
INQUIRY-BASED LABORATORY ACTIVITIES: EFFECT ON STUDENTS' 

INQUIRY SKILLS, CONCEPTUAL UNDERSTANDING AND ATTITUDE 

TOW ARD GENETICS 

NENITA F. SUMASTRE-DELOS SANTOS 

Submitted in Partial Fulfillment of the Requirements for the 

Degree Doctor of Philosophy 
(Biology) 

Faculty of Education 
University of the Philippines Open University 

Los Banos, Laguna 
June 2015 

Pennission is given for the following people to have access to this thesis: 

Available to the general public Yes 
Available only after consultation with author/thesis adviser No 
Available only to those bound by confidentiality agreement No 

Signature of Thesis Adviser



APPROVAL SIIEET 

The dissertation attached hereto cntitkd INQUIRY-BASED L\ BORA TORY 
ACTIVITIES: EFFECT Oi\ STUDE 'TS' Ii'iQL"IRY SKILLS, CONCEPTUAL 
UNDERSTA�DING AND ATTITUDE TO\\'.-\RD GE ·r◄:TICS in partial rullillment or thL' 
requin.:ments for the degree or Doctor or Philosophy 111 l:ducut,on (major in Biology Edurnt1on), 1s 
hereby accepted. 

MARIA HELENS. DE HITTA-CATALAN, Ph.D. 
Reader/Critic 

NEMAH HERMOSA, Ph.D. 
Member 

ROSANEIJA T. 'V ANGCO, Ph.D. 
Member 

 
RACHEL C. SOTTO, Ph.D. 

Member 

Accepted in partial fulfillment of the requirements for the degree Doctor of Philosophy in
Education (major in Biology Education). 

PATRICIA B. ARINTO, Ed.D. 
Dean, Faculty of Education 

RICARDO T. BAGARINAO, Ph.D.
Adviser









































































































































































































































,. 
II. 
Ill.
IV.

V. 

VI. 

VII. 

VIII. 

IX. 

Appendix B 
Genetics Laboratory Course Outline, Sample Laboratory Lesson Planand Laboratory Schedule of Intervention

WEST VISAYAS STATE UNIVERSITY COLLEGE OF ARTS AND SCIENCESDepartment of Biological Sciences 
La Paz. lloilo City 

BIOLOGICAL SCIENCE 

Course Number: Bio 207C 
Course Title: Genetics 

Course Outline 

Course Credit 4 Units (3 Hours Lecture, 3 Hours Laboratory per week) Course Description: This course in genetics includes the study of genetic structureand composition (Cytogenetics) and the three branches of genetics: Classical or Mendelian Genetics, Molecular Genetics and a portion of Population Genetics. Topics on genetic mutations and their role in evolution are also included Course Objectives: 
At the end of the course, the student should be able to: 
1. Discuss basic gene structure and composition, mutations and their roles inevolution. 
2. Develop skills in solving pro�Jems t M�ndel}a; ang Population Genetics.3. compare and contrast the d1 eren mo �s

1 

o ere 1ty. 
4. Describe the nature of the genetic matena . 
5_ Discuss the implicati?ns of the knowledge of genetics to the welfare of man.Laboratory Content Outline: 
1. Variations 
2 Introduction to Some Genetic Conct:?pts
3 • Ultrastructure of the Cell 
4� Chromosome Morphology 
5. Mitosis 
6. Meiosis 
7. Chromosomal Ab_berat,ons
8 Mendelian Genetics • 

Mendelian Genetics: Multiple Alleles 
�CJ. ���=Mendelian Genetics: Polygenic Inheritance 

Course Requirements: 
Laboratory: 40% 
a Attendance • 

Lab. outputs �nd other lab extensions
�: Group Evalu�:1on Drosophila Mutations and Allium Test d. Special 

P1�
0

i�apters 1,2,3 for Midterm: Complete Study for Finals)(Proposa. 
Midterm/ Final Exams e.
Total 

