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Pharmacy practical walh demonsteation of various

reparalions

A, Demonsteations of toules ol drug sclministration
wsing coluclul piclures

4. Tearming by role play i therapeutics

5. Therapeutic teaching with viswal widls

6. Teaching pharmacology theory withowt visnal ids

7. Phurmacokioetic learning with the help of CAL
sofitware

B, Pharmacodyoamic learing with the help of CAIL

sultwire

9. Commnueity phirmacologienl case shalies

Clinical phannacotogy caxe studies

Further  learntng | Compurer-simulated cxperiments appeir 10 be feasible and
apportanitics
cifeetive as a major part of pracucal lessons of
pharmacalagy. Given the leaming ubjectives ol
pharmacology practical lessons in medieal students 15 ta

cnhince students’ understanding of the suljpect, compure: -

simulations may serve as an wliernative 1o the traditionul
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Pharmucology, as a discipling, 1s the study of how drugs exen their effects on the

living systems. [ involves understanding the properties ol drugs and Lheic aclions,

including  mleractivos between drog wolecules and receptors and how  these

infcraciions clicit an effect. Laboratary based practical classes, which includes the

demonstration of drug effects on dgsues or on whole anninad, has beeo the centeal

feature of wadergradante  pharnaceslugy earninef 1] In he recent yeurs, the

undergraduate truining in phurmacology has been revolutionized with the adoption

of several innovadve teaching approaches such as simall group discussions, role



plays, computer assisted leartng (CAL), wse of audio-visual aids, clinical and
comtity pharmacology stuches [ 2 The wse of animais Tor wiching and leaming
ot basiwe scwoces bas shbown a downward trend over the last decade.[1.3,4]
Luboratory based scssions are replaced by compuier assisted learoing which s now
beingr vsed s an offective teaching and learming wal | 3.6] [ocreasing ethical
concerans with the use of animals for undergradoite training and the development
al informateon technalogy in the carly 1900°s contributed significandy to this

treimd,

Computer assisted learning consists af a range of computer based packages, wlich
focnses on providing interaclive msuuction in a specilic subject wrea. CAL in
pharmacology includes collection of unimul cxperiments on course  soflware
package  which  helps  in understanding  concepls  and  techoigues o
pharmacology.[¥] CAL  has now  become an  inegrul  component of  the
pharmacelogy curriculum in the medicul schools. A number of studies {rom
vanous medical schools have docuomented the cffectuveness of CAL in weuns ol
knowledge acquisition and maeting Jearning objectives.] 1.5—t1] CAL in medical
education has been incrcasingly adopted by severul medical schools across the

world  {lodug| 2,27, 02=14]) United  Kingdom|3,8.%. 1L 15-17] Canada15,1'}]

RMalaysiz| 28] and Korew. | 29 CAL in medical cducation has heen implemented by



WS of medical schools tn the United States aond [ across medical schools in

Cunada and L otted Kingdom.

Thes rend review on CAL i wndergraduae plurmacology curciculuin considers
naturce of the rend, factors {cading (o 1his end, advantazes, limpations of CAL

aned pitlalls iocimplementation of this trend in the medical corriculum.

Syl suraweyy

To find evidence of examples of CAL i undergradoate medical pharmucology, a
search was cirried out using PubMed (Medline)y, ProQuest, Cochranc Libriry,
Medscape and Google Scholar search engines from January 1990 to Decernber
2009, since 1990%s reflected the beginmng of wide spread inlerest in CAL in
phavnacoloey leaching. The search 1emms included “Computer assisted learning
and phanmacology™, “Camputer based leamning and phacmacology  leaming',
“CAL and undergraduate phacmacology®™, “CAL and pharmacology teaching™,
Caomputer assisted  mstruction and - pharmacology, Computer  simulations  in
pharnacology learning and "Computer based alternatives and pharmacology™. 't he
types of articles included n this review are original rescarch, review papers and
cditorials frome various medical sehools across the plohe. Both abstracts and ull
1ext articles were identified and reviewed, All the articles focusing on Lhe faclors

lcading w0 the trend, adyvanages. disadvontages and liindrances o implenwentation



wore included. Adticles published ino English Janguape and Enolish abstracts of
articles published jo other lonzuages were inchaded, A tola] 23 studics woere
mchmled, 15 of them were reseaneh articles, sixowere Jeters 1o editir and editorialy,

and 1wo weore review articles, The details from 8 articles ace given in Table |
Table |

