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ABSTRACT: In engineering topics, the laboratory exercises are probably the best field to promote the
active participation of the student. There are several teaching strategies that can be performed in the
laboratory. Practical work is frequently used as a means by which to acquire skills in the handling of
apparatus, for the learning of specific experimental techniques, and as a way to illustrate or check
experimental facts and scientific laws presented earlier by the teacher. This type of work is usually guided
by means of very clear instruction sheets. However, we should not stop at this type of practical work. The
work students do in the laboratory must be analogous to the behaviour of a real engineer in the exercise
of his profession. So, they must be able to fix their objectives, test their conjectures, choose from among
various paths, design and follow experimental procedures and analyse and report results, always within
situations of a difficulty appropriate to their potential for development. This work contributes to the
educational research of the engineering higher education. The so-called teaching by investigation
strategy that promote the significant learning of engineering topics and organisational skills is applied.
This strategy, described by eight relevant characteristics, is intended to improve the design and
development of experiments. The methodology applied proposes the design of experiments that give
students experience of: formulation of questions based on prior knowledge, proposal of probable
solutions, testing of these solutions and testing and discussion of procedures and final solutions. The
objectives are (i) that the students acquire a vision of the working methods in Technology through these
activities and (ii) that these methods are consistent with the professional role of the engineer and current
social demands. A case study of designing and conducting experiments to determine heat transfer in
electronic equipment is described.

1 INTRODUCTION

Many reviews of engineering and engineering education over the last two decades (ASEE, 1994;
GRINTER, 1995; ABET, 1997; CAE, 1993; BATES et al., 1992) have identified a preponderance of
technical and discipline-specific course content over non-technical and professional practice skills.
However, employers value the possession of these professional skills, and the inclusion of these elements
in undergraduate curricula is conducive to the development of lifelong learning habits in students. A list
of desirable generic skills identified in the literature (RILEY & PICKERING, 1995; PALMER, 2000)
includes, but is not limited to, communication, teamwork, creative thinking, initiative, and the practical
meaning of the results of their work. Especially in engineering science subjects and in those of a
technological nature, laboratories offer an unequalled opportunity for the students to actively participate
in the construction of their own meaningful learning and to exercise the skills we have referred to.

The didactic approaches habitually used in laboratory can be classified in three main types (GIL,
1983): teaching by transmission, teaching by discovery and teaching by investigation. The first two types
of teaching are normally applied in our laboratory practice. Practical work is frequently used as a mean by
which to acquire skills in the handling of apparatus, for the learning of specific experimental techniques,
and as a way to illustrate or check experimental facts and scientific laws presented earlier by the teacher.
This type of work is usually ‘guided’ by means of very clear instruction sheets and we believe them to be
necessary. Above all in the first stages of learning: the students must learn to measure and to measure
well. The experiments also fulfil the aim of reinforcing the knowledge acquired in theory classes.
However, if we are to be able to respond to the requirements mentioned above, then the work students do
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in the laboratory must be analogous to the behaviour of a real engineer in the exercise of his profession.
Such that they can fix their objectives, test their conjectures, work in a team, choose from among various
paths, design and follow experimental procedures and analyse and report results, always within situations
of a difficulty appropriate to their potential for development. In this sense, the paradigm of teaching by
investigation seems the most appropriate to achieve these educational objectives. Through practical work,
the aim is to construct (not discover (GIL, 1983)) scientific knowledge from the interaction of our ideas
with those of others and with experience. Teachers should act not only as transmitters of knowledge and
skills, but as guides who aid the processes of complete learning.

This study proposes the application of the teaching by investigation methodology to laboratory work.
This strategy promotes the significant learning of engineering topics and generic skills. The objectives to
reach are (i) that the students acquire a vision of the working methods in Technology through these
activities and (ii) that these methods are consistent with the professional role of engineer and current
social demands. A case study of designing and conducting experiments to determine heat transfer in
electronic equipment is described.