Refere�ces 
etics by Klug and Cummings Essentials of Ge

l 
n 
and Principles by Brooker 

Genetic Analys 5 
Prepared bY= 

104 

15%
20%
15% 

20% 
30% 
100%













































Sample of Completed Validation of Written Questionnaire on Inquiry-based Manual 

Name ofEr2hu.tor: Vi.trie P. Tan 

VilidanOll of Wnttm Co1:1m1 Que;t1011IWre 

F.1p:e.:t Ednonon.J.! Aru=ai:: 
:----::-----=------:-:-----:---------

ln: tttu non. We,:1 Vi:an; State Umverntv ut�IO!l C ampt1: m llimamJvun (If\• 
Addrf"..:; oflmhtullon: Ht.ma=,·lan Cin·. Ne?TCY. Ocadmral 
Po:inor.· Acid=c Ram:: Imtructor l/Re-:earrb Coordm:itm 
Name of Que.:oorne \'.ilidJ� wett� llb M=I InQ11ll"\ · Actnit,e.: 
De:mpnon of the Que,;no=e: ___________________ _ 

Guided by Ll:.e fo!Jonio� ;C-lle.. k!lllily r.ite mh :.nt!!Denl by purtin� l checl (I) m.uk oo the rormpon.:in; colu111D.. 
-1-Sa�y¾r� 
3-Agr� 
2-D-.:agree 
I S-ontly Di:..1 ...-ee -

=-

No. Cn:au Indicatoi ! ! 3 ➔ Comm�t:: Sugge.:non:. 'RecowmeI:d.,non::

� 

3 

.j 

5 

6 

7 

Srud.e::t: ml! ea.:tly com;>rebe.i:.d the u:.::ttuction: mrhout much help from the

t�adier 

Srud.er.t ,nll h,a·;e r.o difficulty mth rhe bi:guare u.:ed m tl:e que.:Uo[lllJire 

Smd.er.t: l\ill eJ;U\' cowprilie.t.d the q-�e,!Jor.:; l\1thour lllllCb help from the 

te.icher 

The :t1te1D=ne J.Ie apj)lopn.Jle to deterDJJ.De cocce;:,nu.l 11!:der::lllC!llg:' 1.r.qwry

:.hi!: anuud. of :i-.t.de::t: ron-ard Ge.enc

The 1t•u,· tepre:e:t th;; co·;e1,ge of the ie:emb Jci,quaie!r Thf u11:11:-e.1, of 
• •• 

- . tJn··e er.ouzh fm ti:.� que;nc,n: nHd� Ill me 
:tJ:em�n:·. po:: :,.reJ t.: re;,1 bell • • -
i;;:a1d:. 

ii J 11·ul1i• ill· the o½·ecbn: for wluch it t.: co�crucml. 
The m:ttumer.t a� 2 n o e , -, 

. , . p�:t: bu: on the pa11 oirhe 1e:.e11cher. 
No z:pe-.:1 oft!:� que�no=ue ,u_:-

Er:iluattd bY: Ll:,': .� 
YIRGIE P. T.-\.i\

126 

\ � pi�e ➔• ph pron� mfo about the diffeiEnce.:tie! Ill.lie and fenul� droco;,lulJ D1.ffei·=e.: bet the rwo ;,:clU!e-: C:Ul!:01 ht ob:er,ed by ,ru;t
loobr.e at the Picture; alone 

,' De:m':>e :owe term: l.i.h· bu!blet. erhen.:e
On.! y lllWllll l 

,' If te-� n,.lJ be prope!y defmtd, teacher will only !!!Ell be a ficiluator 
,, \'ery mce cbo1,e of lab actmae:'. 

,, 

v 



Sample of Completed Validation of Written C 
on Genetics Inquiry Skills T��tent Questionnaire 

Valfdation of Written Content Quest' JOnnaire

Name of Evaluator: ,t��t a:- /J- ,1,1,tL/ ,tu
Highest Educational Attainment: MS 6JVJ;Ot,-/ Institution: WV> vi =��=���'.11.

