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Teaching introductory meteorology: the problem Solar Radiation
Advanced computational knowledge and technologies play a fundamental role in the development of modern In this set of learning activities, students used Modellus to model Planck’s law, Wien’s law and Stefan-Boltzmann law. These laws were then applied to estimate the black body equilibrium temperatures of the Earth and the Sun.
research in meteorology. In depth learning of such computational skills is a difficult cognitive process that
requires a strong background in physics, mathematics and computer programming. However, the analysis of TpetPDF protocols "tUStrat?:d ?hsequznﬁe | | Ty ———
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To reduce the level of cognitive opacity associated with mathematical or programming knowledge, several
computer modelling systems have already been developed (Neves & Teodoro, 2010; Teodoro & Neves, 2011).

Among such systems, quellus IS partlc_ularly wel! suited to achieve _thls go_al because it is a domain general Wind Velocity Mfettr:ec;;o:losljlxr- Cozmdpu;atlonfl Mzo;loegll_l;gm N S— iy — Average — Average Student
environment for explorative and expressive modelling with the following main advantages: 1) an easy and with Modellus (2nd Semester ) W — Student Global Opinion
intuitive creation of mathematical models using just standard mathematical notation; 2) the simultaneous L e Questionnaire D: - —— Opinion
exploration of images, tables, graphs and object animations; 3) the attribution of mathematical properties = ) i o | P e - - | v — ber |
. . . . . . . | = In a gradient wind the | . - | Question Fuci 3
expressed in the models to animated objects; and finally 4) the computation and display of mathematical s e i motion of a wind particle Give your opinion (encircling the adequate number) about each : o
.y - . . . _ ) P _ one of the following assertions, using a scale from -3 to +3, i M2
quantities obtained from the analysis of images and graphs. j = is circular. The two circles where -3 represents being in “complete disagreement” and  — |
1-50000 T Tal Fig, 5 represent two +3 being in “complete agreement”, representing the remaining g | M
oS oo o - - - negative values being in “partial disagreement” and the i 10
- - - mnm . il circular isobars in a Y o Ues baing in “oartia] NV \
Innovative Iearnlng activities with Modellus e e high pressure centre. remaining positive values being In “partial agreement . cs | \
H:”Z / o ] j The distance between 1. Introducing thhelcomputational 1 oz
. . . . c ey . R="—— . _ i : - component in the learning process was -3 -1 0 +1 +3 )
In this work, we describe a set of computational modelling activities on introductory meteorology developed oo / 7 the two isobars is 200 useful for your professional trainning . o ———
with Modellus for a course gathering students from several undergraduate university degrees: environmental 5 N | km and their pressure 2. The relative time percentage given to [ 34 o .4 3
_ _ _ _ g g Jd o Y g T _ =2 | (o } _ * =N difference is 1 hPa. The the computational classes was adequate
engineering, marine sciences and biology. We report on the student’s receptivity to the integration of this  LpefleZ-ananc) Ne ol .= = | | magnitude of the gradient 3. Introducing the computational C lusi
. . : : . P \ caEq  1sEs 12 : : : component was useful for the learning -3 -1 0 +1 +3 onciusions
computational modelling approach and discuss its effect on the learning process. - -, .. / wind velocity is one of process of Meteorology.
fiiﬁ?ﬁ%ﬁii]} ' - 2 the solutions v of the 4. Doing the activities in groups of 2 or 3
o AR oo following equation: would had more advantages than doing the =3 -1 0 +1 +3|  We have made a successful implementation of a set of innovative activities based on computational
e b L TS : ctivities indivi : i : : .
References - | e = e e e 5 During classes, the teachers guidance modelling with Modellus in the Meteorology and Climatology course taken by 2nd year students of the
oo E e el | Fy_(1/p) AD/AN — VYR = 0 and support to the several groupswas |=3 -1 0 +1 +3|  Marine Sciences and Environmental Engineering courses at the Faculty of Sciences and Technology of the
Blum, W., Galbraith, P., Henn, H.-W., & Niss, M. (Eds.) (2007). Modelling and applications in mathematics education. New — — S S University of Algarve.
O | ! ¢ < 6265[ ) e 090 e 10081 [14] | 6. The problems analysed in the
York, USA: Springer_ ) : computational activities with Modellus were|-3 -1 0 +1 +3
_ . . interesting and motivating. Sy C ey . . : i
H_andelsman, J., Ebert-May, D., Belchngr, R, Bruns,_P., Cha_ng, A., DeHaan, R., Gentile, J., Lauffer, S., Stewart, J., Fig. 5: Gradient wind. When the speed solutions are both positive the physical solution is 7. The activities with Modellus in POF | . .. .2 GIobaI_Iy, students reacted very pos_ltlv_ely to the act|V|t|e§, conS|d_e|j||jg th_em to be important in tl_1e context
Tilghmen, S. and Wood, W. (2005). Scientific Teaching. Science 304, 521-522. the one with the smallest value. gorml\?t;rlel well conceived ?tnd interesting. of their course and professional trainning. The computational activities with Modellus presented in PDF
McDeréﬂott, L., & Redish, E. (1999). Resource Letter: PER-1: Physics Education Research. American Journal of Physics, 67, the learning of mathematical-physice . |-3 -1 +1 +3 | format with embedded video guidance were also considered to be interesting and well designed.
/55-767/. models.
Neves, R., & Teodoro, V. (2010). Enhancing Science and Mathematics Education with Computational Modelling. Journal of Ack led t ?r.ienhéll?fellus 's easy to learn and is user- | 3 3 41 43 Modellus has been successfully tested as a software tool that allows students to work as authors of
Mathematical Modelling and Application, 1(2), 2-15. cKnowieagments 10. Modellus could be used in other 1" 7| mathematical physics models and simulations, not as simple browsers of computer simulations. Models can
Teodoro, V., & Neves, R. (2011). Mathematical Modelling in Science and Mathematics Education. Computer Physics | o i | P e Of your course, With acdequate |72 =2 +4 ¥ be presented as differential equations solved by simple numerical methods and students can appreciate
Communications, 182, 8-10. Work supported by UIED - Unidade de Investigagao Educagao e Desenvolvimento and the differences between numerical solutions and analytical solutions. For students, Modellus was indeed

FCT - Fundagao para a Ciéncia e a Tecnologia, Programa Compromisso com a Ciéncia comments and suggestions about the computational activities:  caan a5 helpful in the learning process of mathematical and physical models. It was also found to be easy
* Modellus Internet Website: http://modellus.fct.unl.pt/ 2007. enough to learn and user-friendly.



