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Abstract
Integrating Arts into Science, Technology, Engineering, and Mathematics (also known as STEM) education or, simply put, STEAM education has received growing popularity as a way of promoting creativity, critical thinking, and holistic learning. The effective introduction of STEAM pedagogy is heavily based on the perception, attitude and readiness of the teachers, especially at the pre-service level. The current paper was set to explore the perceptions of pre-service teachers on the integration of Arts in STEM education with special attention on their attitudes, perceived readiness and the challenges in implementation. The study employed a descriptive survey design, and pre-service teachers were questionnaire based to provide information on the study. The gathered data were processed with the descriptive and inferential statistics analysis methods. The results showed that the pre-service teachers usually have a positive perception and a positive attitude towards Arts-integrated STEM education. Nevertheless, their willingness to apply STEAM pedagogy was rated as an average one, which showed the lack of competence in training and assessment practices. Professional training, time, resource constraint, and curriculum rigidity were found to be the biggest challenges. The analysis finds that pre-service teachers are generally conceptually enthusiastic about STEAM education, but need systematic curriculum-based support and practical exposure to increase the implementation readiness. The results are useful in reinforcing the teacher education programs that are based on STEAM.
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Introduction
Over the past few years, the education systems all over the world have focused on interdisciplinary methods in both teaching and learning as a result of the increasing need to have skills in creativity, innovation and problem solving in the 21 st century. An example of such approaches that has elicited great interest is the STEAM education where Arts is incorporated into the original STEM subjects, Science, Technology, Engineering, and Mathematics. Integration of Arts also aims at stimulating creativity, imagination, critical thinking and emotional involvement, therefore, making learning more holistic and significant (Yakman and Lee, 2012). Instead of considering Arts as an appendage, the STEAM education aligns artistic practices as a fundamental element that promotes conceptual learning, and learner interest in various subjects.
Arts have been found to enhance deeper learning by integrating multiple points of view and encouraging students to use creative thinking and connect abstract learning to real-world experiences (Henriksen, 2014). Visual representation, drama, music, and design represent the arts-based strategies that help learners communicate in a variety of ways and build cognitive flexibility. Consequently, STEAM education has been suggested in more curriculum reforms and teacher education courses across the globe (Land, 2013).
Among the most important participants in the effective adoption of STEAM education, pre-service teachers can be considered since their beliefs, attitudes, and perceptions are critical factors in the classroom. The attitude of teachers to interdisciplinary teaching practices determines their readiness to use innovative methods of teaching and to integrate Arts into the teaching of STEM in a significant way (Thibault et al., 2018). Nonetheless, the study shows that most pre-service teachers have a low experience with STEAM structures in the context of their professional training, which results in confusion and inadequate confidence regarding the implementation of Arts in STEM courses (Herro and Quigley, 2017). These perceptions are thus important in understanding the gap in teacher preparation and developing good initiatives of professional development.
When discussing the perceptions of pre-service teachers towards the process of integrating Arts in STEM education, it is possible to identify relevant information about their preparation, beliefs about the process, and their perceived obstacles. This knowledge can guide curriculum planners and teacher educators to enhance the training programs related to STEAM orientation and interdisciplinary teaching skills. Since there is growing focus on the importance of innovation-based education and learner holistic development, the current research aims to investigate how pre-service teachers see the inclusion of the Arts in STEM teaching and learning, thus adding to the existing research on STEAM learning and teacher education.
Research Gap
Despite the growing academic interest in STEAM education at the beginning of the last decade, the current body of work demonstrates that the concept has some major gaps, especially when it comes to pre-service teacher education. Many studies related to STEAM have been aimed at the classroom usage, curriculum development, and student achievement at the learning institution (Henriksen, 2014; Land, 2013). Although these studies are insightful regarding the pedagogical value of Arts integration in STEM, they do not give much insight on how future teachers conceptualize and perceive the idea of Arts integration in STEM in the process of professional preparation.
The attitudes and teaching practices of teachers working in-service in STEAM education are studied in many empirical studies (Herro and Quigley, 2017; Thibaut et al., 2018). But relatively less research has investigated the perceptions, readiness, and beliefs of pre-service teachers, who are an important stakeholder group to the sustainability of STEAM pedagogy in the long term. Such narrow attention span on pre-service teachers limits the knowledge on how teacher education programs equip future teachers to use interdisciplinary approaches in an effective manner.
Moreover, despite the current literature, the study usually focuses on STEAM education within highly technologically developed or western educational systems, and little emphasis is made on the various educational systems and teacher training community. Due to this, situational drivers like the curriculum, institutional provision, and cultural views of Arts and STEM integration are underestimated. This context insensitivity of research restricts the generalizability of the current results to diverse teacher education contexts.