_!1_'.:_ _______ ====== 
Ad�r�ss of Institution: l t.JJ,A- J'7., t, ,4- f 10, lb Position/ Academic Rank: l!v1T$ t<,.. J ,, I½ Ctd7' Name of Questionnaire Validated: �/ I,, • a ,__ 

Description of the Questionnaire: 
Cb r rdr; t)fl,-;/4 q44+,.n�t.11:3

Guided by the following srale, kindly rate each statement by putting a check(/} k 
corresponding column. 

• mar on the

4 - Strongly Agree 
3-Agree 
2 - Disagree 
1 - Strongly Disagree 

No. Criteri�ji�r 1 
Students will easily comprehend the instructions without much help from the

'- teacher. 
2 Students will h.:ive no difficulty with the language used in the questionnaire.

3 Students will easily comprehend the questions without much help from the

teacher. 
4 The statements are appropriate to determine conceptual understanding/ inquiry

skills/ attitude of students toward Genetics.

5 The items represent the coverage of the research adequately. The number of

statements per area is representative enough for the questions needed in the

research. 
6 The instrument as a whole fulfills the objectives for "'.-'hich it is constructed. 

I No aspect of the qu�stionnaire ��s bias on the part of the researcher. 

Comments/ suggestions/Recommendations:

f-!71 . ;3, I /�av/�. 6Y � ;-{,,,......---

I· 111 czlq_

Signature over Printed Name 

)27 

2 

-

3 

-· --
--
/ 

' 

-

/ 

7 
-

/ 

/' 

/, 
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Sample of Completed Validation of Written Cont on Conceptual Understanding Te:nt Questionnaire

Validation of Written Content Questionnaire
N_ame of Evaluator: l];,q 411 0/){JJ 4 Highest Educational Attainment: A ?:J r;r;:- -: } 

Institution: lvVJU =====�- .i._.!::O:!!
l\.

�?�
1':6::::a..l-------==== 

Ad�r�ss of Institution: fA l!z.. /l.,,l,c t!. Ju
Position/ Ac.ademic Rank: 711(/lf!_c.JlJ i 't-

Name of Questionnaire Validated: C,,ttJL,Jla/ 4 .( 1 J,.,, � p,J.., 
• .. 

Description of the Questionnaire: 
1fl 41 4P//:t<..,...II J""J �(Qyl,qlre,

Guided by the following scale, kindly rate each statement by putting a check(/) k 
corresponding column. 

mar on the 

4 - Strongly Agree 
3-Agree
2-Disagree
1 - Strongly Disagree

r No. Criteria/ Indicator -- -1 . ,_2 '3 4---,
1 Students will easily comprehend the instructions without much help from the 

teacher. / ..-
2 Students will have no difficulty with the language used in the questionnaire. 
3 Students will easily comprehend the questions without much help from the 

,,,.-

teacher. / 
4 The statements are appropriate to determine conceptual understanding/ inquiry -

skills/ attitude of students toward Genetics. / 

5 The items represent the coverage of the research adequately. The number of -

statements per area Is representative enough for the questions needed in the / 

research. 
The instrument as a· whole fulfills the objectives for which it is constructed. ,,,, 

7 No aspect of the questionnaire suggests bias on the part of the researcher. / :.. 

Comments/ suggestions/Recommendations:

128 



Sample of Completed Validation ofWritte C on Genetics Attitude Quest� 
on!ent Questionnaire 1onna1re 

Validation of Written Content Questionnaire
Name of Evaluator: -tJtl<Alt&e /). MtlL/,tv 
Highest Educational Attainment: M.£ .S/OL06, 'T 
Institution: wv..1 tJ ====::�:.L..---------===== 
Address of Institution: /vMlr .rt., LJJ- ,c,;1z 
Position/ Academic Rank: l"1fX"'u .. zbt I 

I /U}(A) c,,ny 
Nam� o� Questionnaire Valldated: _�,,-,�-H-4-i:b-�du.f-',,)(Jp,J11.Jf6�ft�il7'1,11.!.Jl114Jl.ffi�i()}L _____ ====-Descnption of the Questionnaire: ' 

Guided by the following scale, kindly rate each statement by putting a che k (/) 
corresponding column. 

