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Abstract

:

This paper examines the actual knowledge regarding Building Performance Simulation Tools (BPSTs) of recent graduate architects in Spain. BPSTs quantify aspects of building performance that are relevant to design, construction, and operation. Recent graduate architects are those who have been awarded a first degree from a university or college and face their first professional experience. This article aims to identify the deficiencies within the current curricula of Spanish universities relating to BPSTs. The authors have surveyed 171 recent graduate architects, and the analysis of the data reveals the deficiencies in university education. Regarding the collected results, the Spanish university syllabi must undergo necessary modifications to encourage the use of simulation as a part of university training courses. The incorporation of energy simulation in such training courses can provide recent graduate architects with tools that would assist them during the design stage. The use of these tools is key in the development of innovative pedagogy-based teaching materials for the courses. In this sense, the present work aims to delve into the usage deficiencies associated with BPSTs and propose ways in which to bridge the gap between higher education and first professional experiences.
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1. Introduction


Climate change and the shortage of energy resources are two significant challenges to be faced in the near future [1]. In the US, buildings consume 48% of the total energy [2]; in Europe, 40% [3]; and in the Arab Emirates, 70% [4]. Therefore, countries have issued directives that encourage Net-Zero-Energy Buildings (NZEB). With the help of energy simulation, only the buildings that comply with such regulations are eventually built [5].



Simulation is a psychological and social discipline, because it involves interaction between man and computer [6]. The human dimension is one of the most critical performance indicators, since deep understanding of it allows for progress in the development of simulations [7]. This discipline arose in 1960, when the US government carried out projects to evaluate the environment in fallout shelters [8]. During the 1980s, they began to develop the tools of Simulating Building Behavior (BPSTs) to help architects in their analyses [9], but it was not until a decade later that they began to actually use simulations [10]. In 2010, the number of tools listed in the Directory of Energy Software Tools for Buildings (BESTD) reached more than 350 (DOE, 2010), which means that between the periods 1997 and 2010, the number of tools quadrupled. However, less than 40 are intended for architects [11].



The growth of the use of energy modeling in architecture has become evident at the international level, according to the American Institute of Architects [12]. This evidence shows the commitment of the profession in the USA to integrating energy modeling processes within the design practice, but, according to other studies, there is a disconnection between the design stage and architectural simulation [13]. During the design process, the goal of architects is to reduce the thermal loads of the building. However, the owner and the designer have, by this stage, already made the most important decisions related to the shape and orientation of the building, and once they have become acquainted with the design, it is not possible to change these decisions. During the simulation process, thermal models are developed, from the detail to the whole, in a manner opposite to the architectural design process [14].



There is a widespread belief that existing energy simulation tools do not fit the needs of architects for achieving energy efficient buildings in the early stages of design [15,16]. Thus, architects do not consider the modeling of energy as their responsibility [17]. There is a tendency to adapt BPSTs to new needs in architecture, such as geometric representation [18], as well as the means of communicating and representing a design [19]. There is usually a non-intuitive user interface [20], and simplification becomes essential in its development [21]. BPSTs require the entry of a large amount of data [22], and this happens to be one of the main challenges for architects [23].



There is a simplified method to handle BPSTs, which is used to minimize the execution time and does not require a large amount of data [24]. Architects use this method to deal with the initial design requirements [25]. According to other studies [26], complicated simulation tools do not provide better support for the decision-making process, so architects find more advantages in simple energy simulation tools than in complicated ones. In terms of the results offered by BPSTs, their output is excessive and complex and it lacks visual quality, as architects seek to represent analysis results within the 3D geometric model [27]. Additionally, the obtention of significant information from BPSTs requires expert knowledge, since the information must be handled to apply it in the decision-making process of building design [28].



The attention paid to climate change will lead to increased interest in the coming years, so universities must engage in the development of more specialized curricula [29,30,31]. There is an urgent need to create multidisciplinary teams in building decision-making that understand the impact of climate on cities [32]. The first postgraduate study that focused on this in Europe was in 2014 at Cracow University of Technology in collaboration with the Polish Green Building Council [33]. It indicated that there is an urgent need to incorporate sustainability courses into architecture programs. Other researchers have developed a methodology to optimize the architectural design, focusing on energy consumption [34].



