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ABSTRACT: Construction History is an important and interesting topic which is seldom given much attention in
civil engineering degree study programmes. For this reason and from the teaching perspective, the compulsory subjects that pupils study have to be used to kindle their interest in the area. To this end, this paper examines the use of the ConcepTest technique in a course on building structural design. The methodology is based
on posing conceptual questions on special building structures and is explained using specific examples, such
as the Centre Georges Pompidou in Paris (France).
The technique used enables: a) students to assimilate how structures function, b) a closer relationship to be
built between teacher and student, and c) students to develop an interest in Construction History, better to
understand and value the built environment.

INTRODUCTION
Construction History is a very important subject for developing the professions of civil engineer and architect.
This discipline is extremely important for driving innovation in construction and for the preservation of ancient
buildings (Franco 2003). Moreover, it can play a major role in restoring the prestige and self-esteem that students of engineering and civil engineers themselves have lost (Lorenz 2003) by helping to recover the classic
virtues of the profession (such as design simplicity, the courage to design and discuss…), to reframe the problem of engineer responsibility and to stimulate the interest of future professionals. However, the importance of
the subject is in sharp contrast with the lack of focus it is usually given in technical degree programmes and
particularly in structural engineering courses. It would therefore be useful for courses on structural analysis and
design to use methodologies that encourage students to learn this subject. ConcepTest is one of the techniques that can be used to reach this goal. It was originally developed by Prof. E. Mazur from Harvard University after his students failed en masse a test set by the American Journal of Physics. Further applications include
those of Kovac (1999), Pilzer (2001), Rao and DiCarlo (2000) and McConnell et al. (2006) in the fields of Chemistry, Mathematics, Physiology and Geology respectively. Some surveys show that this methodology increases
students’ motivation and class attendance (McConnell et al. 2006).
This paper introduces the use of ConcepTest in the ‘Analysis and Construction of Building Structures’ (ACBS)
course taught at the College of Civil Engineering in Universidad Politécnica de Valencia in Spain. Firstly, the
methodology precisely as designed by Professor Mazur is explained and the educational context of the ACBS
course is described. Subsequently, how this technique was adapted first generically and then using an example is explained. Lastly, the evaluation of the method is presented along with the main conclusions on its use.
WHAT IS A CONCEPTEST?
A ConcepTest (Mazur 1997) is a conceptual question presented with multiple-choice answers, usually of a
more qualitative than quantitative nature (see Fig. 1), posed after a brief and clear explanation of the fundamental concepts of a subject. These questions follow the protocol below:
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1) Explanation of the key concepts of a subject which lasts around 15 minutes, avoiding as far as possible the
use of complex formulae and equations.
2) Posing a ConcepTest question on the content that has just been explained.
3) Selection by students of one of the multiple-choice answers and grading it for likely correctness. The students have one minute to do this and use a software application that gives the lecturer immediate access
to the results.
4) Evaluation of the answers by the professor. A percentage between 35 and 70% of correct answers is the optimum range. If the percentage is lower, this is either because the concepts were not well understood or
because the question was not framed sufficiently clearly. If over 70% of the answers were correct, then the
question was too easy. If the percentage is within the optimum range, students are asked to discuss the an
swers in small groups for one or two minutes. This stage is called “peer instruction”.
5) New posing of the question. If the level of correct answers indicates that the class has understood the sub
jects, they move on to a new area. If not, the subject is explained again and a new ConcepTest question is
asked on it.