2 A STRATEGY TO IMPROVE LEARNING IN ENGINEERING LABORATORY
The teaching by investigation methodology consists in proposing laboratory work that gives students
experience of:

a) formulation of questions based on prior knowledge

b) proposal of probable solutions

c) testing of these solutions

d) testing and discussion of procedures and final solutions

To successfully carry out this work it is necessary to define the general characteristics of laboratory
practical if they are to be considered an investigative activity. We understand that, in addition to being
experimental work, it must integrate other equally important processes of scientific activity, by which we
are referring to some aspects whose presence is considered fundamental if one is to talk about the truly
investigative nature of the practical session. These aspects, suggested in GIL & VALDES, 1996, which in
no way constitute an algorithm to be followed linearly, are as follows:

1) Present open problematic situations of a suitable level of difficulty (corresponding to the potential
state of development of students) such that they are capable of taking the correct decisions.

2) Encourage students to reflect on the importance and possible interest of the situations proposed,
which gives meaning to their study (considering the possible implications for science, technology and
society, etc) and avoid out of context, socially neutral study.

3) Foment qualitative analysis, meaningful analysis which helps one to understand and situate the
situations proposed (in the light of the knowledge available, the interest of the problem, etc) and
formulate operative questions about what is being sought.

4) Propose the emission of hypotheses as the central act of scientific research, susceptible of guiding the
treatment of situations and making student’s preconceptions functionally explicit. Likewise, give
these hypotheses a basis and make them operative, deriving testable consequences, giving adequate
attention to the control of variables, etc.

5) Recognise the importance of the elaboration of designs and of the planning of experiments by the
students themselves. Encourage wherever possible the incorporation of current technology to
experimental designs in order to favour a more correct vision of contemporary scientific-technical
activity.

6) Encourage the detailed analysis of results (their physical interpretation, reliability, etc), in the light of
available knowledge, of the hypotheses used and of the results of ‘other researchers’. Pay particular
attention, if it were necessary, to the conflicts between results and initial conceptions, thus
functionally aiding conceptual changes.

7) Grant special importance to the elaboration of scientific reports that reflect the work carried out and
which can be used as a basis to highlight the role of communication and discussion in scientific
activity.
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8) Foment the collective dimension of scientific activity organising research teams and aiding interaction
between each team and the scientific community, represented in the classroom by the other teams, the
body of knowledge already constructed (in text books), the teacher as expert, etc.

In reference to the learning and teaching styles described in FELDER & SILVERMAN, 1988, the
teaching styles of most engineering professors are verbal, abstract (intuitive), deductive, passive and
sequential. Meanwhile, many of the relevant aspects of the teaching by investigation method mentioned
above address some of the learning styles that most of engineering students possess: visual, sensing,
inductive and active. So, matching the teaching style with the learning style, a significant improvement of
student learning might be expected. Additionally, some principles of good practices in undergraduate
education (CHICKERING & GAMSOM, 1987), such as co-operation among students or active learning,
are main characteristics of this strategy. Some other references (MOSKALSKI, 2003; FELDER &
BRENT, 2003) highlight the relevance of the teamwork and the active learning in engineering education.
Thus, the potential to improve the student significant learning with the application of this methodology is
very great.

It must be pointed out that not all practical sessions can fulfil all these requirements, either because of
the characteristics of the experimental equipment available, or because some of the aspects of the
discipline are beyond the students' potential for development.

3 CASE STUDY

Study background

An example of a laboratory experience on heat transfer by convection is presented. This experience is
included in the subject Heat Transfer, which is taught within the first year of the degree in Electronic
Engineering at the University of Burgos. The module comprises 20 h of heat transfer lectures and 10 h of
laboratory experiences. The heat transfer by convection laboratory experience is developed in two
sessions of 3 h each. There are two assessment tasks associated with this practical: an individual test
administered at the end of each session, and the written reports that groups made up of four students have
to present. The learning goals articulated for the subject are practical: students should be able to (1)
recognise in practical situations the main role of the energy balance in evaluating heat transfer in
electric/electronic equipment; (2) analyse the principal variables which influence heat transmission by
forced convection. The methodology used to achieve these objectives will consist of the design of an
experiment to study heat transmission in a small electrical element that gives off heat. The real equipment
and its scheme are presented in Figure 1.

@ 1 Electrical resistance

2 Termocouple - resistance
* 1 3 Resistance feed

4 Anemometer

6 Termocouple - air

7 Electrical motor

8 Centrifugal fan
{ 9 Air aspiration gate
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Figure 1. The convection heat transfer device: (a) the real device; (b) a scheme

Previously to the laboratory session, the students have been given a set of instructions for the
practical work prepared by the teacher. It contains the description of the objective of the practical work
and the methodology required achieving it. Also, the criteria used for assessment, a brief introduction
with antecedents to the scientific theme being studied and a description of the specific experimental
objectives, which will require the active participation of the students and of the teacher in the role of
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moderator. The related concepts of the teaching by investigation method and this particular laboratory
experience are described in Table 1.

