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Abstract

:

The present study, based on a case study, aims at addressing the functional and morphological evolutions in outdoor and semi-outdoor spaces in Yazd schools over time, through educational developments. The approach followed in this study is to connect the changes in the spatial structure of outdoor space in schools to the evolutions in the educational system. To this end, this paper develops five hypotheses and employs qualitative and computational research methods to evaluate the functions and spatial configuration of the outdoor spaces of six schools, constructed between the 18th and 20th CE centuries, in Yazd. A mathematical method drawn by “space syntax” is adopted to measure the spatial features of the outdoor spaces of schools, and a field study is used to identify the relationship between the functional process of these configurations and their governing educational principle. The results show that the configuration of the traditional schools, built between the late 18th and 19th centuries, in Yazd was formed based on the active educational role of outdoor and semi-outdoor spaces, followed by the governing educational policies. Moreover, the outdoor and semi-outdoor spaces are not only the main spaces where social activities are held in schools, but also are complementary elements to the indoor educational spaces. Meanwhile, in modern schools, constructed in the early 20th century, and contemporary schools, constructed in the late 20th century, the spatial configuration of schools has changed and the importance of outdoor and semi-outdoor spaces in these schools has significantly devaluated due partially to the evolution of the modern educational system compared to traditional schools. By identifying the features of three different school building typologies, as well as their outdoor space functions, this paper provides useful knowledge for future school designing and planning in Yazd.
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1. Introduction


According to studies by environmental psychologists and Gifford’s theories [1], humans constantly interact with their environment. As a result, social behavior cannot develop individually, but requires interaction with the environment. Psychologists generally believe that psychological phenomena and their variations are the result of interactions between humans and the environment. In this respect, schools are of significant importance, because students spend most of their time there during a momentous period of personality formation. Given that educational spaces affect the quality of learning and the other achievements of students, many studies have been conducted in the fields of environmental psychology and education. According to these investigations [1,2], a teacher is involved in the education and performance of students, alongside several other factors, including the physical space of education. The quality of school space has strong and long-term effects on the academic performance of students [3]. Therefore, studying their performance and learning without considering the educational space leads to defective results [4]. Accordingly, the outdoor space or yard is one of the key elements in schools that have always been a sign of school architecture, as seen in the primary buildings of all schools. In modern-day schools, the role of outdoor spaces in schools and their qualities has received special attention within educational policies. From these policies, it has become apparent that the schoolyard can exert positive influences on students’ formal and informal learning [5,6,7].



As a matter of fact, on the one hand, some works have shown the great impact of school outdoor space, as places where students spend their informal learning and break times, on improving social skills [8,9,10], physical and mental health [11], and disposition towards education [11].



On the other hand, outdoor spaces are proper resources for formal learning [8,12,13]. The research shows a direct relationship between outdoor educational space and student learning [8,13,14,15,16,17]. These spaces can perform as outdoor classrooms explored by students that provide opportunities to experience and interact with real-world cases [7,8,14,18]. School outdoor space provides advantages in the teaching and learning process. For instance, it can improve perceptibility through creating different learning opportunities from the potentials of the site [7,9,15,19], increase the interest and motivation of students because of the outdoor attractions [7,12], allow using different learning methods, and encourage cooperation between students and teachers [7,8,9]. Therefore, outdoor education allows a wide range of direct experiences through interaction with the living environment, as well as improving the quality of learning and preparing the students to participate in social interactions [20]. Furthermore, the outdoor learning process allows students to practice their team-working ability [4,6,21]. In this respect, since collaborative learning is much more attractive for students and is more effective on the activity of the mind [2,22,23], it motivates students for the process of mental action and reaction and thus promotes learning at a sustainable level [24,25,26].



In spite of the importance of the physical space of schools, the demand of contemporary Iranian civil society for the expansion of the education sector, especially mass education, has led to the construction of numerous schools but without any attention paid to the significance of the spatial configuration of a school in students’ development. Despite many changes and improvements in the content of education, the spatial pattern of schools has had no positive evolution during the last century. The predominant pattern in the design of recently constructed schools ignores the functional capabilities of outdoor spaces in education, and schoolyards are just planned as places for breaks between lessons, resulting in relatively small and asphalt-covered spaces [27] with limited elements and equipment for games and physical activities, as well as a small amount of vegetation [27,28]. This issue is prominent in the historical city of Yazd, an Iranian city known by its courtyard buildings and recognized as a World Heritage Site by UNESCO, which has witnessed significant structural changes in educational spaces during the traditional period, between the 18th and 19th centuries, to the modern period, early 20th century, and the contemporary period, the late 20th and early 21st centuries after the Islamic Revolution in Iran.



In addition to morphological changes, the structure of the educational system has also considerably changed during these periods. In the traditional view, the school can be defined as an institution for education in which traditional Islamic sciences are taught such as hadith, commentary, and jurisprudence. The educational system of the traditional period significantly relied on discussion between participants sat in a loop formation [29]. In this method, the teaching process includes a lecture by the instructor and a discussion about the presented issues by the loop members, especially those who sit close to the instructor. Thereafter, the discussion is continued by all members of the loop more actively even after the end of class [30]. Additionally, in this educational system, courses can be useful for advanced and elementary students, as well as the public, because of the religious content of the courses. Therefore, in this educational system, the last chain of the loop model is formed by the public, given that the public can be educated [31] (Figure 1a).



Since the late 19th century, Iran has undergone extensive socio-political changes following a series of domestic and international developments. The result was straying from traditional customs to follow the Western culture, including the modern education system. In other words, in this period, from the first Pahlavi onward, the role of mullahs for teaching was eliminated and Western graduates became the leaders of the educational system [32]. In the modern educational system, a new definition of “teaching” and “learning” was formed, and the general method of teaching was changed. The main purpose of this type of teaching method, which is still common in contemporary Iranian schools, is to transfer information from a knowledgeable person (teacher) to an ignorant person (student) [31]. This program introduces a new concept of education, that is, the direct transfer of information from teacher to student. In this teacher-centered method, students sit in front of the teacher while active communication, participation, and discussion rarely happen between students and teachers [30] (Figure 1b).



Given the significant transitions in the spatial and educational structure of Yazd schools and the importance of outdoor spaces in schools and Yazd’s domestic architecture, this study considers the evaluation of the outdoor and semi-outdoor space of six schools in different periods of Yazd, examined in terms of configuration and educational function from the view of historical–educational developments. In fact, it aims at theoretically and methodologically contributing to the argument on how the functions and typology of school outdoor spaces in Yazd have changed and whether these transitions can be attributed to changes in educational system. In this respect, six schools in use belonging to the mentioned periods were evaluated. Khan and Imam Khomeini schools were selected as the traditional schools, constructed between the late 18th and 19th centuries; Iranshahr and Markar schools as the only samples dating back to the educational system revolution of Yazd, early 20th century; and Olia and Javad-al-Aemeh schools as the contemporary schools, constructed after the Islamic Iranian Revolution, late 20th century. To address these questions, the space syntax method was used to analyze the spatial features of outdoor space in schools. In addition, the field study method was adopted to identify the functions of outdoor space, as well as the principal features of the educational system, in schools. This duplication in the use of evaluation methods provides a better understanding of the morphology and role of school outdoor spaces in each period in order to diagnose any typologies more suitable for school design in Yazd.




