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Tém tat: Sw hé tro clia cdc phdn mém md phéng trong gidng day da lam cho qua trinh truyén thu kién
thirc cha gido vién, qua trinh nhan thirc cla ngwoi hoc dwoc thuan tién hon. Tuy nhién, néu viéc sk
dung céc phan mém md phéng chi nham minh hoa céc thiét bi, hién twong, qui trinh nao dé... mét cach

twérng minh hon thi phwong phap giang day van chwa cé thay ddi vé chét. Trong bai bao nay, ching toi
mong mudn déng gép mot phan nhé vé Iy luan nhdm ddi méi phwong phap day hoc véi viéc &p dung mo
hinh va mé phéng trong day hoc Tin hoc. Bai béo trinh bay mét sé khai niém co ban ctia mé hinh va mé
phéng (MH-MP). Céac phan tich cho thdy mé hinh va mé phdng la quan diém co ban cta phuwong phap
ludn nghién ctru khoa hoc va ciing la co s& clia phwong phap luén day hoc. Qué trinh MH-MP trén may
tinh, mé hinh héa trong day hoc |ap trinh va mét sé vi du minh hoa cho viéc (r‘ng dung MH-MP trong day

hoc Tin hoc s& dwoc dé cap trong bai béo.

Twr khéa: mo hinh; md phéng; mé hinh toan hoc; mé hinh di¥ liéu; day hoc Tin hoc.

1. M& dau

M6 hinh héa va md phong trong day hoc vat ly,
day hoc ky thuat da dwoc dé cap khéa nhiéu ([2], [3],
[5]....). Tuy vay, c6 mét nghich ly la: Trong khi nganh
Tin hoc di x4y dung cac cdng cu md phong cho cac
nganh hoc khac, thi ban than nganh hoc Tin hoc lai cé
kha it chuong trinh mé phong va ly luan cho viéc day
hoc Tin hoc véi phuong phap mé phong ciing it duoc
quan tam.

Su hd trg caa cac phan mém mo phong trong giang
day dé 1am cho qua trinh truyén thy kién thic cua gido
vién, qud trinh nhan thuc caa ngudi hoc dugc thuén tién
hon. Tuy nhién, néu viéc sir dung cac phan mém mod
phong chi nhdm minh hoa céc thiét bi, hién twong, qui
trinh nao dd... mot cach twong minh hon, thi phuong
phép giang day van chua cé thay doi vé chat. Nhu s&
thay trong phan 2 cua bai bdo, MH-MP 1a quan diém co
ban ciia phwong phap luan nghién ciu khoa hoc va dong
thoi cling 1a co s¢ cia phuong phap luén cua qua trinh
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day hoc.

Bai bao nay mong mudn déng gop mot phan nho vé
ly luan nham ddi mai phuong phéap day hoc véi viéc &p
dung MH-MP trong day hoc Tin hoc.

Phan tiép theo cua bai bao trinh bay mot s6 khéi
niém co ban cua MH-MP, céc phan tich cho thdy MH-
MP 14 quan diém co ban cia phuwong phap luan nghién
ctru khoa hoc va ciling 1a co s¢ ctia phuong phap luén
day hoc, dong thoi méi quan hé gira MH-MP trong
nghién cau khoa hoc va MH-MP trong day hoc ciing
duoc dwa ra. Phan 3, trinh bay MH-MP trén may tinh,
md hinh héa trong day hoc lap trinh va mét sé vi du
minh hoa cho viéc tng dung MH-MP trong day hoc
Tin hoc. Cac két luan va huéng phat trién duoc dua ra
trong phan 4, phan Két luan.

2.M6 hinh - mé phéng trong day hoc va trong
nghién ctru khoa hoc
2.1.Mb6 hinh va mé phéng

Theo [3], m6 hinh, theo nghia chung nhét, duoc
hiéu 1a mot thé hién bang thuc thé hodc bang khéi niém
- theo mot cach tiép can xac dinh - mot sb thuge tinh va
quan hé tiéu biéu cua mot ddi twong nao dé (goi la
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nguyén hinh) nhim mét trong hai, hoic ca hai, muc dich
nhan thuc sau:

- Lam d6i twong quan sat (nhan dang) thay cho
nguyén hinh;

- Lam d6i twong nghién ctu (thuc nghiém hay suy
di&n) vé nguyén hinh.

