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Applied Statistics may be regarded as a basic db agetechnical subject in engineering, and
therefore play a central role in the agro-forestepgineer professional curriculum. With the
purpose of implementing a new learning method tatistics, within the framework of European
Higher Education, an experimental evaluation wagamised along a quarter in the academic
year 2004/05 for students following the third gradehe Faculty of Forestry Engineering in the
Madrid Polytechnic UniversityThe teaching methodology goal was to improve stisdemal
information searching, use of technologies and ysial and synthesis capacities, while, at the
same time providing them with a basic knowledgeiatiee subject.

GLOBAL EDUCATION OF ENGINEERS

The technological evolution and the possibility wbrking in very distant locations
support the idea of linking the practical trainingcessary to the work of engineers with a basic
education which is wide enough to allow a long-mrggion of professional activity. In this way,
engineers will be able to adapt to new methods tmuthniques as well as to new work
organisation.

What really matters in higher education is not ¢batents the students learn during the
training period, but their acquisition of capadtend their development of social abilities needed
in their future professional work. This is the m@asvhy basic subjects play such an important
role in engineering education. Applied Statistiss at the same time a basic and a technical
subject, and therefore plays a central rolethe professional curriculum for agroforestry
engineers.

The teaching in an engineering school should be pragmuathile carried out on a
scientific basis to avoid that the excess of pragmmamight turn education almost useless a few
years after graduation. According to Casas (200B)e key achievement for our professionals’
success is they can think and communicate. Thisvgbde reached by keeping a pure science
based core. We should not forget the indispensahkn thinking in the important ..., because,
our final work is giving responses.Knowledge of basic subjects such as mathematics,
mechanics, thermodynamics, hidraulics, soil scienegteorology, chemistry, biology, drawing,
construction, etc. is therefore indispensable drallsl have an important weight in the whole
education of all agroforestry engineers.

In several recent meetings of engineering profeséso(Ayuga, 2003; Ayuga, Gonzalez
and Martinez 2003; Carazo, 2003) we have emphadizedrelevance of amppropriate
positioning when facing others in both professiowalrk and access to new employment. A
relevant issue in professional capacitation is hum@ucation in the sense of acquiring capacity
for team work, appropriate results and attractiresentation of results, and convincing others of
correct and necessary conclusions. These impaasgects of professional work are frequently
neglected in the traditional university education.

IMPORTANCE OF STATISTICS EDUCATION IN AGRO-FORESTRENGINEERING

Statistics is present in our whole life. It is teld to decision-making in a variety of
situations like bringing an umbrella when leavingme, predicting the Parliament composition
before the scrutiny of votes in the elections dagabculating the consumption price index. In all
these situations Statistics is used as a fundamtxdl but also in many other topics. Some
curious examples are text author identification $kéter and Wallace, 1989), searching different
meanings for similar words (Rosenbergal 1968), jury selection (Press, 1989), determining
paranormal phenomenon (Paulos, 1990), evolutioendiingered populations (Petersson, 1998),
determining growth patterns in trees (Legatéal 2005), locating oilfields (Whitney, 1989),
assigning fossil wreckage to an species (Howefi82), etc.
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Statistics is an inductive science which intendsadmpt optimum decisions based on
experience. Therefore future engineers will needg@ltheir education and posterior professional
work statistical tools to analyse real situationd aystems.

The fundamental objective for a researcher analysto faithfully reproduce the
behaviour of the real phenomenon through a procesgposed of data collection, data process,
interpretation of results and identification of maiharacteristics and relationships. The whole
process will be a very important resource for eagis and therefore, statistics knowledge is so
important for future professionals as managing tedgeroduction or evaluating environmental
issues impact.

Agro-forestry engineering work extends over largeaa and time periods, and therefore
it is essential to summarise large amounts of slath as trees age, wood volume and growing in
a few characteristic values. It is also importanfibhd possible relationships between variables
and producing forecasting models. It is not usuptigsible to use all the data of all individuals,
so that representative samples should be selectggraduce inferences. Methods such as
statistical quality control, market research, ekpental design, materials acceptation plans,
optimisation methods and decision-making are useloih private and industrial engineering
work.

