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Abstract
Academic motivation is a critical determinant of students’ engagement, learning effectiveness, and academic achievement. In architectural education, technically oriented courses such as Building Structures are often perceived as more challenging and less engaging than design studio courses, which may negatively affect students’ motivation and learning experiences. Consequently, identifying innovative instructional approaches that enhance students’ academic motivation has become an important objective in higher education. This study investigates the effectiveness of interactive computer simulation-based instruction in enhancing the academic motivation of undergraduate architecture students enrolled in a Building Structures course. A quasi-experimental pre-test–post-test design with a control group was employed. The study involved 50 undergraduate architecture students at Urmia Islamic Azad University, who were assigned to either an experimental group (n = 25) or a control group (n = 25). The experimental group received instruction through an interactive computer simulation environment, whereas the control group was taught using conventional lecture-based methods. Academic motivation was assessed using the Hermans Achievement Motivation Questionnaire (AMT). Data were analyzed using descriptive statistics and analysis of covariance (ANCOVA). The findings revealed a statistically significant increase in academic motivation among students who participated in simulation-based instruction compared with those who received traditional instruction. In addition, students in the experimental group achieved significantly higher scores on the final examination than their counterparts in the control group. These findings indicate that interactive computer simulation can serve as an effective pedagogical strategy for enhancing both academic motivation and learning outcomes in Building Structures education. The study contributes to the growing body of research on technology-enhanced learning in architectural education by providing empirical evidence from a technical course context that has received comparatively limited attention in previous studies.
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Introduction
Academic motivation is widely recognized as one of the most influential determinants of learning, academic achievement, persistence, and educational success. As a fundamental psychological construct, motivation provides the cognitive and emotional energy that drives learners toward educational goals and shapes their willingness to invest effort in academic activities. Extensive research has demonstrated that students with higher levels of academic motivation exhibit greater engagement, persistence, self-regulation, creativity, and overall academic performance than their less motivated peers (Skinner et al., 2009; Saif, 2022). Consequently, enhancing students’ motivation has become a central objective of contemporary higher education, particularly in disciplines that require sustained intellectual engagement and complex problem-solving abilities.
Architecture education presents unique pedagogical challenges because it integrates artistic creativity, technical knowledge, engineering principles, and design thinking within a single educational framework (Sedaghati & Hojat, 2020). Students enrolled in architecture programs are expected to develop competencies that range from conceptual design and spatial visualization to structural analysis and building technology. While architecture students often demonstrate strong enthusiasm for design studios and creative activities, their motivation may decline in technically oriented courses that involve abstract engineering concepts and complex building systems. Among these courses, Building Structures occupies a central position within the architecture curriculum because it provides the technical foundation necessary for understanding structural behavior, construction technologies, environmental performance, and sustainable building practices. Despite its importance, students frequently perceive this course as difficult, theoretical, and disconnected from real-world design experiences, which can negatively affect their motivation and learning outcomes.
Recent advances in educational technology have created unprecedented opportunities to address such challenges through innovative teaching and learning approaches. Among these developments, computer simulation has emerged as a particularly promising instructional tool capable of transforming traditional teacher-centered environments into interactive and learner-centered educational experiences. Simulation-based learning enables students to visualize complex phenomena, manipulate variables, test alternative scenarios, and receive immediate feedback regarding the consequences of their decisions. Unlike conventional lecture-based instruction, simulation environments promote active participation, experiential learning, and knowledge construction through exploration and discovery. These characteristics align closely with contemporary constructivist learning theories, which emphasize the active role of learners in the development of meaningful understanding.
The educational value of simulation technologies has been extensively documented across a wide range of disciplines, including engineering, medicine, science, and vocational education. Previous studies have reported that simulation-based instruction can significantly improve conceptual understanding, problem-solving skills, critical thinking, engagement, academic achievement, and learner motivation (Al-Ansi et al., 2023; Hsiang-Hui et al., 2022; Xue et al., 2021). Meta-analytic evidence further suggests that simulation environments facilitate deeper learning by allowing students to connect theoretical knowledge with practical applications in authentic learning contexts. Consequently, simulation-based learning has become an increasingly important component of technology-enhanced education.
Within architecture education, digital technologies such as virtual reality (VR), augmented reality (AR), mixed reality (MR), and computer simulation have attracted considerable attention during the last decade. Researchers have demonstrated the effectiveness of these technologies in improving spatial cognition, design visualization, environmental analysis, scale perception, and immersive learning experiences (Kharvari & Kaiser, 2022; Darwish et al., 2023; Ning et al., 2024). Simulation technologies allow architecture students to interact with virtual representations of architectural systems that may otherwise be difficult, expensive, time-consuming, or impossible to observe directly. Through these environments, learners can explore the dynamic behavior of building components, evaluate design alternatives, and gain a deeper understanding of the relationships among structural, environmental, and functional building systems.
Despite the growing adoption of simulation technologies in architectural education, important gaps remain in the existing body of knowledge. A review of the literature reveals that most previous studies have focused primarily on architectural design studios, virtual reality applications, spatial cognition, visualization processes, and immersive design environments. Comparatively little attention has been devoted to technical and engineering-oriented courses that constitute a substantial portion of architecture curricula. Moreover, although academic motivation is widely acknowledged as a critical factor influencing learning effectiveness and educational success, relatively few studies have examined the impact of simulation-based instruction on motivational outcomes among architecture students. Existing research has generally emphasized cognitive outcomes such as spatial ability, design performance, and conceptual understanding, while motivational dimensions have received considerably less empirical attention.
This limitation is particularly important because motivation serves as a prerequisite for sustained learning and professional development. Students who are more motivated are more likely to engage actively with course content, persist when confronted with challenges, and achieve higher levels of academic success. Therefore, understanding how innovative instructional technologies influence academic motivation represents an important research priority for architecture education. Furthermore, the specific context of Building Structures courses remains underexplored despite its educational significance and the challenges commonly experienced by students in mastering technical architectural concepts.
Accordingly, the present study investigates the impact of interactive computer simulation-based instruction on the academic motivation of undergraduate architecture students enrolled in a Building Structures course. By focusing on a technical architecture course rather than a design studio environment, this research extends the current literature on simulation-based learning into a relatively underexamined educational context. In addition, it contributes to the growing body of research on technology-enhanced learning by examining both motivational and academic outcomes associated with simulation-based instruction.
More specifically, this study addresses the following research questions:
RQ1: Does interactive computer simulation-based instruction significantly improve the academic motivation of architecture students enrolled in a Building Structures course compared with conventional teaching methods?
RQ2: Does simulation-based instruction significantly improve students’ academic achievement in a Building Structures course compared with conventional instruction?
Based on these questions, the following hypotheses were formulated:
H1: Students receiving simulation-based instruction will demonstrate significantly higher levels of academic motivation than students receiving conventional instruction.
H2: Students receiving simulation-based instruction will achieve significantly higher academic performance than students receiving conventional instruction.
The study contributes to the literature in three important ways. First, it extends simulation-based learning research to the context of Building Structures education, an area that has received limited empirical attention despite its importance within architecture curricula. Second, it provides evidence regarding the influence of interactive computer simulation on architecture students’ academic motivation, thereby addressing a notable gap in previous research. Third, it offers practical implications for curriculum development and instructional innovation by demonstrating how simulation technologies can be integrated into technical architecture courses to enhance both student motivation and learning outcomes.