Theo [1], md hinh 1a mot mau, mot dai dién, mot
minh hoa duoc thiét ké dé md ta cau tric caa hé thdng,
cach van hanh cua mot hoic cac su vat, hién tuong
thuoc hé thong nay.

M& hinh Ia mét ban sao, mot vi du, cd nhirng tinh
chat dic trung cho sy vat géc ma mo hinh d6 biéu dién.
Ciing c6 thé hiéu md hinh 12 mot biéu dién cho cac phan
quan trong ciia mot hé thong (c6 san hoic sip duoc xay
dung) véi muc dich nghién ctru hé théng d6. M6 hinh 1a
cai thu duoc tir viéc dién dat theo mot ngbn ngir nao do
cac dic trung chu yéu cia mot tinh hudng, mot hé théng
ma ngudi ta can nghién cau.

M6 phong lién quan dén md hinh hda cac van dé
cua thé gigi thuc. M6 phong 1a su bit chudc, phong theo
mot hién tugng, sy vat hay qué trinh nao d6 bang céch
xay dung nhitng mé hinh dong, xt ly ching trong tac
dong qua lai nham nghién ctu céc sy vat, hién tuong,
qua trinh d6 trén nhitng md hinh nay [5].

M6 phong cé thé hiéu la cac thi nghiém quan sét
dugc va diéu khién duoc trén md hinh cua ddi tuong
khao sat. Quan sat duoc va diéu khién dugc 1 céc tinh
chat mac dinh cua thi nghiém nhung can néu rd véi mod
phong vi néu hiéu md phong 1a su bét chudgce thi phai tai
hién duoc, khong nhiéu thi it, mot sé nét tiéu biéu cua
cai that, nham bét chuéc (m6 hinh v md hinh héa).
Hon nita bit chudc thi phai ther xem cd gidng that
khéng, néu chua giéng lam thi sira lai cho giéng hon
(thuc nghiém quan sat dugc va diéu khién duoc).

C6 thé tim hiéu thém vé ly thuyét MH-MP trong [3].

2.2.M6 hinh va mé phéng la quan diém co ban
cua phwong phap luan nghién ctru khoa hoc va
ciing la co’ sé& cua phwong phap luan day hoc
Nhin chung moi qué trinh nghién ctu khoa hoc
nham tim hiéu tinh chat va quy luat cia thé giéi khach
quan déu la qua trinh: phét hién van dé can nghién cau
vé dbi tuong khach quan va mé hinh héa ddi tuwong
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nghién cau, phat biéu bai toan trén md hinh theo mot
cach tiép can nao d6. Van dung tri thac va céng nghé
hién co dé giai quyét bai toan trén mé hinh, kiém chimng
muc do dap ung cua két qua dat dugc so véi yéu cau
cua thyc tién véi mot sai s6 cho phép. Két qua nghién
ctru dugc tng dung lam co s& khoa hoc cho viéc van
dung vao nhiing hoat dong sang tao vi loi ich vat chat
hay tinh than ciia cong dong, dong thoi 1am luan cir cho
nhiing nghién cuu tiép theo. Khi ¢6 mé phong chinh la
qué trinh giai quyét van dé dat ra voi doi tuong thuc
bang céch giai bai toan trén mé hinh twong tmg. Do d6
c6 thé két luan raing MH-MP 1a quan diém co ban cua
phuong phap luan nghién cau khoa hoc.

Qua trinh day hoc la qué trinh khdm pha tri thirc tir
kho tang vin hoa ctia nhan loai, cAc tri thic tiép nhan trong
sach vo ¢6 thé dugc xem 1a san pham caa mé hinh hoa va
md phong cua cac nghién ciru khoa hoc. Hon nira cac hoat
dong thuc hanh ciia nguoi hoc dit dudi su to chire hudng
dan cua nguoi day. CAc hoat dong nay duoc to chuc theo
céch tiép can cua nguoi day va dién ra trong béi canh cu
thé cho phép cua co sé day hoc va do d6 ciing chi c6 thé
mo hinh héa va md phong thé gisi khach quan. Nhimng
hinh thirc t6 chuc hoc tap khac nhu tham quan, kién tap,
thyc tap, tham gia nghién ctu tai hién truong. .. déu mang
tinh b sung nham nang cao tinh xac thuc cia viéc hoc tap.
Nhu vay, tir c&c hoat dong hoc tap ly thuyét dén thi nghiém
va thuc hanh, rén luyén ky ning... trong nha trudng déu
chimg t6 rang MH-MP ciing 1a co s& ciia phuong phap
luan cua qué trinh day hoc.

