One of the purposes of the current study was to examine the effectiveness of 
technology-based STEM education in improving PST’ PEOU, PU, ATT, and 
INT. The mean values and standard deviations (SD) of the pre-test ratings were 
3.88 and 0.67 for the PEOU, 4.52 and 0.56 for the PU, 4.51 and 0.70 for the 
ATT, and 4.29 and 0.66 for the BI. Regarding post-test results, mean values and 
standard deviations were found as 4.25 and 0.72 for the PEOU, 4.79 and 0.65 
for the PU, 4.72 and 0.62 for ATT, and 4.61 and 0.88 for the BI. In addition, a 
paired-samples t-test was performed to examine the effect of technology-based 
STEM education on the constructs involved in the proposed model. There was a 
statistically important increase in scores from pre-test to post-test for four con-
structs including PEOU (t(36) = 0.58, p = 0.029), PU (t(36) = 0.46, p = 0.036), 
attitude (t(36) = 0.54, p = 0.041), and BI (t(36) = 0.70, p = 0.020). These results 
suggest that the PST’ PEOU, PU, ATT, and BI in the postquestionnaire were sig-
nificantly above than their prequestionnaire ratings, indicating that the technol-
ogy-based STEM approach seems to have positively affected the acceptance of 
technology based STEM activities by them. Overall, this study experimentally 
shows that when an intervention was made on the constructs in the TAM model, 
it changed the relationship between the constructs and intention as well as the 
explained variance on intention. Tables 5 and 6 present the results of descriptive 
statistics and the paired-sample t-test.
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Fig. 3  The structural model results

Table 4  SEM results of the 
structural model assessment

No experimental inter-
ventions

Technology-based 
STEM course contents

Pathway Path coef-
ficient (β)

t-value Path coef-
ficient (β)

t-value

PEOU → PU 0.23 5.59 0.30 6.66
PEOU → ATT 0.31 7.42 0.43 10.12
PU → ATT 0.33 7.77 0.44 10.39
PU → INT 0.29 7.01 0.42 9.78
ATT → INT 0.27 6.33 0.39 8.83

Table 5  Descriptive statistics 
for pre and post test scores 
toward perceived ease of use, 
perceived usefulness, attitude, 
and intention

Construct Pre-test Post-test

Mean Standard 
deviation

Mean Standard 
deviation

Perceived Ease of Use 3.88 0.67 4.25 0.72
Perceived Usefulness 4.52 0.56 4.79 0.65
Attitude 4.51 0.70 4.72 0.62
Intention 4.29 0.66 4.61 0.88
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5  Discussion

In this paper, researchers wanted to carry out the reliability and validity of the Tech-
nology Based-STEM Intention Scale (TB-STEMIS). In addition, the study exam-
ined the TAM model to explain PST’ intentions to use technology-based STEM 
education in their classes. Furthermore, the study investigated the impact of tech-
nology-based STEM education training on PST’ PEOU, PU, ATT, and BI. Many 
previous studies investigated PST’ intention to use technology (e.g., Ateş & Gar-
zón, 2022b; Baydas & Goktas, 2017; Gurer, 2021; Scherer & Teo, 2019). However, 
no study empirically examine pre-service teachers’ intentions for technology-based 
STEM education. The study presented three important results.

First, the results emerged that the TB-STEMIS indicates a high internal consist-
ency. A four-factor structures including PEOU, PU, ATT, and BI was confirmed. 
Correlations between the four dimensions were found as expected. In conclusion, 
the TB-STEMIS is a valid and reliable scale measuring PST’ intentions to use tech-
nology-based STEM education in their future classes. In the past studies, the valid-
ity of the TAM model has been tested with many current technologies such as aug-
mented reality, 3D modeling, and iPad use (Akçayır et  al., 2016; Do et  al., 2022; 
Ibili et al., 2019).

Second, the study aimed to examine how the TAM model explains PST’ inten-
tions to use technology-based STEM education in future classes. According to 
the results of the SEM analysis conducted to test the proposed models at two dif-
ferent times, the structural conceptual model well provided a goodness-of-fit to 
the collected data. This finding is consistent with past research on different kinds 
of technologies, for several samples (Edmunds et  al., 2012; Teo et  al., 2015; Teo 
& Milutinovic, 2015). All fit values revealed that the proposed model tested after 
STEM training is higher than before STEM training. This mean when PST consider 
technology-based STEM education as useful and easy to use, they are more posi-
tive towards using it, and these positive feelings toward the use of technology-based 
STEM education foster to adopt it. Moreover, the model after STEM training was 
more capable of explaining more than half of the variance  (R2 = 0.62), exhibiting a 
bigger explained variance than in former reports (Eksail & Afari, 2020; Teo et al., 
2012), than before STEM training  (R2 = 0.49) concerning PST’ intentions to use 
technology-based STEM education in future classes. In other words, technology 
(e.g. mobile applications, 3D modeling, simulations) enhanced STEM training is 
more powerful in explaining PST’ intentions to use technology-based STEM educa-
tion in their classes than before the intervention process. Although the explanation 