Summury ol findings [rom studies on knowledge assessment and students’ opinion

ol conpuler assisted Tearming in medical undergraduae weaching



Paramelers
Govindaraja Kuruvilla A Brain &

et af ™ et al et al ¥
(Malaysia) {India) (Uniled
Kingdom)
Number of Siiisiis T
Knowicdge asscssment (G5+7G)
in CAL tmean (%))
Prelest $4.3G418.04% £8.0114.4
Post lest 75.41£17.09% 83.8110.4
{Higlier posl (Higher post
lest scores test scores
P<0.06) P<0.01)
Outcome
Goud 83.3% 99% Yes
Acheives learning 70% NM Yes
objcectives
Improves understanding 75% NM Yes
Enjoyablefinleresting 75% 100% NM
Hecommend CAl use 70% 9G6% Yes
Advanlages
Aepealed observation 90% 9% NM
without animal loss
Many studenls can >80% 13% NM
abserve at same time
Less tirme cansuming NM 100% NM
Many experiments NM 100% NM
performed
Dilticull experinents >80% 24% NM
demonshrated
Avoid use ol animals »50% 51% N
Learning al theic awn NM NM Yeu
pace
Better visualization of 70% 46% MM
drug efigcls
Accuraie wesulls GO 3% M
Easy 10 use NM N Yes

Better teacher sturlent N AA N NM

Compar:

Sewell RI
ef all=
{Unitec

Kingdon

04

Yes
NM

Yes
N
Yes

Yes
NM

NM
NM

NM

Yes
NM
A
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Although Baboratory practical clusses e invaluahle, cventoutly they are only a

veehicle for effective weiching and Tearving of lahwratory and wnmal handling skills,

Concerns were raused wilh regard W use of aninials Tor undergraduate teaining as
compurcdd (o that tor rescarch. The practical iessjons in pharmacology (raining
involving animal cxperiments were perceived to be uonecessary by medical
students  educatomsts oy the leaming objeclives of these pructical  sessions
primarify focus on observational, analytical and interpretative skills, which arc

componenis of the cagnitive domain and not psychomaotor domain.f 1 1,31]

Furthermore, the use ol animals has redneed due 1o ¢thical concerns, praciical
prablems assaciated with the animwal expenments such as availability of animals,
cost of purchasing animals and oaiolaniog anonal houses. Animal experiments
are ollen time consuming and associated with practical diffienlies. 1o s ofien
difficult 10 demonstrate minute details o large numbers of students and only

limited number of drugs can be tested aca given period of time. | 1,7, 16,17 41

One of the major problems with animal experiments s the bielogical vanability in
the response and non reproducibility, This aspect can affect student learoing and

have an adverse nnpact an their motivagion. Severid published reporis from the



medicul schoolz have documented that CAL cun be an elicctive replacement for

these prachical sassions o overcone these miteions [ |4, 12-17 20,17 3] 21

vt e e Ve

With widespread wse of computers among medical stwideots and the abundance of
compuler based resources available for supporting teaching and leaening in the
madical sciences, there was a perceived need thar medical pradugics need 10 be
both famili with wd have competency in information echnalogy and computiog
skills |31 ] CAL can also help 1o achieve a greater theoreticul understanding ol The
cxperimems  as  simulations mnoic the acoal  experimenal s¢l up in the

laboratory. [ 1.53]