C6 thé thay rd mdi quan hé giita MH-MP trong
nghién ctiu khoa hoc va MH-MP trong day hoc qua cac
so d6 & Hinh 1 va Hinh 2 duéi day [2].

MH-MP o Két qud
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Hinh 1. Cdu triic ciia phwong phdp mé phong trong
nghién cieu khoa hoc
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Hinh 2. Cdu triic ciia phirong phdp mé phong trong day hoc

Nhu vay, MH-MP trong day hoc cling twong ty nhu
MH-MP trong nghién ctu khoa hoc véi sy tac dong cua
c4c yéu td su pham do 1a: muc dich day hoc, néi dung day
hoc, cac giai doan cuia su hoc tap, dic diém nguoi hoc.

Day hoc véi MH-MP khong nhitng tang hiéu qua
minh hoa truc quan cho ngudi hoc, ma con gitp nguoi
hoc nang cao nang luc nghién ctu khoa hoc.

Cac phan tich trén cho thay: su théng nhat bién
chiing gitra hoc tap va nghién ctu khoa hoc & mot
nguyén tic cua day hoc & dai hoc.

3.MH-MP trong day hoc Tin hoc

3.1.MH-MP trén may tinh

Véi viéc sir dung md hinh toan hoc cua hé thong
thyc ¢ dang chwong trinh may tinh, MH-MP trén may
tinh (MH-MPMT) duogc sir dung rat hiéu qua dé nghién
ctiu trang thai dong ciia nguyén hinh trong nhimg diéu
kién néu nghién ctru trén vat that sé khé khan, t6n kém
va khong an toan.

Trong day hoc, cac bai giang c6 tng dung MH-MP
két hop véi phuong tién nghe nhin s& mang lai cho
nguoi hoc nhidu kha ning nhu: kha nang hoat dong
quan sat (cac hinh anh tinh hoac dong), kha nang thao
tac trén dbi twong, kha ning sang tao, lya chon con
dudng toi wu trong nhan thic.

MH-MPMT c6 thé dién ta nhimg qua trinh dong
bén trong cia cac qué trinh, cua cac thiét bi ma trudc
day khong thé thuc hién trong pham vi nha truong. Do
la céc thi nghiém va thuc hanh 4o da dugc ap dung kha
rong rai.

MH-MPMT khéng chi dimng lai ¢ viéc hién thi mot
chudi cac hinh anh hoic khung hinh trén man hinh
phong theo mét chuyén dong nao d6 (tinh quan sat
dugc) nhu cac phuong tién nghe nhin khéc, ma con co

kha nang diéu khién dugc, tirc cd thé chon dugc cac dau
vao thich hop dé c6 thé chuyén ddi tugng can khao sat
tir trang thai To nao d6 dén trang thai T; cho trudc.

MH-MPMT con cho phép twong tac tham bién, tic
c6 thé tly bién cac dau vao theo y mudn cia ngudi hoc
dan dén bién thién du ra khéc nhau, nham khao sat cac
trang thai cuia ddi tuong nghién ciru. Cac tuong tac nay
c6 y nghia rat 16n trong day hoc theo quan diém tuong
tac, vi ngudi hoc c6 thé twong tac vai noi dung hoc tap —
da qua xu 1y su pham cia nguoi day — mét céch truc
quan nhat. C6 thé noéi twong tac véi noi dung hoc tap &
day 1a “twong tdic dong” hay “twong tdc voi ngi dung
hoc tdp dong”.

V6i kha ning diéu khién dugc va tuong tic tham
bién, MH-MPMT tao diéu kién cho ngudi hoc dugc hoc
qua trai nghiém trén md hinh sét véi hé thong thuc hon.
Qua d6, ngudi hoc khdng chi tiép nhan kién thic mot
céch sau sic, ma con tim ra cach tiép can véan dé, phat
hién quan niém méi, ciing nhu rén luyén ky nang. MH-
MPMT khéng nhimg giap ngudi hoc niam viing kién
thirc mén hoc ma con gitp ho thiy con duong dan dén
kién thic; c6 thé quan sat nhitng hinh anh triru tuong
khong thé truc tiép tri giac duoc.