2. Research Literature


Of all studies conducted in the field of the architectural development of schools, some are briefly discussed in the following:



Several studies addressed the history of developments in Iranian schools. For example, Samiazar [33] studied the history of physical developments in Iranian schools in four different periods of Sassanid, 266–637 AD, Seljuk, 1030–1181 AD, Safavid, 1501–1722 AD, and the contemporary period, from the late 19th to the 20th century, using a documentary research method. He concluded that subsequent to the changes in the educational system in Iran, the schools’ architectural plans had to evolve to meet the requirements of the new educational policies. This scholar believes that following the cultural and educational changes that occurred in Iran during the 19th century leading to architectural changes in schools, there were no conscious thoughts and careful considerations on the essential prerequisites for making these major changes. Irvani [31] also explained the architectural and educational developments of Iranian schools in five different periods: before Islam, 330 BC to 641 AD, after the arrival of Islam, 700 AD, Safavid, 1514 AD, the contemporary, 1871–1981 AD, and the present, 1971 AD till now, employing documentary and comparative research methods. According to the results of this study, the architecture of schools in Iran has roots in the evolution of educational policies, and the evolution of the schools in the contemporary period has been a poor imitation of Western schools rather than an innovative trend. The author believes that despite the significant advancement in educational content, programs, and methods, the role of the educational environment has been neglected in the contemporary era. Khodabakhshi et al. [34] investigated the architectural developments of three Iranian schools during the three periods of tradition, mid 19th century, revolutionary, late 19th century, and modernity, early 20th century, based on the governing educational system, adopting a historical research method. The results indicate that the school educational system has a direct impact on school educational spaces during these periods. Alaghmand et al. [35] conducted a comparative–analytical study on the architecture and content of Iranian schools in three periods of tradition, from the 15th to mid 19th centuries, revolutionary, late 19th century, and modernity, early 20th century. The results show that the architectural developments in Iranian schools during the revolution and modern periods have been due to the imitation of Western architecture.



Another group of studies examined the developments in the outdoor space of schools in Iran. For instance, Samiazar [36] compared the nature and function of the outdoor space of traditional Iranian schools, dating back to before the 20th century, and contemporary Iranian schools, constructed in the mid 20th century, with modern-day European schools. Finally, by comparing these three types of yards, he concluded that the different architectural designs of schoolyards have followed the three perspectives of education, including the traditional view related to the traditional schools of Iran, the classical view, and the modern view. According to the results of this study, the outdoor spaces of traditional Iranian and modern central European schools has had an active and dynamic role within the education process of students, while in contemporary Iranian schools, outdoor space does not have any educational role. Moreover, it is not considered in the formal education process. In addition, the outdoor spaces of the schools in the traditional period are allowed to be used by neighborhood residents and are the center of social activities. However, in the modern period, the outdoor space of the schools does not welcome residents. In another study, Tahersima et al. [27], through a field study, examined the role of open space in Iranian schools in three periods: traditional, early 18th century, transitional, mid 19th century, and modern, early 20th century. The results show that open space in traditional Iranian schools has played an active educational role. In fact, in the traditional schools, not only are the courtyards used for holding discussion loops, but residents also are allowed to participate in the discussion circles or ceremonies held in the schools. Meanwhile, open space in transitional and modern schools is free from any educational role and is used only during recreation. The authors believe that the changes in the function of outdoor spaces in Iranian schools stems from the evolution of the educational system.



On the other hand, some scholars have tried to explore the principles related to different setting patterns in various spaces, based on a concept called space syntax. This method identifies the correlation of the spatial configuration with users’ activities and socio-cultural activities [37]. Hillier and Hanson [38] introduced a method for modeling and analyzing spatial configuration, and presented an analysis of traditional settlement layouts, modern housing estates, and traditional and modern houses. Their analysis demonstrated the relationship among spatial configuration, social logic, and human activities. Space syntax has been used for analyzing different building groups in many studies. For example, Rashid et al. [39] carried out an axial analysis of space syntax in four distinct workplaces and discovered the relationship between the rate of interaction and office layouts. Kweon [40] evaluated two museums in the UK and discovered a correlation between the integration value and human flow. Haq [41] carried out an axial analysis of three hospitals and three types of survey: free wayfinding, cognitive map, and route choice, and found their relationships. Some studies also applied the space syntax method to analyze the spatial configuration of school buildings. For instance, De Jong [42] conducted a study on the spatial layout of school buildings and revealed that the spatial configuration of school places, including classes and other facilities, affects the movement patterns inside the schools. Nayeem [43] analyzed the accessibility and configuration of schools by employing different strategies to increase the integration of the specific area and found that if educational institutes are located in a highly integrated area, these will be within the network citizens’ daily movement. Taguchi and Kishimoto [44] studied children’s activities in the entire school’s buildings to identify the impacts of spatial layout on children’s activities by employing the space syntax method. The results show that there is an indirect relationship between the step depth of the spaces of the classrooms and the tendency of students (especially of lower grades) to spend their break times in those spaces. In another study, Kishimoto and Taguchi [45] studied 76 primary schools in Japan and found that spatial layouts with a higher rate of intelligibility generate more contact and interaction between students of different grades. Pasalar [46,47] found that the spatial configuration of school buildings affects patterns of interaction and movement. School building layouts with a higher rate of accessibility, shorter walking distances, and highly visible public areas facilitate higher rates of incidental communications among pupils. According to these studies, productive spaces, such as atriums and corridors, connecting the main educational spaces, circulate and facilitate spatial relations, act as the driving force for movement patterns, and stimulate social activities among students. Mustafa and Rafeeq [48] analyzed three different floor plan typologies of elementary schools in Erbil through space syntax, as well as feedback assessments of the school staff, and evaluated the merits and demerits of each typology. With regard to research conducted on school buildings and mentioned in the literature, some gaps were detected that the current study aims to address.



	i.

	
While the first group of mentioned research has proposed multiple interpretations of the transformations of school building typologies in Iranian architecture over time, they have repeatedly used qualitative research methods to understand the spatial properties of school architectural plans and have less often adopted mathematical and computational methods to evaluate the spatial layouts of school buildings and their outdoor space based on educational system changes. In fact, this is not a straightforward proposition to assess. The properties of buildings are complex, and without measuring the networks of social and functional relations they create, the spatial changes cannot be validated.




	ii.

	
The spatial structure of Yazd’s schools’ outdoor space has been less studied in these works, whereas the central courtyard buildings are known to be one of the elements responsible for Yazd’s UNESCO World Heritage status.




	iii.

	
Although the research of the second part of the literature, using space syntax measurements, has analyzed the spatial configuration of school buildings in different aspects, they have mainly focused on the spaces around the classrooms, as well as spaces where circulations happen. There are limited studies considering the outdoor spaces of schools or even both exterior and interior spaces of schools.




	iv.

	
There has been limited research employing the field study research method to study and observe the differences in the functions of schools’ outdoor spaces in different layouts, and the relationship between these functions and the governing educational system in the schools.







These gaps in our understanding of the spatial configuration and functions of schools’ outdoor spaces in Yazd are the focus of this paper. To address these knowledge gaps, the current paper applies an architectural analytical method to measure the morphological features of Yazd’s school buildings’ outdoor and semi-outdoor spaces, spanning from the 18th to 20th century. Moreover, the functions of outdoor and semi-outdoor spaces, as well as the governing educational system in the schools are identified through an observation and field study.




3. Research Hypotheses


Based on the identified knowledge gaps in the literature review, this paper attempts to examine five hypotheses, as follows:




	i.

	
There is a direct relationship between the educational policies governing in the schools and the functions served by the outdoor space of the schools to neighborhood residents.




	ii.

	
The degree of the relationship between the outdoor space of schools and other spaces, semi-outdoor spaces and classrooms in particular, has diminished in Yazd schools over time.




	iii.

	
The possibility of being a site of encounter has decreased in the outdoor spaces of Yazd schools over time.




	iv.

	
There is a direct relationship between the governing educational policies in the schools, i.e., teaching methods and course contents, and the functions of the outdoor spaces of the schools.




	v.

	
There is a direct relationship between the evolution of schools’ outdoor space layouts and changes in educational policies in Yazd schools over time.









Despite some original dimensions of this study and its attempts to address some gaps in our understanding of schools’ evolution in Yazd, it has several methodological limitations. As the focus is on typology and the functions of schools’ outdoor spaces based on the evolution of the educational system, it does not consider some other cross-sectional variations, contextual issues, and environmental factors that might have been involved in transformations. As a matter of fact, this paper cannot offer any direct evidence about environmental and socio-cultural conditions, rather than governing educational policies in the schools. Instead, it only focuses on the mathematical and functional features of schools’ outdoor spaces based on evaluating the changes in educational policies in the schools, which are central to many theories and interpretations of the significance of schools’ outdoor spaces, as well as schools’ morphological changes, in the historic city of Yazd.