Research literature
Academic Motivation in Higher Education
Academic motivation has long been recognized as one of the most influential determinants of students’ learning behaviors, engagement, persistence, creativity, and academic achievement. Educational psychologists define motivation as a set of internal and external processes that initiate, direct, and sustain learning-related behaviors (Saif, 2022). Contemporary theories of motivation emphasize that motivated learners are more likely to engage actively in learning activities, invest greater effort in academic tasks, and achieve higher levels of educational success (Urhahne & Wijnia, 2023).
The theoretical foundations of academic motivation can be traced to achievement motivation theory, self-determination theory, expectancy–value theory, and social-cognitive perspectives. According to Skinner et al. (2009), motivation directly influences students’ behavioral and emotional engagement in academic activities. Similarly, Haru (2023) argues that achievement motivation serves as a key predictor of academic performance and persistence in higher education. From a social-cognitive perspective, self-efficacy and perceived competence strongly influence students’ willingness to engage in challenging learning tasks (Sadeghi et al., 2022).
Several studies have investigated the determinants of academic motivation in university settings. Through a meta-analysis of Iranian studies, Moammer Hoor et al. (2019) identified curriculum quality, the learning environment, teaching methods, self-efficacy, family support, and academic goals as major predictors of student motivation. Similar findings were reported by Safari et al. (2022), Ebrahimi et al. (2021), and Sadeghi et al. (2020), who demonstrated significant relationships between academic motivation, educational engagement, and learning outcomes in higher education contexts.
Recent international evidence further highlights the role of instructional strategies in enhancing academic motivation. Harvey et al. (2023) found that student engagement significantly mediates the relationship between motivation and academic achievement. Active teaching methodologies have been shown to enhance both students’ intrinsic motivation and learning outcomes in higher education. For example, active learning strategies implemented in architectural engineering courses created dynamic learning environments in which students were more engaged, motivated, and better able to comprehend theoretical concepts, leading to improved learning quality and greater preparedness for professional challenges (Sukkar et al., 2023). Similarly, a systematic review of motivational teaching techniques concluded that the adoption of diverse, student-centered active learning approaches—such as project-based learning, problem-based learning, collaborative learning, and flipped classrooms—enhances both motivation and academic achievement, particularly when students work on authentic problems and receive continuous feedback (Costa & Reis, 2025). Likewise, a large meta-analysis of problem-based, project-based, and case-based learning demonstrated that student-centered, problem-driven instructional approaches produce small to moderate positive effects on students’ motivational beliefs, task values, and attitudes compared with traditional lecture-based teaching (Wijnia et al., 2024).
A growing body of research also suggests that intrinsic motivation is more strongly associated with deep learning and long-term academic success than extrinsic forms of motivation. A comprehensive review of 58 studies reported that intrinsic motivation, grounded in autonomy, competence, and relatedness, promotes deep learning, creativity, and sustained engagement. In contrast, extrinsic motivation primarily supports short-term performance and goal attainment and may even undermine intrinsic interest when overemphasized (Bandara & Hettiwaththage, 2025). Consistent with these findings, Kamberi (2025) reported that the intrinsic motivation dimension of “motivation to know” was positively and directly associated with academic achievement, while deep learning strategies mediated the effects of certain intrinsic motivational orientations on performance. Similarly, research on learning approaches has shown that strong intrinsic motivation encourages deep learning strategies, which in turn predict higher academic achievement, whereas surface learning approaches are associated with lower levels of academic performance (Everaert et al., 2017). Furthermore, Sadeghi et al. (2022) demonstrated that academic motivation significantly predicts creativity among architecture students, underscoring its critical role in architectural education.
Active Learning, Simulation-Based Education, and Learning Effectiveness
Traditional teacher-centered approaches have increasingly been challenged by active learning paradigms that emphasize student participation, interaction, and experiential learning (Joyce et al., 2008). Active learning approaches encourage students to construct knowledge through exploration, reflection, and engagement rather than through the passive reception of information (Aydede & Kesercioglu, 2010).
Among these approaches, simulation-based learning has emerged as one of the most effective pedagogical strategies for promoting active engagement. Educational simulations provide learners with opportunities to interact with realistic representations of complex systems and phenomena within controlled environments, enabling them to practice skills, test decisions, and receive immediate feedback without exposure to real-world risks (Almasri, 2022).
A growing body of evidence from systematic reviews and meta-analyses demonstrates that simulation-based instruction significantly enhances learning outcomes across a wide range of educational disciplines. In nursing and healthcare education, for example, virtual and high-fidelity simulations have been shown to produce substantial improvements in knowledge acquisition, clinical reasoning, and professional performance compared with traditional instructional approaches (Lei et al., 2022; Sim et al., 2022). Similarly, meta-analytic research on psychiatric simulation training has reported large positive effects on skill development and favorable impacts on learners’ attitudes relative to conventional educational methods (Piot et al., 2021).
Comparable findings have been reported in other educational fields. Research on experiential and simulation-based environments in finance education indicates that such approaches provide authentic, hands-on learning experiences, foster deep learning strategies, and enhance student engagement and satisfaction (Bakoush, 2022). Likewise, studies conducted in science and medical education have documented high levels of learner engagement, motivation, and satisfaction, accompanied by significant improvements in conceptual understanding and procedural knowledge (Almasri, 2022; Wu et al., 2022).
One of the most comprehensive investigations in this area was conducted by Chernikova et al. (2020), whose meta-analysis of 145 empirical studies revealed a large overall positive effect of simulation-based instruction on the development of complex skills (g = 0.85). Their findings demonstrated robust benefits across diverse disciplines, including medicine, nursing, teacher education, management, engineering, and economics, suggesting that simulation-based learning frequently outperforms traditional instructional methods. Similarly, Burch et al. (2019) synthesized evidence from 89 empirical studies spanning more than four decades and found that experiential learning approaches, many of which incorporated simulation-like and hands-on learning environments, generated significantly better educational outcomes than conventional teaching methods. Specifically, students exposed to experiential learning achieved outcomes nearly half a standard deviation higher (d = 0.43) than those receiving traditional instruction.
Beyond general academic performance, simulation-based instruction has also been associated with the development of higher-order cognitive skills. Xue et al. (2021) reported significant improvements in students’ problem-solving abilities, while Xuefeng et al. (2020) demonstrated positive effects on critical-thinking development. These findings suggest that simulation-based learning not only enhances knowledge acquisition but also promotes the cognitive processes required for complex decision-making and professional practice.
The effectiveness of simulation technologies has been documented across diverse educational contexts. Miller et al. (2018) found that simulation-based training significantly improves professional competence in medical education. Similarly, Mehtari Arani et al. (2018) reported improvements in students’ subjective well-being and lifelong learning competencies following participation in computer-based educational simulations. In the context of secondary education, Zangeneh and Saedi (2017) demonstrated that three-dimensional simulation environments significantly enhance learning outcomes and knowledge retention.
In addition to cognitive and academic benefits, simulation technologies appear to exert a positive influence on psychological and motivational factors. Annafi et al. (2017) concluded that augmented reality applications improve students’ understanding, thinking skills, and motivation. Likewise, Hsiang-Hui et al. (2022) experimentally demonstrated that simulation-based learning significantly increases student motivation and classroom engagement. A systematic review conducted by Bacca Acosta et al. (2014) identified motivation enhancement as one of the most frequently reported educational benefits of augmented reality applications. Similarly, Jesionkowska et al. (2020) found that augmented reality supports active learning processes and promotes student participation in STEAM education.
More recent studies have continued to reinforce these findings. Widiaty et al. (2022) reported that virtual reality applications improve critical thinking, self-confidence, and overall learning effectiveness. Waters et al. (2021) demonstrated that augmented reality significantly enhances students’ three-dimensional visualization skills in engineering education. Huang and Musah (2024) further found that augmented reality positively influences creativity, student behavior, and pedagogical effectiveness. Likewise, Puggioni et al. (2021) showed that virtual reality platforms contribute to improved learning experiences and higher levels of academic engagement.
Within the context of architectural education, where students are required to understand complex relationships among structural systems, building technologies, environmental performance, and design decisions, simulation-based instruction offers unique pedagogical advantages. By enabling learners to visualize dynamic building processes, explore alternative design scenarios, and interact with realistic representations of architectural systems, simulation technologies have the potential to transform learning experiences in technical architecture courses. Such technologies facilitate the integration of theoretical knowledge with practical application, thereby supporting deeper conceptual understanding and more meaningful learning experiences.
Virtual Reality, Augmented Reality, and Simulation Technologies in Architectural Education
Technological advancements have significantly transformed architectural education over the past two decades, reshaping both pedagogical approaches and learning environments. The integration of digital technologies has expanded opportunities for visualization, interaction, experimentation, and collaborative learning, enabling students to engage with architectural concepts in more dynamic and immersive ways. Omar et al. (2016) demonstrated that three-dimensional simulation modeling enhances students’ understanding of architectural design concepts by facilitating the visualization of complex spatial and structural relationships. Similarly, Soliman et al. (2019) argued that digital technologies are fundamentally reshaping architectural pedagogy and professional practice, bridging the gap between academic instruction and industry demands. In the same vein, Kumar and Janardhan (2023) emphasized the transformative role of emerging technologies in shaping the future of architectural education, highlighting their potential to improve learning effectiveness and professional preparedness.
The educational value of simulation technologies has also been examined from cognitive and perceptual perspectives. Ning et al. (2024) demonstrated that virtual reality (VR) environments significantly improve students’ perception of architectural scale and spatial experience, enabling learners to develop a more realistic understanding of built environments. Likewise, Darwish et al. (2023) found that extended reality (XR) technologies substantially enhance spatial abilities among architecture students, thereby supporting design thinking and architectural problem-solving. Earlier research by Matusiak and Sudbo (2008) further illustrated how computer simulations contribute to understanding spatial perception and the environmental qualities of architectural spaces, providing valuable insights into how individuals experience and interpret the built environment.
Recent developments in educational technology have further expanded the range of digital tools available for architectural education. Ahmad et al. (2020) demonstrated the effectiveness of online and virtual teaching methodologies in design education during the COVID-19 pandemic, highlighting the adaptability of digital learning environments in maintaining educational continuity. Similarly, Kee et al. (2024) emphasized the growing role of generative artificial intelligence in architectural education, arguing that AI-based tools can enhance digital literacy, creativity, and holistic professional competencies among architecture students. Furthermore, Czermainski de Oliveira et al. (2024) highlighted the importance of systems thinking and feedback mechanisms in design education, emphasizing how technology-supported learning environments can facilitate iterative learning processes. El Barhoumi et al. (2022) also investigated various augmented reality (AR) techniques for three-dimensional model visualization and reported their effectiveness in improving students’ understanding of spatial and geometric relationships.
New Technologies in Building and Construction Education
Although a substantial proportion of simulation-related research in architecture has focused on design studios, visualization, and spatial cognition, increasing attention has recently been directed toward technical and construction-oriented courses. Such courses often involve abstract concepts and complex systems that can be difficult for students to comprehend through conventional teaching methods alone. Simulation technologies offer opportunities to bridge this gap by providing interactive and visually rich learning experiences.
Memon et al. (2022) demonstrated that simulated learning environments significantly improve learning experiences in architecture, engineering, and construction (AEC) programs by fostering active participation and experiential learning. Similarly, Ramadhan et al. (2024) reported positive student experiences with virtual reality applications in Building Information Modeling (BIM) courses, indicating that immersive technologies can facilitate understanding of complex construction processes and digital workflows. Anindita et al. (2022) further found that building-performance simulation tools effectively support architectural design learning and technical decision-making processes by enabling students to evaluate alternative design solutions and assess building performance outcomes.
Evidence from recent review studies further supports the educational effectiveness of immersive technologies in construction and building-related education. Siu Shing et al. (2024), through a systematic review and meta-analysis, concluded that virtual reality applications significantly improve safety training outcomes in construction education by increasing learner engagement and enhancing knowledge retention. Likewise, Cardellicchio et al. (2024) demonstrated the effectiveness of virtual reality for communicating complex construction processes and heritage-building documentation, suggesting that immersive environments can facilitate the understanding of intricate technical information. Moreover, Taherysayah et al. (2024), in a systematic review of studies combining virtual reality and neurophysiological measures, found substantial evidence that immersive environments influence cognitive, emotional, and behavioral processes associated with architectural learning, thereby supporting more effective educational experiences.
At a broader level, Al-Ansi et al. (2023) analyzed recent developments in augmented reality and virtual reality technologies and concluded that these technologies are becoming increasingly influential across educational settings worldwide. Their review highlighted numerous educational benefits, including enhanced engagement, visualization, interactivity, and learning effectiveness. Nevertheless, they also identified several challenges related to infrastructure requirements, implementation costs, technological accessibility, and pedagogical integration. Similarly, Vásquez-Carbonell (2023) pointed out the lack of standardized methodologies for evaluating virtual reality interventions in educational contexts, emphasizing the need for additional empirical studies conducted within specific disciplinary settings.
Research Gap and Contribution of the Present Study
The existing literature provides substantial evidence regarding the educational benefits of active learning, simulation-based instruction, virtual reality, augmented reality, and other technology-enhanced learning approaches. Previous studies have consistently reported positive effects on academic achievement, conceptual understanding, spatial cognition, critical thinking, engagement, creativity, professional competencies, and overall learning effectiveness across a variety of educational disciplines. Furthermore, research on academic motivation has highlighted the critical role of instructional strategies and learning environments in fostering students’ engagement, persistence, and academic success.
Despite these advances, several important gaps remain in the literature. First, most studies in architectural education have concentrated on design studios, visualization activities, spatial cognition, and design-oriented learning environments, whereas relatively little attention has been devoted to the application of simulation-based instruction in technical architecture courses such as Building Structures. Second, although the educational effectiveness of simulation technologies has been widely documented, existing research has focused predominantly on cognitive and performance-related outcomes, with considerably less emphasis on motivational outcomes. In particular, empirical evidence concerning the influence of simulation-based instruction on architecture students’ academic motivation remains scarce.
Third, much of the existing evidence originates from engineering, medical, and science education contexts, limiting our understanding of how simulation-based learning functions within architecture programs. Fourth, empirical studies conducted in developing-country higher education settings remain relatively limited, thereby restricting the generalizability of current findings across diverse educational and cultural contexts. Finally, while virtual reality and augmented reality technologies have been increasingly incorporated into architectural education, relatively few studies have examined their effectiveness in supporting the teaching and learning of technical building-system concepts that are often perceived by students as abstract, complex, and difficult.
Addressing these gaps is particularly important because academic motivation plays a central role in sustaining student engagement, persistence, and achievement in technically demanding courses. Building Structures courses constitute a fundamental component of architectural education, yet they frequently present motivational challenges due to the abstract and engineering-oriented nature of their content. Consequently, identifying instructional approaches that can simultaneously improve learning outcomes and strengthen students’ motivation represents an important educational priority.
Accordingly, the present study investigates the impact of interactive computer simulation-based instruction on the academic motivation and academic achievement of architecture students enrolled in a Building Structures course. By focusing on a technical component of the architecture curriculum, emphasizing motivational outcomes alongside academic performance, and providing empirical evidence from a developing-country higher education context, this study contributes to the growing body of literature on technology-enhanced learning in architectural education. In addition, the findings offer practical implications for curriculum development, instructional design, and the effective integration of simulation technologies into technical architecture courses.