MH-MPMT duoc xem la c6 thé lap lai nhidu lan
thy thich, thuc hién dugc moi lic, moi noi va véi cac
muc d6 md phong khac nhau cho hé thdng thuc, nham
tao thuan lgi cho nghién cau tinh huéng trong day hoc
va tu hoc cta nguoi hoc. Vi vay MH-MPMT gilp cung
cap nhiing kinh nghiém gian tiép truéc khi nguoi hoc
thuc hanh thuc té dbi voi nhitng cong viéc co thé gay
nhiéu nguy hiém cho con ngudi, dé khi budc vao thuc té
ngudi hoc da thuan thuc cac qui trinh, qui tic can lam
dé giam thiéu t6i da rui ro c6 thé gy ra cho con ngudi
va thiét bi. Ciing vi MH-MPMT c¢6 thé dugc lap lai vo
han 1an véi céc tiy bién khac nhau, nén MH-MPMT cho
phép nguoi hoc cé thé hoc theo nhip do riéng va tu diéu
khién cach hoc cua ban than, kich thich sy say mé hoc
tap cua ho. MH-MPMT tao diéu kién cho nguoi hoc
dugc hoc véi mot nguoi thay vo cung kién nhan, khic
phuc dugc cac han ché ciia phuong phap gido vién lam
mau, ngudi hoc l1am theo.

MH-MPMT néu duoc thuc hién trén cac bang
tuong tac (active board) hay man hinh cam ung, trong
mot chirng muyc nao d6 gitip ngudi hoc ¢ thé duoc trai
nghiém thao tac thuc hién trén céc thiét bi & muc 2
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chidu (2D), vai cong nghé thuc tai 4o thi cac muc trai
nghiém thao tac thuc hién trén céc thiét bi & mic do 3D
va mirc d xac thuc véi thuc tién cang cao.

Cac MH-MPMT con duoc xem la cac tai nguyén hoc
tap, cac ddi tuong hoc tap trong day hoc b-learning (mét
hinh thic hoc tap két hop gitra day hoc gidp mat truyén
thong va day hoc tryc tuyén) duoc cung cip dén nguoi
hoc, thay vi cac video ghi lai bai giang, cac slide, cac bai
text... gitip cho ngudi hoc trdnh nham chén khi phai nghe
cac doan video bai giang trong mét thoi gian dai.

3.2. M6 hinh héa toan hoc trong day hoc lap trinh

M& hinh toan hoc 1a md hinh khéi niém dudi dang
mot cau trdc toan hoc hay mét hé thic toén hoc [3]. Rét
nhiéu bai toan trong Toan hoc dugc giai gan ding bang
phwong phép s trén may tinh (giai tich sé hay phwong
phap tinh).

Khi giai mot bai toan thuc tién trén may tinh, viéc
dau tién 1a can phai 1ap mo hinh héa toan hoc cho bai
toan. o chinh 1a qua trinh triru twong hoéa da liéu va
triru twong hoa chirc niang, nham mo ta nhiing dai luong
dic trung cua bai toan va mdi quan hé giira chung. Budc
tiép theo 1a qua trinh thiét ké dir liéu va thuat giai dé
thuc hién md hinh toan hoc cua bai toan; viét chuong
trinh va thuc hién chay chuong trinh trén may tinh;
kiém chang két qua thuc hién chuong trinh véi thyc tién
cua bai toan. Néu sai s6 vuot qué giéi han cho phép,
trugc hét can xem xét lai viéc 1ap md hinh toan hoc cua
bai ton, c6 thé chung ta da bo qua mot sé dai lwong dic
trung cua bai todn hay mo ta sai mdi quan hé giira
ching. Tiép d6 xem xét lai dir liéu, thuat giai va viéc lap
trinh trén may tinh. Vi mdi bai toan thyc tién c6 thé c6
nhiéu md hinh todn hoc khac nhau dé giai quyét. Vi
mdi md hinh toan hoc, ta c6 céac cach thiét ké giai thuat,
t6 chic dir liéu khac nhau. Cac mé hinh nhu nhanh —
can, qui hoach dong, chia dé tri... 13 cac mo hinh toan
hoc thuong gap trong day hoc Iap trinh ¢ 16p trung hoc
phd théng chuyén Tin hay day hoc ky ning giai bai toan
trén may tinh cho sinh vién & céc khoa Tin hoc trong
truong Pai hoc Su pham.

