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Abstract 
Higher Education in technical fields requires applying the academic knowledge gained in classrooms 
in real case studies through project-based learning (PBL). When students learn by doing, they acquire 
additional skills, e.g., team work and knowledge sharing, and between not only the teacher and 
students, but also among scholars. This methodology also allows contents to be linked through 
different subjects so that topics are considered from a holistic viewpoint.  

During academic year 2016-2017, this learning approach is being applied in the Bachelor’s Degree in 
Technical Architecture at the Universitat Jaume I of Castellón (Spain). Freshmen students work on 
traditional construction as this is a simple model case. This experience is acquired during this 
academic course by analysing traditional houses in the Mascarell village. In year 2, students analyse a 
new multistorey building construction made with reinforced concrete. They study technical aspects, 
e.g., materials, constructive processes, structural conditions or business management. Year 3 
students focus on the restoration of an existing building, adapt the ground level for commercial activity, 
and even manage the required licenses. Finally, year 4 students act as quantity surveyors and value 
dwellings for financial purposes. 

The results show that students learn to work in multidisciplinary teams as they play different roles 
within teams. They socialise as they come into contact with dwellers, and owners can inform them of 
their real problems. Undergraduates apply the new academic knowledge acquired in real case studies. 
This results in dealing with real problems from a global viewpoint, rather than considering isolated 
subject contents. The PBL methodology trains undergraduates for a future professional world that 
comes closer to reality. 

Keywords: Project-based learning, coordination, collaborative work, learning by doing, self-learning, 
Technical Architecture. 

1 INTRODUCTION 
The Bachelor’s Degree in Technical Architecture (BDTA) at the UJI is highly committed to implement 
teaching methodologies that respond to the learning by doing concept [1].  This is considered the best 
way to respond to the current and future needs of this profession to improve the productivity of the 
construction sector. 

The current BDTA curricula consider Project-Based Learning (PBL) as a teaching methodology that 
supervises activities and coordinates the personal work of students [2]. PBL is based on 
constructivism, which considers learning as the result of mental constructions. This means that human 
beings learn by constructing new ideas or concepts, based on current and previous knowledge. 
Application to real cases is the closest approach to professional work. 

In the BDTA of the UJI, PBL has been implemented by coordinating all the subjects of the same 
course. From the first academic course to the third, students work on a real case common project that 
involves all the course subjects [3]. The case is selected according to the construction sector context 
and to market conditions. Currently, these are the topics on which students work at different levels: 

• Freshmen students focus on traditional construction as it is usually based on basic construction 
systems and materials 

• Year 2 students work on a reinforced concrete building, which can be newly built or be under 
construction 
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• Year 3 students focus on the renewal and refurbishment of an existing building. Energy 
refurbishment is also considered, and a commercial unit in the ground level is proposed that 
responds to market trends 

• Year 4. This is slightly different because it is composed mainly of optional subjects, so students 
do not necessarily follow the same syllabus. However, some of the subjects still maintain 
learning by doing philosophy, by implementing real cases to be solved by students. In this 
paper, the case study of one of the compulsory subjects followed by every student in year 4 is 
explained. In this subject, students are asked to conduct their work as appraisers by simulating 
the daily professional practice in real-estate valuations. To do so they valuate a dwelling of a 
real multifamily building. Similarly, some Final Thesis Projects are based on some of the real 
case studies performed.  

The following sections briefly describe the work performed in each academic course. 

2 LEARNING BY DOING IN THE BACHELOR’S DEGREE IN TECHNICAL 
ARCHITECTURE AT THE UNIVERSITAT JAUME I 

2.1 Freshmen students 
Traditional housings are analysed in the first course. During 2016-17, the selected village was 
Mascarell, a small village of medieval origin that belongs to the municipality of Nules (Castellón, 
Spain). As seen in Figure 1, the village is surrounded by a wall that was built in the mid-16th century. 
The village sheltered the Muslims expelled by King Jaume I. Some housing was reconstructed after 
the Spanish Civil War (1936-39). Nevertheless, as a result of the limited access due to the wall, the 
urban structure and housing’ typologies have slightly changed. 

   
Figure1. Image of the Mascarell wall. 