Table 6  The paired sample t-test 
result of learning attitude

Pairs and constructs t p

Pair 1 Pre-Test (PEOU) – Post-Test (PEOU) 0.58 0.029
Pair 2 Pre-Test (PU) – Post-Test (PU) 0.46 0.036
Pair 3 Pre-Test (ATT) – Post-Test (ATT) 0.54 0.041
Pair 4 Pre-Test (BI) – Post-Test (BI) 0.70 0.020
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variance is not low at the beginning, the increase after the training is remarkable. 
This result means that, a training about the use of these technologies in STEM edu-
cation is necessary in order to positively affect their intentions. The results of the 
path analysis showed that variables of the TAM model were significant in affecting 
PST’ intentions to use technology-based STEM education in their classes before and 
after the experiment. It is important to note that, all values obtained after the experi-
ment had stronger effects than before the experiment. In detailed, PST’ intentions 
to use technology-based STEM education were significantly impacted by ATT and 
PU which is similar to previous research findings (Teo et  al., 2012; Yuen & Ma, 
2008). PU had the most powerful effect on the BI in agreement with the literature 
(Buchanan et al., 2013; Teo & Noyes, 2014). This finding indicates that PST’ PU 
of technology to support the learning-teaching process determines their intention to 
use it (Baydas & Goktas, 2017; Scherer & Teo, 2019). For these reasons, although 
there was no direct relationship between PU and BI (Davis, 1986), it seems that this 
relationship is necessary (Lee et al., 2003). The results also showed that PEOU and 
PU were directly associated with ATT as in past studies (Ateş & Garzón, 2022b; 
Jang et al., 2021; Teo & Milutinovic, 2015). This conclusion means that when pre-
service teachers perceive technology to be free of effort or useful, they have a posi-
tive attitude toward computer use. PEOU significantly influenced PU which is con-
sistent with previous research (Joo et al., 2018; Papakostas et al., 2022; Wang et al., 
2022). That is, if PST believes that technology-based STEM education will be free 
of effort, they can also believe that technology-based STEM education will enhance 
their performance. In terms of explanation power, ATT towards use was explained 
by PEOU and PU with a 41% and 46% before and after the experiment, respectively. 
In addition, PEOU explained 21% of the variance in PU before, the explanation 
accounted for 29% after the experiment. Finally, PU and ATT accounted for 42% of 
the variance in BI, while the ratio was computed as 49% after the implementations. 
In both measures, we can see that the largest variances occurred for the PU and ATT 
in explaining the BI as stated in the study conducted by Scherer and Teo (2019).

Third, the current study explored the impact of technology-based STEM educa-
tion on increasing PST’ PEOU, PU, ATT, and BI. The data analysis revealed that 
there were positive findings in the development of the PST’ PEOU, PU, ATT, and 
BI to use technology-based STEM education. A raise in the post-test mean scores of 
these variables was found in the study. Moreover, the results of the paired-samples 
t-test indicated a statistically significant difference among the pre-test and post-test 
for all variables involving PEOU, PU, ATT, and BI. The researchers interpret this 
conclusion in the fact that technology-based STEM education training presented the 
opportunity for PST to use various technological programs/apps practically and to 
benefit from them in the planning of STEM projects and lessons. The ease of use of 
these programs provides a positive attitude toward technology-based STEM educa-
tion. Thus, this situation allows us to evaluation the effectiveness of such programs 
in STEM education and the intention to use them, this is consistent with the studies 
(Al-Hariri & Al-Hattami, 2017; Guzey et al., 2014; Incedayi, 2018). Unlike these 
findings, Teo et al., (2017) found that pre-service teachers’ intention to use technol-
ogy to teach mathematics in a traditional method was critically higher than their 
intention to use technology to teach mathematics in an innovative method.
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Consequently, a valid and reliable scale was obtained to verify the technology-
based STEM education intentions of PST in the TAM framework. The results of the 
study revealed that the proposed model tested after STEM training is superior to the 
before STEM training. Findings also indicated that technology-based STEM educa-
tion training had a positive effect on PST’ PEOU, PU, ATT, and BI use technology-
based STEM education. The results obtained from the research are extremely impor-
tant for curriculum developers, education politicians, teacher educators, researchers, 
and in-service and pre-service teachers. In this direction, besides the experimental 
research, this research showed which psychological factors are effective in the tech-
nology acceptance of pre-service teachers. Interventions on these psychological var-
iables are effective in their behavior and technology acceptance. The study showed 
that PU, PEOU, and ATT variables play an important role in determining the inten-
tions of PST to use technology-based STEM education in the future. For this reason, 
teacher educators and curriculum developers must pay attention to the critical role 
of these constructs on PST. Activities might be organized to help PST appreciate 
the possibilities that will facilitate the use of educational technologies for STEM 
education in the courses and moreover, courses related to STEM and educational 
technologies might be added to the program.