4. Methodology


The present study, based on a case study, aims to conduct a comparative study on the development of the outdoor spaces of Yazd schools during three periods: traditional (from late Zand dynasty to Qajar period), late 18th and 19th centuries, modern (from late Qajar to Pahlavi period), early 20th century, and contemporary (after the Islamic Revolution until now), late 20th century until now. For this purpose, a qualitative method is employed to highlight their role and function in terms of the educational developments of each period, and a qualitative method is used to analyze the spatial properties of school buildings. The general approach of this study is to find out whether the transition basis of the spatial configuration and function of the outdoor spaces of schools could be attributed to the evolution of the educational system. In fact, not only does the current paper study the development of schools’ outdoor spaces as a concept of space, but it also aims to analyze how the educational needs of each period might have affected the structural and functional features of schools’ outdoor spaces.



In this paper, the role and spatial settings of outdoor space in Yazd schools are discussed in three scales: macro, median, and micro (Figure 2). The data on the macro and micro scale were collected by field study and the data on the median scale were collected via simulation and using space syntax theory. It is of note that applying both qualitative data and the space syntax technique was very effective for a more accurate understanding of relationships and concepts. In other words, these two datasets are complementary, such that spatial analysis addresses the function of the spatial configuration of structures, while qualitative data provide significant experiences that explain the functional process of these configurations [2].



4.1. Case Selection


To choose the samples, in the first place, there were four main criteria:




	i.

	
The cases are largely in their original condition, not having been significantly adjusted or reformed over time.




	ii.

	
Their urban and neighborhood context are not considerably degraded by new development, as well as other factors such as natural disasters.




	iii.

	
They are examples of the period in which they were constructed.




	iv.

	
They are still in use as educational buildings and follow their original educational system.









4.1.1. Selection of the Traditional and Modern Case Studies


To select the samples related to the traditional and modern periods, the list of school names was retrieved from documents of the Cultural Heritage Organization of Yazd. According to the data, there were limited cases meeting all the mentioned criteria. In fact, Khan and Imam Khomeini schools were the only schools built in Yazd from the late Zand dynasty to the middle of the Qajar period fulfilling the criteria. This was also the case with the samples for the modern period. Iranshahr and Markar schools, constructed in the modern period in Yazd and coinciding with the educational revolution in this city, were the only schools meeting the criteria. Therefore, due to the limited number of schools of these two periods, all these schools were selected for investigation.




4.1.2. Selection of the Contemporary Case Studies


By referring to the sites of the Yazd Ministry of Education districts 1 and 2, the list of secondary schools in Yazd established after the Islamic Revolution was obtained to select samples of the contemporary period. In the next phase, both open and closed situations of these schools were monitored through Google Maps. Afterward, 20 samples, having the most frequent and repeated general and basic layouts, were selected for the primary analysis. Since there were four main criteria in case selection, by referring to the Yazd School Renovation Organization and consulting with the experts, the schools whose original function had been changed, as well as the ones not meeting the three other criteria, were eliminated from the list. Since the majority of these 20 cases had been adapted or modified in recent years, just eight schools, complying with the four requirements, were selected and generally studied through a two-week field study, which was the first phase of field study (see Section 4.2.1), clarifying that the basic layout of schools, how the open and closed spaces are arranged and organized and how these spaces are interconnected, as well as the functions held in the outdoor spaces of schools, were strikingly similar. Moreover, the spatial configuration of the outdoor spaces of the eight samples was analyzed through a convex map analysis of space syntax, revealing roughly similar average ratios of connectivity, integration, and mean depth. Eventually, due to the significant similarities among the eight samples, as well as the limitation on the number of schools that the field study could be performed on, two of them, Olia and Javad-al-Aemeh schools, were randomly selected as the case studies built in the contemporary period.





4.2. Field Study


The fieldwork was divided into two phases. The first was a 16-day observation in October, 2018. The second phase was in November and December 2018, January and February 2019, and April and May 2019. The two phases are discussed below.



4.2.1. Phase 1


	
Time period: October 1–October 16 (Schools are off on Thursdays and Fridays in Iran).



	
Objectives: In phase 1, the eight primary samples built in the contemporary period were visited for four main reasons:




	i.

	
To understand the logistics for the main field study in November and December.




	ii.

	
To observe the basic layout of the schools and understand how the different spaces are interconnected.




	iii.

	
To observe what activities are held in the outdoor space of the schools.




	iv.

	
To select the final contemporary case studies for the main research.









	
Process: To achieve the objectives, each school was visited for two days, once each week, during the mentioned time period from 8 A.M. to 2 P.M. (the whole school time) in order to observe and obtain a general understanding of the activities taking place in the outdoor space of the schools.



	
Results: Primary observations suggested that the outdoor spaces of schools mainly served similar functions, such as providing students with a space for spending break times and taking fitness courses. Moreover, it was revealed that the floor plans of the eight schools followed the same basic layout, which was simultaneously confirmed by analytical analyses through the space syntax technique as well.







4.2.2. Phase 2


	
Time period: There were two main criteria for observation dates in the schools:




	i.

	
The main priority in this phase was to visit the sites on all days of the week to be sure that the observations included all the activities taking place during a typical week in the schools.




	ii.

	
The schools needed to be visited in the three seasons of a whole school year to diminish the possibility of overlooking some seasonal activities taking place in the outdoor space of the schools.












The details of visits and observations are listed in the table below (Table 1).



	
Objectives: In this phase, the main tasks were to map the six selected case studies for four main reasons:




	i.

	
To observe whether the outdoor space of the schools was interconnected with their neighborhood areas.




	ii.

	
To observe whether there were any activities being taken part in by residents in the outdoor space of the schools.




	iii.

	
To observe the educational functions served by the outdoor spaces of the schools (whether the outdoor spaces of the schools were used for holding classes).




	iv.

	
To observe whether there was a relationship between the educational policies implemented in the schools and the functions served by the outdoor space of the schools.









	
Process: To fulfill the objectives, the case studies were visited on the mentioned dates from 8 A.M. to 2 P.M. to capture the functions of the outdoor space of the schools and record the observations by note taking and photography. At first, schools were visited on the mentioned dates and the outdoor space of the schools was thoroughly mapped. Every activity carried out by students, staff, and the community in the outdoor space of the schools was recorded. Moreover, the observations were outlined at the end of each day. In the next stage, when all six schools had been visited for an entire week in every season, fall, winter, and spring, each school was again visited for just one day. The main purpose of this stage was to complement the data collection if something had been missed, as well as to ask the schools’ principal to confirm or complement the collected data. The principals were given an outline of the data captured during the observations and asked to comment if there were any inconsistencies in the information, and add any other activities held in the schools’ outdoor space or functions served by the outdoor spaces. When the accuracy of the obtained data was confirmed by the schools’ principal, the data gathered from both the qualitative and quantitative methods, along with the educational policies adopted in the schools, were indicated.








4.3. Space Syntax: Indexes and Methods of Spatial Analysis


Space syntax is an analysis tool for architecture and urban planning [38]. This theory was first introduced in the late 1970s and early 1980s in London [38,49,50,51]. According to this approach, the architectural space is influenced by the social framework [49,50,51]. Accordingly, space syntax explains how the concept of spatial configuration expresses a social or cultural meaning [37,51]. Solely focusing on spatial features, space syntax was the stimulus for a paradigm shift in architectural analysis, eliminating the standard conventions seeking to comprehend architecture in terms of shape, style, and geography. Instead, space syntax presents a comprehension of architecture that is inherently topological and relational [52].



4.3.1. Data Analysis Method


There are three types of analysis methods in the space syntax technique. In this research, the convex map method was used, as this method is common in studying the arrangement of programmatic spaces and architectural plans and spaces [37]. This method, first, simplifies the plan by creating connected two-dimensional convex spaces, called a convex map. A convex map is a map in which each point of space can be seen from any other site. Moreover, any space that is not convex is divided to obtain the lowest number with the largest volume of convex space covering the entire plan. When the map is completed, each convex space is converted to a node in the graph, and if there is direct access between these convex spaces, the nodes are connected by edges. Thus, the plan is converted into a graph that allows mathematical analysis using graph theory techniques [37,48,53] (see Figure 3).