c mark on the 

4 - Strongly Agree 
3-Agree 
2-Disagree 
1 - Strongly Disagree 

No. 1 Criteria/ Indicator 
Students will easily comprehend the instr�ctio.�s without muC'h heip from the-· 

1 2 3 4 

2 
3 

4 

5 

6 
17 

teacher. 
Students will have no difficulty with the language used in the questionnaire. 
Students will easily comprehend the questions without much help from the 
teacher. 
The statements are appropriate to determine conceptual understanding/ inquiry 
skills/ attitude of students toward Genetics. 
The items represent the coverage of the research adequately. The number of

statements per area is representative enough for the questions needed in the

research. 
The instrument as a whole fulfills the objectives for which it is constructed.

No aspect of the questionnDire suggests bias on the part of the researcher.

. . 

Comments/ Suggestions/Recommendations:

,. (),,,�"' � u,e-J, fo"" Jk- c1�,-UA I .rt.Au·

Signature over Printed Name 

129 

/ 
-

/ 

/ 
. -··· 

-

/' 

I I 17""" 









/ 
..,. tl1c data 

!!.Engages learner Docs not aUow for Provides exact Encourngcs learners to Requires learners to 

in tl1e use of learner the use of guidelines for use anal) tical skills, independently use 

I 
analy11c.1I skills anal )1 ical skills learners to use matl1emalics and anal) Li� skills. 

analytical ski us. technology to gather mathematics and 
'!} ma1J1ematics and and analr,.c dara. tcclmology Lo galhcr 

technology to g.1thcr Minimal gwdelincs ,md analp.c data. 
and anah·1.e cfata rnav be ol"O\idcd. 

9.Engagcs learners Pro\idcs no Pro\·ide daia and Encourages learner to Requires learners 10 

in proposing opportunity for asks lcamcss to collect and anal)7.e an.1lyze (use) e\idcncc 

answers and lc;imcrs to propose nna)p.c them certain data 10 answer from dala they gather to 

cxplan:Jt ions to answers and specific questions questions arising from propose answers and 

questions explanations to their invCS1igation explanations arising 

questions above the 
from their invcstigalion 

knowtedee level 

10.Engagcs learners Docs nor mention Pro\idcs guidelines Encourages learners to Requires lcamers to 

in linking linking explanations for learners to examine current independently examine 

e,-plana110115 1\1lh \\ ith scientific examine current scientific knowledge current scientific 

scientific knowledge scientific knowledge and fom1 links to knowledge and fonn 

and fonn links to cxplamtions links to c;,qilan.itions 
kno"-lcdge c.�otanations

I I.Eng.1gcs lc.1mcrs Docs not mention Pro,idcs an Pro\·ides an Provides an opportunit1· 

in con11nunic;itio11 communicating opportunity for opportunil) for for learners to clearly 

of sc1cn1ific i11quiry (canters to folio" lc;1rners to communicate all 

prescribed oonununic:ue some aspects of the inquirv in 

procedures and communication aspects of 1he inquiry their own format 

1 cxplan .. 1tion procedures in tl1cir own fonn.11 including the 
procedures, evidence 
proposed explanations. 
and the review of 
al1cn�11ivc cxolana1ions 

Prompts lc.,rners 10 Engages le:1rncrs m Prompts learners 10 

I 2 Prcsc,u-Z <CIC;CC- Con1ains no c.,cam.inC pn.·viously anaJ�•,jng the basis for rcncct on the reasoning 

as open and subJCCI references 10 the idea 
established scicnlifie conclusions in other leading to their O\\ n 

to mod,fic:njon of challenging 
ideas. and pro, ides in,·es1ig:11ions or in conclusions and 10 

based on previous scientific 
c.xplanations or considering the defend their thinking 

Lf 
communicauon of knowledge c.xamplcs tJiat consequences of the process 

nc,, kno\1 ledge and illustrn1C how new lack of openness to

methods information can modilic.11ion in 

modify accepted scientific knowledge 

scientific knowlcdee 
Engages lc,1rncrs in Prompts lc;1rncrs 10 

Expl;iins 

11.PromOICS rcsfJCCI Docs not promorc 
and/provides analyzing the validity rcncc1 on tl1c 

for data (Hones•�) rcspccl for data examples detailing of dala in other imponancc of rcponing 

rhc use of honest investigations or in and recording 

and dishoncsl data considering 1he observations accurately 

conscq11enccs of and 10 articulate tl1e 
front scientific disl1oncsL dala in bias and limitations of 
investigations science their data 