6  Limitations and recommendations for future research

Although the results of the current study had theoretically and practically many con-
tributions to the literature, there were some limitations as follows. First, we exam-
ined four constructs in the TAM, namely PEOU, PU, ATT, and BI. Future studies 
could extend the TAM with other variables such as external variables (e.g. tech-
nological complexity, facilitating conditions), and also demographic characteristics 
(e.g. gender). Second, since the research was restricted to only PST from different 
universities in Turkey, our study did not provide evidence on the generalizability 
of the findings. This situation may lead to misinterpretation and decrease external 
validity, and thus may induce sample bias. Third, data were collected with the use of 
a self-reported scale which might lead participants to overestimate their real views. 
Hence, collecting qualitative data to provide a detailed perspective into the findings 
is suggested. Fourth, pre-service teachers were trained in STEM education enriched 
with some technologies such as mobile applications, augmented reality, QR codes, 
3D Modeling, simulations, and coding. Future studies could focus on different types 
of technology in STEM education. Finally, due to the small sample size, a one-group 
pre-test post-test experimental design was preferred instead of the control group 
experimental design.

7  Conclusion

While pre-service teachers’ technology use intentions and STEM teaching intentions 
are previously examined topics, the underlying variables that urge teachers to teach 
STEM disciplines while using some technologies including mobile apps, augmented 
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reality, QR code, 3D modeling, simulations, and coding are insufficiently docu-
mented. In this study, we successfully developed a reliable and valid Turkish version 
of a multiple-component scale consisting of four constructs: PEOU, PU, ATT, and 
BI. The study also revealed that constructs of the TAM had a positive influence on 
PST’ intentions to use technology-based STEM education. Our findings inform that 
PST’ intentions to use technology during STEM education are built through their 
beliefs (i.e., using technology in STEM education is free of effort and enhance their 
teaching performance) and positive or negative evaluations when they use the tech-
nology in STEM education. Further, the current study is the first to reveal the rela-
tive importance of the experimental process (14 weeks) aimed to understand how 
well technology-based STEM course content including mobile apps, augmented 
reality, QR code, 3D modeling, simulations, and coding influences on pre-service 
teachers’ PEOU, PU, ATT, and BI. This empirical research shows that in addition 
to testing the theoretical model proposed by the TAM model, the technology-based 
educational activities to be implemented to strengthen PEOU, PU, and ATT of PST 
will have a positive effect on their STEM teaching intentions. Building on the exist-
ing literature in educational technology and STEM education, our study enriches 
researchers’ and practitioners’ understanding of PST’ STEM teaching intentions to 
implement effective technology-based education processes.

Data availability The datasets are available from the corresponding author on reasonable request.

Declarations 

Conflict of interest No conflict of interest has been declared by the authors.

References

Adams, A. E., Miller, B. G., Saul, M., & Pegg, J. (2014). Supporting elementary preservice teachers to 
teach STEM through place-based teaching and learning experiences. Electronic Journal of Science 
Education, 18(5), 1–22.

Ajzen, I. (2002). Constructing a TPB questionnaire: Conceptual and methodological considerations. Uni-
versity of Massachusetts, Amherst. Retrieved  from http:// www- unix. oit. umass. edu/ ~aizen/ pdf7t pb. 
measu rement. pdf. Accessed 12 Jan 2022

Ajzen, I. (2006). Constructing a theory of planned behavior questionnaire. https:// people. umass. edu/ 
~aizen/ pdf/ tpb. measu rement. pdf

Akçayır, M., Akçayır, G., Pektaş, H. M., & Ocak, M. A. (2016). Augmented reality in science laborato-
ries: The effects of augmented reality on university students’ laboratory skills and attitudes toward 
science laboratories. Computers in Human Behavior, 57, 334–342.

Aktaş, C., & Çaycı, B. (2013). QR Kodun Mobil Eğitimde Yeni Eğitim Yöntemlerinin Geliştirilmesine 
Katkısı. Global Media Journal, 4(7), 1–19.

Alan, B., Zengin, F. K., & Kececi, G. (2021). Effects of science, technology, engineering, and mathemat-
ics education using Algodoo to prospective science teachers’ scientific process and education ori-
entation skills. Journal of Education, 0(0), 1–15.

Al-Hariri, M. T., & Al-Hattami, A. A. (2017). Impact of students’ use of technology on their learning 
achievements in physiology courses at the University of Dammam. Journal of Taibah University 
Medical Sciences, 12(1), 82–85.