RESEARCH METHODOLOGY
Research Design
This study was applied in terms of its purpose and employed a quasi-experimental pretest–posttest design with a control group for data collection. According to Sarmad and Bazargan , and Hejazi (2022), a type of quasi-experimental design in which participants are not randomly selected or assigned to groups is referred to as a non-equivalent control group pretest–posttest design. This design was selected because random assignment of students to groups was not feasible within the educational setting.
When researchers aim to empirically evaluate the effectiveness of an educational intervention, the use of experimental and control groups is considered one of the most rigorous methodological approaches. The experimental group is the group to which the intervention is administered, whereas the control group does not receive the intervention and serves as a benchmark for comparison. In this design, the dependent variable is measured before the implementation of the intervention (pretest) and again after the intervention has been completed (posttest). Comparing the outcomes of the two groups enables researchers to determine whether the observed changes can be attributed to the intervention. Therefore, the control group provides a reference point against which the effectiveness of the intervention implemented in the experimental group can be assessed.
Participants
The study population consisted of undergraduate architecture students enrolled in the Building Structures course at the Islamic Azad University of Urmia during the academic semester in which the study was conducted. A total of 50 students participated in the research and were assigned to either an experimental group (n = 25) or a control group (n = 25).
Participants were selected using convenience sampling from students who had enrolled in the Building Structures course. According to Cohen, Manion, and Morrison (2011), a minimum sample size of 15 participants per subgroup is generally considered adequate for experimental and quasi-experimental educational research. Therefore, the sample size employed in the present study exceeded the minimum recommended threshold.
To ensure equivalence between the groups prior to the intervention, students participated in three introductory sessions covering the fundamental concepts of Building Structures. Subsequently, a baseline knowledge test was administered. Independent-samples t-test results indicated no statistically significant difference between the experimental and control groups regarding prior knowledge of Building Structures concepts. Therefore, the two groups were considered comparable before the intervention. Table 1 presents the descriptive statistics of the baseline knowledge assessment.
Research Instrument
Academic motivation was measured using the Hermans Achievement Motivation Test (AMT). The instrument consists of 29 incomplete-statement items scored on a four-point Likert-type scale.
Each item presents four response alternatives, scored from 1 to 4. Several items are reverse-coded. Higher total scores indicate higher levels of achievement motivation. For items 1, 4, 9, 10, 14, 15, 16, 20, 23, 27, 28, and 29, responses are scored in ascending order from 1 to 4, whereas the remaining items are scored in reverse order. Total scores range from 29 to 116.
Hermans reported item-total correlation coefficients ranging from 0.30 to 0.57, indicating acceptable construct validity. The instrument has been widely used in educational and psychological research and has demonstrated satisfactory psychometric properties. In Iran, the reliability and validity of the questionnaire were confirmed by Akbari (2007) and Hooman and Askari (2001).
In the present study, internal consistency reliability was assessed using Cronbach’s alpha coefficient, yielding a value of 0.79, which indicates satisfactory reliability.
Simulation-Based Instructional Intervention
The intervention was conducted over an eleven-week period, with one instructional session held each week. Each session lasted approximately 90 minutes.
To eliminate instructor-related bias, both groups were taught by the same instructor. Furthermore, the learning objectives, course content, assessment procedures, instructional duration, and expected learning outcomes were identical for both groups. The only difference between the groups concerned the instructional delivery method.
Students in the experimental group received instruction through an interactive computer simulation environment. The simulation enabled students to visualize structural components, building service systems, and the interactions among building subsystems within a dynamic three-dimensional environment. Students were able to manipulate variables, explore alternative design scenarios, observe system responses in real time, and evaluate the consequences of different technical decisions.
The instructional procedure consisted of four sequential phases:
1. Conceptual Explanation: Introduction of theoretical concepts and technical principles by the instructor.
2. Simulation-Based Exploration: Students interacted with simulation models to visualize and examine Building Structures and their performance.
3. Guided Problem-Solving Activities: Students completed structured tasks requiring analysis, decision-making, and interpretation of simulation outputs.
4. Discussion and Feedback: Group discussions were conducted to reflect on learning experiences and receive instructor feedback.
In contrast, students in the control group received conventional lecture-based instruction. Teaching methods in this group consisted of instructor explanations, PowerPoint presentations, and classroom discussions without the use of interactive simulation technologies (see Figure 1).
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Figure 1: Instruction employing the interactive simulation method.