In Europe, there is great interest in incorporating new educational approaches into the curricula that can enable experts to design energy-efficient buildings [35,36]. Students consider sustainability to be a critical aspect of their architectural education. However, nowadays, sustainability is taught in lecture-based courses, with little integration in design studios [37]. In Germany, there are studies of the student’s ability to become a consumer or interpreter of simulations. These studies indicate the urgent need to introduce BPSTs technologies into the architectural domain through research in Europe [38]. Finally, in Spain, the amount of environmental content is below 10%. The introduction of environmental contents in the curricula of the Spanish Schools of Architecture is somewhat difficult due to the current structure of these schools and their rigidity. However, some tools and methodologies can facilitate a gradual evolution towards a change in paradigm in the architectural conception and a teaching change in the long term [39].



Currently, architects are beginning to use the new energy modeling tools, but their participation is still poor [40,41]. On the other hand, there must also be a change in architectural education [42,43], since professionals find difficulties both in the interfaces and in the analysis parameters. The inclusion of energy simulation tools in university syllabi will result in better communication between architecture and other disciplines [44,45].



Energy simulation and architectural design have traditionally been considered as separate elements in the design process [46,47,48,49]. In architecture, a building consists of elements, but an energy model is composed of thermal areas [50]. Other studies deal with the different uses of energy simulation by several users, particularly architects, and conclude that the use of technology could allow for a broader range of decisions [51]. While there are few empirical examples of the use of energy simulation by architects, recent studies explain how leading companies can develop know-how about the types and range of parameters to be handled by BPSTs [52,53,54].



Some articles show that the design of an Applied visual interactive Building Regulation (AviBR) takes into account both educational and pedagogical factors, contributing new knowledge to the field of pedagogy by combining interactive visual aspects with online education. AviBR applications are used in education as a teaching tool [55]. This problem is clearly defined, but more research and development are needed to overcome these deficiencies in education through practical application [56,57]. University training is the only path toward solving this issue [58,59].



In education, sustainability training in teaching is insufficient for architects [60], and there is a lack of knowledge transferred to outside professionals [61]. There is also a need to strengthen the education system’s “Environmental Design in University Curricula and Architectural Training in Europe” (EDUCATE, 2009) [62].



Therefore, the main objective of this research is to evaluate the usage deficiencies associated with the current energy simulation tools in architectural practice by examining their utilization by recent graduate architects. The second objective is to propose solutions and measures to improve architectural curricula. The central question to be answered is: How do recent graduate architects currently evaluate the deficiencies associated with their training in BPSTs?




2. Materials and Methods


An online survey (Appendix A3) was sent by email to recent graduate architects. The questionnaire was forwarded by email, as well as distributed via LinkedIn, Twitter, and Facebook. The data collection was conducted both online and through face-to-face interviews (workshops). A survey was designed, in which many parameters, defined in Supplementary A1 and Supplementary A2, were analyzed. The survey population is recent graduate architects in Spain. The experience of 86% of the respondents was less than 5 years old, and 33.9% of them had not yet started their professional careers. The survey is not intended for architects with a long professional career or experience, but rather for recent graduate architects of an average of 25 years old. Of the projects in which they usually participate, 72% are residential or associated with rehabilitation. As for their architectural practices, 38.6% were related to design and construction.



The responses received from the survey were analyzed using a statistical program (SPSS) [63]. The qualitative data were processed in excel sheets. The responses were coded, making it easier to understand and extrapolate the results. On the other hand, researchers were asked to apply consistent measures [64] to ensure that the findings of their research are reliable. First, the level of confidence with which the estimate is to be considered and the maximum tolerable error margin concerning the sample size are taken into account. A representative sample is considered to obtain consistent estimates


N = Z2 × p × q/d2








where: N = the number of completed responses by recent graduate architects; Z = the confidence level; p = the probability of success; q = the probability of failure; d = the precision (maximum permissible error); σ 2 = p × q; σ = the standard deviation; and p = q = 0.5, when the success is unknown.



Z = 1.96, with a confidence level of 95%. If n = 171, then the error = e = 0.075 7.5%.



Z = 1.28, with a confidence level of 90%. If n = 171, then the error = e = 0.049 4.9%.