The Levi Straus trademark shows two horses trying to pull apart a pair of pants. Suppose Levi had only one
horse and attached the other side of the pants to a fencepost. Using only one horse would: (a) cut the tension
on the pants by one-half, (b) not change the tension on the pants at all, (c) double the tension on the pants?
Figure 1: Example of Conceptest published by E. Mazur
APPLICATION OF CONCEPTEST TO THE ANALYSIS AND CONSTRUCTION OF BUILDING STRUCTURES (ACBS) COURSE
Educational context of ACBS course
The course ACBS is attended by all students who choose the Civil Constructions specialization in the final year
of the Civil Engineering Degree. It accounts for 6 credits (one credit equals 10 lecture hours) and covers the
following subjects: 1) excavations, 2) earth-retaining walls, 3) structural design of foundations, 4) building structural systems, 5) one-way floor slabs, 6) two-ways floor slabs, 7) earthquake resistant design of buildings and 8)
introduction to masonry structures.
Before ACBS, all students have studied: a) strength of materials and structural analysis, b) the design of reinforced, prestressed and steel structures, and c) a course on building science which is general and purely descriptive. In parallel, students may study up to 22.5 credits in other related subjects such as Bridges, Composite
Structures or Structural Dynamics. Likewise, students wishing to may study History of Civil Engineering (4.5 credits) in the first year and Art and Aesthetics in Engineering (4.5 credits) in the fourth year. These are elective
courses, so a student can graduate as a civil engineer without any knowledge of the aesthetics or history of
engineering.
In this context, all ACBS students have a solid founding in structural analysis although their vision of structures is
usually very theory-based and dominated by concepts to which they are not able to link a physical image.
Moreover, only 30% of the ACBS students in 2007-2008 had studied History of Civil Engineering and a mere 12%
had studied Art and Aesthetics in Engineering. For this reason, ACBS seeks to a) “open” students’ eyes so that
they are able to match theoretical structural models with real buildings, b) teach them the aesthetic values
and particularities of building structures, and c) stimulate them to begin looking at Construction History. To do
this, different methodologies are used which are explained in much summarised form in Payá-Zaforteza et al.
(2007). One of these methodologies is the use of ConcepTest as set out in the sections below.
Methodology
The teaching technique implemented follows these steps:
1) Posing a ConcepTest question on the concepts of each subject before they are explained. To capturethe
attention of the students and to motivate their interest in Construction History, the ConcepTest questions are
based on analysis of real distinctive buildings.
2) Search for an answer by students in groups of two or three. This stage lasts around 30 minutes, but can be
longer or shorter depending on the difficulties encountered by the students.
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3) Collection of student answers.
4) Explanation of the solution by one of the students who gave the correct answer, assisted by the lecturer if
necessary.
5) Debate on areas to which the ConcepTest questions made no direct reference but which are linked to the
building analysed, structural analysis and Construction History.
Our system adopts Professor Mazur’s idea of encouraging participative learning through a) posing conceptual
questions that require a qualitative rather than quantitative explanation, and b) encouraging debate and
learning through group discussion of questions (one of the best ways to understand a subject is to have to explain it to somebody else). However, it has the following differences:
1) The ConcepTest questions are not posed after explaining a subject, but before. The aim is to get students to
dive into their previous structural knowledge to look for the answer, which stimulates the assimilation of previously gained knowledge. Whilst they are looking for the answer, the lecturer interacts with the students
and answers any questions that they might have (Figure 2). This direct and informal contact allows the professor to discover the areas which are causing students more difficulty and to direct subsequent explanation accordingly.
2) The answers are collected before explaining the problem and are assessed afterwards. Scoring is not based
on the rightness of the answer proposed but rather on the effort which was put into seeking the answer. The
aim is to get students really to focus on the problem posed and not stray off into other areas. The score obtained in ConcepTests adds to the grades for practical assignments which in turn have heavy weighting in
the final grade for the subject.
3) Multiple-choice answers are not offered. The preferred approach is for students to look for the answers
themselves, so that their search is not guided.

Figure 2: A group of students solving a ConcepTest question
Example
An example of the application of the methodology related to the Centre Georges Pompidou in Paris is now
explained. Firstly, a brief introduction about the building and the text of the Conceptest exercise are given;
secondly, the main characteristics of this structure are explained and, finally, some points about the building
which could be used to have a discussion during a lecture are summarised.
Introduction
Figure 3 shows the ConcepTest used for the subject of “Structural Systems”. It shows a view of one of the facades (¿no lleva la c trencada “façades”?) of the Centre Georges Pompidou in Paris. The work was designed
by architects Richard Rogers and Renzo Piano, and has become one of the greatest exponents of High Tech
architecture. The structural engineers were T. Happold and P. Rice, who at that time (1971-1976) were working
in Ove Arup and Partners. A number of innovations made the structure possible, significant among them the
manufacture of cast steel joints and beams with which the designers wished to pay tribute to the 19th century
metallic structures so widespread in Paris and, at the same time, to give a sympathetic and accessible feel to
the work. Rice (1995, p. 30) wrote “the use of cast steel seemed a way (…) to make the structure part of an
approachable and sympathetic building”.
There is abundant information on the building in Rice (1995, pp. 24-46) and Walker (1997, pp. 50-53). Millais
(2006, pp. 318-323) provides a critical description of the structural design of the building. This example was
chosen because, as will be explained further on, it is a construction that allows load paths to be visualised very
well and interesting questions and reflections to be made.
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Analysis and Construction of Building Structures
Structural Systems - Conceptest
The attached images show one of the facades and some details of the Centre Georges Pompidou in Paris,
designed by architects R. Rogers and R. Piano working with Ove Arup engineers T. Happold and P. Rice. Explain in a schematic form:
1) The loads acting on the main structure of the façade.
2) The structural systems used to withstand these loads and a qualitative explanation of their function.