Data Collection Procedure
Academic motivation was measured twice during the study. The first measurement (pretest) was conducted before the implementation of the instructional intervention, and the second measurement (posttest) was administered immediately after completion of the course.
In addition to motivation data, students’ final examination scores were collected as an indicator of academic achievement and learning performance.
To complement quantitative findings, classroom observations were conducted throughout the semester to document student participation, engagement, and interaction during instructional activities.
Data Analysis
Data were analyzed using the Statistical Package for the Social Sciences (SPSS).
Descriptive statistics, including means and standard deviations, were calculated for all study variables. Prior to conducting inferential analyses, the assumptions of normality, homogeneity of variances, and homogeneity of regression slopes were examined.
Analysis of Covariance (ANCOVA) was employed to compare posttest motivation scores between the experimental and control groups while statistically controlling for pretest differences. ANCOVA was selected because it allows adjustment for baseline variability and provides a more accurate estimate of treatment effects.
Furthermore, ANCOVA was used to compare final examination scores between groups. Effect sizes were calculated to determine the practical significance of observed differences, following Cohen’s (2011) guidelines for interpreting effect magnitude. Statistical significance was evaluated at the 0.05 level.
The research process is presented in Figure 2.
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Figure 2: Theoretical framework

Findings
According to Table 1, the mean score of the experimental group was 16.23 (SD = 1.82), while the mean score of the control group was 16.26 (SD = 2.02). An independent samples t-test showed no statistically significant difference between the two groups in their baseline level of knowledge (t = -0.06, p > .05). Therefore, the two groups were considered homogeneous prior to the intervention.

Table 1: Comparison of Pretest Knowledge Scores in the Experimental and Control Groups
	Group
	Name
	Number
	Mean
	Standard deviation

	Experimental
	A
	25
	16.23
	1.82

	Control
	B
	25
	16.26
	2.02



The scores reported in Table 1 represent students’ performance on a preliminary Building Structures knowledge test administered after the first three introductory sessions. The test was used to verify the equivalence of the experimental and control groups prior to the intervention. An independent-samples t-test confirmed that no statistically significant difference existed between the two groups.
After collecting and coding the questionnaire data, statistical analyses were conducted using SPSS software. Data analysis was performed at both descriptive and inferential levels. Descriptive statistics included means and standard deviations, while inferential statistics were conducted using analysis of covariance (ANCOVA) after examining the required statistical assumptions.
Table 2 presents the descriptive statistics for academic achievement motivation in the pretest and posttest phases. As shown, there was little difference between the groups at the pretest stage. However, following the intervention, the experimental group demonstrated a substantial increase in motivation scores compared with the control group.

Table 2: Means and Standard Deviations of Academic Achievement Motivation Scores in the Pretest and Posttest Phases
	
	Experimental group
	Control group

	Pretest
	Mean
	80.78
	80.58

	
	Standard deviation (SD)
	11.02
	10.21

	posttest
	Mean
	92.78
	80.61

	
	Standard deviation (SD)
	7.02
	10.11



To facilitate interpretation of the intervention effects, the changes in motivation scores from pretest to posttest were calculated and are presented in Table 3.

Table 3: Changes in Academic Achievement Motivation Scores
	Group
	Pretest Mean
	Posttest Mean
	Mean Change
	Percentage Change

	Experimental
	80.78
	92.78
	+12.00
	14.86%

	Control
	80.58
	80.61
	+0.03
	0.04%



Given the interfering variable is measurable and often considered quantitatively, we cannot ignore its effect when examining and measuring the dependent variable. Therefore, by maintaining the effects of the interfering variable constant, we identify the equality of the mean value of the dependent variable at different levels of the factor variable. As a result, a one-way analysis of covariance (ANCOVA) was used to assess effectiveness. First, the assumptions for the ANCOVA analysis were tested. The results of the Shapiro-Wilkes test indicated that the significance level was higher than 0.05. (W=0.95), and the variables are normally distributed, thus confirming the homogeneity assumption of the variable distribution in the data. Additionally, in order to test the homogeneity of the variables, Levene's test was used, yielding an F value of 0.87. Therefore, the significance level exceeded 0.05, and the assumption of homogeneity of variances is confirmed.
The examination into the homogeneity of the regression slope grades, an F value of 1.36 was obtained, indicating that the mutual vectors were not significant and there was no significant difference in the regression slope between the two groups (at a 0.05 level of error). 
After ensuring the homogeneity of the variables, a covariance test was performed, and Table 4 shows the test results for comparing motivation progress in the post-test phase. The table results and an F value of 97.216, along with the significance level, and the higher mean scores of the experimental group in the post-test phase, indicate that the learning of students trained using simulation methods is different from those trained using conventional methods.