Nalwry s the trensd

Until the 1990%s Jaboratory based practical closses had been the central [eature af
pharmacology aching. The use of animals for educational purpose declined sinee
hen when numy academicians soggested that the need for using aninals for
cducation and tratnmg 15 =mall ax compared o thut with rescarch. ] 1 1] Around the
same pernsl, the use of computers und e-lewming were increasingly incorporated in
the mwedicat schools and  snbsequently  and  increasing wend of CAL  in
pharmacalogy teaching. Large oumber of lugh gualily computer simulations ol
anoal experiments in phannacelogy were developed by many quedical schols

and wlso made available orweaching and Jeaming.| 33



CAL in pharmacology consists al vanots sultwwes with demonstrations of anomal
cexperiments  These softwares mimicked the octual experimental set up in
lalwratory und include illestration of methods of  anesthesia,  dissection and
mounting  of lissucs, Computer  simulations and  nteractive  nterface  in
phamacokinetics and phamacodynamics aod chnical pharmaceslogy of variouws
drug classes help inoreinloreing the theoretical knowledge of diftferent dregs acting
on various organ systems 1n the body, CAL software has also been develuped 1o
promate rational and evidence based medweation utilizatioo among the medical
students. [ > ML H The magority of the CAL soltware includes seli-asscssment {ools

such as muliiple choice questions,

Alvinttazes ol conater assisted learising

CAL has a nunber of perceived advanlages o both studenis und tcachery, Modern
computers with multimedia capabilitics and presentational benelits can provide an
interactive and personalized learning experience and thos promuote actve aod self-
dicected learaing|(,7 | 1t offers the students the advantage fo leamn at heir
convenicnee gl pace of Jearning; it ¢cian save faculiy time as well as resowrces. | 32
The most inpodtant advaotage of CAL is that they meet the mijorily of 1he
learning objectives. There is supporting evidencs leom o many medical schools that

CAL 1< the best suitable alternative to practcal laboratory classes and suceesstully



meers the learning objectives ol the sessions. [8040," 5 283030 The learang
objectives addeessed Ty CALL includde e eognitive Jaman (understandiog the
pharmucaelogical effectsy as well as <kill compueoents suctt as bundling the data and
communication skills, CAL increases the understanding of the theoretical concepts
when iCas apphicd in e setting of simulaled experiments,[13] CAL can alsn
supplement lectures and epable students Lo fearn better in their self-study; it cun
exiend the learning cxperience inw ficlds wlich wre too costly or lime consuming

and alsv stadl expertise may not he ayvailible.[ 34)

The drup cifects can be clearly visvahized 'u': simulations; fime consuming and
difficoll experiments can be demonstraled very conveniently with the help nf" CAL,
Bivlogical vuriations  observed in the animal  experiments may  lead w
discourageinent among studenrs and also waste faculty and student 1ime, while
aonoal snoolations in the CAT, session provides resudes that are reproducible,
These experiments can be observed repeatedly without the Joss of animals as well
as experimental ercors[1.7] ‘The studeols can observe the cifects ol dugs at
varving dose tanges which would be e consoming when performad on animals.
Lurge numnber ot studemis ean perform the experiment at the same (ime at their
respective slations and thenr dvidual computers, whereas the unimal experiments
are usuadly conducted wnong groups of sudents ad depending an the availability

ol animals the group size varies. Reduclion in expenses involved with use of



animal expaeriments 18 a defmitive advanage.f1.41] Swdies have dacumented that
computer simulagions  of amemal experiments are moe cost elfecuve than
establishing and mainlaining oaimal houses.| 7= Teuthurd HL er i, study
repored the 1o1al cost of camying oml sessiony on the G motiligy with CAT, way

around £320 and £804 wilh wtar demaonstation of animal experiments.|*?|

Dewhuorst DG e al. wiudy resulis revealed that the cost of conventional wcaching
method with animal experimenis (35413) was five temes greater than that of CAL