Single-family terraced housing (built between dividing walls), with two floors and traditional 
constructive solutions, are the commonest typologies in Mascarell. The bearing walls and roofs, made 
with wooden joists as they were reconstructed in the mid-20th century, or even at the end of the 19th 
century in some cases, can be still found. 

The current building state is generally regular. However, some houses have structural problems and 
lack optimal thermal comfort conditions. This means that a study of houses is advisable to propose 
maintenance and improvement tasks on existing buildings. The Mascarell village Mayor, who was 
quite willing to improve static and habitability conditions, solved some problems as to owners’ 
shortage of economic resources. For this reason, he found it interesting to have previous studies to 
help the council request economic support to deal with the refurbishment of many of the population’s 
houses. 

In this respect, the UJI BDTA has more than 10 years experience working on PBL, which integrates all 
the first course subjects into the study of a traditional construction. 

To formalise the above-mentioned relation, an agreement  between the UJI and the Nules Municipality 
was signed, which allows the students and teachers of first degree course to visit five of Mascarell's 
houses and to conduct an architectural-construction study that would later belong to their owners. 
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The aforementioned study, done exclusively for academic purposes, allows several aims to be met in 
simultaneous ways. Firstly, students commence with their professional careers as Technical Architects 
by analyaing materials and construction assemblies, making calculations on the building, and 
assessing the building’s conservation status (see Figs. 2, 3 and 4). Secondly, final students’ 
documentation delivered to owners helps provide knowledge about the deficiencies of their houses 
and facilitates priorities for their refurbishment in the future to be set. 

To this end, an academic coordinator is necessary, who leads and organises the activities performed 
by both the students and the involved teachers from different viewpoints related to the subjects: 
Construction, Materials, Graphic Expression, Mathematics, Statistics, Physics, Structures and English. 

  
Figure 2. Sketch (authored by A. Caprani). Figure 3. Photograph of a brick wall.  

 
Figure 4.  3D-Draw Housing (authored by D. López Galmes – M. Luchian). 

At the same time, this activity helps develop other transverse competences, which are necessary for 
students’ future professional development, such as: 

• Demonstrate having acquired and understood knowledge in their study area. 

• Be able to apply knowledge to professional work by preparing the necessary documentation. 

• Have an aptitude to meet and interpret relevant information, and to make judgements in their 
area. 

• Be able to transmit information, ideas, problems and solutions. 

• Develop learning skills to start later studies with more autonomy. 

All the described work was delivered and judged by teachers, who consider two main parts: the written 
documentation and the oral presentation of the work conducted. 

2.1.1 First-year case study results 
As a results of the PBL experience, it is necessary to emphasise the following benefits for all the 
actors involved: 

• Excellent student motivation because they have worked on a real case study. 

• Excellent coordination among the different matters studied by students. 

• Students become aware of ancient buildings with a poor conservation status, but with some 
relevant historical values. 
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2.2 Year 2 students 
PBL in the second course is undertaken by analysing a residential multifamily building. This could be 
in the project stage or could have already finished, but a building under construction is preferably 
selected whenever possible. 

The set of actions, steps, jobs, objectives and conclusions are included in the attached holistic map in 
Figure 5. Students’ planning of the course offers the best explanation of the work done during two 
semesters. 

 
Figure 5. Holistic map of the tasks undertaken in year 2. 

Firstly, a preliminary session is carried out to explain to students the work to be done during the 
course. Teams are arrange, and are asked to provide a plan of how to develop the project. Thus they 
must propose the scope of the project, the final objectives and the strategy to be followed, as well as 
temporarily programming works, and how to assign technical and human resources to develop the 
project. In this stage, leadership, negotiation and communication skills are highlighted as being 
important for students to acquire. 

While students prepare the above-mentioned planning, they look for the project to work on. This 
means that students have to start developing their skills. The first ones are communication and ability 
of conviction. Then they should move in the building sector, and look for and ask the architects, 
property developers and contractors if projects conform to the initial requirements. 

Once they have selected the building, teachers indicate the tasks to be performed. Thus the project 
integrates all the subjects involved in the second course of BDTA (Topography, Materials, Structures, 
Construction, Laws, Graphic Expression and Business Administration). Using different software and 
applications is also suggested to facilitate and improve the project’s development. So students learn 
the contents of the subjects at the same time as they develop skills; e.g., using Google Docs, Google 
Sites, designing websites, Sketchup for drawing sketches, or other applications like Revit AutoDesk 
for 3D images. 