Thong qua hoat dong mo hinh hoa, ngudi hoc biét
cach xay dung, cai tién cac md hinh toan hoc dé giai
quyét van dé trong thuc tidn cudc séng. Vi dé lam duoc
diéu nay, ngudi hoc can phai xu Ii cac dit liéu thyc té,
sir dung cac phuong phéap biéu dién dit liéu khac nhau,
lua chon va ap dung cac céng cu va thuat giai phu hop
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dé giai quyét bai toan nay sinh tir chinh cac tinh huéng
trong thyc tién. Nhu vay cd thé néi day hoc Iap trinh véi
tiép can mo hinh hoa toan hoc s& gidp phét trién ning
lyc giai quyét van dé thyc tién cia ngudi hoc.

Hon nita d6i v6i nghién ciu khoa hoc thi viéc dua
ra md hinh méi dé giai quyét mot 16p bai toan cho cac
van dé thuc tién c6 thé xem nhu mot phét kién mai.
Trong day hoc, da phan cac mé hinh 1a da ton tai va
ngudi hoc tim t0i xay dung lai cac mé hinh do6 véi sy
huéng dan cta nguoi day. Nhung ciing ¢6 thé cho rang,
dé nang cao nang luc sang tao cua ngudi hoc can to
chic day céch thirc mé hinh héa dé céc giai quyét van
dé thyc tién.

Tuy vay, thuong thi cac bai tap 1ap trinh trong sach
da cho truéc dir lieu vao va dix liéu ra, cling nhu qui
dinh cac bién, cac an... cua bai toan. Vo hinh trung,
buéc md hinh héa todn hoc cho bai toan thuc tién da
duogc 4n chua trong cac bai tap nay. Diéu nay lam cho
cac giao vién khi day hoc lap trinh thuong boé qua budc
md hinh hda toan hoc cho bai toan thyc tién. Ciing do
vay, chung ta thuong xem nhe vai tro cua toan hoc trong
day hoc lap trinh va gap khé khan trong viéc phén tich,
thiét ké, danh gi4, ching minh tinh ding din cua thuat
giai cho cac bai toan thyc tién.
3.3.M6t sé vi du minh hoa cho viéc trng dung
MH-MP trong day hoc Tin hoc

Mot dang MH-MP kha quen thudc trong day hoc
Tin hoc, d6 1a md phong thuat toan bang chwong trinh
Crocodile ICT, cac md phong nay khong chi don thuan
la mo ta, minh hoa thuat toan bang ngdn ngir so dd khdi,
ma ngudi hoc con cé thé twong tac dé thay duoc su hoat
dong cua thuat toan vai tham bién khac nhau [6].

Trong day hoc Tin hoc, cac minh hoa can duoc
thuc hién cu thé trén cic chuong trinh thay vi chi giang
giai trén trinh chiéu. Vi cac minh hoa nhu thé chinh la
qua trinh md phong lai cd&c mé hinh cua cac hoat déng
thyc tién. Vi du nhu trong khi day cac phan Office trong
moén hoc Tin hoc co so, ¢ thé thiy cac minh hoa truc
tiép trén cac phan mém nay chinh 1a mé phong céc thao
tac cia mo hinh tao cac van ban, cac bang tinh... trong
thyc tién. Khi day hoc lap trinh, thi qué trinh minh hoa
céc két qua cua cac doan chuong trinh dugc tién hanh
bang cach thyc hién ngay trén méay s& 1a mot mo phong
cho mo hinh toan hoc cua bai toan thyc tién ma ta dang
lap chuong trinh dé giai quyét.



ISSN 1859 - 4603 - Tap chi Khoa hoc X& héi, Nhén vdn & Gido duc, Tap 6, sd 2 (2016),67-72

C6 thé sir dung MH-MP trong céc phan nhu: khai
niém thong tin, cau trc may tinh dién tir, hoat dong
mang may tinh, giao thac mang maday tinh... trong
chuong trinh Tin hoc 16p 10 trung hoc phd thng.

Bén canh d6, mé hinh hoéa dugc sir dung khé nhiéu
trong day hoc co s& dit liéu, cu thé do 1a viéc md hinh
hoa dir liéu.

