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 �ross�or� �����es �onstit�te an intera�ti�e an� ��n��i��e� a�ti�e �earning �ith �eers in a non�threatening en�iron�ent� �i�en 
�e�ore tea�hing the to�i�� they �ri�e� the st��ents �ith the ���o�ing �on�e�ts an� �ater ��ring tra�itiona� tea�hing� the sa�e �ere 
rein�or�e�� �o��ing �ross�or� �����es ena��e� st��ents to se���assess their o�n �n�erstan�ing o� �on�e�ts an� a�so to i�enti�y their 
�ea� areas� �hi�h �an �e �orre�te� �ater thro�gh a targete� a��roa�h� 
�
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�

Intro���tion��
�

For�years,� the�mode�of�presenting� facts�or�concepts� to� the�

students� has� been� through� passive� teaching,� primarily�

didactic� lectures.� � �radually� methods� are� evolving� that�

engage�students�in�the�learning�process.��ompetency�based�

medical� education� (����)� encompasses� a� shift� in� the�

teaching-learning� (�L)� paradigm� from� teacher-centric� to�

student-centric� medical� education.� With� the�

implementation�of������curriculum�in�India,�innovation�in�

the� active� �L� method� is� the� need� of� the� hour.� �he�
advantages�of�the�use�of�games�or�pu��les�as�learning�tools�

have�been�widely�reported�in�various�medical�specialities.�1,-

��Pu��les�are�problem-solving�activities�that�re�uire�learners�

to� formulate� solutions� and� are� gradually� proving� their�

effectiveness�in�medical�education�4.��rossword�pu��les�as�

a� learning� tool� has� been� used� successfully� in� pathology,�
pharmacology,�physiology,�nursing�and�veterinary�sciences�

as�a�fun�activity.1,�,�-���olving�crossword�pu��les�has�shown�

to�stimulate�the�intellect,�intensify�the�glossary�and�preclude��

�

�

�

passive�memori�ation�of�facts.8��hus,�solving�of�crossword�

pu��les�promotes�critical�thinking�and�analytical�skills�and�

also� improves� self-directed� learning� skills� among� the�

learners.�� �he� above-mentioned� studies� that� introduced�

crossword�pu��les,�examined�the�students��perceptions�on�

crosswords�but�most�of�them�did�not�compare�the�scores�of�
the�students.�Also,�in�all�of�the�studies,�the�crosswords�were�

given� after� the� didactic� lectures.� �he� current� study� was�

planned� to� introduce� crossword� pu��les� prior� to� the�

didactic� lectures,� as� a� supplemental� learning� tool� to� help�

first�year�undergraduate�medical�students�get�primed�with�

and�understand�the�terms�and�concepts�of�renal�physiology�

by� a� collaborative� approach.� �he� objectives� of� the� study�
were� to�evaluate� the�effectiveness�of�crossword�pu��les�in�

reviewing� and� understanding� the� concepts� of� renal�

physiology�when�used�along�with�traditional�teaching�and�

to� describe� students�� perceptions� on� introduction� of�

crosswords�in�Physiology�teaching.�

�
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Materials���Methods�
�

�he� study� was� commenced� after� taking� approval� from�

Institutional� �thics� �ommittee.� A� total� of� 1��� first� year�

undergraduate�medical�students�participated�in�the�study.��
�

�efore� traditional� lectures� on� some� topics� of� renal�

physiology,�the�crossword�pu��les�were�administered�to����

students,� in� a� non-testing� environment� in� groups� of� 8�

students� each,� on� two� different� occasions.� �he� crossword�

pu��les�were�made�online�at�the�Discovery��chool�s�pu��le�

maker�Web�site�http://pu��lemaker.school.discovery.com.��
�he�pu��les�(Fig.�1�and�2)�had�vertical�columns�with�words�

running�from�top�to�bottom�and�hori�ontal�rows�with�words�

running�from�left�to�right.���one�of�the�words�ran�diagonally�

or�were�inverted.��efore�introducing�the�crossword�pu��les�

to�students,�the�contents�of�both�the�crossword�pu��les�were�

validated�by�experts�from�the�Physiology�Department.���ach�
crossword� contained� 20� clues� covering� two� topics� -�

glomerular� filtration� and� tubular� reabsorption.� �ince� the�

students�were�given� these�crosswords� before� teaching� the�

renal� system,� many� of� the� �uestions� were� factual� (lower�

levels� in� �loom�s� taxonomy)� but� some� were� conceptual�

testing� higher� degrees� of� �loom�s� pyramid.� � �he�students�

were�given�one�hour�to�complete�the�crossword�pu��le;�for�
solving�these�pu��les,�they�were�allowed�to�discuss�among�

themselves�and�refer�to�books/internet.��A�teacher�and�two�

residents� were� present� in� the� class� during� the� activity.�

�hereafter�the�answers�of�the�crosswords�were�discussed.��

�he�activity�was�followed�by�didactic�lectures�in�the�given�

topics� over� a� period� of� three� days� where� the� facts� and�
concepts�which�were�asked�in�crosswords�were�reinforced.�

After�finishing�all�the�teaching�lectures�on�renal�physiology,�
a� system� completion� test� of� �0����s�was� organi�ed.� �he�

test�consisted�of�a�mix�of�factual�and�conceptual��uestions;�
testing�all�the�levels�of��loom�s�hierarchy.��
�

A� group� of� 8�� students,� were� not� given� crossword�

pu��les.� �owever� they� appeared� for� the� same� system�

completion�����test�after�their�didactic�lectures�were�over.�

�hey�served�as�the�control�group�of�our�study.�
�

A�feedback�on�the�crossword�activity�was�obtained�from�

the� students� (n���)� by� administering� a� pre-designed� and�

validated��uestionnaire.���he�responses�were�measured�on�
a�Likert�scale.��he�Likert�scale�was�reversed�for�items���and�

�;� this� was� intentionally� done� because� people� have� a�

tendency� to� check� the� best� responses� in� feedback� forms�

without�sometimes�reading�the��uestions.��o�to�ensure�that�

they�read�the��uestions�and�then�answer,�the�scale�in�these�

items� was� reversed.� �tudents� were�asked� to� complete� the�

survey�during�class�time�in�the�presence�of�the�tutors.���hey�
were� asked� not� to� record� their� names� for� anonymity.�

Feedback� responses� of� the� students� were� recorded� and�

satisfaction� index� for� each� item� was� calculated� with� the�

following�formula:-�
�

�(n1���1)���(n2��2)���(n4��4)���(n����)����20�

(n1��n2���n4���n�)�
�

Where,� n� is� the� total� number� of� students� gaining� the�

score�mentioned�in�the�subscript�for�that�particular�item�(n��

is�not�included�because�it�is�the�neutral�response).�
�

�tatistical� analysis� was� performed� using� the� I���

�oftware� (�tatistical�Package� for� the� �ocial��ciences)� �P���

21.� �he� data� was� tested� for� normality.� �he� mean� and�

standard�deviation�of�marks�obtained�were�calculated�and�
scores� in� both� the� groups� were� compared� using� an�

Independent� �tudent� t� test.� A� p�0.0�� was� taken� as�

statistically�significant.���

�

�
�

Fi�������rossword�pu��le:��FR.�

�

�
�

Fi�������rossword�pu��le:��ubular�Reabsorption.�

�

�

�
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�esults��
�

�he� average� scores� of� the� students� of� crossword� group�

(n���)�and�control�group�(n�82)�were���.4�����.14�and��1.���

���.18�respectively.��inimum�score�(out�of��0)�in�crossword�

group�was�22,�and�maximum�4��while�in�control�group,�the�

minimum� and� maximum� scores� were� 12� and� 4��

respectively.���he�data�was�tested�for�normality�by�plotting�
histograms�and��-��plots.��he�Independent��tudent� t� test�

was� applied� to� compare� the� scores� in� both� the� groups.�

Additionally,�the�homogeneity�of�variances�was�satisfied�by�

Levine�s�F�test�with�F�(1��)���1.8�,�p��0.1��.��he�independent�

samples�t-test�was�associated�with�a�statistically�significant�

effect���1���-4.48,�p�0.000.��hus�the�students�of�crossword�

group�obtained�significantly�higher�scores�than�controls.�We�
also� compared�the� scores� of� control� group�and�crossword�

group�on�����tests�on�two�other�systems�(�I�system�and��
�
�

�

�
Respiratory�system)� in�which�crossword�pu��les�were�not�

administered� to� any� of� the� groups;� and� the� difference� in�

scores� was� not� significant.� Perceptions� of� the� students�

(n���)�on�incorporation�of�crosswords�were�obtained�on�a�

validated��uestionnaire.�(�able�1)�In�our�study,�for�all�of�the�

items�of�the��uestionnaire,�the�satisfaction�score�was���0�.��

�he� best� score�was�given� to� item��,�which�stated� that� the�
activity� was� enjoyable.� � �his� was� followed� by� item� 1,�

according� to� which� the� crossword� activity� was� useful� in�

comprehending�the�given�topic.���owever,�item�no.���that�

stated� �the� activity� helped� in� enhancing� communication�

skills��was�rated�the�lowest�by�the�students.�As�the�students�

were� not� asked� to� make� any� presentations� about� their�
experiences�with� the�crossword�activity,� this� could�be� the�

reason�for�their�rating�badly�to�this�item.�
�

�able�����tudents�(n���)�responses�to�the�feedback��uestionnaire�and�the�satisfaction�index.�
�

�

�able�����tudents�(n�����)�responses�to�the�feedback��uestionnaire�and�the�satisfaction�index.��cores�were�determined�as�follows:�1�strongly�disagree,�
2���disagree,�����neutral,�4���agree,�and�����strongly�agree.���cores�were�reversed�for�items���and���(����strongly�disagree,�4���disagree,�����neutral,�2�

��agree,�and�1���strongly�agree).�

�
�iscussion�
��

�he� overall� goal� of� medical� education� is� to� make� an�

undergraduate�medical�student�competent,�and�the�medical�

educators� strive� to� make� their� teaching� effective� by�

introducing�innovative�teaching-learning�tools.��he�current�

study� was� planned� to� evaluate� crossword� pu��les� as� a�

teaching-learning� tool� to� supplement� traditional� didactic�

lectures.� �se� of� games� and� pu��les� for� teaching� concepts�
have�been�shown� to� improve�knowledge�and� identify� the�

gaps� in� knowledge.�,10� � In� addition,� games� help� in�

developing� critical� thinking� and� analytical� skills� among�

students.2��hey�enhance�cooperative�and�collaborative�skills�

as� students� work� together� in� groups� to� reach� a� common�

conclusion.�,11� �aming,� as� an� active� teaching-learning�
strategy,� has� been� used� in� gynecology,� pediatrics,�

pharmacology,� psychiatry� etc.� in� addition� to� didactic�

lectures.�,12-14���here�are�many�studies�involving�successful�

implementation� and� evaluation� of� games� like� crossword�

pu��les,� jigsaw� pu��les,� �ui��es� etc.� for� understanding�

concepts� in� Physiology�,11,12,1�-1�,� however� they� mostly�

evaluated�only�the�perception�of�students,�not�the�scores.��
�

In�our�study,�the�scores�in�the�����test�were�compared�

and�found�significantly�higher�in�the�crossword�group�than�
controls.� �he� controls� were� comparable� to� the� crossword�

group�in�demographics�as�well�as�their�level�of�knowledge�

because�the�pattern�and�difficulty�level�of�the�entrance�exam�

to�join�the�medical�course�was�similar�for�both�the�groups.�

�owever,� as� compared� to� controls,� the� students� in�

crossword�group�got�extra�two�hours�of�classroom�time�and�

interaction�with�instructors.��he�beneficial�effect�of��
�

�

�

�

crossword� pu��les� may� be� attributed� partly� to� this� too�
which� is� a� limitation� of� our� study.�he� perceptions� of� the�

students�were�obtained�on�a�validated��uestionnaire.�
�

�he� students� enjoyed� the� interactive� learning� session�
with� their� friends� in� a� fun� filled,� non-threatening�

environment.��his�is�in�congruence�with�findings�by��hah���

et� al.,� 2010.�� �rosswords� given� before� teaching� the� topic,�

primed�them�with� the�upcoming�terms�and�concepts.��he�

students� also� felt� that� this� intervention� aided�

comprehension� of� topics,� and� retention� of� the� concepts.�
�imilar� findings� were� observed� in� other� studies� also.�,�,��

since�the�crosswords�were�introduced�prior�to�teaching�the�

system,� high� order� �uestions� were� few� in� number.�

�owever,�all�the�concepts�that�were�asked�in�the�crosswords�

were�completely�comprehended�by�the�students.��nhanced�

comprehension� could� be� due� to� thorough� discussion� on�
clues� with� their� peers� while� searching� for� answers,� and�

recalling�and�reviewing� the� text�while�solving� the�pu��le.�

�he� discussion� on� the� answers� by� the� instructor�

immediately� after� the� crossword� sessions� made� them�

understand� the� concepts� which� they� read� at� the� time� of�

solving� the� crossword� but� could� not� interpret.� As� for�

example�in�Figure�1,�answer�to�clue�number���across�is��the�
hydrostatic�pressure�in�glomerular�capillaries�is�higher�than�

that�in�the�capillaries�elsewhere�in�the�body�.��he�students�

read� this� concept� while� searching� for� the� answer� and�

understood� when� the� answers� of� the� crosswords� were�

discussed.� �he� same� concept� was� reinforced� during�

traditional�lectures.�
�

�tems�
�cores� �atisfaction�

�nde�������� �� �� �� ��

�he�crossword�activity�was�useful�in�comprehending�the�given�topic.� �� �� �� ��� 2�� �8�
�he�activity�enabled�in�depth�coverage�of�the�topic.� � � 18 2� 14 �2
�he�activity�helped�in�enhancing�communication�skills.� 8 � 14 28 14 �1
A�thorough�discussion�on�the�crossword�pu��les�increased�analytical�ability.� � 11 � �� 18 �4
�he�activity�helped�in�overcoming�shyness�and�hesitation�in�the�class.� � � 1� �� 14 ��
�his�form�of�exercise�should�not�be�incorporated�for�all�the�topics�in�physiology.��� � 11 1� 20 20 ��
Are�you�confident�that�this�knowledge�could�be�applied�in�clinical�practice�� � 11 1� 2� 18 �4
�he�activity�helped�me�to�score�better�in�my�formative�tests.� � 8 1� 2� 1� �2
�he�exercise�was�not�enjoyable.��� � 8 � �� 22 ��
�rossword�pu��le�is�an�effective�way�of�learning.� � � 10 �� 1� ��



Internationa� Physio�ogy / Vo���e � ����er � / �e�te��er � �e�e��er �����
�

�he�students�recommended�that�these�activities�should�

be� continued� as� a� supplement� to� didactic� lectures.� � �he�
crossword� pu��les� have� been� used� successfully� as� a�

supplement�to�traditional�didactic�lectures�in�obstetrics�and�

gynecology,�psychiatry,�and�physiology.1,1�,14,1�-1��
�

�It� is� seen� that� if� crossword� pu��les� are� administered�

before�lectures,� it�can�be�used�as�a�method�of�priming�the�

students�before�the�lectures�for�upcoming�terms�and�if�given�

after�lectures,�it�can�be�a�method�of�assessing�the�students��

learning.� Also,� crossword� pu��les� can� be� employed� for�

taking� a� revision� class� where� a� fair� number� of� varied�
concepts�can�be�taught�in�one�enjoyable�class.�

�

Conclusions���
�

�he� results� of� this� study� show� that� crossword� pu��les�

incorporated� as� a� supplement� to� traditional� lectures� can�

engage�students�and�encourage�them�to�collaborate�learning�
with�their�peers.��his�may�also�increase�the�understanding�

of�the�concepts.��olving�crossword�pu��les�also�enabled�the�
students� to�evaluate� their�own�understanding�of�concepts�

and�also�to�identify�their�weak�areas,�which�can�be�corrected�
later� through� a� targeted� approach.� � �his� method� thus�

promotes� self-directed� learning� among� students.� � It�
increases� their� involvement� in� the� learning� process� and�

keeps�them�motivated.��
�
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