With the different teachers’ support, who guide students in implementing the theoretical knowledge 
acquired in each subject, the teams advance in their projects. Class work is complemented with the 
meetings held with builders, designers and property developers, and also with workshops, visits to 
construction sites and making scale models (see Fig. 6). 
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Figure 6. Models of construction solutions by students. 

After completing the work, teams present the project results. During a 10-15-minute period, students 
actively present the most relevant aspects of their work. Presentations are supported by a website, 
designed specifically for this purpose. The Board of Teachers asks questions and raises doubts about 
the project, and make suggestions to improve contents and presentations. All the classmates are 
present during the oral presentations so they can learn from each other and can make improvement 
suggestions to colleagues. 

Part of the presentation is explained in English, which allows students to improve their spoken skills 
when explaining the work done. They also acquire transversal competencies, such as planning and 
delivering the project on time. Another ability that students develop is to improve their verbal 
communication, which will be very useful in their professional careers. 

2.3 Case study. Year 3 students 
PBL in the third academic year of the UJI BDTA is based on “Efficiency energy building 
management”, which is a current need in the building sector. Students have to propose solutions to 
improve the energy efficiency of an old project built in 2006. Proposals should be based on the 
Building Information Modelling (BIM) methodology [4]. This means applying new technologies and 
showing an interest in promoting collaborative work as one of the principles of BIM. This methodology 
allows Bachelor’s degrees to adapt their contents (set from a syllabus) to the market’s real need [5]. 

During academic year 2016-17, the case study analysed the project from a consultancy company’s 
point of view, where teams of students propose solutions to improve the sustainability of the 
construction for their customer, a bank company in this case. The building was located in the Betxí 
village (Castellón, Spain), and was built in 2006. However, it has never been used as the owner is still 
the bank. Students were asked to update the building according to current regulations (Spanish 
Technical Building Code [6], Building Technical Facilities Requirements [7] so that dwellings are 
adapted to the new requirements for the building to be sold or rented.  

In order to prepare the case study, the course coordinator held several meetings with the bank and 
the other actors involved (property developer, builders, facultative management, etc.), and she 
requested permission to arrange and use the project documentation in the classroom and obtained 
the necessary authorisation to visit the property with students. From the UJI, the necessary 
agreement was reached to prevent occupational hazards and in line with the individual and collective 
safety measures to be taken by teachers and students. 

Regarding the project to be developed, teachers’ responsibilities are to coordinate students' project 
development and recommend solutions and tools. However, students are responsible for making 
decisions.  

In the Planning Phase: the project coordinator and teachers plan and describe the aims and 
procedures for students to follow a guide. Table 1 shows the specific aims of each subject. 
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Table 1.   List of aims of PBL in Year 3 of the BDTA. 

Aim Description 

1 Plan and develop processes for refurbishment   

2 Analyse the constructive systems in the thermal envelope and propose technically viable solutions 

3 Design the plumbing, electricity and conditioning facilities 

4 Calculate energy performance by software simulation 

5 Adapt the ground floor for commercial purposes 

6 Define the machinery and means to be used during refurbishment 

7 Manage all the documentation needed to start refurbishment 

8 Define the safety measures to be taken during construction work 

9 Estimate the cost of the work by measuring and valuing different tasks 

The proposed topic is introduced into the classroom, where the preparation of the visit to the building 
and its inspection is scheduled. Some data sheets are prepared to facilitate data collection while 
visiting to the building in coordination with the teachers responsible for each subject. The project 
information is provided to students, together with the plans. Some main plans are seen in Figure 7. 

  
Figure 7. Main plans of buildings. 

Data Phase: students visit the building and obtain the architectural project to compare with the reality. 
The visit is scheduled in class with the responsible teachers, the author and the Project Director and a 
representative of the property developer (Fig. 8). 

  

Figure 8. Visit to the building site. 

Based on the provided information and the onsite visit and data collection, each group carries out its 
work in accordance with the established objectives following the proposed work procedure by being 
supervised by the teachers of each subject in the classroom (see Figure 9). 
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Figure 9. Students working in the classroom. 

2.3.1 The Year 3 case study results 
The results are presented to the Board of Teachers and are communicated through platforms and 
social networks (as shown in Fig. 10) according to three basic principles: to hand in (professors-
clients), to publicise (marketing, advertising) and to defend the obtained results (competitions, fairs, 
conferences, etc.).  