Total (52 11oint�) 48 

. ·isors. 2001. Rubric for Evalua1ing Essential Features of Classroom

cil of s1:11c 5c,cncc Supct\ 

(Adapled and mod1fic.d from. �oun 

Inquiry in Instructional Mitlcrutls) 

. mmcrulations: 

Comments/ SuggcstionsfRCCO 
\ 

Si�naturc O\·cr Printed Name 
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Sample of Completed Scoring Rubric for Lab Output 

Grous, Number: ?; Course, Year and Section 

Crtutrt. 

1.Puroo,./ Ob)oCIIW!• 

2.� 

J.Procad11rw 

-4.0sillfl 

5.Qu•nlllat!VOI and 
�IData 

5.S..mnw,ry.,.d 
Condusk>tJ 

Ttw p.urpoae ol ltw 1,1> or the quntlon 
u, bet .UWftltd II, •bHffl. 
The purpow of the 1,b or ttn, question 
tobct--,,,dls..-ar 
1mti.v.nt. 
No� hn bean lltaiod. 
Hypc,d,almdntla1loM .. bct� 
tN nt1ab1M snd tM predlcnd 
,..ult, hn bffr, IUtod but the Ioele 
on ""'Id! It II baled IS latld 
Ho p,octdut11 h .. bean stabN:I. 
p� daft 1101 accuratctly llrtthe 
n� of mo ac1v1_1y. 

Ho e,q;,etltnafltal dai,n WH .mctd or 
abwrtt. 
E.qM,lnwnul de:&lp Is not ,-lclY,lnt to 
u,e hctlls. 
Ncrthc!r �t dsla 1ai,.II nor 
ors•nlmd. OaU are millln, 
SIIJhtly dlsofll•n&ud d•U with 
abwnce of data sou�n. 75" or mom 
of dat• .,_ mlssl"I, 
Ho d•u analysG o, .,.,_,.. to 
QUctstlons. Mlsllng atcnJfic&nt �rtt-
.ZS" of• co,nplahl and corrild 
..... 1 and •M-ff 10 ue1t1om 
2S" of C:DmplctH! aum,.,.rv and 

::C":=!on stid rcrl'le<tlon 1howl'I In 

tlw WrfliM.IPL 51,nni:ent pa,u INI 

;!:'.!,on ahcW5 11al• offo'1 and 
,.n.ctio,, ts 1ncompl�•- Misslr>B p.ans 

of roriclt'nt portion. 

u)rtt for lJlb OutP\11 

kihity: �" 

Thct purpose al the i.b or tllct 
q11Hllcro to be •m-recf dultllJ ttM 
l■b IJ uade• or lnccmplete 

H�rwlat!ontP,lpbcnwcten 
1M \'ar1abln md the p,,:dJcled 
r■t4IIU Ila bffn sutsd but the ICllk 
an which II b baMld 11 I�. 

Procedu,. II hted but Is �t• 
or dtl'llcwl to rotlow. Sahtty 
con�locu m,y bct ablltflt. 

ElqMrlmlPIIUI dai,,, Ii ,.__,, to 
1tie hyparhesh, but 11 nDC ■ 
a,n,plotetftl, 

5''1hlly dbotpnlled data. 5CM or 
mant d1u1 an, mlHl"t 
5"" or• complem end eott■a 
,nalyslt and an,_,. to qUNUons 

SOK cf cornpi.t• 11,"'""'rv •I'd 
condu.ioM 
Conclu:s.on lndudn what was 
lctimod from ti. actMty but dc»I 
not ntfctt to 1h11 h,-s>oltlnh 

lolal ltlts 

135 

J 

The PIIIJX)la of tho lab or tho 
questlorl to bet ans-red dut1111 th• 
lab la dea.+, idcmtlf'lctd and lbtad 
""' &amowhat dbotp11lred. 