TABLE 1. Relation between Teaching by Investigation method and the Laboratory Experience

Teaching by
Investigation aspect

Sequential development of the heat transfer by convection laboratory experience

3 qualitative analysis
4 emission of hypotheses

The INTRODUCTION is conducted through questions proposed by the teacher. First of all, it must
be obtained, trough brainstorming, a wide list of electrical equipment used in industry, offices and
houses. Afterwards, the students have to formulate answers to questions
Do they work alone? If they need to be plugged in, what is the electricity used for in the
apparatus?
How do you know if they give off heat? Do they need to be cooled? If this is so, then how can
they be cooled?
If you come to the conclusion that the apparatus uses or gives off energy, then does it gain or
lose energy?
The teacher will propose analysis and discussion on these questions, in order to situate the
scientific-technical context of the objective of the practical
In accordance with the antecedents and your previous knowledge, the students are asked to write a
formula that reflects the behaviour of energy in a system (for example, an electrical device such
as a television or a computer). Hoes does it behave when it is stabilised in time? The final
formulation will be obtained by group discussion with the teacher as moderator.

1 open problematic
situations

2 possible interest of the
situations

5 elaboration of designs
4 emission of hypotheses

In accordance with this formulation the students are asked to DESIGN an experimental bench to
measure the heat dissipation in the air of a small electrical or electronic element. They have to
sketch the position of the constructive and measurement elements, and briefly explain their
functioning. Groups made up of four students will do this work.

The students are placed as if they were recent graduates employed in the R&D department of a
manufacturing company of electronic equipment. The results of their work will be valuable to
improve the quality of electronic products.

The design will be handed in to the teacher and will be used to assess the practical.

8 collective dimension of
scientific activity

Each group presents its design to the rest of the class trough ORAL COMMUNICATION. Teacher
and students act as if they were the people in charge of this equipment in the manufacturing
company. The class comments on the advantages and disadvantages of each design.

3 qualitative analysis

The teacher presents the equipment that is really available in the laboratory to do the tests. Its
characteristics are compared with those of the students' designs, in order to check the hypotheses
and previous ideas. The teacher describes its functioning: geometry, fluid used, variables which
can be measured and modified. Through group discussion moderated by the teacher, the variables
mentioned will be classified as dependent or control variables. (Finish of the first session)

4 emission of hypotheses
5 elaboration of designs
1 open problematic
situations

Each team of four students is asked to plan an experiment to carry out the tests. The idea is to
DESIGN AN EXPERIMENT to study the capacity of air to cool a small hot electrical element in the
equipment described earlier. They must identify the objective function, the number of
measurements to be taken, the forecast reduction of data and the final form in which the results
will be presented (tables and graphics).

The design made will be handed in to the teacher and used to assess the practical.

8 collective dimension of
scientific activity

By ORAL COMMUNICATION, each team presents to the teacher and classmates its experimental
forecast, and they continue to act as though they were technicians in a company. Consensus is
reached as to the most suitable experiment to perform.

6 detailed analysis of
results

The chosen experiment is carried out. As a group, the results obtained are commented on and
there is discussion as to whether the initial objective of the practical session has been achieved: to
experimentally obtain the mathematical formulation of heat transmission by forced convection.
FINAL CONCLUSIONS will be obtained by interpreting the results. This section will be done
through group discussion moderated by the teacher. (Finish of the second session)

7 elaboration of
scientific reports

Each team will WRITE UP A REPORT with the results obtained. They will be used for the
assessment.

Evaluation methodology

Fifty-one students were surveyed in the first semester of 2004. Student attitudes and perceptions to
this sort of practical work were gauged in two ways. First of all, students were surveyed at the end of the
teaching period through an anonymous questionnaire of 29 items. The attitude information was gathered
by the presentation of statements to which students were invited to respond on five-point scales ranging
from ‘strongly agree’ to ‘strongly disagree’. Statistical significance of results were analysed by
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descriptive parameters as modal response (percentage and absolute value), mean value and standard
deviation. The questionnaire was designed to discover students attitude to (i) the practical exercises of
Heat Transfer, and (ii) the teaching style and engagement. As a second way of surveillance, observations
of the behaviour of students were made during the teaching sessions. And third, the evaluation of the
scientific designs and reports presented by the students.