Detail 1
Detail 2

Detail 1

Detail 2

Figure 3: Example of the ConcepTest based on the Centre Georges Pompidou in Paris
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Main structural characteristics:
The façade structure is a frame of three bays and six floors (see Figure 4). Some of the structural areas considered with students are:
1) The junction between the beams and the columns of the frame is not rigid but pinned, so X bracings must
be used to give the structure stability against wind forces.
2) Since the length of the central span is far greater than that of the two lateral spans, the end columns are
turned into tensioned ties manufactured using steel rods.
3) The horizontal member of the frame is not a continuous beam, but rather a Gerber beam in view of the
existence of two hinges situated 1.6 m from the central pillars. These hinges divide the horizontal member
into two end sections manufactured using cast steel pieces, which were given the name Gerberettes (in
honour of the German engineer who invented the system in the 19th century and applied it to bridges),
and a truss.
4) The shapes of the Gerberette and the central truss faithfully reflect the forces acting on them (Figures 4
and 5). Thus the Gerberette has minimum thickness at its ends and maximum thickness in the sections
supported by the central columns, corresponding to the diagram of bending moments acting on them. In
this respect, Rice (1995, pp. 32-33) wrote “The forces and loads in the piece (…) were the principal determinants of its shape”; “its shape was almost a structural diagram of the forces within it”. In addition, the
rods of the upper and lower members of the central truss change section to adjust to the axial forces acting on them, highest in the central area. Furthermore, the section of the upper member is far larger than
that of the lower member due to the buckling effect. This phenomenon can also be seen in the truss diagonals.

Hinges

Gerberette

Tie
Hinge

Truss

Central
column

6m
48 m
6m
Figure 4: Structural elements visible on the façade of the Centre Georges Pompidou in Rue Saint-Merri.
Not to scale
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Figure 5: Detail of the truss showing: a) compression (C) and tension (T) forces exerted on the truss by the vertical loads and b) section change in the lower member.
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Points for a discussion:
Studying a structure such as the Centre Georges Pompidou with students gives rise to questions that encourage reflection and debate. Some of these questions are:
1) The project constructed was the winner of a public tender for which there were 687 entries. What is the
role of public tenders in advancing engineering and architecture? Do they stimulate creativity and innovation? What are the real possibilities of winning this type of tender?
2) The team of architects and design engineers for this project came from Italy, the United Kingdom and Ireland. The construction company was French, the sub-contractor for one of the most individual elements
of the project – the cast steel pieces – was German, and both the owner and the technical control office
were French. In this context, what are relations like between the architect – engineer – owner – construction company? What are the possible implications of professionals of different nationalities and speaking
different first languages working together?
3) What were the ideas guiding the design of the building? What impact did these ideas have on the structural design?
4) What role do utilities (such as electricity, plumbing…) play in the design of a structure?
5) Can the whole building in itself or the structure be considered to be the work of one person, or was it the
work of a team?
6) Which was the first project that used cast steel? The Centre Pompidou, the roof structures of the Munich
stadium where the 1972 Olympic Games were held, or the pavilion of the 1970 World Fair in Osaka?
7) Whose idea was it to use cast steel pieces? P. Rice’s, as he claims in the first chapter of his book, or T.
Happold’s, as Walker claims?
8) Where does the name ‘Gerberette’ come from?
9) Why were the ‘Gerberettes’ manufactured from cast steel when it would have been cheaper to use ‘l’
shaped sections? Are these the best pieces from the structural point of view?
10) Does using cast steel really contribute to making the building sympathetic and approachable?
11) Are there other constructions with a structural performance similar to that of the continuous beam with
hinges in the internal spans? What are the advantages of using these hinges?
12) Why are the hinges at the ends of the central truss situated only 1.6 m from the pillars (representing only
0.03 times the length of the central span) and not 0.2-0.3 times the length of the aforementioned span,
which is the usual length for optimising structural design? (see Figure 6)