Depthmap software developed by Turner at the University College London (UCL) is among the various tools in space syntax for analyzing the structure of spatial configuration [54]. In this study, Depthmap X-version was used to draw convex maps of schools, including outdoor and indoor spaces for analysis of the structure of the spatial configuration of selected samples, to find the relationship between school spatial settings and education system as one of the cultural components.




4.3.2. Measurement Indicators


There are various indexes in the space syntax technique to evaluate the spatial configuration of the building. In the present study, two indexes of step depth and integration were used to study the evolution of the role of outdoor spaces and the type of spatial settings of selected schools. Both indexes are briefly described as follows:




	i.

	
Step depth: The depth between two spaces is defined as “the least number of syntactic steps in a graph that are needed to connect one from to the other” [38,55]. In other words, the step depth itself may be viewed as the number of turns (plus one) or spaces that it takes to travel from the current location to any other location within the plan [54]. A measure of syntactical step depth represented in convex space maps reveals the level of complexity of spatial configuration. According to this measure, the more steps one must take to move from point A to point B, the more complex the configuration becomes. As a result, higher degrees of segregation between spaces will be established [2].




	ii.

	
Integration: Integration describes the average depth of space to all other spaces in the system. The spaces of a system can be ranked from the most integrated to the most segregated [55]. Integration is a normalized measure of distance from any space of origin to all others in a system. In general, this method is used to calculate how close the origin space is to all other spaces [38]. Hence, it sometimes is regarded as the index of spatial accessibility [56,57] or availability, since it refers to how space is connected with other spaces in its surroundings [49]. In the space syntax technique, integration is the most important index for predicting the movement of individuals [50,58,59]. Integration is a parameter to find the relationship between spaces and users. This parameter can be used to predict the co-presence potential of space, because the value of integration is directly related to the volume of movement and the presence of people in a given space. Moreover, users generally are directed to more integrated spaces [49]. Simply put, people are more likely to meet each other in the more integrated spaces, and less integrated spaces have a reduced probability of being sites of random encounters [52].












5. Introduction of Case Studies


Table 2 provides a general overview of the selected case studies, including schools’ floor plan, some general properties and the year when schools were built.




6. Reviewing the Configuration and Function of Outdoor and Semi-Outdoor Spaces in the Mentioned Samples


6.1. Macro-Scale: Comparative Study of Relationships among the Educational System of Schools and Location, Mutual Connections with the Neighborhood, and the Features and Functions of Outdoor and Semi-Outdoor Spaces of Schools


Khan and Imam Khomeini schools (case studies belonging to the traditional period) are both located at the center of the historical zone of Yazd near the bazaar and the main urban centers. Khan School is located near the Khan Bazaar and Khan Square, while Imam Khomeini School is adjunct to the Grand Bazaar and the Majed-Jameh. (Table 3 and Table 4) The entrance of both schools is accessible from the Bazaar for passers-by and residents of the neighborhood. Outdoor and semi-outdoor spaces of these schools (porches or mentioned semi-outdoor spaces in Table 2) welcome neighborhood residents to hold religious lectures and ceremonies as a multi-functional space and are the center of educational–social activities. Moreover, neighborhood residents attend congregational prayers in these two schools on a daily basis.



In Markar and Iranshahar schools, no activity taken part in by neighborhood residents was observed during the field study. Although these schools are located near a residential zone and have a sub-entrance from the neighborhood area, the main entrance of these schools is only accessible from urban streets. (Table 3 and Table 4) In fact, schools are not receptive to the neighborhood residents. Disconnection with the surrounding environment and urban centers is significantly noticeable in Javad-al-Aemeh and Olia schools (contemporary schools). The entrance of these schools is only accessible from urban streets. (Table 3 and Table 4) The outdoor spaces of these schools, which are surrounded by high walls and completely separated from the adjunct spaces, do not welcome the neighborhood residents. As a matter of fact, outdoor space in modern and contemporary schools, unlike the traditional period, does not play educational, social, and religious roles for the neighborhood residents; thus, the schools are not known as a public social place.




6.2. Median Scale: Reviewing the Configuration and Spatial Settings of Schools’ Outdoor and Semi-Outdoor Space


6.2.1. Comparative Study of the Relationship between Outdoor Space of Schools and Semi-Outdoor Space, Indoor Space and Classrooms (Evaluation of Step Depth Index of Spaces from Outdoor Space) and Assessing the Possibility of Holding Classes in Porches and Courtyards


In this section, the step depth index of school spaces is investigated from the outdoor space. This section aims at comparatively studying the degree of the relationship between the outdoor space of schools in each period and other spaces, especially spaces in which the students’ education is performed, such as classrooms. In this way, we tried to assess the possibility or impossibility of holding classrooms in outdoor and semi-outdoor spaces (flexibility or inflexibility of classes); i.e., the integration of indoor classrooms with outdoor and semi-outdoor spaces.



Studying the spatial configuration of Khan and Imam Khomeini schools indicates that in the traditional schools of Yazd, educational spaces such as classes and schools are aligned with the porches and courtyards so that there is a strong relationship and fluidity between outdoor space and educational spaces (Table 5). This feature of the spatial organization of traditional schools makes the educational spaces flexible and creates a strong bond between the semi-outdoor (porches) and outdoor spaces and indoor educational spaces. The existence of porches, classes, and other spaces surrounding the yard (central courtyard pattern) suggests the significant importance of the yard and the urgent need for a great connection between the yard and other spaces.



In Markar and Iranshahr schools, several changes are found in terms of the spatial organization of schools compared to the traditional spatial patterns. Although an attempt has been made to preserve the central courtyard pattern by presenting a U-shaped model in the design of these schools, indoor spaces are surrounded by outdoor spaces. In addition, in these schools, the semi-outdoor spaces and porches have become linear and corridor-shaped rather than separated porches for each classroom around a central courtyard. These changes in the spatial configuration of schools have weakened the connection between the outdoor spaces and semi-outdoor space and classrooms compared to the traditional schools (Table 5). Changes in the spatial configuration of schools can be seen more seriously in Javad-al-Aemeh and Olia schools. In these schools, the central courtyard pattern is eliminated and the indoor space is surrounded by outdoor space. Moreover, in these schools, the porches are replaced by indoor corridors to provide access and connection between outdoor and indoor spaces. These changes in the spatial configuration of schools caused a gap between classrooms and outdoor space (Table 5).




6.2.2. Comparative Study of Co-Presence Potential of Schools’ Outdoor Space and Their Role in Organizing Access and Communication (Comparison of the Integration Index of the Outdoor Space of Schools)


This section aims at evaluating the role of the outdoor spaces of selected schools in organizing accessibility and circulation, and also, to examine the potential of co-presence in schools’ outdoor space through the integration index of space syntax (Table 6).



Changes in the form and configuration of schools in Yazd during different periods affected the role of outdoor space in organizing access and circulation within the school and the level of their co-presence potential (Table 6).The study of the integration index in the schools of different periods in Yazd shows that the integration value in the schools of the traditional period is 2.8, which has decreased to about 1.5 in the modern schools and 0.9 in the contemporary schools (Figure 4). According to these results, outdoor and semi-outdoor spaces in the traditional schools play the most important role in organizing the circulation and accessibility of these schools as the linking center of the complex (Table 6). Consequently, it has a high co-presence potential to be the main place for social interactions between students. In modern schools, the role of semi-outdoor corridors and public halls is significant in providing access, while the potential for outdoor space co-presence is decreased compared to the traditional schools (Table 6). Although in Iranshahr School, the central outdoor space along the corridors and the public hall play a role in organizing access, the yard of this school is no longer the only linking center of the complex. In the contemporary schools, there are indoor corridors that have the role of organizing the school circulation (Table 6). Therefore, the co-presence potential of outdoor space in these schools has been significantly reduced (Figure 4).





6.3. Micro Scale: The Role of the Outdoor and Semi-Outdoor Space of Schools According to the Common Teaching Methods in Each Education System


This section aims at the comparative study of the educational function of schools’ outdoor space in terms of common teaching methods of the educational system to investigate the impact of teaching methods and educational policies on the application of schools’ outdoor space.