Table 4: Results of ANCOVA for Academic Achievement Motivation
	Source
	Sum of squares
	Degrees of freedom
	Mean of squares
	F value
	Partial η²
	p-value

	Pretest
	2610.112
	1
	2610.112
	157.05
	0.754
	< .001

	Group
	1728.015
	1
	1728.015
	103.97
	0.672
	< .001

	Error
	781.241
	44
	17.755
	–
	–
	–



The ANCOVA results revealed a statistically significant effect of the instructional method on posttest motivation scores after controlling for pretest differences, F(1,47) = 103.97, p < .001. The partial eta squared value (η² = 0.672) indicates that approximately 67.2% of the variance in posttest motivation scores was explained by the intervention. This represents a very large effect size.
Following completion of the educational intervention, students in both groups participated in a final examination at the end of the semester. The descriptive statistics for the final examination scores are presented in Table 5.

Table 5: Descriptive Statistics of Final Examination Scores
	Group
	Name
	Number
	Mean
	Standard deviation

	Experimental
	A
	25
	17.12
	1.91

	Control
	B
	25
	16.28
	2.05



The results indicate that students in the experimental group achieved higher final examination scores than students in the control group.
To compare the academic performance of the two groups while controlling for baseline differences, ANCOVA was conducted. The results are presented in Table 6.

Table 6: ANCOVA Results for Final Examination Scores
	Variable
	F
	p-value
	Cohen’s d
	Interpretation

	Group
	5.29
	.025
	0.42
	Moderate effect



The results demonstrated a statistically significant difference between the two groups in final examination performance, F(1,47) = 5.29, p = .025. Students who received simulation-based instruction achieved significantly higher academic performance than those who received conventional instruction. The effect size (Cohen’s d = 0.42) indicates a moderate educational effect according to Cohen’s criteria.
Overall, the findings suggest that simulation-based education significantly improved both academic achievement motivation and academic performance among students compared with traditional instructional methods.

Discussion
The present study examined the effectiveness of interactive computer simulation-based instruction in enhancing the academic motivation of architecture students enrolled in a Building Structures course. The findings revealed that students who participated in simulation-based instruction demonstrated significantly higher levels of academic motivation than those who received conventional lecture-based instruction. The ANCOVA results further confirmed that these differences remained statistically significant after controlling for pre-test scores, indicating that the observed improvements were attributable to the instructional intervention rather than to pre-existing differences between the groups.
These findings contribute to the growing body of evidence indicating that technology-enhanced learning environments can positively influence both motivational and cognitive outcomes. Unlike many previous investigations conducted in broader educational contexts, the present study focused specifically on Building Structures education within an undergraduate architecture program. This context is particularly important because structural and building-system courses are often perceived by architecture students as abstract, technically demanding, and difficult to visualize. Consequently, sustaining student motivation in such courses has long represented a significant pedagogical challenge.
One possible explanation for the motivational gains observed among students in the experimental group lies in the visual, interactive, and experiential nature of simulation-based learning environments. Traditional instruction in building systems and structural concepts typically relies on static diagrams, verbal explanations, and two-dimensional representations. Although these approaches may effectively communicate theoretical information, they often fail to convey the dynamic relationships among building components and systems. In contrast, the simulation environment used in this study enabled students to visualize structural elements, explore interactions among building systems, manipulate variables, and immediately observe the outcomes of their decisions. Such opportunities for active exploration likely enhanced students’ understanding and perceived competence, thereby strengthening their intrinsic motivation to learn.
The findings may also be interpreted through the lens of Self-Determination Theory, which posits that educational environments supporting autonomy, competence, and relatedness foster stronger intrinsic motivation. The simulation-based instructional approach employed in this study encouraged students to become active participants in the learning process rather than passive recipients of information. Through experimentation, exploration, and immediate feedback, students were able to construct knowledge independently and monitor their own learning progress. These characteristics likely contributed to enhanced perceptions of mastery and self-efficacy, both of which are well-established predictors of academic motivation.
From a constructivist perspective, the results further support the view that meaningful learning occurs when learners actively construct knowledge through interaction with their environment. Simulation technologies provide opportunities for experiential learning by allowing students to engage directly with virtual representations of real-world systems. Rather than memorizing theoretical concepts, students can test assumptions, observe consequences, and refine their understanding through iterative exploration. Such learning experiences foster deeper cognitive engagement and are therefore more likely to generate positive motivational outcomes.
The present findings are consistent with previous studies conducted in architecture, engineering, and educational technology contexts. Kwon and Lawson (2005) reported that virtual environments enhanced students’ spatial perception and understanding of architectural spaces, while Wang and Hu (2011) demonstrated significant improvements in spatial cognition among architecture students exposed to virtual reality environments. Similarly, Darwish et al. (2023) found that extended reality technologies substantially improved spatial abilities in architectural design education. The current study extends this body of literature by demonstrating that simulation technologies contribute not only to cognitive development but also to motivational enhancement within architectural education.
[bookmark: _GoBack]Support for these findings can also be found in recent systematic reviews and meta-analyses. Sirror et al. (2021), Al-Ansi et al. (2023), and Taherysayah et al. (2024) concluded that virtual and simulation-based educational environments consistently improve learner engagement, interaction, and overall educational effectiveness across diverse disciplines. Likewise, Hsiang-Hui et al. (2022) demonstrated that simulation-based instruction significantly increased student engagement when compared with traditional teaching approaches. The present study corroborates these conclusions while providing evidence from a Building Structures course, a context that has received relatively limited attention in previous research.
Another important interpretation concerns the role of student engagement as a mediating mechanism between instructional methods and motivational outcomes. Educational research consistently suggests that engagement serves as a critical pathway through which instructional strategies influence learning outcomes. Harvey et al. (2023) reported strong relationships among engagement, motivation, and academic achievement, while Skinner et al. (2009) emphasized that emotionally and behaviorally engaged students are more likely to demonstrate persistence and sustained academic motivation. Consistent with these findings, classroom observations conducted during the intervention indicated that students in the simulation-based environment participated more actively in discussions, asked more questions, and displayed greater enthusiasm toward learning activities than students in the control group. These observations provide qualitative support for the quantitative results obtained in this study.
Although academic motivation constituted the primary focus of the present investigation, the findings also revealed significantly higher final examination scores among students in the experimental group. This result is consistent with extensive evidence demonstrating that motivation is a powerful predictor of academic achievement. Previous studies by Sadeghi et al. (2022), Harvey et al. (2023), and other scholars have consistently reported positive associations between academic motivation and educational performance. Therefore, the improvements in academic achievement observed among students receiving simulation-based instruction may be partially explained by the motivational benefits generated through the intervention.
A notable contribution of this study lies in addressing an important gap within the existing literature. Most previous research has examined virtual reality, augmented reality, and simulation technologies primarily as tools for enhancing spatial visualization, technical competence, and cognitive performance. Comparatively little attention has been devoted to their influence on motivational outcomes within architectural education, particularly in technically oriented courses such as Building Structures. Moreover, many previous investigations have focused predominantly on design studios rather than engineering-related architectural subjects. By examining academic motivation within a Building Structures course, the present study broadens current understanding of how simulation technologies can support learning in domains that students often perceive as challenging and less engaging.
The study also contributes methodologically by providing a clearly structured and replicable simulation-based instructional framework. One limitation frequently identified in the simulation-learning literature is the inadequate description of intervention procedures, which restricts reproducibility and practical implementation. In contrast, the present study explicitly documented the instructional procedures, duration of implementation, simulation activities, instructor responsibilities, and comparison conditions. Such methodological transparency enhances the practical value of the findings and facilitates future replication studies.
From a practical perspective, several implications emerge. First, simulation-based instruction appears to be an effective strategy for enhancing student motivation in technically demanding architecture courses. Second, architecture programs seeking to modernize their curricula may benefit from integrating simulation technologies alongside conventional instructional approaches. Third, simulation environments can support deeper conceptual understanding while simultaneously promoting engagement, persistence, and positive learning experiences.
These implications are particularly relevant in light of the ongoing digital transformation of higher education. Emerging technologies such as virtual reality, augmented reality, mixed reality, Building Information Modeling (BIM), artificial intelligence, and digital simulation platforms are increasingly reshaping architectural education worldwide. Scholars including Soliman et al. (2019), Kharvari and Kaiser (2022), Ramadhan et al. (2024), Kee et al. (2024), and Kumar and Janardhan (2023) have argued that future architecture curricula must incorporate advanced digital technologies to prepare students for increasingly technology-driven professional environments. The findings of the present study provide empirical support for this transition by demonstrating measurable educational benefits associated with simulation-based learning.
Despite its contributions, several limitations should be acknowledged. First, the study was conducted at a single institution, which may limit the generalizability of the findings to other educational contexts. Second, although the sample size met established methodological recommendations for quasi-experimental research, larger samples would improve statistical power and external validity. Third, the study focused on short-term motivational outcomes measured immediately after the intervention; therefore, future longitudinal studies are needed to determine whether the observed motivational gains are sustained over time. Finally, although simulation-based instruction produced significant benefits, the study did not compare simulation technologies with other emerging educational tools, such as immersive virtual reality, augmented reality, or mixed-reality systems.
Future research should therefore investigate the comparative effectiveness of different immersive technologies across architectural education contexts. In addition, researchers should examine other important psychological and educational variables, including self-efficacy, creativity, critical thinking, problem-solving ability, learning engagement, and professional identity development. Multi-institutional studies employing larger and more diverse samples would further strengthen the evidence base. Finally, qualitative investigations could provide richer insights into students’ experiences, perceptions, and learning processes within simulation-based educational environments.