Almaiah, M. A., Jalil, M. A., & Man, M. (2016). Extending the TAM to examine the effects of quality 
features on mobile learning acceptance. Journal of Computers in Education, 3(4), 453–485.

http://www-unix.oit.umass.edu/~aizen/pdf7tpb.measurement.pdf
http://www-unix.oit.umass.edu/~aizen/pdf7tpb.measurement.pdf
https://people.umass.edu/~aizen/pdf/tpb.measurement.pdf
https://people.umass.edu/~aizen/pdf/tpb.measurement.pdf


1 3

Education and Information Technologies 

Al-Rahmi, A. M., Al-Rahmi, W. M., Alturki, U., et al. (2022). Acceptance of mobile technologies and 
M-learning by university students: An empirical investigation in higher education. Education 
and Information Technologies, 27, 7805–7826. https:// doi. org/ 10. 1007/ s10639- 022- 10934-8

American Psychological Association (2017). Ethical principles of psychologists and code of conduct, 
retrieved from https:// www. apa. org/ ethics/ code/ ethics- code- 2017. pdf. on 27.09.2022.

Anderson, J. C., & Gerbing, D. W. (1988). Structural equation modeling in practice: A Review and 
recommended two-step approach. Psychological Bulletin, 103, 411–423.

Ateş, H., & Garzón, J. (2022a). An integrated model for examining teachers’ intentions to use aug-
mented reality in science courses, Education and Information Technologies. Advance online 
publication.

Ateş, H., & Garzón, J. (2022b). Drivers of teachers’ intentions to use mobile applications to teach sci-
ence. Education and Information Technologies, 27(2), 2521–2542.

Aydogan Yenmez, A., Gökce, S., Aydede, M. N., & Çelik, T. (2021). Investigation of pre-service 
teachers’ awareness of STEM and STEM teaching intention. International Online Journal of 
Education and Teaching, 8(1), 250–260.

Baek, Y. G., Jong, J., & Kim, B. (2008). What makes teachers use of technology in the classroom? 
Exploring the factors affecting facilitation of technology with a Korean sample. Computers & 
Education, 50(8), 224–234.

Bagozzi, R. P., & Yi, Y. (1988). On the evaluation of structural equation models. Journal of the Acad-
emy of Marketing Science, 16(1), 74–94.

Baydas, Ö., & Goktas, Y. (2017). A model for preservice teachers’ intentions to use ICT in future les-
sons. Interactive Learning Environments, 25(7), 930–945.

Beal, C. R., & Cohen, P. R. (2012). Teach ourselves: Technology to support problem posing in the 
STEM classroom. Creative Education, 3, 513–519.

Bell, D. (2016). The reality of STEM education, design and technology teachers’ perceptions: A 
phenomenographic study. International Journal of Technology and Design Education, 26(1), 
61–79.

Benzer, A. I., & Yildiz, B. (2019). The effect of computer-aided 3D modeling activities on pre-service 
teachers’ spatial abilities and attitudes towards 3d modeling. Journal of Baltic Science Education, 
18(3), 335–348.

Buchanan, T., Sainter, P., & Saunders, G. (2013). Factors affecting faculty use of learning technolo-
gies: Implications for models of technology adoption. Journal of Computing in Higher Education, 
25(1), 1–11.

Bybee, R. W. (1997). Achieving scientific literacy: from purposes to practices. Heinemann.
Cengiz, E., & Bakırtaş, H. (2020). Technology acceptance model 3 in understanding employee’s cloud 

computing technology. Global Business Review. Advance online publication.
Chang, Y. S., Chien, Y. H., Lin, H. C., Chen, M. Y., ve Hsieh, H. H. (2016). Effects of 3D CAD appli-

cations on the design creativity of students with different representational abilities. Computers in 
Human Behavior, 65, 107–113.

Chauhan, S. (2017). A meta-analysis of the impact of technology on learning effectiveness of elementary 
students. Computers & Education, 105, 14–30.

Cheng, K. H., & Tsai, C. C. (2013). Affordances of augmented reality in science learning: Suggestions 
for future research. Journal of Science Education and Technology, 22(4), 449–462.

Creswell, J. W. (2012). Educational research: Planning, conducting, and evaluating quantitative and 
qualitative research (4th ed.). Pearson.

Criollo-C, S., Luján-Mora, S. and Jaramillo-Alcázar, A., 2018. Advantages and Disadvantages of 
M-Learning in Current Education. In  2018 IEEE World Engineering Education Conference 
(EDUNINE) (pp. 1–6). IEEE.

D’Angelo, C., Rutstein, D., Harris, C., Bernard, R., Borokhovski, E., & Haertel, G. (2014). Simulations 
for STEM learning: Systematic review and meta-analysis. SRI International.

Davis, F. D. (1989). Perceived usefulness, perceived ease of use, and user acceptance of information tech-
nology. MIS Quarterly, 13(3), 319–340.

Davis, F., Bagozzi, R., & Warshaw, P. (1989). User acceptance of computer technology: A comparison of 
two theoretical models. Management Science, 35(8), 982–1003.