Second, Cronbach’s Alpha is used to measure the reliability of a scale of measurement for the designed questions. Other studies already examined the reliability using Cronbach’s Alpha [65], obtaining a result between 0.81 and 0.96. Additionally, it has been suggested that Cronbach’s Alpha values greater than 0.7 indicate a considerably high reliability, whereas values from 0.35 to 0.7 indicate a moderate reliability [66].




3. Results


Participants from Spain answered the survey, and 171 valid answers were received. The analyses of the research results are shown and discussed below, and the quantitative data and qualitative comments received by the respondents are provided.



3.1. General Research Findings: Non-Users and Users


The respondents considered the survey to be complex, since even questions for non-users were quite technical. This occurrence indicates that many of the respondents had never heard about BPSTs. It is clear that there is a lack of real and practical guidelines that make users realize the benefits of using these tools. Figure 1 shows that, in Spain, the use of these tools is not yet implemented among recent graduate architects, and 70.8% of respondents indicated that they have never used an energy simulation tool. This is because they do not consider it to be their responsibility.



This is indicated in comments such as:


“It is not my competence with respect to the work I develop. I work in a company where there is a team that is specifically responsible for this issue. Other team members (engineers) take care of that”.







Of the recent graduate architects, 69% indicated that, although this is an issue that affects them, their level of knowledge is clearly insufficient. BPSTs are not used in universities, and this results in a clear lack of training. They consider that every technological advance in energy modeling is largely outside their domain. Therefore, according to their viewpoint, the responsibility belongs to other experts. They suggest that greater emphasis should be placed on energy performance within architectural training and professional development for architects. Some of the comments collected in the survey regarding collaboration with other professional teams are shown here below:


“Given my lack of experience in this field, I believe that for the decision-making processes, an expert should help to provide reliability. Multidisciplinarity is necessary, so that simulations can be conducted by different professionals.”







3.1.1. Definition, Objective and Design Parameters


Regarding their previous knowledge of BPSTs, the majority of respondents believed that energy simulations started to be used in 1990. They considered that the evolution of BPSTs has quadrupled (41.5%) from 1997 to 2017. However, 36.3% did not have any information about the development of the tools, and 52.6% considered that an energy tool is used to optimize buildings, but they did not consider it a tool to help them set up their architectural design. Regarding the objective of simulation, 58.5% of respondents indicated that they are interested in reducing the energy consumption of a building.



Several considerations have been collected about the definition of energy simulation. The participants declared that it is a tool that offers data intended to improve the energy performance of a building. Thus, BPSTs are considered to help achieve an optimal and sustainable model. Everyone agreed that these tools improve the design and construction of buildings and allow for energy saving. Similarly, they thought that all types of buildings are predicted and analyzed from an energy viewpoint throughout their life cycle. One of the technical comments is shown below:


“Virtualization of the energy performance of a building optimizes the cost of its construction, operation, and reduction of its carbon footprint.”







With respect to the objectives set in the simulation, it is indicated that, from a design point of view, the gains and losses of buildings are to be diminished and/or reduced. Some respondents indicated that they did not know how to describe the objectives of the simulation but that they would like to know more about them. Another answer states:


“The control of the costs generated by the activity of the construction, from the manufacture of materials until the demolition of the building, helps avoid energy waste. It takes advantage of resources in the most efficient way, maintaining a standard of comfort for the occupants of the building.”







The responses to the question about what parameters are relevant when it comes to using BPSTs indicate that openings (81.9%) are the most important ones. 73.1% of respondents said that climate data and HVAC systems have to be taken into account in Building Simulation. The importance of other parameters, such as outdoor shadow (52%), or environment (49.7%), does not seem to be as relevant as the others.



Architects are urged to support their designs with BPSTs and to improve architectural integration (39.8%) and the preliminary dimensioning of energy systems (19.3%). For construction and orientation, however, they do not consider them as something crucial (8.8%).