Conclusion
This study examined the impact of interactive computer simulation-based instruction on the academic motivation of architecture students enrolled in a Building Structures course. The findings demonstrated that students who participated in simulation-based learning achieved significantly higher levels of academic motivation compared with students who received conventional instruction. After controlling for pre-existing differences through ANCOVA, the positive effect of the intervention remained statistically significant, indicating that simulation-based instruction was an influential factor in enhancing student motivation.
The study contributes to the literature in several important ways. First, it shifts attention from the frequently investigated cognitive and spatial benefits of simulation technologies toward their motivational effects within architectural education. Second, it provides empirical evidence from a Building Structures course, a context that has received limited attention in previous simulation-based educational research. Third, it offers a detailed description of the instructional intervention, thereby enhancing the practical applicability and replicability of the research.
The findings suggest that simulation-based instruction can create more engaging and meaningful learning experiences by facilitating active participation, immediate feedback, conceptual visualization, and experiential learning. These characteristics appear to strengthen students’ interest, engagement, and willingness to invest effort in academic activities. Consequently, simulation technologies may represent a valuable pedagogical tool for addressing motivational challenges frequently encountered in technically oriented architecture courses.
Given the rapid digital transformation of architectural education and professional practice, integrating simulation technologies into architecture curricula may provide substantial educational benefits. Nevertheless, the findings should be interpreted within the limitations of the study, and further research is needed to investigate long-term effects, broader educational outcomes, and applications across diverse institutional contexts.
Overall, the results indicate that interactive computer simulation constitutes an effective instructional approach for enhancing academic motivation among architecture students studying Building Structures and can serve as a meaningful complement to traditional teaching methods in higher education.
References 
Ahmad, L., Marco, S., & Karim, M. (2020). Interior design teaching methodology during the global COVID-19 pandemic. Journal of Interiority, 3(2), 163–184. https://doi.org/10.7454/in.v3i2.100
Akbari, B. (2007). Validity and reliability of the Hermans Achievement Motivation Test in high school students of Gilan. Research in Curriculum Planning, Science and Research in Educational Sciences—Curriculum Planning, 21(16), 73–96. https://sid.ir/paper/127508/fa
Al-Ansi, A. M., Jaboob, M., Garad, A., & Al-Ansi, A. (2023). Analyzing augmented reality (AR) and virtual reality (VR) recent development in education. Social Sciences & Humanities Open, 8(1), 1-9. https://doi.org/10.1016/j.ssaho.2023.100532.
Almasri, F. (2022). Simulations to Teach Science Subjects: Connections Among Students’ Engagement, Self-Confidence, Satisfaction, and Learning Styles. Education and Information Technologies, 27, 7161 - 7181. https://doi.org/10.1007/s10639-022-10940-w
Anindita, M. D., Krisna, A., Frengky, B. O., Natalia, S., & Nimas, S. (2022). Utilization of building design performance simulation in the architectural design studio. ARTEKS: Jurnal Teknik Arsitektur, 7(2), 163–174. https://doi.org/10.30822/arteks.v7i2.1391
Annafi, A., Hakim, D. L., & Rohendi, D. (2019, November). Impact of using augmented reality applications in the educational environment. In Journal of Physics: Conference Series, 1375(1), p. 012080. IOP Publishing.  https://doi: 10.1088/1742-6596/1375/1/012080.
Aydede, M. N., & Kesercioglu, T. (2010). The effect of active learning applications on students’ views about scientific knowledge. Procedia – Social and Behavioral Sciences, 2(2), 3783–3786. https://doi.org/10.1016/j.sbspro.2010.03.589
Bacca Acosta, J. L., Baldiris Navarro, S. M., Fabregat Gesa, R., & Graf, S. (2014). Augmented reality trends in education: A systematic review of research and applications. Journal of Educational Technology Society, 17(4), 133-149.
Bakoush, M. (2022). Evaluating the role of simulation-based experiential learning in improving satisfaction of finance students. The International Journal of Management Education. https://doi.org/10.1016/j.ijme.2022.100690
Bandara, K., & Hettiwaththage, R. C. (2025). The Interplay of Intrinsic and Extrinsic Motivation in Academic Achievement: A Comprehensive Review. Sri Lanka Journal of Social Work. https://doi.org/10.4038/sljsw.v9i2.24
Burch, G. F., Giambatista, R. C., Batchelor, J. H., Burch, J. J., Hoover, D. J., & Heller, N. (2019). A Meta‐Analysis of the Relationship Between Experiential Learning and Learning Outcomes. Decision Sciences Journal of Innovative Education. https://doi.org/10.1111/dsji.12188
Cardellicchio, L., Stracchi, P., & Globa, A. (2024). Digital heritage construction: Testing the heritage value of construction documentation and building processes through Virtual Reality. Frontiers of Architectural Research. Available online April 27, 2024. https://doi.org/10.1016/j.foar.2024.02.012.
Chen, W., & Yang, H. (2023). Editorial: New challenges and future perspectives in motivation and reward. Frontiers in Behavioral Neuroscience, 17. https://doi.org/10.3389/fnbeh.2023.1293938
Chernikova, O., Heitzmann, N., Stadler, M., Holzberger, D., Seidel, T., & Fischer, F. (2020). Simulation-Based Learning in Higher Education: A Meta-Analysis. Review of Educational Research, 90, 499 - 541. https://doi.org/10.3102/0034654320933544
Cohen, L., Manion, L., & Morrison, K. (2011). Research methods in education (7th ed.). London: Routledge Falmer.
Costa, L. M. G., & Reis, M. (2025). Motivational Teaching Techniques in Secondary and Higher Education: A Systematic Review of Active Learning Methodologies. Digit., 5, 40. https://doi.org/10.3390/digital5030040
Czermainski de Oliveira, I., Guzzo, D., & Antelmi Pigosso, D. C. (2024). Feedback thought at the intersection of systems and design science. Proceedings of the Design Society. 4, 13-22. https://doi.org/10.1017/pds.2024.4
Darwish, M., Kamel, S., & Assem, A. (2023). Extended reality for enhancing spatial ability in architecture design education. Ain Shams Engineering Journal, 14(6).  https://doi.org/10.1016/j.asej.2022.102104.
El Barhoumi, N., Hajji, R., Bouali, Z., Ben Brahim, Y., & Kharroubi, A. (2022). Assessment of 3D model placement methods in augmented reality. Applied Sciences, 12(20), 10620. https://doi.org/10.3390/app122010620
Everaert, P., Opdecam, E., & Maussen, S. (2017). The relationship between motivation, learning approaches, academic performance and time spent. Accounting Education, 26, 107 - 78. https://doi.org/10.1080/09639284.2016.1274911
Haru, E. (2023). Upaya meningkatkan motivasi berprestasi pada mahasiswa. Journal of Applied Psychology, 12(1). https://doi.org/10.60130/ja.v12i01.117
Harvey, G., Fuertes, I., Israel, A., Evangelista Jr., I. J. Y., Marcellones, I., Jovenil, R., & Bacatan, I. (2023). Student engagement, academic motivation, and academic performance of intermediate-level students. International Journal of Novel Research in Education and Learning, 10(3), 133-149. https://doi: 10.5281/zenodo.8037103.
Hooman, H., & Askari, A. A. (2001). Developing and standardizing the Achievement Motivation Test (AMT). Psychological Research, 6(2), 9–32. https://sid.ir/paper/531349/en
Hsiang-Hui, H., Yi-Chen, K., & Chun-Yu, C. (2022). The impact of simulation on motivation and engagement: An experimental study. Computers & Education, 140, Article 103722. https://doi.org/10.1016/j.compedu.2022.103722
Huang, L., & Musah, A. A. (2024). The influence of augmented reality on creativity, student behavior, and pedagogical strategies in technology-infused education management. Journal of Pedagogical Research, 32(1), 1–18. https://doi.org/10.33902/jpr.202425376
Jesionkowska, J., Wild, F., & Deval, Y. (2020). Active learning augmented reality for STEAM education: A case study. Education Sciences, 10(8). https://doi.org/10.3390/educsci10080198.
Joyce, B. R., Weil, M., & Calhoun, E. (2008). Models of teaching (7th ed.). Translated by Behrangi M. Kamal Tarbiat (Original work published 2004). Tehran: Kamal Tarbiat.
Kamberi, M. (2025). The types of intrinsic motivation as predictors of academic achievement: the mediating role of deep learning strategy. Cogent Education, 12. https://doi.org/10.1080/2331186x.2025.2482482
Kee, T., Kuys, B., & King, R. (2024). Generative artificial intelligence to enhance architecture education to develop digital literacy and holistic competency. Journal of Artificial Intelligence in Architecture, 3(1), 24–41. https://doi.org/10.24002/jarina.v3i1.8347