� rwl.,1-"lp batwolt!I 
th• vanabln and tho llttdlmd 
,...,tis Is raaonati1•, bu.cl °"
,_ .. ,�and 
obaeivadoni 
1'11,udu,e II listed Ina lostul Otdo,, 
lkl1 ,...,, mat no1 be mar. Safctty 
comlcl.,atlons a .. lnduCNI.. A !low 
Dtart or nurnbcnld stain a,., uMd 
ffil'lkChout, 

llPCflfflClntel d•llan II .ilctq\latit to 
tftl th• hypc,thcnla. bui ....... 
aomo unans� qwcllons. 

Orsanlmd but few is.ti 1&1»11 ,,. 
undNr or soc,ra, al data are 
dltorssnlzad. is'l6 or mo,. dat• •."" 
m1u1ns 
7Sk of • cornplatct ...ct cotra<t 
an!llrll• ...ct •n1-t110 qunllom 

75• of CGC'l-.>leto summary and 
concl&dlona 
Coneflltlon lndudn WN1her tho 
flndtrc1 M.I� tho h"1'(11hesl1 and 
what was lo.med tran t1,o act!Yhy 

·,s'k-ot·c.o,,.pt.to tUfflfNl,Y •nd 
,onclu1\on1 
Conch,,tDn lnc.kldel .C,,C,thar tN 
fW"d••l&l• as.1pr1Brt 1ti• hyp.nlfw1l1, ••'Mt 
wt,11t -• leam•d f,_-, thc, ■<IMt'lo 

-�

Tho po,1pcno of the ldlor 1hr 
qllHtlorl to b9 1n1� durtn; 
thto lib i. doarty � and 
ltatll!d. 

Hypgehftlzad ,.latlonshlp 
belWNft ttlct Wrl,blft and tho 
Clttdietm resull1bdeu NIO 
rwasatablct. baled or, ... ., .... 
lwffl IIUdlecf. 
�adln'lt ls C0tl'¥1hlt., lllll'd In 
dear,t� and� ufctty 
conalderattDftl. A flow eta.� oc 
numborsd IWPI ... , ... d 
th�hout. 

Elq,et!mofttal d1111cr, II. ■ wdl-
ConUNClltd 1■11 of th■ H.,ctd 
hyPo1hesJ1. 

Orpnl1Nf ■nd '°""""" w•h 
CIHrfy l•b■l■d dlltLNoda1a-,. 
rnluln1. 
Fu11, 1nalyzo1 dats snd analylla. 
""''"" lctad to qLHtMloru. 

.SUmmart1c,1 findlnp end drw"" conck111on11ndlor not■1 chaoflCo• 
"' P'OCRunr,. If •PProcirlatr 
Contl111ion lntll,Cfcis �hH tho flndlf11S ,uppon ti.. hypothelh. pcnllble 50Ut'Cft of urw. l!ld wflat 
-• lc,amt,d frarn tht' actMty 

•►1�1U1ftllftd ,_i.,11.,., ... ip­
bot-,m thQ wri.,t,1.,.. and th" prltdjr.tfhi fOIUtla t, ,..,.rand , .. ia,nn•blo. IMl•od on Whlllt .,., 
bo.natudi.d. 
i,ffM.�....ti, ... � ,,.....,."'"'· 1tl'"i.d'"­<1aar 1tcp1 •f'ld tncludcn s..tcrty con11de-rauo.-... A now c.h•rt er 
t1umtHN""ad •••� 11rtt1 u,ttet 
ttiroush:>ut. 