Davis, F. D. (1986). A technology acceptance model for empirically testing new end-user information sys-
tems: Theory and results [Doctoral dissertation, Massachusetts Institute of Technology]. Retrieved 
from https:// dspace. mit. edu/ handle/ 1721.1/ 15192. Accessed 20 Sept 2021

https://doi.org/10.1007/s10639-022-10934-8
https://www.apa.org/ethics/code/ethics-code-2017.pdf
https://dspace.mit.edu/handle/1721.1/15192


 Education and Information Technologies

1 3

Dawson, V. (2008). Use of information and communication technology by early career science teachers in 
Western Australia. International Journal of Science Education, 30(2), 203–219.

Do, D. H., Lakhal, S., Bernier, M., Bisson, J., Bergeron, L., & St-Onge, C. (2022). Drivers of iPad use 
by undergraduate medical students: The technology acceptance model perspective. BMC Medical 
Education, 22(1), 1–12.

Edmunds, R., Thorpe, M., & Conole, G. (2012). Student attitudes towards and use of ICT in course study, 
work and social activity: A technology acceptance model approach. British Journal of Educational 
Technology, 43(1), 71–84.

Eksail, F. A. A., & Afari, E. (2020). Factors affecting trainee teachers’ intention to use technol-
ogy: A structural equation modeling approach. Education and Information Technologies, 25(4), 
2681–2697.

Ertmer, P. A., & Ottenbreit-Leftwich, A. (2012). Removing obstacles to the pedagogical changes required 
by Jonassen’s vision of authentic technology-enabled learning. Computers & Education, 64, 
175–182.

Esfandiar, K., Sharifi-Tehrani, M., Pratt, S., & Altinay, L. (2019). Understanding entrepreneurial inten-
tions: A developed integrated structural model approach. Journal of Business Research, 94, 
172–182.

Esfandiar, K., Dowling, R., Pearce, J., & Goh, E. (2020). Personal norms and the adoption of pro-envi-
ronmental binning behaviour in national parks: An integrated structural model approach. Journal 
of Sustainable Tourism, 28(1), 10–32.

Fishbein, M., & Ajzen, I. (1975). Belief, attitude, intention, and behavior: An introduction to theory and 
research. Addison-Wesley.

Fornell, C., & Larcker, D. F. (1981). Evaluating structural equation models with unobservable variables 
and measurement error. Journal of Marketing Research, 18(1), 39–50.

Gurer, M. D. (2021). Examining technology acceptance of pre-service mathematics teachers in Tur-
key: A structural equation modeling approach. Education and Information Technologies, 26(4), 
4709–4729.

Guzey, S. S., Harwell, M., & Moore, T. (2014). Development of an instrument to assess attitudes toward 
science, technology, engineering, and mathematics (STEM). School Science and Mathematics., 
114(6), 271–279.

Hair, J., Matthews, L., Matthews, R., & Sarstedt, M. (2017). PLS-SEM or CB-SEM: Updated guidelines 
on which method to use. International Journal of Multivariate Data Analysis, 1(2), 107–123.

Hobbs, L., Clark, J. C., & Plant, B. (2018). Successful students–STEM program: Teacher learning 
through a multifaceted vision for STEM education. In R. Jorgensen & R. Larkin (Eds.), STEM edu-
cation in the junior secondary (pp. 133–168). Springer.

Hsu, H. T., & Lin, C. C. (2022). Extending the technology acceptance model of college learners’ mobile-
assisted language learning by incorporating psychological constructs. British Journal of Educa-
tional Technology, 53(2), 286–306.

Huang, H. M., & Liaw, S. S. (2005). Exploring users’ attitudes and intentions toward the Web as a survey 
tool. Computers in Human Behavior, 21(5), 729–743.

Ibáñez, M. B., & Delgado-Kloos, C. (2018). Augmented reality for STEM learning: a systematic review. 
Computers & Education, 123, 109–123.

Ibili, E., Resnyansky, D., & Billinghurst, M. (2019). Applying the technology acceptance model to under-
stand maths teachers’ perceptions towards an augmented reality tutoring system. Education and 
Information Technologies, 24(5), 2653–2675.

Incedayi, N. (2018). The Impact of Using Multimedia Technologies on Students Academic Achievement. 
International Journal of Humanities Social Sciences and Education, 5(1), 40–47.

Jang, J., Ko, Y., Shin, W. S., & Han, I. (2021). Augmented reality and virtual reality for learning: An 
examination using an extended technology acceptance model. IEEE Access, 9, 6798–6809.

Joo, Y. J., Park, S., & Lim, E. (2018). Factors influencing preservice teachers’ intention to use technol-
ogy: TPACK, teacher self-efficacy, and technology acceptance model. Educational Technology & 
Society, 21(3), 48–59.