AN EXPERIENCE IN THE ACADEMIC YEAR 2004/2005
We adopted the SYLLABUS experience (Jolliffe, 20@8)a reference with the purpose
of implementing a new learning method for Statsstigthin the framework of European Higher
Education. An experimental evaluation was organiakmhg a quarter in the academic year
2004/05 for students following the third year afdies at the Faculty of Forestry Engineering in
the Madrid Polytechnic University. Only 55.4% (#Rdents) volunteered to collaborate and took
part in the experiment. The remaining studentoyaid a conventional course. About half of the
students in the experimental group (30 students) owritten exam at the end of the quarter.
Participants in the experimental groups were disted into 18 groups each of them
ranging between 2 to 6 members. Each group wasddriformation on the themes under study
and present their conclusions in a written repod arally. Furthermore, they worked under
supervision with a statistical computer packagehvat data set elected by themselves. The
following statistical themes were covered is tharse:
* Point and interval estimation.
e Parametric and non parametric hypothesis tests.
» Linear regression and experimental design.

The total teaching time was 34 hours, ten of th@wotked to computer practices using
STATGRAPHICSlus 5.1; nine hours were devoted to theoretieabdns, eight to problem
solving and six hours to students presentatioreif twork. All the groups had to participate in
every presentation of their classmates by askirgstipns to their colleagues when presenting
their work. The group presenting its work each deag selected at random with replacement so
that the same group might be selected to preserd than a day. A partial scoring for each part
of the assignment followed the scheme in Table 1.

Table 1: Scheme for scoring the students work

Themel Theme?2 Theme3 Total

Work 0-15 0-15 0-15 0-45
Presentation and questions 0-15 0-1,5 B-10-45
Total 0-3 0-3 0-3 0-9

Practical work with computer included five 2-howngd) practices in different days.
Participation and presentation of conclusions vearauated each of these days and a maximum
of 1 point was scored. It was possible to get treximum scoring with work presentation,
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associated questions and practical computer wdtiowi need to carry our the final exam.

RESULTS
Practices combined three different exercises atemd students getting some abilities
necessary for professional engineers as follows:
» Oral presentation, this practise serves to imparaeexpression.
» Computer use to solve problems with real data, ivhitroduce students to tools which are
frequently used in professional job.
» Searching and summarising information about a @aer theme, which requires analysis
and synthesis capacities and use of TIC's (Teclyedo of Information and
Communication).

The methodology in thacademic year 2003/04 consisted in lectures, pmolsielving
and practices with statistical software. The euadmaof results consisted in a single examination
with a theoretical part of short questions andabiem solving part.

In Table 2 we summarise the results of students passed the test in the two years.

Table 2: Comparison between academic years

Number of students who: %
Year Registered in| Took the exam Passed | (from all who
the course took the exam
2003/04 190 160 74 46.2
2004/05 133 100 82 82.0

Most of students who did not participate in the esignce had been inscribed in
2003/2004 class and followed the traditional leagnmethodology explained above. Therefore,
the results in this group were similar to thoseanrse 2003/04 (see Table 2).

To complete the comparison of global results a tésthe knowledge acquired was
proposed to the students at the end of the experi@®04/05). The test contents were equivalent
to the theoretical part of 2003/04 examination.

One hundred sixty students took the exam in acadgear 2003/04. The distribution of
marks in this group was acceptably Normal (the Steg(’ test yields a p-value equal to 0.24029)
with a mean of 4.19 and a standard deviation & in% range from 0 to 10.

Fifty six students from the experimental group ifidfl the test in the academic year
2004/05. The distribution of scoring in this growas also acceptably Normal (p-value =
0.44092)with a mean score of 6.17 and standard deviatidh. 1.

After testing the hypothesis of equality of stambldeviations and means between both
groups the equality of variances was acceptedeabth level and the equality of means was
rejected (p-value = 6.47.1p Therefore it was assumed that in the acadenac $604/05 the
average mark was higher. The estimated averagaeliife as 1.25 points on a scale from 0 to 10.
The 95% confidence interval for the difference lestw the means assuming equal variances:
1.24951+ 0.49434 is [0.755169, 1.74385].

These results may have been influenced by diffa®na initial background and
motivation between the group of students who vaered for the experience and the remaining
students. However, we have to point the followinglgative aspects:

* The global satisfaction with the experience wasemi.