Kharvari, F., & Kaiser, L E. (2022). Impact of extended reality on architectural education and the design process. Automation in Construction, 141. https://doi.org/10.1016/j.autcon.2022.104393.
Kumar, N. S. A., & Janardhan, J. A. (2023). The role of technology in shaping the future of architectural education. Indian Scientific Journal of Research in Engineering and Management, 7(12), 1–5. https://doi.org/10.55041/ijsrem27584
Kwon, O., & Lawson, B. (2005). Using virtual reality for architectural space perception training. Journal of Architectural Education, 54(2), 24-31.
Lei, Y., Zhu, L., Sa, Y., & Cui, X.-S. (2022). Effects of high-fidelity simulation teaching on nursing students' knowledge, professional skills and clinical ability: A meta-analysis and systematic review.. Nurse education in practice, 60, 103306. https://doi.org/10.1016/j.nepr.2022.103306
Matusiak, B., & Sudbo, B. (2008). Width or height? Which has the strongest impact on the size impression of rooms? Results from full-scale studies and computer simulations. Architectural Science Review, 51, 165–172. https://doi.org/10.3763/asre.2008.5120
Mehtari Arani, M., Rajabian DehJadeh, M., Horticulture, A., & Sotoudeh Arani, H. (2018). The impact of computer-based educational simulation on students' subjective well-being and lifelong learning. Journal of Medical Education Strategies, 11(5). https://doi.org/10.29252/edcbmj.11.05.01
Memon, S. A., Sumanarathna, N., & Adhikari, A. (2022). Improving students’ learning experience using simulated environments in applied degree education in architecture, engineering, and construction. In C. Hong & W. W. K. Ma (Eds.), Applied degree education and the future of learning (pp. 163–174). Springer. https://doi.org/10.1007/978-981-16-9812-5_14
Miller, Z. A., Amin, A., Tu, J., Echenique, A., & Winokur, R. S. (2018). Simulation-based training for interventional radiology and opportunities for improving the educational paradigm. Journal of Vascular and Interventional Radiology, 29(10), 1434-1440. https://doi: 10.1053/j.tvir.2018.10.008. 
Moammer Hoor, J., Dehghani, M., Alipoor, A., & Shaabanii Fard, M. (2019). Meta-analysis studies on affecting factors on student’s motivation in Iran. Journal of Training & Learning Researches, 15(2), 17-26. https://doi: 10.22070/tlr.2020.2525
Ning, H., Daisaku, N., So, S., Rui, J., Sayaka, K., Hiroshi, O., & Akihiro, S. (2024). Virtual reality space in architectural design education: Learning effect of scale feeling. Building and Environment, 248. https://doi.org/10.1016/j.buildenv.2023.111060 
Omar, O., El Messeidy, R., & Youssef, M. (2016). Impact of 3D simulation modeling on architectural design education. Architecture and Planning Journal, 23(2), 1-7. https://www.researchgate.net/publication/298854347
Piot, M., Dechartres, A., Attoe, C., Romeo, M., Jollant, F., Billon, G., Cross, S., Lemogne, C., Burn, L. C., Michelet, D., Guerrier, G., Tesnière, A., Rethans, J., & Falissard, B. (2021). Effectiveness of simulation in psychiatry for nursing students, nurses and nurse practitioners: A systematic review and meta-analysis.. Journal of advanced nursing. https://doi.org/10.1111/jan.14986
Puggioni, M., Frontoni, E., Paolanti, M., & Pierdicca, R. (2021). ScoolAR: : An educational platform to improve students’ learning through virtual reality. IEEE Access, 9, 21059–21070. https://doi.org/10.1109/ACCESS.2021.3051275
Ramadhan, T., Jurizat, A., Rahmanullah, F., Minggra, R., & Kusuma, Y. (2024). Empowering architectural STEM education: Unveiling student experiences through virtual reality (VR) in building information modeling (BIM) course. In 2024 IEEE Integrated STEM Education Conference (pp. 1–7). IEEE. https://doi.org/10.1109/istem-ed62750.2024.10663154
Sadeghi, M., Rashid Kalvir, H., Atadokht, A., & Akbari, H. (2022). The role of self-efficacy and academic motivation in predicting creativity of architecture students; Study sample: Faculty of Architecture, University of Mohaghegh Ardabili, Ardabil. Journal of Fine Arts: Architecture and Urban Planning, 26(4), 53–60. https://doi.org/10.22059/jfaup.2022.309200.672524
Saif, A. A. (2022). Cultured psychology: psychology of learning and teaching (17th Ed.). Cognizant, Tehran [In Persian].
Saif, A. A. (2022). Learning Psychology and Teaching. Doran Publication. Tehran [In Persian].
Sarmad, Z., Bazargan, A., & Hejazie, E. (2022). Research methods for behavioral sciences. Agah.
Sedaghati, A., & Hojat, I. (2020). Comparison of the success rate of educational courses after the Cultural Revolution. Journal of Architectural Thought, 4(7).  https://doi: 10.30479/AT.2020.11215.1268 
Sim, J., Rusli, K. D. B., Seah, B., Levett-Jones, T., Lau, Y.-T., & Liaw, S. Y. (2022). Virtual Simulation to Enhance Clinical Reasoning in Nursing: A Systematic Review and Meta-analysis. Clinical Simulation in Nursing, 69, 26 - 39. https://doi.org/10.1016/j.ecns.2022.05.006
Sirror, H., Abdelsattar, A., Dwidar, S., & Derbali, A. (2021). A review on virtual reality for architecture education. In Proceedings of the 11th Annual International Conference on Industrial Engineering and Operations Management (pp. 1–6). https://doi.org/10.46254/AN11.20210185
Siu Shing, M., Huiying, W., Billy, C., & Lung, S. (2024). Are virtual reality applications effective for construction safety training and education? A systematic review and meta-analysis. Journal of Safety Research, 88, 230-243. https://doi.org/10.1016/j.jsr.2023.11.011 
Skinner, E. A., Kinderman, T. A., & Furrer, C. (2009). A motivational perspective on engagement and disaffection: Conceptualization and assessment of children's behavioral and emotional participation in academic activities in the classroom. Educational and Psychological Measurement, 69, 493-525. https://doi: 10.1177/0013164408323233
Soliman, S., Taha, D., & El Sayad, Z. (2019). Architectural education in the digital age: Computer applications: Between academia and practice. Alexandria Engineering Journal, 58(2), 809-818. https://www.sciencedirect.com/science/article/pii/S1110016819300602.
Sukkar, A. W., Yahia, M. W., Mushtaha, E. S. N., Maksoud, A., Abdalla, S. B., Nasif, O., & Melahifci, O. (2023). Applying active learning method to improve teaching outcomes in architectural engineering courses. Open House International. https://doi.org/10.1108/ohi-10-2022-0259
Taherysayah, F., Malathouni, C., Liang, H. N., & Westermann, C. (2024). Virtual reality and electroencephalography in architectural design: A systematic review of empirical studies. Journal of Building Engineering, 85. https://doi.org/10.1016/j.jobe.2024.108611 
Urhahne, D., & Wijnia, L. (2023). Theories of Motivation in Education: an Integrative Framework. Educational Psychology Review, 35(2), 1–35. https://doi.org/10.1007/s10648-023-09767-9
Vásquez-Carbonell, M. (2023). A systematic literature review of virtual reality in engineering education: The lack of a common evaluative methodology. International Journal of Virtual and Personal Learning Environments, 12(1), 1–18. https://doi.org/10.4018/IJVPLE.307021
Wang, X., & Hu, J. (2011). The effect of virtual reality on spatial cognition in architectural education. Journal of Educational Technology Systems, 40(2), 193–202. https://doi.org/10.3390/buildings13122931
Waters, K. A., Hubler, J., Sample-Lord, K. M., Smith, V., & Welker, A. L. (2021). Employing augmented reality throughout a civil engineering curriculum to promote 3D visualization skills. In 2021 ASEE Virtual Annual Conference Content Access. https://doi.org/10.3390/digital2020011
Widiaty, I., Yulia, C., & Abdullah, A. G. (2022). The application of virtual reality (VR) in vocational education. In 4th International Conference on Innovation in Engineering and Vocational Education (ICIEVE 2021) (pp.112-120). Atlantis Press. https://doi.org/10.2991/assehr.k.220305.024
Wijnia, L., Noordzij, G., Arends, L. R., Rikers, R. M. J. P., & Loyens, S. M. M. (2024). The Effects of Problem-Based, Project-Based, and Case-Based Learning on Students’ Motivation: a Meta-Analysis. Educational Psychology Review, 36. https://doi.org/10.1007/s10648-024-09864-3
Wu, Q., Wang, Y., Lu, L., Chen, Y., Long, H., & Wang, J. (2022). Virtual Simulation in Undergraduate Medical Education: A Scoping Review of Recent Practice. Frontiers in Medicine, 9. https://doi.org/10.3389/fmed.2022.855403
Xue, Z., Ying, L., & Jianing, S. (2021). The effectiveness of simulation in teaching problem-solving skills: A systematic review and meta-analysis. International Journal of Educational Research, 135, 106123. https://linkinghub.elsevier.com/retrieve/pii/S1936878X20305155.
Xuefeng, I., Jing, Z., & Jianjun, S. (2020). Simulation and critical thinking instruction: A systematic review and meta-analysis. Thinking Skills and Creativity, 38, Article 101055. https://doi.org/10.1787/09b1cb3b-en
Zangeneh, H., & Saedi, N. (2017). The effect of three-dimensional simulation of geometry concepts on students learning and retention in third grade of high school. Education Strategy and Medical Sciences, 9(6), 431-438. http://edcbmj.ir/article-1-1093-en.html