The other gap that is notable is the methodology of the previous research. Qualitative or intervention based designs are adopted in many studies, systematic survey based investigations testing various dimensions of perception attitudes, confidence, perceived challenges, and pedagogical readiness are not very numerous. Empirical evidence of comprehensive survey studies are capable of providing a wider scope of empirical evidence and guide curriculum reform in teacher education programs.
Thus, a specific survey research that investigates the perception of pre-service teachers toward the inclusion of Arts in STEM education is obviously required. The gaps will be addressed to help in the better understanding of the preparedness of pre-service teachers and the formulation of effective practices of teacher education based on STEAM.  
Need of the Study
The increasing focus on interdisciplinary education has put STEAM in a good standing as a potentially effective pedagogical model to promote creativity, innovation, and the holistic learning process. Although it has been stated that the Arts into STEM education is an integration approach that is widely recommended, its effective delivery is heavily reliant on pedagogical beliefs, readiness, and acceptance of the interdisciplinary methodologies of teachers (Henriksen, 2014). At this, the pre-service teachers are the very important category because their attitudes and perceptions developed in the course of the teacher education contribute greatly to the practices of the teacher in the classroom in the future.
Although the literature on STEAM education is growing, teacher education courses tend to offer little systematic experience of Arts-based STEM pedagogies, which leads to disjointed advocacy and practice (Herro and Quigley, 2017). Subject-specific training is also introduced into the profession by many pre-service teachers and might limit their confidence and competence in applying interdisciplinary instructional strategies. It is therefore necessary to understand how they perceive their integration of Arts in STEM so as to comprehend which areas need to be strengthened in the curricula and which areas need to be supported in terms of pedagogy.
In addition, existing empirical findings, which are pegged on systematic survey research on perception of pre-service teachers, are limited especially in varied teacher education settings. This is the evidence required to inform a curriculum developer, teacher educator, and policymaker of how ready the future teacher is to embrace STEAM-oriented practices (Thibaut et al., 2018). Therefore, the current research is required to investigate the attitudes of pre-service teachers toward the introduction of Arts in STEM education and to make the insights that will contribute to the successful implementation of STEAM frameworks in the teacher preparation programs.
Objectives of the Study
The study aims to:
· To analyse general perception of pre-service teachers with regards to incorporating Arts in STEM education;
· To examine the pre-service teachers attitude towards Arts as part of STEM teaching and learning;
· To determine the perceived confidence and willingness of pre-service teachers to use STEAM-based instruction;
· To determine the perceived difficulties by pre-service teachers in incorporating Arts in STEM subjects.
Hypotheses of the Study
The hypotheses of the study are the following null hypotheses:
· There is no significant difference in pre-service teachers’ perceptions toward integrating Arts in STEM education based on selected demographic variables.
· There is no significant relationship between pre-service teachers’ attitudes toward STEAM education and their perceived readiness to implement Arts-integrated STEM instruction.
· There is no significant association between perceived challenges and confidence levels of pre-service teachers in integrating Arts within STEM education.
Methodology
Research Design
The current research took a descriptive survey research to investigate the perception of pre-service teachers towards the incorporation of Arts in STEM education. The use of survey research is suitable when conducting research on a large population to explain the attitudes, beliefs, and perceptions in terms of educational practices (Creswell and Creswell, 2018). This structure helped the researcher to receive measurable results of the perceptions of pre-service teachers concerning Arts integration, perceived preparedness, and obstacles that relate to STEAM pedagogy.
Population and Sample
The study population consisted of pre-service teachers who were enrolled in teacher education programs. Simple random sampling technique was used to select the representative sample because it ensures the equal opportunity of participation and reduces the sampling bias. The survey sample was chosen according to the accessibility and sufficiency of the survey data and survey research on education (Cohen, Manion, and Morrison, 2018).
Tool for Data Collection
The structured questionnaire that was utilized in order to capture the data was created by the researcher with the assistance of the analysis of the literature on STEAM education. The questionnaire would be divided into several parts assessing perceptions of Arts integration in STEM, attitude to STEAM pedagogy, perceived preparedness and confidence, and perceived challenges. The responses were registered on a five-point Likert scale between the strong disagreements and strong agree, which is common in measuring attitudes and perceptions in studies about education (Likert, 1932).
Validity and Reliability
The teacher educators and subject specialists also reviewed the content of the tool to ensure content validity. They made required adjustments and refined them according to their recommendations to be clearer and more relevant. Internal consistency techniques were used to determine the reliability of the questionnaire, and the reliability coefficient received showed that the instrument was appropriate in the collection of data (Fraenkel, Wallen, and Hyun, 2019).
Data Collection Procedure 
The selected pre-service teachers were given the questionnaire with a given informed consent. The study was also briefed on its purpose to the participants and assurances of confidentiality were given. Sufficiency in time was also given to fill out the questionnaire and the answers were obtained in a systematic manner.
Statistical Techniques
Data gathered were computed using descriptive and inferential statistics. The overall perceptions were described using the mean, standard deviation, and percentage analysis, whereas the formulated hypotheses were tested by using the appropriate inferential tests. The significance level was set to 0.05.