Karisan, D., Macalalag, A., & Johnson, J. (2019). The effect of methods course on preservice teachers’ 
awareness and intentions of teaching science, technology, engineering, and mathematics (STEM) 
subjects. International Journal of Research in Education and Science, 5(1), 22–35.

Kimiagari, S., & Baei, F. (2021). Promoting e-banking actual usage: mix of technology acceptance model 
and technology-organisation-environment framework.  Enterprise Information Systems, Advance 
online publication.



1 3

Education and Information Technologies 

Kirschner, P., & Selinger, M. (2003). The state of affairs of teacher education with respect to informa-
tion and communications technology. Technology, Pedagogy and Education, 12(1), 5–18.

Kline, R. B. (2015). Principles and practice of structural equation modeling (4th ed.). Guilford Press.
Kong, S. C. (2018). Parents’ perceptions of e-learning in school education: Implications for the part-

nership between schools and parents. Technology, Pedagogy and Education, 27(1), 15–31.
Lai, H. C., Chang, C. Y., Wen-Shiane, L., Fan, Y. L., & Wu, Y. T. (2013). The implementation of 

mobile learning in outdoor education: Application of QR codes. British Journal of Educational 
Technology, 44(2), 57–62.

Law, C. Y., & So, S. (2010). QR codes in education. Journal of Educational Technology Development 
and Exchange, 3(1), 1–7.

Lee, Y., Kozar, K. A., & Larsen, K. (2003). The technology acceptance model: Past, present, and 
future. Communications of the Association for Information Systems, 12(50), 752–780.

Liao, K. H. (2017). The abilities of understanding spatial relations, spatial orientation, and spatial 
visualization affect 3D product design performance: using carton box design as an example. 
International Journal of Technology and Design Education, 27(1), 131–147.

Lin, K. Y., & Williams, P. J. (2016). Taiwanese preservice teachers’ science, technology, engineering, 
and mathematics teaching intention. International Journal of Science and Mathematics Educa-
tion, 14(6), 1021–1036.

Luh, D. B., & Chen, S. N. (2013). A novel CAI system for space conceptualization training in per-
spective sketching. International Journal of Technology and Design Education, 23(1), 147–160.

Menabò, L., Sansavini, A., Brighi, A., Skrzypiec, G., & Guarini, A. (2021). Promoting the integration 
of technology in teaching: An analysis of the factors that increase the intention to use technolo-
gies among Italian teachers. Journal of Computer Assisted Learning, 37(6), 1566–1577.

Miller, J. (2019). STEM Education in the primary years to support mathematical thinking: Using cod-
ing to identify mathematical structures and patterns. ZDM, 51(6), 915–927.

Ministry of National Education (MoNE). (2018). Science curriculum (primary and middle school 3, 
4, 5, 6, 7 and 8th grades).

Mutambara, D., & Bayaga, A. (2020). Predicting rural STEM teachers’ acceptance of mobile learning 
in the fourth industrial revolution. Journal of Construction Project Management and Innova-
tion, 10(2), 14–29.

National Academies of Sciences, Engineering, Medicine (NASEM). (2019). Integrating Social Care 
Into the Delivery of Health Care: Moving Upstream to Improve the Nation’s Health. National 
Academies Press.

National Research Council. (2011). Learning science through computer games and simulations. Com-
mittee on Science Learning: Computer Games, Simulations, and Education. In M. A. Honey & 
M. L. Hilton (Eds.), Board on Science Education, Division of Behavioral and Social Sciences 
and Education. The National Academies Press.

Nelson, M. J., & Hawk, N. A. (2020). The impact of field experiences on prospective preservice teach-
ers’ technology integration beliefs and intentions. Teaching and Teacher Education, 89, 1–12.

Ng, O. L., & Park, M. (2021). Using an enhanced video-engagement innovation to support STEM 
teachers’ professional development in technology-based instruction. Educational Technology & 
Society, 24(4), 193–204.

Nikou, S. A., & Economides, A. A. (2017). Mobile-based assessment: Integrating acceptance and 
motivational factors into a combined model of self-determination theory and technology accept-
ance. Computers in Human Behavior, 68, 83–95.

Papakostas, C., Troussas, C., Krouska, A., & Sgouropoulou, C. (2022). Exploring users’ behavio-
ral intention to adopt mobile augmented reality in education through an extended technology 
acceptance model.  International Journal of Human–Computer Interaction. Advance online 
publication.

Parikh, A., Patel, J. D., & Jaiswal, A. K. (2021). Managing job applications online: Integrating web-
site informativeness and compatibility in theory of planned behaviour and technology accept-
ance model. Decision, 48(1), 97–113.

Penner, D. E., Giles, N. D., Lehrer, R., & Schauble, L. (1997). Building functional models: Designing 
an elbow. Journal of Research in Science Teaching, 34, 125–143.

