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ABSTRACT: In higher education, the necessity of effective cognitive schema formation has become a focus in curriculum and learning environment design today. As a result of increasing
complexity in architecture, and changing building industry, the competency of architecture students to internalize and organize large amounts of information is challenged more and more.
Nevertheless, due to different teaching and learning approaches in the design studio compared
to courses in construction and materialization, effective schema formation is frequently challenged. As a result, there is a need for a more integrated learning approach.
To allow for effective cognitive development in architecture education, in this study, an integrated learning environment called the Construction Studio is introduced. Next, the learning environment design is used in a design and construction workshop, and tested for effectiveness.
Finally, conclusions and suggestions are introduced.
1 INTRODUCTION
Increasingly 21st century higher education centers on the student’s competence to organize a fluid flow of information into effective cognitive schemas (Knight, 2001). In our current environment where future practices cannot be predicted, and the road towards them is indeterminate
and non-linear, the student’s capacity to think critically, adapt creatively, and communicate effectively is challenged increasingly (Dagar & Yadav, 2016). In architecture education, for example, students are required to organize information, ranging from social sciences, to structural
design, and architectural theory (Salama, 2015). Through design projects, students are trained to
combine this information into novel design proposals, which requires effective cognitive schemas to explore a variety of aspect combinations. Following, autonomy in problem-solving is
needed to support effective decision-making to lead to a finalized design (Akin, 2001).
In instructional design, cognitive schemas are understood as an individual’s structure of
knowledge aspects according to the pattern in which it is used (van Merriënboer & Sweller,
2005). In other words, cognitive schemas are the structure in which our internalized information
(i.e., knowledge) is ordered to facilitate the intended purpose. Accordingly, these schemas provide us with the competency to communicate and be understood on the one hand, and the ability
to predict successful outcomes of our design decisions on the other (Craik et al., 1967:50–61).
As a result, to allow for strong schema formation, over the past decades, learning environment
designs were adapted, to support the student’s cognitive competency effectively (Trilling &
Fadel, 2009).
1.1 Cognitive Schemas in Design Research and Education
In both research and education, the need to adapt to current societal needs is recognized. As a
result, in education, the introduction of the European Qualification Framework (EQF) introduced a shift from a curriculum centered on course content to learning environment design aiming at specifically defined learning outcomes (European Commission of Education and Culture,
2008). With the shift of focus from teaching to learning and the use of theory in practice, both

the student’s mental capacity, as well as their cognitive skill are considered. Accordingly, the
traditional focus of knowledge and skills was extended by attention to the structure that relates
both (e.g. competency, attitude, schema, values), which recognizes the need for effective schema formation.
In design research, the practice-oriented approach is recognized by leaving a mode that prizes
theory (i.e. mode 1), for a mode that relates theory to practice and production (i.e. mode 2) (Buchanan, 2001; Gibbons, 1994). Accordingly, academic practice has become a complex iterative
process of theory design, professional practice, and production development. As a result of the
academic combination of knowledge formation and skill development, with theory, practice,
and production, increasingly integrated approaches (i.e. involving multiple disciplines) in design
research and education are considered. Although these approaches provide a more inclusive
learning environment, they challenge the general curriculum, the teacher’s pedagogical competency, the faculty’s facilities, and the student’s mental capacity.
1.2 Schema Formation in Engineering and Design Education
Regarding curriculum design and pedagogical approaches, architectural courses on design theory, practice, and production have different backgrounds, generally based on contrasting cultures
and traditions.
In architectural design, courses are traditionally rooted in the master-apprentice pedagogies of
the early guilds, that developed through the architecture curriculum of École des Beaux-Arts of
the early 18th century (Cret, 1941; van Zeijl, 1989), and Bauhaus of the early 20th century
(Salama, 2015:59–71), into the so-called design studios of the 1960s. In one form or another,
the design studio is still a core subject in architecture education (Hokanson & Gibbons, 2014;
Ibrahim & Utaberta, 2012). In the design studio, students ‘acts-out’ the role of the designer, and
experts review progress during planned meetings through feedback, feed-forward, and reflective
dialogues (Salama, 1995; Schön, 1983). When considering cognitive schemas, in general, the
design studio focuses on critical thinking and concept development first, after which individual
design procedures are developed and recognized. For example, in preliminary architectural designs, a narrative is introduced, explaining forms and spatial relations. After the design is presented, procedures regarding plan development and design construction are introduced. Accordingly, as a result of this sequence, materialization and construction inform the design process
implicitly and incidentally (Arens et al., 2009).
In contrast to the design studio, pedagogical approaches in design construction and materialization are historically rooted in the military background of École des Travaux Publics and its
successor École Polytechnique of the late 17th century. Through a teacher-centered pedagogy,
traditionally, in-class teaching, textbook learning, and theoretical exams are frequently favored
(van Zeijl, 1989). In this pedagogical approach, learning content like facts and procedures are
generally prioritized over concept development and the development of a critical attitude (Felder & Silverman, 1988).
As a result of dissimilar pedagogical approaches within the architectural curriculum, learners’
cognitive schemas are structured differently to pass a studio review or theoretical exam effectively (Rittle-Johnson, 2019). Although different learning styles provide a more rounded learning environment, dissimilar cognitive schemas don’t necessarily support knowledge transfer between courses. In general, what is stored in a mental schema in one context, is not automatically
recognized by another (Zull, 2002:31–46). As a result, when structural principles are addressed
in the design studio, often something else is considered when compared to the context of the
structure course. Therefore, to form cognitive schemas that allow knowledge transfer between
various situations, an integrated learning approach should be favored.
1.3 Integrated Education in Architecture Programmes
Since the beginning of the 21st century, various publications discussing integrated education approaches are published. Firstly, driven by the increasing complexity in architecture, and changing building industry, courses are designed to combine theory, practice, and production through
building and construction projects, workshops, and exercises (Stonorov, 2018; Voyatzaki,
2003). In these publications, courses are generally defined by the pedagogical context (e.g.