Findings of the Study
The current paper examined the attitudes of pre-service educators regarding the inclusion of Arts in STEM education. The collected data based on structured questionnaire was analyzed by the descriptive and inferential statistics in order to answer the research questions. This is because the presented major findings are categorized into thematic sub-headings.
 Overall Perception toward Integrating Arts in STEM Education
The overall perception scores analysis showed that pre-service teachers had a positive perception in respect of integrating Arts in STEM education. The average score received was higher than the average level, which means a general adherence to STEAM as something meaningful and innovative in pedagogy.
Table – 1
Overall Perception of Pre-Service Teachers toward STEAM Education
	Dimension
	Mean
	SD

	Overall Perception
	3.92
	0.61



Table 1 shows the general perception of pre-service teachers on the issue of integrating Arts in STEM education. The mean score (M = 3.92 SD = 0.61) obtained is greater than the average of the scale suggesting that the respondents have a positive perception of the scale. This finding indicates that the pre-service teachers tend to recognize the value of Arts integration in improving creativity, interest, and theoretical knowledge in STEM education. The standard deviation is fairly low, which implies uniformity in the responses and thus the majority of the pre-service teachers have similar attitudes toward the value of STEAM education. The present result indicates the increasing knowledge about interdisciplinary pedagogical strategies in teacher educators and confirms previous studies that have underlined the importance of Arts in enhancing STEM educational experiences (Henriksen, 2014).
As it can be seen that the differences in the perception were observed across the demographic variables, the presented hypothesis that states that “there is no significant difference in pre-service teachers’ perceptions toward integrating Arts in STEM education based on selected demographic variables” is rejected. This finding implies that the perception of pre-service teachers about STEAM education differs considerably depending on the demographic factors.
Attitude toward Arts Integration in STEM Teaching
There was an analysis of attitude related items wherein the respondents indicated that they were predominantly positive when it comes to the integration of Arts in STEM subjects. Pre-service teachers said that Arts-based activities including drawing, drama and design could help to make STEM learning more available and interesting.
Table – 2
Attitude toward Arts Integration in STEM
	Attitude Level
	Percentage (%)

	High
	58.4

	Moderate
	32.1

	Low
	9.5



Table 2 indicates the attitude of pre-service teachers on Arts integration in STEM education. The results indicate that 58.4 per cent of the respondents have high level of attitude and 32.1 per cent of them are under moderate level. A low attitude towards Arts integration is only shown by a low percentage (9.5%). This distribution shows that most of the pre-service teachers have positive attitudes towards STEAM pedagogy. Attitudes are essential in implementing new pedagogical approaches since the beliefs of teachers tend to determine the choice of instruction and classroom behaviour. As the findings indicate, pre-service teachers are theoretically receptive to interdisciplinary teaching, without which the successful attainment of STEAM education cannot occur (Land, 2013).
Since a positive correlation between attitude and readiness was found, the hypothesis formulated is rejected: “there is no significant relationship between pre-service teachers’ attitudes toward STEAM education and their perceived readiness to implement Arts-integrated STEM instruction”. This result corroborates the notion that positive attitudes towards STEAM teaching are a major factor that helps to increase perceived readiness levels among pre-service teachers.
Perceived Readiness and Confidence in Implementing STEAM
The results connected with preparedness and confidence demonstrated a relatively middle level in spite of positive perceptions and attitudes. Most of the pre-service teachers indicated that they did not have a clear idea about lesson planning, assessment strategies, and classroom management in a STEAM setting.
Table – 3
Perceived Readiness to Implement STEAM
	Readiness Level
	Mean
	SD