{$2598). |03

CAL is an innovative teaching method and primarily focuses on increasing, the
understanding of the subject rather than psychowotor skill acguisiton. The
assessmenl methods for CAT. sessions are those used for assessment of the
cagmtive domain, wnlike the conventional methods where in the cvaluation 1s
hased more oo atimal baodling skill and w lesser extent the koowledge., The
advantige of these assessments s that the higher levels ol cognitive domain such
as application and analysis ¢an also be ested. Communication skills can also be

assessed with the use ol nderactive multimedia sofwares. |4

I disid vintuges ol CAL

Despite all the benefits of CAL. there are fow associatcd disadvantages. In a virlual

lalwratory enviromnent, there ave centam skills that cannot be adequately taught,



which pharmaculogy wachers consider essential in pharmacology teaining. These
inchtde muking up of drug solotions in varying concentrations, sctiing up aod use
ol experimental eogmpments, whomestration of 1est deags wed monitoring ol the

ph }.‘gi(\lngik’.ﬂl Siglls.llﬂ,}.l I

CAL limits the diredt nteraction with the living fissue and observation of
VITRILIONS 10 responses i living tessue. The practical knowledge and experience of
a ceal expenment is lost. Despiwe all the henclits that CAL may bring. 1t is often
casily forgouen in comparison o raditional anamal experinents.] 1] The virtual
experiments and simulations have prefixed doses which hinder students 10 ohserve
bialogical response at desired doses. CALL s expensive in (he initial stages of
nplementation i the cwrricolom, Dependence on compukas and  technical
problems arising during class are other disadvantages with CALL. Technical snags
me commonly encountered duving CAL lcormimg session which can be precluded
with good fechnieal support. [28] Development of CAL softwaee is Lahor intensive,
requiring appropriate hardware, backup and lrequent upgrading. Many teachers
have fitle expertise in developing software and require the support of informaton

technology stafl’| 35)

Pitzalls e implenentangon



Any change i the exisiing systeny is encountered with gesistance and challenges al
multiple stages. These include difficulties at the academic, adminssteative, fimancial
and Jogisties level. Appropriate soltwure programs need (o be develuoped bused on
the fewrning ohjectives and the programs should he maodified te meel the local
educational needs. Faculty resistance 10 change the (raditional animal cxperiments
10 CAL 15 another stumbling block. Many wachers coosider CAL jderior and
imtroduction of weelmology bused Tearning methads o retropricle siep[11] Alsao,
many of them are Tess inclined to use electranic resources due ta lack of computer
those which we developed by other universitics.] 32] Persiiwling weachers and
convincing them o use CAL 1$ critical and requires Sratcgies 1o raise awareness in
this dircction, Facully should support the tegration of CAL ioto pharmacology

leaching andd devise suatuble steps 10 overcome faculty wesistance.[ 1]

Faculties oflen Jack nme o develop the skills o integate tus new method of
teiching into the modoles and learning sieries [ 16]) Teachers shouk] be mtormed
tegarding the avallabiliy of CAL soltwares and also its Indegration into the

mainstrcam caching. | 34|
Many of the existing CAL sattware was developed o the catly 19%H)st rapid
changes 1w the lechnologies that were used have rendered st difficult 1o use aod in

many nstmces the solware has become obsolete despie e comtem beinyg stll



valid {20] Intiatives should be @aken o develop saltwire ot the institational level
bascid on the Jocal needs and alse enable Taculty (o modily content, cducuationl
approach and avoid techoological redundancey. Tn addition, a dedicated information
technology stall is necessary 1o provide practical advice and maintenance of Lhe

solbware ind hardwire. | i=]

It is insuflicient 1o just develop computer based Jeaming matertal avalable w
stadents. Like o laboralory class, it muse be {olly integraled wolo the modules Lo
abtn the desired benedits.| 6] Studeols should be guided on how w lcarn rom
computer-hased learning materials as well as to incorporaie this Iearming tocl in

thetr tearning strategy, 34

CLINCTTLTST0

In conciusion, computer assisted learning is a Jeasible and very effective teaching
and leaming method in phacmacology with huge paoteotial 1o change the way of
learning as it meets the oxgority of the leurning objcetives. In the medical
curicuium, where 1eaching and learning i< delivered and {acifitated in a rapiclly
changing cnvironment. computer based learmog micthods have the qualitutive and
yuantitative potential (o ruse eaching standavds (0 oew levels of sophisiiciion,
However, there 18 o need w mvoke awareness among the teachers of the

advantages of this methad of teaching
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