Observations in the Khan and Imam Khomeini schools reveal that the educational spaces in these schools are not limited to classes and semi-outdoor spaces (such as porches) and central courtyards are also used to hold educational classes and play an educational role. In Markar and Iranshahr schools, observations show that the outdoor space is used only during break times. Additionally, these results show that the education process is performed regularly according to the curriculum only through the classrooms designated for different age groups. This is exactly the case in Javad-al-Aemeh and Olia schools. Field study in these schools showed that the outdoor space is used only during break times in these schools, like the modern period. Additionally, the education process is performed according to a certain curriculum only through the classrooms designated for each age group (Table 7).




6.4. Comparative Study of the Schools’ Configuration and Their Educational Policies


Table 8 summarizes the trend in the configuration developments and functions of outdoor and semi-outdoor spaces in schools of Yazd and their governing educational system.





7. Discussion


The results and data presented in the previous section will determine whether our hypotheses are supported. As mentioned previously, the field study was performed in school sites to observe the functions of Yazd schools’ outdoor spaces in six case studies, belonging to three different periods. In addition, space syntax analysis applying the DepthmapX program was employed to assess the spatial configuration of the case studies. The following is a review of results obtained from both analyses to indicate whether our hypotheses are supported.



Hypothesis 1 (H1).

There is a direct relationship between the educational policies governing in schools and the functions served by the outdoor space of the schools to neighborhood residents.





The data seem to support this hypothesis. During the field study in the schools, it was clearly observed that Khan and Imam Khomeini schools welcomed the neighborhood residents to attend congregational prayers and religious ceremonies, as well as to join the discussion loops formed in the outdoor and semi-outdoor space of the schools (Table 3). This function of the outdoor and semi-outdoor space of these schools can be attributed to their governing educational policies, as the main purposes of these schools in this education system is not only to educate students but also to spread the teachings of Islam to all members of the society. Thus, residents are free to enter the schools and ask their religious questions from teachers and mullahs in the schools. As a matter of fact, the idea of a community school, considering school space as an urban space and active social center, was obvious in traditional Iranian schools [66,68]. The reason is that following the educational policies in schools of this period, the school space is not limited to students but teaches all people and welcomes them to hold prayers, holds religious lectures to promote the Shiite religion, and eliminates people’s ambiguities in terms of religious issues. In general, the school addresses the promotion of the level of knowledge and awareness of the people [69,70]. The location of schools in the Islamic era near social areas including mosques, markets, and squares highlights the social role of schools [71].



On the other hand, in Markar and Iranshahr schools (modern schools), and Jacad-al-Aemeh and Olia schools (contemporary schools), neighborhood residents are not allowed to enter the schools and no social or religious events including residents are held in these schools (Table 3). It seems that this feature (lack of welcoming the neighborhood residents) is related to the current educational policies in these schools, such as the centralization of the educational process and the right of education only for the students. Therefore, no role is considered for today’s school as a social center to teach its neighbors [67].



Hypothesis 2 (H2).

The degree of the relationship between the outdoor space of schools and other spaces, semi-outdoor spaces and classrooms in particular, has diminished in Yazd schools over time.





This hypothesis is about the topological location of schools’ outdoor spaces in schools’ architectural plans, which was tested by measuring the step depth index of spaces from outdoor spaces, which is an indication of the distance between one space and every other space in a plan, through the space syntax analysis. The hypothesis is supported by the analysis, as in the traditional case studies, the depth of semi-outdoor spaces and classrooms from outdoor space are 1 and 2 syntactic steps, respectively. On the other hand, the depth of the semi-outdoor space from the main outdoor space of Markar and Iranshahr schools is 2 and 3 syntactic steps, respectively. Moreover, the depth of the classrooms from the outdoor space in Markar and Iranshahr schools is 3 and 4 syntactic steps, respectively. In addition, the depth of the classrooms from the main outdoor space in Javad-al-Aemeh and Olia schools is 5 syntactic steps, which is greater than that of the traditional and modern schools (Table 5).



Hypothesis 3 (H3).

The possibility of being the site of encounter has decreased in the outdoor spaces of Yazd schools over time.





This hypothesis is about the co-presence potential of schools’ outdoor spaces for facilitating movements and encounters, which was examined by measuring the integration index of schools’ outdoor spaces, which is an indication of the likelihood of being a site of encounter in a space, through the space syntax analysis. The hypothesis is supported by the analysis, as the ratio of outdoor space average integration in Khan and Imam Khomeini schools is 2.82 and 2.84, respectively. Nevertheless, the figure for Markar, Iranshahr, Javad-al-Aemeh, and Olia is 1.44, 1.62, 0.91, and 0.94, respectively, indicating that the co-presence potential of outdoor space in Yazd schools has significantly reduced over the three periods. (Table 6)



Hypothesis 4 (H4).

There is a direct relationship between the governing educational policies in the schools, i.e., teaching methods and course contents, and the functions of the outdoor space of the schools.





The data seem to support this hypothesis as well. During the field study, it was observed that in the schools of the traditional period, in which in the spatial configuration of the schools there are direct and strong relationships among classrooms, semi-outdoor spaces, and outdoor spaces, and the educational policies include teaching methods based on discussion and the loop system, and religious education content is implemented, outdoor and semi-outdoor spaces are frequently used for holding classes and forming discussion circles (Table 7). This is also confirmed by some other scholars. According to these scholars [31,33,36,66,69], in Iranian traditional schools, it is possible to hold discussion loops, both formally and informally, in all school spaces, small or large, and outdoor or indoor spaces. Furthermore, in many cases, these sessions extend to the outdoor space to utilize the yard for the education process. The use of outdoor and semi-outdoor spaces for education arose from three main features of the traditional education system: (1) the discussion-based teaching method, (2) the usefulness of the educational content for all levels of advanced, intermediate, and even elementary and public groups, and (3) the strong bond between education and religion [29,31].



However, observations in the case studies belonging to modern and contemporary case studies reveal that the schools’ outdoor spaces are only used during break times, and are not used for holding classes. It seems that in both modern and contemporary schools, the education process can only be conducted through defined classes. (Table 7) In fact, the research results reflect the fact that the new education process in Iranian modern and contemporary schools takes place mainly inside the building, such that outdoor and semi-outdoor spaces have no significant impact [27,31,36], which is due to the two features of the classical educational idea. First, the teaching methods in this educational system have an inherent reliance on the existence of absolute discipline. In other words, because there is less concern about disturbing factors such as noises, miscellaneous movements, and attractive objects, the classrooms provide the most appropriate conditions for direct, regular, and uniform education based on students’ inactive and passive behavior [36,72]. Second, the teaching and learning process is based on the passive presence of students in the education process, i.e., a lesson is taught only by the teacher [27,36].



Hypothesis 5 (H5).

There is a direct relationship between the evolution of schools’ outdoor space layouts and changes in educational policies in Yazd schools over time.





In general, the results of the present paper show that in the traditional schools of Yazd, the configuration of the schools of this period has an active and dynamic function of the courtyard by presenting the organization of the central courtyard, so that the courtyard is placed at the center of the school building with a close connection to the porches and classrooms, and plays an important role in facilitating movements. Nevertheless, the configuration of modern and contemporary schools has changed in comparison with traditional schools. The new architectural model of schools is as follows: surrounding the school building with outdoor spaces, rows of classrooms on one or both sides of a corridor, and weakening the connection between outdoor and indoor spaces. However, it is of note that although modern and contemporary case studies have some features in common, they are not same. In the modern case studies, although the pattern of the courtyard is eliminated, the school buildings have a U-shape plan. In addition, the semi-outdoor spaces play an important role in facilitating movements. Nonetheless, in the contemporary schools, there is no semi-outdoor space in the schools anymore, and the movements are facilitated by indoor corridors. In addition, the school buildings have a linear plan. (Table 8) As can be seen in the spatial configuration of Yazd schools, the physical changes in the modern schools are less noticeable than in the contemporary schools because the spatial organization of schools has undergone a fundamental change during the contemporary period. In the modern period, schools were built during the early Cultural Revolution in Iran, and regarding the long distance of Yazd as a traditional city from the Iran capital, these schools have undergone less change in architecture. Therefore, the traditional and domestic architectural style of Yazd was considered in the building of schools. These buildings have an intermediate architecture, meaning that they are not built entirely according to traditional architecture nor were they inspired by the patterns of European schools at the time [61].