4 RESULTS

The questionnaire has been divided into two parts. Tables 2 and 3 present the set of statements and
statistical results focused towards objectives (i) and (ii), respectively. The numerals in the tables have
been maintained correlatives to facilitate the discussion.

Table 2. Student’s response (% (n)), mean values and standard deviation to 14 mapped statements
presented an the questionnaires relating to the attitude towards the practical exercises of Heat Transfer

5 4 3 2 1
Statement Strongly Agree Neutral | Disagree | Strongly Mean Standard
agree disagree Value deviation

1. The pace of laboratory sessions is 4(2) 18 (9) 36 (18) 42 (21) 0(0) 2.84 0.866
appropriate

2. The laboratory environment is 10 (5) 49 (25) 29 (15) 10 (5) 2(1) 3.55 0.879
adequate to develop the practical
sessions (lighting, tables,
equipment, etc.)

3. The instruction guide of the 6(3) 39 (20) 45 (23) 8(4) 2(1) 3.39 0.802
practical is adequate

4. 1 have understand the objectives 20 (10) 46 (23) 28 (14) 6(3) 0(0) 3.80 0.833
of the practical

5. The assessment criteria were 34 (17) 32 (16) 28 (14) 6(3) 0(0) 3.94 0.935
clearly stated

6. The assessment criteria are 21 (11) 39 (20) 31 (16) 6(3) 2(1) 3.73 0.940
corresponding with the task
developed at the laboratory

7. 1 have taken many notes during 2(1) 28 (14) 38 (19) 28 (15) 4(2) 2.96 0.903
the laboratory experiences

8. I have red carefully the 4(2) 20 (10) 24 (12) 32 (16) 20 (10) 2.56 1.146
instruction guide previously to my
attendance at the laboratory

9. I have paid steady attention to the 8(4) 55 (28) 23 (12) 12 (6) 2(1) 3.55 0.879
laboratory work because it is
interesting

10. T have paid steady attention to 6(3) 42 (21) 36 (18) 14 (7) 2(1) 3.36 0.875
the laboratory work because the
assessment at the end of the
session

11. I have paid steady attention to 10 (5) 29 (15) 43 (22) 16 (8) 2(1) 3.29 0.923
the laboratory work because the
hints about examinations

12. T have paid attended to the 8(4) 10 (5) 29 (15) 43 (22) 10 (5) 2.63 1.058
laboratory work because pass the
examinations is all that matters to
me

13. The laboratory sessions are of 12 (6) 53 (27) 21 (11) 8(4) 6(3) 3.57 1.005
interest

14. If this subject were optional I 14 (7) 31 (16) 33(17) 12 (6) 10 5) 3.27 1.150
would choose it

In relation with the results shown in Table 2, we can appreciate that students generally felt that the
heat transfer laboratory experience was relevant. The understanding of the objectives and the previous
knowledge of reasonable assessment criteria were the most appreciate items. About the pace of the
sessions, some students write comments in the sense that they felt tired after three hours of hard work,
and suggest having three sessions instead of two. The attention paid during the sessions responds mainly
to the intrinsic interest of the topics (question 9, 55+8=63% of agreement modal response), unless the
immediate assessment and future examinations also were relevant.

335



Table 3. Student’s response (% (n)), mean values and standard deviation to 15 mapped statements
presented an the questionnaires relating to the attitude towards the teaching style and engagement

5 4 3 2 1
Statement Strongly Agree Neutral | Disagree | Strongly Mean Standard
agree disagree Value deviation
15. The open problematic situations 23 (12) 57 (29) 16 (8) 4(2) 0(0) 4.00 0.748

presented (design of experiments,
design of a bench) are interesting

16. The context of industry 20 (10) 59 (30) 22 (11) 0 (0) 0(0) 3.98 0.648
application of the situations
presented is interesting

17. There is great opportunity to 53 (27) 41 (21) 4(2) 0(0) 2(1) 4.43 0.755
participate and ask questions
during the practical sessions