3.1.2. Use of Tools at Design Stages


The existing architectural tools are not suitable for the decision-making process of architects. They are not easy to use during the exploration and the conceptual stage of design. Many well-defined input data are needed, and the interpretation of the output results requires expertise. According to the Royal Institute of British Architects (RIBA), accuracy is less important during the design stage, which allows for the development of creativity and provides quick results in a language that can be easily understood by architects. In the early stage of the design process, BPSTs must allow for an output of results that are understandable by non-experts, with the minimum number of input data. The requirements to be taken into account in this stage should be easier to use, more versatile, more robust, better documented, and with a minimum time for obtaining the output result. The detailed results must meet the needs of architects for a high-standard design [67].



Six energy modeling tools are reviewed in another research work [68], including Ecotect, IES/VE - Sketch-Up, Energy10, eQuest, HEED, and Design Builder. Of all the respondents, 171 of them use Autocad as a working tool, 70 use Sketchup, and only 20 of them use Ecotect. Very few of the respondents use more advanced simulation tools. Design Builder is used only by 16 of them.



Most of the reviewed tools did not show an adequate applicability or ease of use in the design decision-making processes of most architects. Bad communication and visualization of the output results are detected as the main limitations. In future research, we propose working on this aspect of adequacy with regard to the exported results.



Regarding modeling, the respondents did not understand the difference between thermal models and architectural design models, since 49.7% considered that the geometric definition should be as detailed as possible, and 67.3% had never heard about the simplification of a geometry to simulate buildings energetically. According to Attia, S. et al., 2010 [69], Ecotect is the tool most used by architects, while Sketchup is used by 58%. In Spain, 55% of recent graduate architects have never used a BPST, and the tool used most for energy calculations is Sketchup. Most architecture students and graduates should know the LIDER-CALENER tools, because they are mentioned in the Spanish building code. However, this study indicates that only 5% of respondents had used those tools. Surveys carried out within architecture companies in the United States, the United Kingdom, Australia, and India found out that in most cases, architects recognized the importance of early-stage energy modeling, but they did not implement it greatly in their design practice for different reasons.



Figure 2 shows the skills in BPSTs and the stage of the design process in which these tools are used. More than 70% of respondents declared that their knowledge of the CAD software is advanced or far advanced. This figure drops to 10% when it comes to the knowledge of BPSTs. The respondents use CAD tools during all stages.




3.1.3. University Training of BPSTs


According to other research works [65,66], more than half of respondents (64.9%) use energy simulation tools, such as IES, eQUEST, and Energy plus. However, Graph A in Figure 2 shows that only 35% of recent graduate architects use BPSTs in Spain. Energy simulation is used most at the detailed design stage (26%), but not during the initial design stage, and much less in the conceptual stage.



Some researchers suggest that designers tend to rely initially on experiential knowledge, rather than on simulation tools [70], and BPSTs are therefore considered primarily as validation mechanisms, rather than exploration tools. During the early stages of design, little information is available, and flexibility is needed, so BPSTs are used to support design decisions, because these tools require many data and little flexibility [67].




3.1.4. Reasons for Not Using BPSTs


When it comes to the reasons for not using BPSTs, 42.1% of the respondents stated that lack of know-how is the main issue. Many of them (29.2%) had never heard of these tools, and 26.9 of them do not perceive that BPSTs are needed. The respondents did not think that the tools are expensive, with only 0.6% respondents suggesting costs being prohibitive, and only 7% assumed that simulation tools are cheaper for students. Some of them held that the software should be free (27.5%), and other respondents considered that a simulation program license is inferior to that of CAD (22.25%). The main reason for not using BPSTs seems to be rooted in the fact that they are not perceived as necessary at any design stage. If senior students have not heard of these tools, it is very unlikely that they become users in their professional experience.



When accomplishing simple projects, most of the respondents would perform the simulations themselves (50.3%), although a significant percentage of them would involve an external consultant (33.9%). Customers do not demand the use of BPST, so the architecture market is not updated. Some respondents did the calculations intuitively and had never used the energy simulation programs. They held that BPSTs do not provide reliable results. Therefore, they considered that the experience, training, and knowledge of the expert should prevail. Other respondents stated that BPSTs do not help them to shape a building volumetrically.