Prinsley, R., & Johnston, E. (2015). Transforming STEM teaching in Australian primary schools: Eve-
rybody’s business. Australian Government. Office of the Chief Scientist. Position Paper.



 Education and Information Technologies

1 3

Roehrig, G. H., Moore, T. J., Wang, H.-H., & Park, M. S. (2012). Is adding the E enough? Investigating 
the impact of K-12 engineering standards on the implementation of STEM integration. School Sci-
ence and Mathematics, 112(1), 31–44.

Sagheer, N., Khan, K., Fahd, S., Mahmood, S., Rashid, T., & Jamil, H. (2022). Factors affecting adapt-
ability of cryptocurrency: An application of technology acceptance model. Frontiers in Psychol-
ogy, 13, 1–12.

Scherer, R., & Teo, T. (2019). Unpacking teachers’ intentions to integrate technology: A meta-analysis. 
Educational Research Review, 27, 90–109.

Shin, J., Moon, S., Cho, B. H., Hwang, S., & Choi, B. (2022). Extended technology acceptance model 
to explain the mechanism of modular construction adoption. Journal of Cleaner Production, 342, 
1–18.

Sırakaya, M., & Sırakaya, D. A. (2020). Augmented reality in STEM education: A systematic review. 
Interactive Learning Environment, 142, 1–14.

Songkram, N., & Osuwan, H. (2022). Applying the technology acceptance model to elucidate k-12 teach-
ers’ use of digital learning platforms in Thailand during the COVID-19 pandemic. Sustainability, 
14(10), 1–12.

Spallone, R. (2015). Digital reconstruction of demolished architectural masterpieces, 3D modeling, and 
animation: The case study of Turin Horse Racing by Mollino. In S. Brusaporci (Ed.), Handbook of 
research on emerging digital tools for architectural surveying, modeling, and representation (pp. 
476–509). IGI Global.

Stegmann, K. (2020). Effects of digital learning on the acquisition of knowledge and skills at school. 
Zeitschrift Für Padagogik, 2, 174–190.

Sungur Gül, K. & Saylan Kırmızıgül, A. (2022). Algodoo based STEM education: A case study of pre-
service science teachers. Education and Information Technologies. Advance online publication.

Sungur-Gül, K., & Ateş, H. (2021). Understanding pre-service teachers’ mobile learning readiness using 
theory of planned behavior. Educational Technology & Society, 24(2), 44–57.

Tamim, R. M., Bernard, R. M., Borokhovski, E., Abrami, P. C., & Schmid, R. F. (2011). What forty years 
of research says about the impact of technology on learning: A second- order meta-analysis and 
validation study. Review of Educational Research, 81(1), 4–28.

Teo, T., & Milutinovic, V. (2015). Modelling the intention to use technology for teaching mathemat-
ics among pre-service teachers in Serbia. Australasian Journal of Educational Technology, 31(4), 
363–380.

Teo, T., & Noyes, J. (2014). Explaining the intention to use technology among pre-service teachers: A 
multi-group analysis of the unified theory of acceptance and use of technology. Interactive Learn-
ing Environments, 22(1), 51–66.

Teo, T., Ursavas, O. F., & Bahcekapili, E. (2012). An assessment of preservice teachers’ technology 
acceptance in Turkey: A structural equation modeling approach. The Asia-Pacific Education 
Researcher, 21(1), 191–202.

Teo, T., Fan, X., & Du, J. (2015). Technology acceptance among pre-service teachers: Does gender mat-
ter? Australasian Journal of Educational Technology, 31(3), 235–251.

Teo, T., Milutinović, V., Zhou, M., & Banković, D. (2017). Traditional vs. innovative uses of comput-
ers among mathematics pre-service teachers in Serbia. Interactive Learning Environments, 25(7), 
811–827.

The World Medical Association (2018). WMA declaration of Helsinki – Ethical principles for medi-
cal research involving human subjects, retrieved from https:// www. wma. net/ polic ies- post/ wma- 
decla ration- of- helsi nki- ethic al- princ iples- for- medic al- resea rch- invol ving- human- subje cts/#: ~: 
text= Medic al% 20res earch% 20inv olving% 20hum an% 20sub jects% 20must% 20con form% 20to% 
20gen erally% 20acc epted ,% 2C% 20as% 20app ropri ate% 2C% 20ani mal% 20exp erime ntati on. on 
27.09.2022.