عنوان لاتین مجله به اختصار، سال انتشار، دوره (شماره): شماره صفحات
نامه آموزش عالی، سال 14، شماره 54، ص. 1-20.

image1.jpeg




image2.png
Research Problem

Architecture students show.

low motivation in theoretical
and technical courses such as
Building Structures.

Research Purpose

To investigate the impact of
interactive computer simulation~
based instruction on academic
motivation and acadernic
achievement.

Conceptual Framework of the Study
Interactive computer simulation-based instruction —  increases academic motivation
— improves academic achievement of architecture students

'

Research Design
Quasi-experimental (Pre-test - Post-test Control Group Design)

Experimental Group
(n=25)
Simulation-Based Instruction
in Building Structures

Control Group
(n=25)
Conventional Instruction
in Building Structures

Research Questions

1. Does simulation-based

instruction increase students’
academic motivation?

2. Does simulation-based
instruction improve students’
academic achievement?

Hypotheses

H1: Simulation-based instruction
has a positive effect on students’
‘academic motivation.

H2: Simulation-based instruction
has a positive effect on students’
‘academic achievement.

Pre-test
Academic Motivation Questionnaire
(Herman's AMT)

Pre-test
Academic Motivation Questionnaire
(Herman's AMT)

i
I 11 Weeks (One 90-minute session per week)

- . 4 e J
i ‘Same instructor, syllabus, content, i
U learning and ]

Simulation-Based Instruction
in Building Structures
 Dynamic visualzation of building systems
* Manipulation of variables and parameters
* Observation of system behavior
+ Scenario-based problem solving
* Immediate feedback and reflection
* Collaborative discussion

- Conventional Instruction
in Building Structures
« Lecture and verbal explanation
+ PowerPoint presentations
* Textbook and static materials
Traditional exercises and examples.
Q&A and limited interaction

Academic Achievement
Final examination scores in

T s
(Herman's AMT) l

Data Analysis
« Descriptive statistics (Mean, SD)

Building Structures
(ANCOVA)

« Assumption tests (Normality, Homogeneity of variance,
Homogeneity of regression slopes)

* ANCOVA (Post-test with Pre-test as covariate)

« Effect size (Partial Eta Squared, Cohen’s d)

Legend: ———>  Flow of the study > Control / Equivalence

e e e A