Overall, although the results suggest a relationship between the evolution of schools’ outdoor space layouts and changes in educational policies in Yazd schools over time, and a number of studies conducted on Iranian schools [27,31,33,34,36] concluded that the alterations in the educational system have resulted in changes in the spatial configuration of schools, it is not straightforward to explicitly express the proposition that the changes in the spatial organization of Yazd schools is fully attributable to the modern educational system, since the other socio-cultural aspects that might have been involved in this issue are not considered in the present paper. Therefore, this hypothesis could only be partially supported by the current research findings.




8. Conclusions


Nowadays, the importance of education and educational spaces is significantly considered. Combining space syntax analysis and the field study method, this research, based on a case study, proposed five hypotheses and focused on analyzing the functions and spatial layouts of schools’ outdoor spaces in the historic city of Yazd within three defined periods, and studied their changes in relation to their educational system governing in the schools. Before reviewing the findings, it is important to reiterate the limitations and strengths of the research. In addition to bridging the knowledge gap about the evolution of schools in Yazd, this paper has two significant dimensions. First, it is one of only a small group of papers on the evolution of Iranian schools’ layouts using both quantitative and qualitative research methods. Moreover, the field study for observing the functions of the outdoor spaces of schools is noteworthy for its relatively extended time period. Notwithstanding these two features, as the focus is on typology and the functions of schools’ outdoor spaces based on the evolution of the educational system, this paper is not concerned with some other cross-sectional variations, contextual issues, and environmental factors that might have been involved in the evolution of schools’ spatial organization in Yazd, and cannot offer any direct evidence about environmental and socio-cultural conditions rather than governing educational policies in the schools. Based on the field study and space syntax analysis, the following findings were obtained:




	i.

	
There is a direct relationship between the educational policies governing in Yazd schools and the functions served by the outdoor space of the schools to neighborhood residents. As a matter of fact, observing the functions of outdoor and semi-outdoor spaces in Yazd schools shows that in the case studies belonging to the traditional period, the educational system of which is highly based on the religious content of the courses, the outdoor and semi-outdoor spaces welcome all the neighborhood residents and have active social functions. On the contrary, in the case studies belonging to the modern and contemporary periods, the educational systems of which rely on just educating students in the specific age groups, the outdoor space of the schools does not serve any function for residents and is not receptive to neighborhood residents.




	ii.

	
The degree of the relationship between the outdoor space of schools and other spaces, semi-outdoor spaces and classrooms in particular, has diminished in Yazd schools over time. While the depth of semi-outdoor spaces and classrooms from outdoor space are 1 and 2 syntactic steps in traditional case studies, respectively, the depth of the semi-outdoor space from the main outdoor space of Markar and Iranshahr schools is 2 and 3 syntactic steps, respectively. Moreover, the depth of the classrooms from the outdoor space in Markar and Iranshahr schools is 3 and 4 syntactic steps, respectively. In addition, the depth of the classrooms from the main outdoor space in Javad-al-Aemeh and Olia schools is 5 syntactic steps, which is greater than that of the traditional and modern schools.




	iii.

	
The possibility of being the site of encounter has decreased in the outdoor space of Yazd schools over time. The ratio of outdoor space average integration in Khan and Imam Khomeini schools is 2.82 and 2.84, respectively. Nevertheless, the figure for Markar, Iranshahr, Javad-al-Aemeh, and Olia is 1.44, 1.62, 0.91, and 0.94, respectively, indicating that the co-presence potential of outdoor space in Yazd schools has significantly reduced over the three period.




	iv.

	
There is a direct relationship between the governing educational policies in the schools, i.e., teaching methods and course contents, and the functions of the outdoor space of Yazd schools. During the field study, it was observed that in the schools of the traditional period, in which in the configuration of the schools, there are direct and strong relationships among classrooms, semi-outdoor spaces, and outdoor spaces, the educational policies include teaching methods based on discussion and the loop system, and religious education content is implemented, outdoor and semi-outdoor spaces are regularly used for holding classes and forming discussion circles. However, observations in modern and contemporary case studies, the educational systems of which mainly rely on transferring knowledge from teachers to students based on the passive role of students in the learning process, as well as an extremely fixed curriculum, revealed that the schools’ outdoor spaces were only used during break times, and were not used for holding classes. It seems that the new education system believes that since there is more concern about disturbing factors such as noise and miscellaneous movements in the outdoor space of the schools, the classrooms provide the most appropriate conditions for direct, regular, and uniform education.




	v.

	
With regard to the spatial layouts of the six case studies, overall, in the spatial configuration of the traditional schools in Yazd, the courtyard is surrounded by the indoor spaces, and outdoor and semi-outdoor spaces play an important role in providing accessibility as the main site of the encounters. Nevertheless, in the modern case studies, the courtyard pattern is eliminated, the school buildings form a U-shape plan and are surrounded by the outdoor spaces, and the semi-outdoor spaces are formed in a corridor shape. Although in the modern case studies, the outdoor space of the schools is no longer the main site of encounters in the schools, semi-outdoor spaces are still the main spaces providing accessibility. Finally, changes in the contemporary case studies, compared to the modern cases, are more apparent. The school buildings have a linear pattern. In addition, the semi-outdoor spaces are eliminated and replaced by indoor linear corridors, which are the main site of encounters in the schools. As a matter of fact, the significance of the outdoor space in the schools of the contemporary period has diminished considerably, in comparison to the schools of the two other periods mentioned in the paper. However, despite the fact that the computational and the field study evidence suggest that there is a relationship between the evolution of schools’ outdoor space layouts and changes in the educational policies in Yazd schools over time, as mentioned previously, since the current paper does not consider other cross-sectional variations involved in the issue, it cannot affirm that the changes in the spatial configuration of Yazd schools can be entirely attributed to the evolution of the education system in Yazd schools. Studying other variations that might have affected the evolution of school layout in Yazd could put forward important questions for further research: how is the evolution of the spatial configuration of the schools affected by other variations, such as social and cultural changes in a society?
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Figure 1. Comparison of teaching methods in traditional and modern education systems: (a) teaching methods in the traditional education system and (b) teaching methods in the modern educational system Adapted with permission from ref. [31]. 2010 Irvani. 
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Figure 2. Framework of research. 
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Figure 3. A convex map: (a) building plan, (b) drawing convex spaces, (c) linking interconnected convex spaces. 
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Figure 4. Comparing the integration values of the main outdoor spaces of schools: The average integration value of the main outdoor space has declined significantly from the traditional to the contemporary period. 
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Table 1. Dates of fieldworks and observations.
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	Khan
	Imam

Khomeini
	Markar
	Iranshahr
	Javad-al-Aemeh
	Olia





	Nov to Dec 2018
	Nov 3 to Nov 6 (Nov 7 was a legal holiday)
	Nov 10 to Nov 14
	Nov 17 to Nov 21
	Nov 24 to Nov 28 (except Nov 25, which was a legal holiday)
	Dec 1 to Dec 5
	Dec 8 to Dec 12



	Jan to Feb 2019
	Jan 26 to Jan 30
	Feb 2 to Feb 6
	Feb 10, 12, and 13 (Feb 9 and 11 were legal holidays)
	Feb 16 to Feb 20
	Feb 23 to Feb 27
	Mar 2 to March 6



	Apr to May 2019
	Apr 6 to Apr 10
	Apr 13 to Apr 17
	Apr 20 to Apr 24 (except Apr 21, which was a legal holiday)
	Apr 27 to May 1
	May 4 to May 8
	May 11 to May 15



	Complementary Observations
	18 May 2019
	19 May 2019
	20 May 2019
	21 May 2019
	22 May 2019
	25 May 2019
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Table 2. Introduction of samples.
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Period

	
School

	
Plan (Legend: Sunken Courtyards are Marked in Green, Ground Yards in Yellow, Small Porches (Semi-Outdoor Spaces) in Red, Classrooms in Brown, Grand Porches (Semi-Outdoor Spaces of Schools) in Orange, and Interior Corridors in Blue)

	
Description




	
Traditional Period

	
Khan School (1772)

	
 [image: Sustainability 13 12782 i001]

Ground floor of Khan school retrieved from Yazd Cultural Heritage Office.