Figure 3 illustrates the responses concerning the mechanisms available for the optimization of building energy performance and their influence in the architectural design. Of the respondents, 85.3% stated that an architect’s ability and experience is the mechanism that helps him/her to optimize buildings, followed by design guidelines (43.3%) and collaboration with other architects (44.4%). Of the respondents, 57.9% considered that collaborating with other professionals in multidisciplinary teams can help incorporate decisions made by the energy consultant, without damaging the architectural design, and 89.1% acknowledged that BPTS makes architects reconsider several aspects previously ignored during the design process. A lack of knowledge was considered by 70.8% of respondents to make stakeholders lose trust in BPST.



Figure 4 shows that 73.7% of respondents regarded BPSTs as useful in designing NZEB. Further, 67.3% of the respondents considered that the best stage in which to make use of an energy simulation is during the detailed design stage, and 59.1% stated that BPST can help architects create the geometry of the building at the conceptual stage, although only 16.4% had used BPSTs at work. The learning of simulations was associated with a trial and error process by 65.5% of respondents.





3.2. General Research Findings. Users


First, 64% of users had not taken training courses in how to use an energy simulation tool. They considered that learning manuals are neither complete nor intuitive. Only 6% indicated that manuals are written with an excellent quality. Some of the universities in Spain in which there are training courses on BPSTs, are the University of Navarra, UPM, E.T.S.A.V.A., and Etsav, among others. Associations of architects, such as Coam, Palencia, and the association of civil engineers in Madrid, also provide them. Private companies, such as the Foundation for construction, Zigurat E-Learning, and professional school of new technologies (CICE), also include courses on energy simulation tools as part of the training of their employees.



Regarding the architects’ experience in the use of BPSTs, only 8% of respondents had been using them for more than 5 years. This answer indicates that most of them were not used during the respondents’ university degrees. However, 60% of them had been using BPSTs for around 1 to 2 years, showing that such tools are commonly requested by their customers. In Spain, 44% of respondents performed calculations carried out by energy simulations. Half of the users considered that these tools are not suitable for architects, because they are not adapted to their knowledge and skills. Other research works evidence that more than 60% of early architects are satisfied with the use of these tools [71].



It is useful to expand the technical databases of building construction materials, with nomenclature for the knowledge of architects. As indicated in the state-of-the-art, an intuitive interface is the most valued element. Manuals with practical examples would facilitate the use of BPSTs. Another aspect that gives confidence to the user is that the results obtained in the initial stages of the design process are easily verified. During the conceptual development stage, a fast and straightforward workflow must be established to allow users to make the most generally useful decisions. Detailed simulations are not useful for most projects. Figure 5 illustrates the selection criteria of users in Spain. The most important criteria among recent graduate architects are compatibility between BPST and CAD and easy data entry. Other factors, such as the position in the market and compliance with national regulations, are not relevant. Complexity of use and a poor interface are barriers to the implementation of BPSTs.



3.2.1. Selection Criteria of BPSTs


The main criteria for the selection and evaluation of BPSTs are the users’ needs. According to other research works, there is an essential difference between the priorities of architects and engineers in terms of selecting the importance of criteria related to their needs [15,19]. Recent graduate architects from Spain have been surveyed to establish comparisons with such results. Figure 6 and Figure 7 show a comparison between the current and previous research works on the factors that lead respondents to select a BPST. Figure 7 illustrates the percentage of users that selected the values 1, 2, 3, 4 and 5 (1 “Not at all important,” 2 “Slightly Important,” 3 “Important,” 4 “Fairly Important,” and 5 “Very Important”).



The respondents considered themselves to have enough skills in the techniques of representation, data input and output, and the control of BPSTs. Regarding quantitative and qualitative advice concerning the influence of design decisions on the Integration of Intelligent design Knowledge-Base (IIKB), they could optimize design solutions, involve what-if scenarios, and verify the reliability of the tool. According to the Spanish recent graduate architects’ viewpoint, the Accuracy of tools and the Ability to simulate Detailed and Complex building Components (AADCC), including analytical and empirical comparative tests, are crucial. They are not concerned with the calibration of uncertainty and the level of quality of the simulation results concerning the exchange of information with CAD software.