18. It is easy to me to ask questions 24 (12) 36 (18) 28 (14) 10 (5) 2(1) 3.70 1.015
during the laboratory sessions
19. I have improved my qualitative 8(4) 47 (24) 41 (21) 4(2) 0(0) 3.59 0.698

analysis skill thanks to the way
the sessions have been planned

20. I have been able to propose 16 (8) 64 (33) 18 (9) 2(1) 0(0) 3.94 0.645
hypotheses based in my prior
knowledge

21. T have been able to check the 12 (6) 59 (30) 29 (15) 0 (0) 0(0) 3.82 0.623

validity of my prior knowledge
thanks to the way that the sessions
have been planned

22. Having the opportunity of 26 (13) 58 (29) 16 (8) 0(0) 0(0) 4.10 0.647
proposing my own ideas to design
experiments has been very useful

23. I have enhanced my knowledge 16 (8) 55 (28) 25(13) 4(2) 0(0) 3.78 0.856
about how to design and plan
experiments

24. The sessions planning has 2(1) 49 (25) 35 (18) 12 (6) 2(1) 3.37 0.799

allowed me to achieve a detailed
analysis of the results obtained in
the experiments

25. The obligatory reports I have 8(4) 31 (16) 41 (21) 18 (9) 2(1) 3.25 0913
had to write have improved my
learning

26. The reports required were 6(3) 44 (22) 44 (22) 4(2) 2(0) 348 0.762
adequate to the complexity of the
task

27. The teamwork is better way to 39 (20) 47 (24) 12 (6) 2(1) 0(0) 4.24 0.737
learn than on my own

28. I have learned more with the 37 (19) 45 (23) 10 (5) 8(4) 0(0) 4.12 0.887
oral presentation and group
discussion than if it shouldn’t
have take place

29. 1 have listened carefully the 25 (13) 63 (32) 6(3) 6(3) 0(0) 4.08 0.744
statements and proposals of the
others during the group discussion

All the statements presented in Table 3 refer to the eight aspects of the teaching by investigation
mentioned above. Mean values of all items are comprised between 3.25 and 4.43, with small values of
standard deviation. In all questions, the modal response is placed over the ‘agree’ response, except in
question 17 that is ‘strongly agree’.

5 DISCUSSION

The results obtained in Table 2 show that students give great importance to the knowledge of the
learning objectives and assessment criteria. These constitute the most relevant reference for their attitude
towards a specific topic. Agreement with the assessment criteria enhances this engagement. As a result,
the general attitude of the students during the session was active towards the tasks proposed. Questions 15
(m.v. 4.00, s.d. 0.748) and 16 (m.v. 3.98, s.d. 0.648) show that this attitude enhances the student’s interest
towards the challenge of learning and lead to a high level of attention (questions 9 to 12).
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Teamwork is recognised as a valuable characteristic of the sessions (question 27, m.v. 4.24, s.d.
0.737) and the students feel that improve their learning. Though, as observed by the teacher during the
sessions, the role of each participant was not specified and a leader was not always chosen. Moreover, the
teams found it difficult to organise their time adequately during the work sessions. We think this is a
normal situation in first year degree students.

The proposal of design tasks has been demonstrated of great interest for student’s learning (question
20, m.v. 3.94, s.d. 0.645; question 22, m.v. 4.10, s.d. 0.647, question 23, m.v. 3.78, s.d. 0.856), with
modal responses of global agreement between 71% and 84%. The designs proposed by students during
the sessions are an indicator of their creativity, which in another type of approach would not have been
possible.

The analysis of results in the light of available knowledge, of the hypotheses used and of the results
of other researchers (the rest of the classmates) has reached a good score but shows an opportunity to
improve (question 19, m.v. 3.59, s.d. 0.698; question 24, m.v. 3.37, s.d. 0.799). The comments of some
students in the questionnaire about the hardness of the task refer mainly to the last part of the session,
when the final scientific conclusions are obtained from the analysis of experimental results. After three
hours of work, the level of attention has decreased and the analysis ability has little opportunity to
improve.