course description), general-purpose (i.e. what is to be learned), and deliverables (i.e. what to
produce). Additionally, in various cases, community or social engagement is emphasized, to
make the end-user identify themselves with the building process, as well as the result (Pozsár,
2016). Secondly, strong developments in project-oriented learning environments are made. In
these learning environments teachers and tutors of conceptual design, fabrication, and representation, are considered equally. In contrast to the traditional division between design studios and
supporting courses, the hierarchy between tutors is limited, which should improve schema construction more efficiently, and knowledge transfer more effectively (Chabot et al., 2013). Nevertheless, in most of the pedagogical examples considered, the aspects of knowledge and skill
are addressed explicitly, and cognitive schema construction implicitly, or for the learner to set
out. Additionally, teachers and tutors involved in project-oriented learning frequently teach the
way they were taught themselves, with which residue of earlier pedagogical paradigms still has
a strong impact on the learning environment today. Therefore, as an attempt to center on effective schema construction explicitly, in this study, an integrated learning environment is designed
and tested, that supports the student in schema construction and considers aspects from theory,
practice, and production through design and construction approaches.
2 METHOD
2.1 Context and participants
This study was completed during a 6-day summer school workshop at Brno University of Technology, faculty of architecture in October 2019. The summer school was divided into a 3-day
teacher training and a 3-day student workshop. In this context, the workshop was used as a good
practice presentation.
In the workshop, 12 students and two tutors participated. The workshop was not part of the
regular curriculum, and the students signed in on a voluntary basis. The group of students consisted of 5 female students, and 7 male students. All students finished middle school in the
Czech Republic area. The educational stages ranged from first-year to fourth-year students.
The workshop was led by two tutors. One tutor (i.e. author of this paper), is trained in architectural design, has a limited background in practical craft and construction, and teaches in the
Czech Republic area. The second tutor (i.e. author of this paper) has both a theoretical and practical background in craft and architectural construction and teaches in Belgium and the Netherlands.
2.2 Materials and procedure
The workshop aimed to make two pieces of outdoor furniture for the 100th year anniversary of
Brno university of technology, faculty of architecture. The location for the furniture was the inner court of the faculty. The court is a private space and is not directly accessible to the public.

Figure 1. Spatial construction taxonomy (left), and serial integration strategy (right).