Turkish Council of Higher Education. (2018). New Teacher Training Programs: Science teaching under-
graduate program. Retrieved from https:// www. yok. gov. tr/ Docum ents/ Kurum sal/ egitim_ ogret im_ 
daire si/ Yeni- Ogret men- Yetis tirme- Lisans- Progr amlari/ Fen_ Bilgi si_ Ogret menli gi_ Lisans_ Progr 
ami. pdf. Accessed 03 Feb 2022

Unal, E., & Uzun, A. M. (2021). Understanding university students’ behavioral intention to use Edmodo 
through the lens of an extended technology acceptance model. British Journal of Educational 
Technology, 52(2), 619–637.

https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/#:~:text=Medical%20research%20involving%20human%20subjects%20must%20conform%20to%20generally%20accepted,%2C%20as%20appropriate%2C%20animal%20experimentation
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/#:~:text=Medical%20research%20involving%20human%20subjects%20must%20conform%20to%20generally%20accepted,%2C%20as%20appropriate%2C%20animal%20experimentation
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/#:~:text=Medical%20research%20involving%20human%20subjects%20must%20conform%20to%20generally%20accepted,%2C%20as%20appropriate%2C%20animal%20experimentation
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/#:~:text=Medical%20research%20involving%20human%20subjects%20must%20conform%20to%20generally%20accepted,%2C%20as%20appropriate%2C%20animal%20experimentation
https://www.yok.gov.tr/Documents/Kurumsal/egitim_ogretim_dairesi/Yeni-Ogretmen-Yetistirme-Lisans-Programlari/Fen_Bilgisi_Ogretmenligi_Lisans_Programi.pdf
https://www.yok.gov.tr/Documents/Kurumsal/egitim_ogretim_dairesi/Yeni-Ogretmen-Yetistirme-Lisans-Programlari/Fen_Bilgisi_Ogretmenligi_Lisans_Programi.pdf
https://www.yok.gov.tr/Documents/Kurumsal/egitim_ogretim_dairesi/Yeni-Ogretmen-Yetistirme-Lisans-Programlari/Fen_Bilgisi_Ogretmenligi_Lisans_Programi.pdf


1 3

Education and Information Technologies 

Ünlü, Z. K., & Dökme, İ. (2022) A systematic review of 5E model in science education: proposing a 
skill-based STEM instructional model within the 21-st century skills. International Journal of Sci-
ence Education, Advance online publication.

Venkatesh, V., Morris, M. G., Davis, G. B., & Davis, F. D. (2003). User acceptance of information tech-
nology: Toward a unified view. MIS Quarterly, 425–478.

Vlasopoulou, M., Kalogiannakis, M., & Sifaki, E. (2021). Investigating teachers’ attitudes and behavioral 
intentions for the impending integration of STEM education in primary schools. In Handbook of 
Research on Using Educational Robotics to Facilitate Student Learning (pp. 235–256). IGI Global.

Wang, Y., Yu, L., & Yu, Z. (2022). An extended CCtalk technology acceptance model in EFL education. 
Education and Information Technologies, 27, 6621–6640.

Watson, J. H., & Rockinson-Szapkiw, A. (2021). Predicting preservice teachers’ intention to use technol-
ogy-enabled learning. Computers & Education, 168, 1–10.

Wu, Y., & Anderson, O. R. (2015). Technology-enhanced STEM (science, technology, engineering, and 
mathematics) education. Journal of Computers in Education, 2(3), 245–249.

Wu, H.-K., Lee, S.W.-Y., Chang, H.-Y., & Liang, J.-C. (2013). Current status, opportunities and chal-
lenges of augmented reality in education. Computers & Education, 62, 41–49.

Yang, D., & Baldwin, S. J. (2020). Using technology to support student learning in an integrated STEM 
learning environment. International Journal of Technology in Education and Science, 4(1), 1–11.

Yeo, S., Rutherford, T., & Campbell, T. (2022). Understanding elementary mathematics teachers’ inten-
tion to use a digital game through the technology acceptance model. Education and Information 
Technologies, 27, 11515–11536.

Yeop, M. A., Yaakob, M. F. M., Wong, K. T., Don, Y., & Zain, F. M. (2019). Implementation of ICT pol-
icy (blended learning approach): Investigating factors of behavioural intention and use Behaviour. 
International Journal of Instruction, 12(2), 767–782.

Yuen, A. H. K., & Ma, W. W. K. (2008). Exploring teacher acceptance of e-learning technology. Asia-
Pacific Journal of Teacher Education, 36(3), 229–243.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps 
and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under 
a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of such publishing agreement and 
applicable law.


	An examination of the effect of technology-based STEM education training in the framework of technology acceptance model
	Abstract
	1 Introduction
	2 Literature review and theoretical framework
	2.1 Technology in STEM education
	2.2 Technology acceptance model (TAM) variables

	3 Method
	3.1 Study 1
	3.1.1 Sample and data collection
	3.1.2 Data collection tool and data analysis

	3.2 Study 2
	3.2.1 Research design
	3.2.2 Participants
	3.2.3 Data collection tool
	3.2.4 Experimental process

	3.3 Data analysis

	4 Findings
	4.1 Testing reliability and validity of the scale
	4.2 Model comparison
	4.3 Path analysis
	4.4 Experimental results

	5 Discussion
	6 Limitations and recommendations for future research
	7 Conclusion
	References