	Teaching Skills
	3.41
	0.68

	Lesson Planning
	3.36
	0.71

	Assessment
	3.29
	0.74



Table 3 brings out the perceived readiness of pre-service teachers in regard to teaching skills, lesson planning, and assessment as in a STEAM framework. The average of all three dimensions is in the mediocre scale, in which teaching skills (M = 3.41), lesson planning (M = 3.36), and assessment (M = 3.29). These results mean that despite having positive views and attitudes towards STEAM education, pre-service teachers have low confidence and readiness in teaching Arts-integrated STEM education. The relatively poor average score of assessment indicates the doubt of assessing student learning in interdisciplinary settings. Such disconnect can be explained by the lack of practical exposure and opportunity to train during the course of teacher education, as reported by prior research (Herro and Quigley, 2017).
As the readiness levels can be also strongly related to the attitude towards STEAM education, the initial choice to reject Hypothesis statement which said that “there is no significant relationship between pre-service teachers’ attitudes toward STEAM education and their perceived readiness to implement Arts-integrated STEM instruction” is justified once again.
Perceived Challenges in Integrating Arts in STEM Education
Perceived challenges analysis indicated that there are a number of constraints that can limit effective implementation of STEAM. The most common issues reported were lack of training, inadequate time to instruct, inadequate resources and strict curriculum designs.
Table – 4
Perceived Challenges in Arts Integration 
	Challenge Factor
	Mean
	Rank