For the design of the workshop, the learning situation for sensemaking in spatial design construction (Vrouwe, 2013, 2018) was used. In this learning situation design, various tools and
strategies are introduced. During this workshop, the spatial construction taxonomy and the serial integration strategy are chosen (Figure 1).
To support effective cognitive schema construction, the taxonomy and the strategy serve two
different purposes. Firstly, the taxonomy provides a reference schema (i.e. concept, model, or
frame). In this taxonomy, individual aspects as commonly considered in spatial construction design are introduced. Vertically, the taxonomy is divided into five types (i.e. material, product,
process, connection, and structure system). Horizontally, the types are divided into five subtypes
each, of which each subtype is considered as a relevant aspect of the type it represents.
Secondly, the integration strategy serves as a scaffold to support gradual schema formation.
With this strategy, the learning situation design is structured, and the student is supported in the
use of the spatial construction taxonomy. For the learning situation design, vertically, a selection
of types is introduced (e.g. material, product, connection). This selection describes the learning
content to be considered. Horizontally, multiple stages are divided. During each stage, an artefact is produced (e.g. form study, model, detail, construction) considering each type as described
(e.g. material, product, process). With each following stage, a specific subtype is introduced
(e.g. steel, bar, machining). With each stage, the artefact is improved, and its complexity increased.
For the experiment validity of this study, internal validity is prioritized. With a group of participants of 12 students, external validity is considered poor, which limits direct translation and reuse. For internal validity, three modes of measurement are used.
1. Pre- and Post-testing
2. Success reflection
3. On-site observation and reflection
The pre- and post-testing was completed using an 8-question test. The test was completed at the
beginning and end of the workshop using the Socrative application (i.e. pedagogical student participation application). In the test, 4 types of questions were used (i.e. material technology,
structural design, design and symbolism, and design and geometry). With these types of questions, schema formation regarding theory, practice, and production was addressed.
A success reflection is a tool that allows for group discussion, centered on group interest and
success (Benammar et al., 2014:109–115). In this session, groups of two participants are requested to discuss and note down successes they experienced during the workshop in keywords
on green notes, and aspects to improve on orange notes. Next, the notes of keywords are
grouped into themes, and the themes are named based on their content. Finally, one or multiple
themes of interest are chosen for in-depth discussion.
On-site observation and reflection are a continuous process during the workshop. With both tutors present at the workshop, students are regularly encouraged to reflect on material use, construction choices, expression qualities, and design considerations. Reflections are stored through
notes, videos, sketches, and images.
3 RESULTS
During the workshop, two pieces of furniture were designed and constructed (i.e. bar design,
and a meeting place) in two groups of 6 participants. From the spatial construction taxonomy,
three subtypes were chosen: wood (i.e. material), beam (i.e. product), and mechanical fasteners
(i.e. connection) (Figure 1 Left). Material choices were made rationally, based on financial possibility and local material accessibility.

3.1 Pre- and Post-testing
In the pre- and post-testing, two tests of eight questions were made. During the pre-test, on average 4.4 questions were answered correctly, with a standard deviation of 1.9. During the posttest, on average 5.7 questions were answered correctly, with a standard deviation of 1.25.
In the questions regarding material sciences, and structural design, the percentage of students
with a correct answer per question ranged between 57 and 100 percent in the pre-test, and between 72 and 82 percent in the post-test. In the questions regarding symbolism and geometry,
the percentage of students with a correct answer per question ranged between 14 and 57 percent
in the pre-test, and between 20 and 94 percent in the post-test.
3.2 Success Reflection
In the success reflection, 16 success aspects were introduced, and 4 aspects to improve (Figure
2). In the success aspects, four themes were made (i.e. guidance, limitations, practice, and collaboration), and in the aspects to improve only one.
In the theme called ‘Guidance’, the pedagogical approach of the tutors was considered successful. The unforced guidance (i.e. informal tutoring), was experienced positively. In ‘Limitations’ the students described a positive effect due to restrictions in time, material, and scale. Because of these restrictions, decision-making in design and construction was done quickly. In
‘Practice’, most aspects were introduced. In this theme, the participants valued the use of
knowledge in making a real product or prototype. Finally, in ‘Collaboration’, peer learning, and
working in teams were valued.

Figure 2. Success reflection results, grouped into themes.
Concerning aspects to improve, the students would have preferred a longer-lasting workshop
and a better selection of tools. Regarding planning, the students indicated that the planning of
their construction ambitions was challenging, and the distribution of work between team members demanding. Regarding tools, a small selection of hand tools was borrowed or brought in by
the participants themselves. As a result, material processing was limited to simple techniques.
3.3 On-site observation and reflection
During both the design and the construction of the project, the participants indicated that learning by doing, and thinking through making was valued. Additionally, more than half of the students pointed out they had limited experience with material processing, and this was the first
time they made a full-scale construction themselves.
With the greater part of the students starting the workshop with limited competency in construction, the serial integration strategy (Figure 1 right) proved valuable. In general, the participating
groups worked with a serial integration strategy of four stages.