The results of the study show the deficiencies that currently exist concerning energy simulation. While users regarded energy simulation as a topic of the most significant interest for society (3.9/5 as mean value), its use was not required in their universities (45.6%). The respondents considered this fact a deficiency, with 62% of them considering it urgent to introduce this new teaching material into university syllabi. The current level of training that exists in energy analysis is poorly valued (2.34/5, with a standard deviation of 1.08 and a mode and median of 2/5). Besides, university hardly encourages the use of BPSTs (3/5). The inclusion of BPSTs in the syllabi or the final degree project (73.7%) can help solve deficiencies. This can be carried out through lectures, workshops with experts (68.4%), as a part of a master’s degree or within PhD studies (34.5%), and can be encouraged by the associations of architects (29.2%). The respondents considered that the data output is not adapted to the needs of an architectural project design (2.72/5). The facilitation of the use of BPSTs in architecture must be solved by the prior training of students (76.6%). Of the surveyed architects, 100% considered that the existence of a manual with equivalences between the results exported from BPSTs and the passive strategies used by architects during the design of their projects (5) is necessary. The creation of manuals with a clear and defined methodology that can be easily understood by an architect is a feasible solution. It is necessary to provide more information, with examples of practical use. BPSTs must always provide added information to the architectural design, without involving an increase in the time cost allocated to the project. The Administration must constructively encourage its use through incentives. Besides, it must be responsible for reviewing the projects, before granting a license. The ultimate objective should be the production of supporting documentation required by the project to continue promoting its use.



Nowadays, all kinds of professionals, both architects and multidisciplinary workers, are devoted to energy consulting. As the regulations involved become much stricter each day, it is more necessary than ever to use BPSTs. Therefore, consultants of façades, structures, or landscaping, among other things, have to support architectural design and construction. Architects will use these tools in their projects, if they do not involve a high cost. The time necessary to develop a project, especially in its administrative aspects, is quite high in Spain. Therefore, BPSTs must offer quick information, with quality results, thus facilitating the decision-making process (i.e., shape, facilities, and equipment). This aspect would be beneficial for obtaining a building design with the minimum energy consumption and investing very little extra time. It is crucial to be precise about these concepts from the very early stages of the design of a building, as this can save a lot of time when the project is developed in detail.



The following survey, shown in Figure 8, is addressed to recent graduate architects and users of BPST. The information has been elaborated using the SPSS software and applying the Likert scale. The level of agreement or disagreement with a statement is specified by a scale: 1 Strongly disagree, 2 Disagree, 3 Undecided, 4 Agree, and 5 Strongly agree. The respondents considered that user-friendly HVAC templates and reliable error-checking to ensure the correctness of results are the most important factors when it comes to selecting a BPST (question 72). As for the characteristics of knowledge (question 73), four aspects are considered to be relevant: qualitative and quantitative knowledge about the design decisions, design parameters in the early design stage, passive design measures, and a complete library of construction components. Meeting the requirements of codes, life cycle assessments, and a low cost of buildings are the aspects with a lower value. When it comes to assessing abilities (question 74), the optimization of a building envelope and natural ventilation is the primary concern. The interoperability (question 75) and the capability to interchange information from modeling, visualization, and simulation tools is the essential aspect. Finally, the process of iteration between design and energy simulation seems to be a crucial characteristic of design (question 76). In sum, interoperability is the most important characteristic, and knowledge is the least important characteristic.






4. Conclusions


Given the findings of the literature review and the results of this research, it can be concluded that there is a significant deficiency in Spain in the current training of architecture students at universities and energy-efficiency interests worldwide. There have been numerous investigations in other countries that indicate that the use of BPSTs is essential and that architects should use them. However, it is demonstrated that the advance of their use in Spain over recent years is far from satisfactory.



Reflection on the results of this research also suggests that this issue should be urgently addressed and that the pedagogical approach in the Universities of Spain must now be adapted to the energy regulations.



One of the main reasons for the non-use of BPSTs by recent graduate architects is that they consider them to be strange, uncomfortable, and challenging to learn. To bridge the deficiencies and thus allow BPSTs to become an essential practice, the general aspects of BPSTs, such as a smooth interaction and understanding, although without reaching extreme levels, should be the focus. If simulations in conceptual phases became accessible and user-friendly, the respondents would consider moving toward the use of more specific tools.