	Lack of Professional Training
	4.12
	I

	Time Constraints
	3.98
	II

	Limited Resources
	3.84
	III

	Curriculum Rigidity
	3.76
	IV



Table 4 determines that the key challenges that pre-service teachers think they face when incorporating Arts into STEM education are these. The most critical challenge is the absence of professional training (M = 4.12), time constraints (M = 3.98), limited resources (M = 3.84), and rigidity of the curriculum (M = 3.76). Such a preponderance of training-related issues shows an evident difference between the theoretical and the practical approach to the application of STEAM pedagogy. The results highlight the importance of systematic coursework, practical workshops and curriculum flexibility in teacher education programmes. These are the same obstacles that have been described in the previous research in STEAM, where interdisciplinary teaching is shown to be hindered by systemic problems (Thibaut et al., 2018).
Since it was established that perceived challenges have negative effect on the level of confidence, the hypothesized statement is rejected, which is as follows: “there is no significant association between perceived challenges and confidence levels of pre-service teachers in integrating Arts within STEM education”. This finding proves that perceived obstacles have a significant effect on pre-service teachers and contribute to their low confidence in the implementation of STEAM education.
Interaction between Attitude and Readiness
The positive correlation between the attitude of pre-service teachers toward STEAM education and their perceived readiness to teach Arts-integrated STEM instruction were found through the inferential analysis. This indicates that positive attitudes could influence the level of readiness to embrace new pedagogies in case of proper support.
This observation aligns with the educational research where the opinion and attitude of teachers play a significant role in determining the choice of instruction and the practices in the classroom (Creswell and Creswell, 2018).
Summary of Major Findings
On the whole, the results of the research show that pre-service teachers have the positive vision and attitude toward the implementation of Arts in STEM education. Nonetheless, there are still loopholes in the areas of preparedness, confidence, and institutional backing. The findings highlight how STEAM-focused coursework, experience, and resource provisions should be implemented into a teacher-training program systematically. The resolution of these gaps will be able to enhance the ability of future teachers to apply the interdisciplinary pedagogies in terms of their effectiveness and sustainability.
Discussion
The results of the current paper suggest that, mostly, pre-service teachers have positive perceptions and attitudes towards incorporating Arts in STEM education. This indicates an increased acknowledgment of STEAM as a significant interdisciplinary method, which promotes innovativeness, involvement, and complete education. These positive associations are consistent with the previous studies that have focused on the importance of Arts integration in improving conceptual knowledge and learner motivation in STEM (Henriksen, 2014; Land, 2013).
Although these images are positive, the researcher found out that among pre-service teachers, there were only moderate readiness and confidence levels to use STEAM-based instruction. This difference between theoretical approval and the real readiness shows a very serious problem in teacher education programs. Previous research has also identified the same, claiming that the lack of practical experience and pedagogical training may prevent teachers in their quest to transform the STEAM theory into practice in the classroom (Herro and Quigley, 2017). Specifically, the issues associated with assessment and design of lessons imply that during pre-service training, there should be guided instructions and learning experiences.
The lack of professional training identified as the most crucial issue also helps to emphasize the role of institutional support in supporting the process of effective STEAM implementation. Time limitations, resource scarcity, and strict curriculum frameworks were also identified to affect the confidence of pre-service teachers indicating that systems factors are very critical in preparing teachers to teach. The findings are aligned with previous studies that have seen a structural impediment to interdisciplinary teaching (Thibaut et al., 2018).
In general, the findings support the importance of incorporating the multifaceted STEAM-based course work, hands-on exposure, and pedagogical support into a teacher education course. The empowering of such areas can contribute positively to the confidence and willingness of pre-service teachers and help to facilitate the sustainable use of the Arts-integrated STEM education.
Educational Implementation 
Using the data of the current research, various educational recommendations can be outlined in order to enhance the incorporation of Arts in STEM education at the pre-service teacher level. There should be structured STEAM-oriented coursework in teacher education institutions which specifically address interdisciplinary lesson planning, assessment strategies and implementation in classrooms. The courses will have the ability to equip pre-service teachers with both practical skills and theoretical knowledge (Henriksen, 2014).
During teacher preparation programs, special focus should be made on the provisions of experiential learning, such as project-based learning, collaborative teaching modules, and micro-teaching sessions relying on STEAM-based pedagogy. With the help of these experiences, it is possible to develop confidence and preparedness, enabling pre-service teachers to use Arts-integrated STEM strategies in real learning situations (Herro and Quigley, 2017). Also, assessment training is to be reformulated to respond to the evaluation of creativity, problem-solving, and interdisciplinary learning outcomes.
Workshops and mentoring as well as interdisciplinary faculty cooperation are other ways of supporting professional development to promote effective STEAM implementation. Curriculum planners are also advised to make teacher education programs very flexible so as to facilitate new teaching practices and minimize the congestion of content. The meaningful Arts integration requires adequate access to instructional resources, digital tools, and creative materials (Thibaut et al., 2018).
And lastly, teacher education programs should incorporate continuous reflection and feedback programs to promote reflective practice and long-term professional development. All these actions can contribute to the creation of efficient and self-confident future educators who will be able to apply STEAM education to its full potential.
Conclusion
The current analysis has explored the perceptions of pre-service teachers on incorporating Arts in STEM education and has given significant information about their attitude, willingness, and perceived difficulties. The results show that pre-service teachers tend to have neutral or positive perceptions and positive attitudes toward STEAM education which shows that they are not aversive to the interdisciplinary and innovative pedagogy. This implies that the introduction of Arts-integrated STEM teaching in the classroom has a solid theoretical basis in the future.
Nevertheless, the research also found that the willingness of pre-service teachers to apply STEAM pedagogy is at a moderate level. Poor faith in lesson planning, assessment and classroom performance points to the discrepancy between theoretical allegiance and practical expertise. The lack of professional training as one of the primary problems raises the point of systematic and organized STEAM preparation through the teacher education programs. As well, institutional factors including time constraints and availability of resources and curriculum inflexibility were determined to affect implementation preparedness.
The fact that all the null hypothesis were rejected also proves that demographic factors, attitude, and perceived challenges have a significant influence on the readiness of pre-service teachers to STEAM education. The findings provide strength to the idea that curriculum in teacher education needs to be reinforced with interdisciplinary courses, hands-on learning activities, and ongoing professional assistance. In general, the research concludes that successful implementation of Arts in STEM education involves not just positive perception of teachers, but long-term institutional devotion to the development of pedagogical competence. These needs can help in successful and sustainable implementation of STEAM education in the schools.
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