During the first stage of both groups, round bamboo sticks in combination with rubber bands
were used in a series of form studies. In these studies, multiple models and geometries were
made. Next, in dialog with the tutor, the pros and cons of each model were discussed, leading to
a model selection for further development. In the second stage, the round sticks were replaced
by square elements. In this model, the elements resembled the final product shape on scale. In
the third stage, a joint was made using the actual beams, combined with the mechanical fasteners (Figure 3).

Figure 3. Stage 1, stage 2, and stage 3 of bar construction synthesis.
After finishing stages 1, 2, and 3, during stage 4, the construction was made on full-scale. Based
on the outcome of the first stages, the participants showed confidence in full-scale production.
During construction, the participants challenged structural design through their design ambitions. In other words, the participants did not take the conventional or easy route but guarded artistic ambitions strongly. For example, in Figure 4, a construction for a bar is presented. For bar
accessibility and use, one of the corner columns was removed, which introduced a structural
challenge. Through careful reflection, a system of tension elements was developed to maintain
structural integrity. The participants’ confidence in this structural design was proven by loading
the structure with multiple people (Figure 4 left).

Figure 4. Stage 4 of the construction synthesis.
4 DISCUSSION
In the pre- and post-test, a test was introduced that allowed for a maximum score of 8 points.
The test was made by a non-statistically significant number of participants. Therefore, the results should be considered as a project reflection, rather than a data set for future analysis. In the

test results, an average improvement of 1.3 points (5.7-4.4 points) was measured and a standard
deviation of 1.5 ((1.9-1.25)/2). Based on the learning effect size calculations as introduced by
Hattie (2012:271–272), a score of 0.87 (Score improvement/ Standard deviation) is produced.
According to Hattie, effect sizes between 0.4 and 1.0 are considered above the norm and lead to
more-than-expected learning growth.
In practice, the use of tests to value competence or the effectiveness of mental schema formation proved to be a challenge for mainly two reasons. Firstly, schemas, as formed, are frequently tacit or implicit. In other words, the learner is not necessarily aware of this knowledge.
As a result, learners often struggle to access this knowledge, when it is explicitly addressed in
tests or exams. Secondly, questions concerning symbolism and expressiveness are not easily
made objectively. Since experience and understanding of symbolism and expressiveness are
formed differently from person to person, these qualities are not easily measured. This effect is
visible in the large spread as measured in the participants’ answers.
During the success reflection, students valued learning by doing, and the construction of structures and prototypes. Based on this experience, the student expressed an understanding of knowhow, in addition to know-what, and know-that. Framed in schema formation, the participants
express the competency to apply knowledge to a given exercise. Additionally, the participants
describe the value of individual processes through informal learning. In other words, the participant valued individual procedures and learning through trial-and-error.
During individual reflection, the participants showed competence in learning through the various construction stages introduced. By using a stepwise increment in complexity, students with
various levels of construction competency participated effectively. This effectiveness is improved by peer learning as noted in the success reflection.
5 CONCLUSIONS AND SUGGESTIONS
In this study, a learning environment called the Construction Studio is introduced and tested
during a construction workshop that supports effective schema construction in architecture education. For the learning environment, a reference schema, and a design and construction strategy
were used. Through an integrated approach, aspects of theory, practice, and production are considered.
Based on testing results from pre- and post-testing, success reflection, and on-site observation
and reflection, preliminary findings suggest that the learning situation design was effective in
the formation of effective cognitive schemas that allow the student to think critically, adapt creatively, and communicate effectively. By considering material and construction as an integral
part of the design process, the design was informed from the preliminary stages up to realization. Additionally, by valuing design ambitions over direct structural feasibility, a strong learning curve was experienced, in which the participants adapted creatively, to find novel solutions
for challenges that occurred. Finally, as the result of a shared reference schema, the participants
adopted a similar vocabulary, which supported effective communication and reflection. These
findings are based on the results of a small group of participants, and a single workshop. Therefore, further research is needed to support these claims more substantially.
For future research, two construction studio environment designs are considered (i.e. semiintegrated and project-oriented). The semi-integrated construction studio is introduced as a consensus or transition model. In this model, design studios and engineering courses are scheduled
in series, in which the design is made in the studio, and engineered and constructed during the
engineering course. During mid-term reviews, engineering tutors are invited to provide feedback and feedforward regarding material and construction. In the project-oriented construction
studio, design and engineering tutors participate equally in a design project. Each alternating
session, the project is developed through design and engineering. As a result, by involving tutors from both architecture design and engineering courses, potential echoes of a positive experience are likely to support a transition into an integrated pedagogical approach.
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