(c)

(b)

(a)

6m

L=48 m

6m

Figure 6: Diagrams of bending moments caused by a uniformly distributed vertical load acting on the entire
structure in the following cases: a) simply supported beam with 48 m of span length, b) three spans beam with
hinges in the central span at 1.6 m from the columns, c) three spans beam with hinges placed at 0.25 L.
13)
14)
15)
16)
17)

How does the building withstand the wind forces acting perpendicularly on the facade?
Does there have to be a direct relationship between the shape of an element and its structural function?
Can history be a source of inspiration for solving current structures?
What kinds of exhibitions are put on in the Centre Georges Pompidou?
Is the building a work of “Structural Art”?
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In many cases, the answers to the questions posed can be found in Rice (1995); in others there is no single answer, or the polemic is ongoing. Numerous examples of how public tenders stimulate quality and innovation in
construction can be found in Billington (1985). Question number 13 is very important because the students,
accustomed to solving problems on two-dimensional structures in previous courses, find it difficult to realise
that real projects have a spatial dimension and, therefore, must be able to withstand forces acting on them
from different directions. Lastly, question number 16 links in directly to question number 17, since one of the exhibitions held in the Centre Georges Pompidou was called “L’Art de l’ingénieur” (“The art of the engineer”)
(Picon 1997), and vindicated the contribution of engineers to society whilst at the same time firing the debate
on the relationship between engineering, architecture and art.
Other examples
Figures 7 and 8 show images of two other structures used in ConcepTest type exercises. In both cases the
buildings were interesting in terms of their structure, but the information available on them is less complete
than for the previous case so they have more limitations for teaching purposes.

Figure 7: Mercado Colón, Valencia, Spain, 1916. Arch. F. Mora Berenguer

Figure 8: Structural glass screen, elevation (left) and view looking upward from pavement level (right). Sonycenter, Berlin, Germany, 2000. Arch. Murphy/Jahn; Ing. W. Sobek
EVALUATION OF THE METHODOLOGY
In order to evaluate the methodology described, ACBS students were asked to fulfil a questionnaire. The results
from the last two years are shown in Table 1, and indicate that this system increases student motivation and
their capacity to assimilate concepts and, furthermore, that they prefer it to the classic course lecture format.
In addition, individual chats with students revealed their interest in acquiring further knowledge of Construction
History and their wish to study specific literature on it. The experience is also very positive for lecturers, since
ConcepTests make the class more dynamic, allow lecturers to get to know their students better and obtain a
clearer idea of their real level of knowledge and difficulties before a certain topic is fully explained. Moreover,
student participation is higher because they are more comfortable about asking questions and expressing
opinions in the informal atmosphere created during the activity.
CONCLUSIONS
This paper sets out an adaptation of the ConcepTest technique for learning building structure design. The
methodology involves posing a purely qualitative question before explaining the Structural Systems subject.
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The question is formulated in such a way that students must: a) first analyse the structural system of a distinctive
building and b) then go on to think about the circumstances surrounding its design and construction (choice
of materials, architect-engineer relationship, suitability of the different possible structural designs, etc.). In this
way, students assimilate quickly and easily how the structures of real buildings function and at the same time
learn to value the built environment, get a grounding in Construction History, and discover the benefits of
studying it. The results of the questionnaire show a high level of satisfaction with the technique by students and
professors alike.
Table 1: Results of the questionnaire completed by ACBS students on the ConcepTest technique
Statement
The prior questions posed at the beginning
of each subject increased my interest in it.
The prior questions allow me to understand
the subject area explained afterwards more
easily.
I prefer the teaching methodology where
one or several prior questions are posed before the explanation of a subject, to the
classic format of course lectures.

Strongly
agree
13.33 %

Mostly
agree
68.33 %

16.67 %
41.67 %

Indifferent
18.33 %

Mostly disagree
0%

Strongly
disagree
0%

48.33 %

33.33 %

1.67 %

0%

38.33 %

15.00 %

5.00 %

0%
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