  
  

Figure 10. Broadcasting the results through social media (i.e.: Facebook, Google Sites). 

2.4 CASE STUDY. SENIOR STUDENTS  
In the fourth academic year, learning by doing is not implemented when coordinating all the course 
subjects, but is applied individually in some. In this communication, the application of this learning 
methodology in the Final Thesis Project and in one of the subjects is explained. 

2.4.1 Final Thesis Project related with the real case studies of previous courses 
Sometimes the PBL activities carried out in previous courses lead to further work. For example, during 
academic year 2016-17, two Final Theses arose from the coordinated work performed during the first 
course. This allows to complete the study of the buildings of the Mascarell group specifically, and 
infers the problem that many of the houses present pathologies caused by damp. The owners of the 
houses will be provided with the documentation about the current state of their buildings and 
intervention proposals. Students will work on real cases and do studies that have a real application.  

2.4.2 Case study of the Real Valuation subject 
Senior students are asked to apply professional experience through a case study. They are asked to 
perform their work as appraisers by simulating daily professional practice in Real Estate valuation. To 
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do so, they work in groups of four students and they play the role of technical architects who must 
complete a mortgage appraisal. Work is divided into five phases where the approach of the work done 
in class is done in the same way as it would be done in a professional life. Thus the phases or parts 
are: 

1 Case study presentation: Some of the theoretical contents are explained before starting: 
o Firstly, some theoretical aspects are introduced into the classroom (Fig. 11), e.g., regulations 

applied to mortgage appraisals and procedures followed by the appraisal society. 
o Secondly, the role that must be played by everyone in class is established:  each group of 

students plays the role of the technical architects who work for an appraisal society. One of 
the professors is the technical department in the appraisal society, which will act as an 
internal quality control by reviewing the technicians’ work. Another of the teachers will be the 
customer, who will act as the representative of the bank that orders the appraisal. The 
request and work order will be generated as they would under real conditions. A custom 
sheet will be released and will be sent to each group of students. 

o The real estate to be valuated is a real dwelling in a multifamily building in Betxí village. 
Figure 12 shows how students are trained to learn how to measure in a real property. In this 
case, they started measuring the classroom, and then they drew the sketch and the model 
plan (Fig. 13). They will do the same during their visit to the real building. •  

  
 

 
Figure 11. Introducing the case study. Figure 12. Drawing up the floor plan: learning by doing. 

  
Figure 13. Drawing up the floor plan: learning by doing. 

2 Visit to the property and data collection. They draw up the basic house floor plan and they 
collect all the necessary information about the surroundings of the building (infrastructures, 
accessibility, etc.) and about the construction solutions, materials and facilities  

3 Structure of the appraisal report: they adapt the structure and index explained in the 
classroom to the case study and start to complete the report. 
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4 Valuation methods: They use the Comparable Sales Method. They look for similar properties 
that are bought and sold. Then as properties are not exactly the same, differences must be 
identified and compensating adjustments must be made when making comparisons. According 
to Spanish regulations, they should find at least six real sales, although they are asked to find 
10 samples for the classroom. Figure 14 shows an example of one of the samples. 

5 Hand in the appraisal to teachers: An analysis of the results and feedback to students. 
 

 
 

 
 

Figure 14. Visit to the building (left) and a sample of market data (right). 

3 CONCLUSIONS 
Technical careers in higher education need to put the theoretical knowledge acquired in lectures into 
practice to improve the learning process. This communication explains the case of the Bachelor’s 
Degree in Technical Architecture (BDTA) taught at the Universitat Jaume I of Castellón. Acquiring 
academic knowledge with a professional vision is achieved by learning methodologies based on 
learning by doing.  

In the BDTA, PBL is applied in the first three academic years by coordinating all the subjects of the 
same course. This methodology is used for different subjects in the final year, with no coordination 
among them. The results obtained by students confirm the convenience and fruitfulness of this 
teaching methodology. Students not only acquire the required technical knowledge, but also achieve 
other transversal skills, such as scheduling and organising tasks, delivering work on time, synthesising 
the most important information, or presenting it to a potential customer. These competences are highly 
relevant for graduates’ professional futures.  
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