* The level of attendance to lectures was higher thi#imthe old methodology and is more
stable until the end of year.

» There is higher interest and involvement with Stat$ since the class work affects directly
to marks.

*  The students become more aware of the usefuln&smistics in professional activity.
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CONCLUSIONS

The learning methodology in our study was oriertte@nhance students capacities for
oral expression, information search, use of teatmiek, analysis and synthesis, together with
acquisition of a basic statistical knowledge. Thesayvation confirms that these capacities have
been improved although we have not quantitativesores. Up to the moment we have only
assessed results related to knowledge becauseatbethe only we could compare with the
students in the previous year. The experience sth@ansgnificant improvement in these aspects
when compared to those from students not includelda experiment.

REFERENCES

Ayuga Téllez, E. (2003)La Formacion del Ingeniero Iberoamericanbladrid: 1V Encuentro
Iberoamericano de Directivos de la Ensefianza thgémnieria.

Ayuga Téllez, E., Gonzalez Garcia, C. and MartiRalero, J. E. (2003).a ensefianza de la
Estadistica en la Ingenieria de Montedadrid: | Congreso Profesional de Ingenieros de
Montes.

Bergeron, Y., Legaré, S. and Paré, D. (2005). Efféfcaspen (Populus tremuloides) as a
companion species on the growth of black sprucee@Pmariana) in the southwestern boreal
forest of Quebed-orest Ecology and ManagemeB08(1-3) , 211-222.

Casas Grande, J. (2003)os Ingenieros de Montes y su ldentidad Profesioiddrid: |
Congreso Profesional de Ingenieros de Montes.

Carazo, A. (2003)Se Buscan Técnicos Apasionados e Intuitivos. Nu&lages del Exito
Profesional: Habilidades Sociales e Inteligenciadeional. Madrid: | Congreso Profesional
de Ingenieros de Montes.

Howells, W. W. (1992). La importancia de ser humanctanur. La estadistica: Una guia de lo
desconocidoAlianza Editorial] 125-136.

Jolliffe, F. (2002). Statistical Investigations —awing It All Together. In B. Phillips (Ed.),
Proceedings of the Sixth International ConferenoeTeaching of Statistic€Cape Town.
Voorburg, The Netherlands: International Statistioatitute.

Mosteler, F. and Wallace, D. L. (1989). Decidinghauship. In J. Tanuet al (Eds.),Statistics: A
Guide to the Unknow(B™ edition), (pp.115-131). Pacific Grove: Duxbury.

Nelson, C., Rosenberg, S.and Vivekananthan, P1L9%8]. A multidimensional approach to the
structure of personality impressiordgurnal of Personality and Social Psycholp§y 283-
294.

Paulos, J. M. (1990ElI Hombre AnuméricaBarcelona, Spain: Tusquets Editores.

Petersson, M (1998). Monitoring a freshwater fisbpydation: Statistical surveillance of
biodiversity.Environmetrics 9, 139-150.

Press, S. J. (1989). Statistics in jury selectidonv to avoid unfavorable jurors. In J. Tarairal
(Eds.),Statistics: A Guide to the Unknow8i® edition) (pp. 87-92). Pacific Grove: Duxbury.

Whitney. (1989). Optimization and the travellindesanan problem. In J. Tanet al (Eds.),
Statistics: A Guide to the UnknoW8i® edition), (pp. 241-248). Pacific Grove: Duxbury.


http://www.sciencedirect.com/science?_ob=JournalURL&_cdi=5042&_auth=y&_acct=C000047350&_version=1&_urlVersion=0&_userid=885385&md5=901ad90b5d06abc98a51a470c7d9e22c
http://www.sciencedirect.com/science?_ob=IssueURL&_tockey=%23TOC%235042%232005%23997919998%23578973%23FLA%23display%23Volume_208,_Issues_1-3,_Pages_1-408_(5_April_2005)%23tagged%23Volume%23first%3D208%23Issues%23first%3D1%23last%3D3%23spans%3D3%23date%23(5_April_2005)%23&_auth=y&view=c&_acct=C000047350&_version=1&_urlVersion=0&_userid=885385&md5=9d0ec340bd5d704abc317f78ea69628a