Theo [4], thi:

M hinh dir liéu 1a mot tap cac khai niém va ki
phap ding dé mé ta dir liéu, cac mdi quan hé cua dir
liéu, c&c rang budc trén dir liéu cia mét to chic.

Nhu vay c6 thé xem mot md hinh dir liéu c6 ba
thanh phan:

Phan mo ta cau trc cua co so dit liéu.

Phan mo ta cac thao tac, dinh nghia cac phép toan
duoc phép trén dir liéu.

Phan mo ta cac rang bugc toan ven dé dam bao sy
chinh xac cua dix liéu.

Hiéu theo nghia ciia mé hinh d3 néu trong muc 2.1,
thi mo hinh dit liéu 1a mét thé hién bang cac khai niém -
theo mét céch tiép can xac dinh - mot sé thugc tinh va
quan hé tiéu biéu cua cac dbi twong dir liéu can duoc
mo ta dé t6 chirc luu trix trong co so dir lidu.

Hiéu theo [1], m6 hinh dir liéu 1a mot mau, mot dai
dién, mot minh hoa dugc thiét ké dé md ta cu tric cua
hé thong dir liéu, cach van hanh cua mot hoic cac su
vat, hién tuong thudc hé théng dit lieu nay.

Cac phén tich trén day cho thdy ly thuyét md hinh
doéng vai tro quan trong trong day hoc co s¢ dir liéu.
Bén canh do, khai niém md hinh di liéu ciing da dong
g6p mot phan nho cho khéi niem md hinh cua ly thuyét
MH-MP.

Qua trinh mo ta cac truy van bang cong cu thuat si
(wizard) cling chinh 1a sy md phong qué trinh x&y dung
bang két qua cua cau truy van va md hinh hoéa cau Iénh
truy van bang ngén ngir SQL.

4.Két luan

Day hoc véi MH-MP di mang lai nhiéu hiéu qua
trong c4c nganh hoc khac va ciing da c6 mot s6 két qua
trong day hoc Tin hoc. Tuy nhién, néu sir dung MH-MP
chi nhim minh hoa céc thiét bi, hién tuong, qui trinh

nao dé... mdt cach twdng minh hon, thi phuong phap
giang day van chua co thay ddi vé chat.

Bai bao nay nhim dong gop mot phan nho vé ly
luan nham d6i méi phuong phap day hoc &p dung MH-
MP trong day hoc Tin hoc.

Céc phan tich cho thdy MH-MP 13 quan diém co
ban cua phuong phap luan nghién ctu khoa hoc va ddng
thoi cling 1a co so cia phuong phap luén cua qua trinh
day hoc di dugc dua ra. Qua trinh MH-MP trén may
tinh, md hinh héa trong day hoc 1ap trinh va mot s vi
du minh hoa cho viéc ting dung MH-MP trong day hoc
Tin hoc ciing da duoc dé cap.

Tuy vay con rat nhidu van d& can duoc dit ra nhu
quy trinh van dung MH-MP trong t6 chtic day hoc Tin
hoc, phuong phap day hoc véi phuong tién MH-MP,
quy trinh chuan bi bai, cac ky thuat day hoc nham phat
huy kha nang ctia phuong phap MH-MP... cling nhu
cac thuc nghiém su pham 1a rat can dwoc quan tam
trong nhitng nghién ctu tiép theo.
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Nguyén Thé Diing

MODELLING AND SIMULATION IN INFORMATICS TEACHING AND LEARNING

Abstract: Simulation software in teaching facilitates the processes of teachers’ knowledge transfer and learners’ cognition.
However, if the simulation software is only used to illustrate devices, phenomena and certain processes,... more explicitly, teaching
methods still show no changes in terms of quality. In this paper, we hope to make a minor theoretical contribution in order to innovate
teaching methods via the application of modelling and simulation in informatics teaching and learning. The paper presents some basic
concepts of modelling and simulation. The analysis shows that modelling and simulation are basic standpoints of scientific research
methodology and also bases for teaching methodology. This paper presents modelling and simulation processes on the computer,
modelling in the teaching of programming and some examples that illustrate the applications of modelling and simulation in
informatics teaching and learning.

Key words: model; simulation; mathematical model; database model; informatics teaching and learning

72