	
Khan School was built in 1772 in the Tabrizi Bazaar within the historical zone of Yazd. It has three courtyards, two smaller yards on both sides, and a large central yard in the middle of the school, and two floors. The architectural style of this school, which is attractive for tourists, dates back to the late Zand and early Qajar era [60].




	
Imam Khomeini School (1824)

	
 [image: Sustainability 13 12782 i002]

Ground floor of Imam Khomeini school retrieved from Yazd Cultural Heritage Office.

	
Imam Khomeini School is located on the southeastern side of the Masjed-Jameh of Yazd, next to the Chahar Souq and the Shahi Bazaar. This school belongs to the Qajar period, the construction of which was completed in 1824. Formerly, it was known as the Shahzadeh School and has three courtyards, including a ground floor yard, a lower courtyard (sunken courtyard), and a small courtyard on the northwest side, which was formerly used as a girls’ school [60].




	
Modern Period

	
Markar School (1934)

	
 [image: Sustainability 13 12782 i003]

Ground floor of Markar school.

	
One of the famous buildings of Yazd is the Markar complex, which includes a school, an orphanage, and a clock tower. The school was built in 1934 in the first Pahlavi period, in a modern style and completely different from the traditional schools of Yazd. Indeed, it is a clear manifestation of modern schools. The in-row pattern of classrooms, corridors, and a new educational system are the features of this school [35].




	
Iranshahr School (1938)

	
 [image: Sustainability 13 12782 i004]

Ground floor of Iranshahr school.

	
Iranshahr High School was built as one of the first modern schools in Yazd during the years 1937–1939 on the edge of the historical zone [61]. The school is located adjacent to the street with a small green garden, which marks the first change in the appearance of the buildings in the Pahlavi period compared to the traditional buildings [62].




	
Contemporary Period

	
Javad-al-Aemeh School (1994)

	
 [image: Sustainability 13 12782 i005]

Ground floor of Javad-al-aemeh school.

	
Javad-al-Aemeh School was established in 1994. The building is located in the Safaieh zone of Yazd, one of the modern zones of this city.




	
Olia School (2000)

	
 [image: Sustainability 13 12782 i006]

Ground floor of Olia school.

	
Mehdi Olia School, one of the schools of the Olia Educational Complex located in Jomhuri Boulevard, Yazd, one of the modern zones of the city, was established in 2000.
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Table 3. Macroscale: the relationship between outdoor and semi-outdoor spaces of the school and the neighborhood.
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Period

	
Name

	
Location (Images were Retrieved from Google Earth Pro, then Analyzed by the Author).

	
Common Educational System and Policies of Each Period in Iran

	
Features and Functions of Outdoor and Semi-Outdoor Space




	
Traditional

	
Khan School

	
 [image: Sustainability 13 12782 i007]Location of Khan School near the Khan Bazaar and Square.

	

	
Decentralized education system as a public institution [63,64].



	
Education for the public in addition to students to improve the level of public literacy, meeting the needs of the Islamic community, and to spread Islamic teachings to all members of society (public education policy) [33,64,65].



	
Schools were considered as a multi-objective place in neighborhoods for education along with religious and social affairs [27,64,66].






	

	
The close relationship between the school and its outdoor space with the surrounding environment and the proximity of the schools to important urban centers.



	
Outdoor and semi-outdoor space served neighborhood residents as a place for activities including lectures, religious ceremonies, and prayers.



	
Outdoor and semi-outdoor space of schools as a multi-objective element of the school.









	
Imam Khomeini School

	
 [image: Sustainability 13 12782 i008]Location of Imam Khomeini School near the Bazaar and the Yazd Masjed-Jameh.




	
Modern

	
Markar School

	
 [image: Sustainability 13 12782 i009]Location of Markar School adjacent to city streets.

	

	
Centralized and systematic educational system [33,63].



	
Education is dedicated to a certain number of students (only school students) [27].



	
The gap between the education process and religious and social affairs [33,63].






	

	
Schools are not located near the important city centers. Additionally, the school’s relationship with the adjacent environment is reduced.



	
Absence of neighborhood residents in the outdoor space and school’s porch to hold religious ceremonies and social communications.



	
Lack of educational and religious lectures for neighborhood residents in outdoor and semi-outdoor spaces in schools.









	
Iranshahr School

	
 [image: Sustainability 13 12782 i010]Location of Iranshahr School adjacent to city streets.




	
Contemporary

	
Javad-al-Aemeh Schoo;

	
 [image: Sustainability 13 12782 i011]Location of Javad-al-aemeh School near the main streets.

	

	
Maintaining a centralized and systematic educational system [63].



	
Education is dedicated to a certain number of students (only school students) [67].



	
Religious orientation to some school activities such as changes in the content of some courses while maintaining centralized educational policies and teaching methods [63].






	

	
Schools are not located near the important city centers. Additionally, the school’s relationship with the adjacent environment is eliminated.



	
Absence of neighborhood residents in the outdoor space to hold religious ceremonies and social events.









	
Olia School

	
 [image: Sustainability 13 12782 i012]Location of Olia School near the main streets.
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Table 4. The entrance of the schools.
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	Traditional Period
	Modern Period
	Contemporary Period





	 [image: Sustainability 13 12782 i013]

Khan School entrance at the bazaar.
	 [image: Sustainability 13 12782 i014]

Markar School entrance at the street.
	 [image: Sustainability 13 12782 i015]

Javad-al-aemeh School entrance at the street.



	 [image: Sustainability 13 12782 i016]

Entrance of Imam Khomeini School at the adjacent bazaar.
	 [image: Sustainability 13 12782 i017]

Iranshahr School entrance at the main street.
	 [image: Sustainability 13 12782 i018]

Entrance of Olia School at the main street.
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Table 5. Median scale: Step depth from main outdoor space.
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Period

	
Convex map analysis: Step depth from main outdoor space

Legend: The color spectrum from red to dark blue indicates the maximum to minimum step depth of other spaces from the central outdoor space of the schools, respectively.




	
Traditional Period

	
 [image: Sustainability 13 12782 i019]

Step depth from central outdoor space in Khan School.

	
 [image: Sustainability 13 12782 i020]

Step depth from main outdoor space in Imam Khomeini School.




	
Data presentation: The cool colors of semi-outdoor spaces and classrooms indicate the low depth of these spaces from the outdoor space. The depth of semi-outdoor spaces and classrooms from outdoor space are 1 and 2 syntactic steps, respectively, for these two schools. They suggest a strong relationship between these two spaces and outdoor space, and the potential to use outdoor and semi-outdoor spaces as classrooms




	
Modern Period

	
 [image: Sustainability 13 12782 i021]

Step depth from main outdoor space in Markar School.

	
 [image: Sustainability 13 12782 i022]

Step depth from main outdoor space in Iranshahr School.




	
Data presentation: The depth of the semi-outdoor space from the main outdoor space of Markar and Iranshahr schools is 2 and 3 syntactic steps, respectively. The greater depth of these spaces compared to traditional schools is due to multi-story buildings, i.e., the outdoor and semi-outdoor spaces are not placed on the same floor. The depth of the classrooms from the outdoor space in Markar and Iranshahr schools is 3 and 4 syntactic steps, respectively. This suggests a weaker relationship between these two spaces in comparison with the traditional schools. Therefore, outdoor space can no longer be integrated with the semi-outdoor space and classrooms due to the higher depth of outdoor space from semi-outdoor space and classrooms in these schools.




	
Contemporary Period

	
 [image: Sustainability 13 12782 i023]

Step depth from main outdoor space in Javad-al-Aemeh School.

	
 [image: Sustainability 13 12782 i024]

Step depth from main outdoor space in Olia School.




	
Data presentation: These schools do not have a semi-outdoor space, so outdoor and indoor space is connected through the entrance. The depth of the classrooms from the main outdoor space in these schools is 5 syntactic steps, which is greater than that of the traditional and modern schools. The red color of classes denotes the high depth of these two spaces and the lack of relationship between them. Therefore, in these schools, like the modern period schools, it is not possible to integrate the outdoor space into the classrooms due to the lack of relationship and flexibility.