The student’s perception of effective learning is due to the effort needed to write reports (question 25,
m.v. 3.25, s.d. 0.913; question 26, m.v. 3.48, s.d. 0.762) as well as to the oral presentations and group
discussions (question 28, m.v. 4.12, s.d. 0.887; question 29, m.v. 4.08, s.d. 0.744). During the sessions, it
has been possible to observe that students' communication skills are very variable. Also, that they use
different approaches to a single problem. Although the critical attitude of students towards others
classmates in the oral presentations is variable, it has been recognised as a great value of the sessions
(question 17, m.v. 4.43, s.d. 0.755; question 18, m.v. 3.70, s.d. 1.015, question 21, m.v. 3.82, s.d. 0.623)

6 CONCLUSIONS

The training of engineers has been undergoing a great deal of change for several decades. The
preponderance of scientific contents and techniques in this training has given way to the inclusion of
formative objectives in personal attitudes and skills that will be very important later in the engineer's
professional career. This implies a move from teacher-centred training to student-centred training.

An example of laboratory practical work in Heat Transfer has been presented. The application of the
approach of teaching by investigation has highlighted some remarkable aspects. The design and
development of experiments is a typical engineering task and involves not only scientific or technical
criteria but decision criteria within an interest context. This approach allows the students the achievement
of activities directly related to engineer’s professional work: design of equipment for an established
purpose, design and conduction of experiments, communication and discussion of results and write up of
reports. The percentage of students actively engaged with the laboratory exercises increases till 90%
typically, which means a high level of active learning. The teachers must value carefully the grading of
the difficulty of the task that the students have to perform in agreement with the course objectives.
Teachers had to learn to guide sessions through questions, limiting the tendency to simply explain their
knowledge, more usual in the traditional classroom situation. These sessions take longer than other types
of practical work, although a better understanding on the part of students is achieved. Since resources are
limited and the sessions require more time to carry them out, the teachers have to choose from between
either run only a select subset of the experiments according to the suggested approach, or else
significantly reduce the amount of subject matter to be covered in laboratory classes. Trough this case
study of design and development of experiments, the most remarkable characteristics of the teaching by
investigation strategy have been highlighted.

ACKNOWLEDGEMENTS
The research team wish to thank the Spanish Ministry of Science and Technology for supporting this
work. (Project PPQ2002-04414-C02-01).

337



REFERENCES

ABET. Engineering Criteria 2000. Baltimore: Accreditation Board for Engineering and Technology,
1997.

ASEE. The green report: Engineering education for a changing world. Washington D.C.: American
Society for Engineering Education, 1994.

BATES, I, LLOYD, B., MARTINELLI, F. , VINES, J. Skills for the future-engineers and scientists
achieving enterprise performance. Melbourne: Association of Professional Engineers and Scientists
of Australia, 1992.

CAE. Engineering education in Canadian universities. Ottawa: Canadian Academy of Engineering,
1993.

CHICKERING, A.W., GAMSOM, Z.F. Seven principles for good practice in undergraduate education:
Faculty inventory. Wisconsin: The Johnson Foundation, 1987.

FELDER, R.M., BRENT, R. Learning by doing. Chemical Engineering Education, 2003, Vol 37, N° 4,
282-283.

FELDER, R.M., SILVERMAN, L.K. Learning and teaching styles in engineering education. Engineering
Education, 1988, Vol 78, N° 7, 674-681.

GIL, D. Tres paradigmas basicos en la ensefianza de las ciencias. Ensefianza de las Ciencias, 1983, Vol
1,N°1, 3-26.

GIL, D., VALDES, P. La orientacién de las prdcticas de laboratorio como investigacién: un ejemplo
ilustrativo. Ensefianza de las Ciencias, 1996, Vol 14, N° 2, 155-163.

GRINTER, L. Report on evaluation of engineering education. Washington D.C.: American Society for
Engineering Education, 1995.

MOSKALSKI, N.M. Teaching teamwork: how Deans and Department Chairs can facilitate Faculty
innovation in the classroom. In Innovations 2003, World Innovations in Engineering Education and
Research, International Network for Engineering Education and Research, Virginia, 2003, 17-23.

PALMER, S.R. Student responses to activities designed to develop generic professional skills. Journal of
Professional Issues in Engineering Education and Practice, 2000, Vol 126, N° 4, 180-185.

RILEY, M., PICKERING, C. Professional development skills for civil and environmental engineers.
European Journal of Engineering Education, 1995, Vol 20, N° 2, 255-259.

338




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