According to the results of the survey, the authors elaborated a set of concrete recommendations to overcome the gap observed between the architecture curricula and the first professional experiences of recent graduate architects in Spain. These recommendations are derived from the results section of this paper and target software developers to consider the data output and the simulation results in a way that meets architects’ needs. It also guides educators and educational administrations towards the implementation of urgent measures that would contribute to a better technical and energy-efficient consolidation of competency training for architects in Spain.



Recommendations to software developers:



Section 3.2.1 shows the criteria for selecting BPSTs. The ability to interchange information from modeling, visualization, and simulation tools, the interface, and the easy entry of data are the essential aspects that lead recent graduate architects to select BPSTs.



Design Builder provides a complete set of results that include stationary and non-stationary analyses of the thermal behavior of buildings. Its interface is adapted to architects’ needs, and it is close to other CAD tools that are used by architects during the conceptual design stage. The Design Builder software developer provides universities with package discounts for students so that it can be easily implemented in architecture curricula.



The visualization of simulation results is the second aspect of the improvement of most BPSTs. A more friendly visualization of results would help educators include these tools in architecture courses. Visual documents with graphs can show how specific parameters influence the quantitative and qualitative behavior of buildings. A direct relationship between the design decision and its impact on the thermal loads would be a powerful output for BPSTs.



Recommendations to educators:



The analysis of the results, shown in Section 3.1.2, shows that recent graduate architects lack knowledge of BPSTs. The authors propose solving this deficiency by incorporating Building Energy Simulation into two different areas of architecture curricula: design courses and building systems courses. Design courses should encourage the use of BPSTs through assignments on the influence of the orientation of buildings, the shape factor, and the wall-to-window ratio. The results of simulations should justify design decisions in the conceptual stage of the design process.



Building systems courses should include the use of BPSTs to assess thermal parameters, such as solar reflectance and transmittance, and their influence on the heating and cooling demand. Absorptance is a parameter that has been traditionally neglected in building performance and can be easily included through the use of simulation tools.



Incorporating BPSTs in syllabi requires elaborating innovative teaching materials related to the discussion of simulation results.



In previous papers, researchers have shown solutions, such as innovative teaching material, that allow for the successful introduction of BPSTs into the Spanish Architecture schools. Lecture-based approaches are not enough, and only the proposal of practical examples in teaching can solve the existing deficiencies.



The findings of this research can be useful for professors and research staff interested in teaching the environmental aspects of architecture, as well as in the advancement of strategies that promote an effective way of learning through methodologies used during the future professional careers of recent graduate architects.



Because the architect must leave a mark on society, efficiency must be something tangible and logically integrated into the project areas. BPSTs can be included in university curricula, and students should be encouraged to use them during their studies. They should combine their creative designs with energy saving measures.
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Figure 1. Analysis of the participants surveyed, according to their use of building performance simulation tools (BPSTs). (a) BPST Users and Non-users. Have you ever used BPSTs? (b) Building design can be substituted by quantitative simulation software; (c) The type of user who works with BPSTs; (d) Architects’ knowledge levels concerning BPSTs. 
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Figure 2. (A) In which stage of the design process do you use BPSTs? (B) What are your skills in the use of the following software? (Addressed to non-users and users). 
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Figure 3. Relationship between BPSTs and architectural design, professional use, and the characteristics of BPSTs (respondents were users and non-users of BPSTs). 
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Figure 4. What are the reasons for and against using BPSTs? (Addressed to non-users and users). 
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Figure 5. Relevant parameters and characteristics that lead to select BPSTs. 1 “Not at all important,” 2 “Slightly Important,” 3 “Important,” 4 “Fairly Important,” and 5 “Very Important”. 
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Figure 6. Priorities in selecting BPSTs. Comparison of the Spanish respondents considered in this study and those considered in the study of Attia, Shady et al., 2012. (Addressed only to BPSTs users). 
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Figure 7. Priorities in selecting BPS tools. Comparison of different groups of respondents from Spain considered in this study (values 1 to 5). Level of importance: low (1), high (5). (Addressed only to BPSTs users). 
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Figure 8. Relevant parameters and characteristics that lead to select BPSTs in Spain. The respondents have evaluated the following tools: UIM, IIKB, AADCC, IBM and IBDP. Scale 1 (little) to 5 (much). A Cronbach’s Alpha greater than 0.9 is excellent (0.97). 
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