[image: Table] 





Table 6. Median scale: the integration value of school spaces.
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Period

	
Convex map analysis: integration value

(Legend: The color spectrum from red to dark blue indicates the highest to lowest integration values of the spaces, respectively.)




	
Traditional Space

	
 [image: Sustainability 13 12782 i025]

Graphic map of the integration value of spaces in Khan School.

	
 [image: Sustainability 13 12782 i026]

Graphic map of the integration value of spaces in Imam Khomeini School.




	
Data presentation: The red color of the outdoor space of Khan and Imam Khomeini schools indicates the high integration value of outdoor space in these schools and thus their high potential for co-presence. Outdoor and semi-outdoor spaces have the highest value of integration in the schools of this period, stating the significant role of these spaces in organizing school accessibility and circulation, and consequently, their high potential for co-presence.




	
Modern Period

	
 [image: Sustainability 13 12782 i027]

Graphic map of the integration value of spaces in Markar School.

	
 [image: Sustainability 13 12782 i028]

Graphic map of the integration value of spaces in Iranshahr school.




	
Data presentation: In Markar School, the indoor public hall and the northern porches have the highest level of integration. Therefore, these spaces play an important role in organizing the accessibility and circulation of this school and consequently have a high potential for socialization. In this school, outdoor spaces are denoted with cool colors, indicating their low integration value, low contribution to the school circulation, and the low potential for students’ co-presence compared to the public indoor space and porches. In Iranshahr school, the southern and central courtyards have the highest integration value compared to other spaces. Therefore, these spaces have greater co-presence potential to play an important role in organizing movement and circulation.




	
Contemporary Period

	
 [image: Sustainability 13 12782 i029]

Graphic map of the integration value of spaces in Javad-al-aemeh School.

	
 [image: Sustainability 13 12782 i030]

Graphic map of the integration value of spaces in Olia School.




	
Data presentation: In these schools, connecting spaces and indoor corridors are the most integrated spaces, such that a significant share of the movement and presence of people takes place in these spaces. The color of the outdoor space of these schools shows the low integration value compared to the corridors and indoor connecting spaces, indicating their lower co-presence potential.
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Table 7. Microscale: Functions of outdoor and semi-outdoor spaces of schools according to the educational policy and teaching method in each educational system. (Legend: Spaces used for holding classes are highlighted in green).
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Period

	
Name

	
The outdoor or semi-outdoor space of schools

	
Educational space according to the teaching method

	
Educational system and function of outdoor and semi-outdoor space




	
Traditional Period

	
Khan School

	
 [image: Sustainability 13 12782 i031]

Discussion loop in the middle courtyard of Khan School.

	
 [image: Sustainability 13 12782 i032]

Location of discussion loop in Khan School including outdoor, semi-outdoor, and indoor spaces.

	

	
Teaching system and method:




	-

	
The process of education based on discussion between individuals in the form of a loop model;




	-

	
The possibility of including other people, such as students of other levels and the public, in the educational loop.









	
Outdoor and semi-outdoor space function:




	-

	
Active educational role of outdoor and semi-outdoor spaces such as the central courtyard and porches and the formation of educational circles in these spaces.















	
Imam Khomeini School

	
 [image: Sustainability 13 12782 i033]

Holding a discussion loop at the porch of Imam Khomeini School.

	
 [image: Sustainability 13 12782 i034]

Discussion loop location in Imam Khomeini School including outdoor, semi-outdoor, and indoor spaces.




	
Modern Period

	
Markar School

	
 [image: Sustainability 13 12782 i035]

Empty yard of students during educational hours Markar School.

	
 [image: Sustainability 13 12782 i036]

Education process limited to classrooms at Markar School.

	

	
Teaching system and method:




	-

	
Presentation of a lesson by a specific teacher based on a pre-determined curriculum and without the active participation of students;




	-

	
Fixed curriculum based on different age groups.









	
Outdoor and semi-outdoor space function:




	-

	
Using the schoolyard only during break times;




	-

	
Lack of outdoor and semi-outdoor spaces application for holding classes, so the education process is limited to classrooms assigned to a defined age group.















	
Iranshahr School

	
 [image: Sustainability 13 12782 i037]

Empty yard of students during educational hours.

	
 [image: Sustainability 13 12782 i038]

Education process limited to classrooms at Iranshahr School.




	
Contemporary Period

	
Javad-al-Aemeh School

	
 [image: Sustainability 13 12782 i039]

Empty yard of students during educational hours.

	
 [image: Sustainability 13 12782 i040]

Education process limited to classrooms at Javad-al-Aemeh School.

	

	
Teaching system and method:




	-

	
Direct and regular educational curriculum by the teacher, and inactive and passive behavior of students;




	-

	
Fixed educational curriculum based on different age groups.









	
Outdoor space function:




	-

	
Lack of an educational role of the schoolyard; use of the yard is limited to break times;




	-

	
Education process is only performed in designated classrooms for each age group.















	
Olia School

	
 [image: Sustainability 13 12782 i041]

Empty yard of students during educational hours.

	
 [image: Sustainability 13 12782 i042]

The education process limited to classrooms at Olia School.
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Table 8. Summary of the spatial configuration, educational policies, and functions of outdoor spaces in the six case studies.






Table 8. Summary of the spatial configuration, educational policies, and functions of outdoor spaces in the six case studies.





	
Period

	
The spatial configuration of schools

	
Educational system and policies

	
Features and functions of outdoor and semi-outdoor space




	
Traditional Period

	
 [image: Sustainability 13 12782 i043]

Spatial organization of Khan School based on the central courtyard pattern.

	

	-

	
Decentralized and non-systematic education system.




	-

	
Education for both the public and students to spread the teachings of Islam (welcoming the people of the neighborhood).




	-

	
Education process along with worship and social affairs.




	-

	
Teaching method based on discussion and loop model.







	

	-

	
A multi-functional space with social and religious functions for the people of the neighborhood.




	-

	
Close connection with other spaces.




	-

	
Linking center of the school providing connection to different spaces.




	-

	
High co-presence potential.




	-

	
Active educational function.




	-

	
Surrounded by indoor spaces (O-shape pattern of the schools).










	
 [image: Sustainability 13 12782 i044]

Spatial organization of Imam Khomeini School based on the central courtyard pattern.




	
Modern Period

	
 [image: Sustainability 13 12782 i045]

Spatial organization of Markar School: The building is surrounded by outdoor spaces and linear circulation via porches.

	

	-

	
Centralized and systematic educational system.




	-

	
Education is only limited to a certain number of students.




	-

	
Fixed educational curriculum based on different age groups.




	-

	
Presenting a lesson by a specific teacher to transfer knowledge to students.







	

	-

	
Lack of participation of neighborhood residents.




	-

	
The reduced connection between outdoor space and semi-outdoor space and classrooms.




	-

	
Elimination of semi-outdoor discussion circles.




	-

	
U-shaped pattern of buildings.




	-

	
Elimination of the pattern of the central courtyard; instead, the creation of a linear circulation via the corridor-shaped porches.




	-

	
Reduced co-presence potential and the insignificant role of outdoor space in providing circulation.




	-

	
Lack of social, religious, and educational functions.










	
 [image: Sustainability 13 12782 i046]

Spatial organization of Iranshahr School: The building is surrounded by outdoor spaces and linear circulation via porches.




	
Contemporary Period

	
 [image: Sustainability 13 12782 i047]

Spatial organization of Javad-al-aemeh School: The building is surrounded by outdoor spaces and linear circulation via indoor corridors.

	

	-

	
Centralized and systematic educational system.




	-

	
Education is only limited to a certain number of students.




	-

	
Fixed educational curriculum based on different age groups.




	-

	
“Teacher-centered” education based on students’ passive behavior.







	

	-

	
Lack of participation of neighborhood residents.




	-

	
Linear pattern of schools.




	-

	
Elimination of semi-outdoor space while creating linear circulation via indoor corridors.




	-

	
Lack of connection between outdoor space and classrooms.




	-

	
Low co-presence potential for outdoor space and the insignificant role of outdoor space in providing circulation.




	-

	
Lack of social, religious, and educational functions.










	
 [image: Sustainability 13 12782 i048]

Spatial organization of Olia School: The building is surrounded by outdoor spaces and linear circulation via indoor corridors.
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