$Umfftfll,1J•• flndln� &1\0 draN1 
conc.h.ts.lc,t\l ofMf/ocr notins. c.t,af'l!fOI, 
in ptot"'VWftn,. H •pprof'Nlr 
CC,,11efu1kw1i lnc.lu,an wheth�r tha 
flndtnca SUPl>Ort lh• llypa,t,fll,, patt,U)I..,. .nu tt"OI nf """'C'J". •!Id ..... , 
v,•1 tearn.d ''°"' Ota activity 

Scant 

, 

1 

4 

7 

3 

t 

:3 

3 



Appendix I 

Scoring Rubric for Conceptual Understanding

Kame: ___________________ _ Date: ___________ _ 

Topic: _____________________ Section: --------

Nantc 

Criteria E.x.ceUent (4 points) Very Satisfactory (3 Good (2 points) Poor (1 poilll) 

ooints) 

Building Connects pre-.i011Sly Connect� pre\iously Connects soor Limited ability 10 

Concepts le:irncd knowledge to Je:imed knowledge to pm·iously learned coWJtct pmiou;Iv 

new concepts in new concepts knowledge to new learned koowledg� to 
coocrors new coocruts 

fkxible ,,,avs 

Reasoning fapl.WJtioos faplao.1rions include E\'plaoations Explaoa lions 

demonstrate sufficient support to demonstr:ne sowe demonstrate lntle or 

insightful b:uan:ed justify cooclmioos and flexibilitv in thinkiru! no flexibility in 

t hioking.. detailed generally complete. JJ):1 are partially - thinking and lack 

and accurate detailed. and acc:ur:lte complete. coOlain co11ipletcne;s. clerai.l. 
some detail but may and'or aca!facy 

h,1\-e J.1pses in 
accuracv 

C omnrunicat ion Identifies and Identifies JHd C.l;plains ldollifies and Does not idenrify 

expl:tiu.S sources of some sources of error exp Ill.OS :i few sources of error 

error and coosi.,,eotly and makes corrections sources of error and 

makes correction<; 
attempts to m.11:e 

correcr1.0os 

Total (11 points) 

f C leted Scoring Rubric for Conceptual Understanding

Sample o omp 

Totul 

Tora.I 
Pomrs 

Very SotisfactOr)' (J Goad (2 points) Poor (1 point) 
Points 

E"· cellent ( 4 paints) 
ints Connccls some Limited ability to 

1 connccu previously 
previously lcomL-d connect previously 

Building Connect• pre-.rious 
y Jenrnod knowledge 10 

knowledge to new lcnmed knowledge to 

Conccpls teurned knowledge to 
new concepts concc ,s new conce ts 

���=� __ J_Jn���;��;;

cc

;�

1

;

s

�

i

:

n 

__ +;gi����:;'!;'-i!��:�;�
-

1··1.: I " Explanations ·xp unauons 

Criteria 

nc,dbl c wo s i;xpJonntions include 
det11onsirotc some dcmonstmte lilllc or 

Rcaroning Explanations sufliciettl supp_on to 
1lc1<ibili1y in thinking no Oc•ibility in 

dcmonstrutc d · 1;fv conclusions 11nd 
and ore p.rtinlly thinking und luck 

i11sigh1fi1I. t,ul�
ed

ncc J':nuallY complete, complete, con1sin co111plc1c11css. dolnil, 

· d 1011 B .1 ., arid 0ccurn1c d/ 

thinlung, C • d1.:ta1 cu, 50,ne Jc1nil t,ul may un ur 11ccurney 

and sccurotc have lopses in 
11ccun�­

�-- Jdcnlilies 11nd ooe
s
iwiit1c111ify 

sources or crTor 

7 

f 
j 

:;::,:-
--.,-�·-k-;--

::::
:
;;:

:
;-;

;;-J'
---trcrd�c�n�ti�fi�cs· nlld cxplnins explains O few 

1-c ld"n11·1·,cs and f c sources of error 
.... ur"- of error ond 

ommunic111ion " 0 sorn 
kc• corrcciion• ~ �-

explains sourc��ently ond ,no • attempts to mokc 

error and cons.•;ns 1 __________ _j.£:COg!!m:�•C£]l�io�OS!:'-------'---
-

--
�11�r1 

makes corrcct1 

1·o,al ( 12 point■) 

-----�-------- 'iJ,.-------'-----
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Scoring Rubric for Conceptual Under,unding 
Name � f� 

Da1c: :l- G- /'7 

Topic:��� Section: /25. piiv (�0/47) 

'11ef4� dfJt ! / 
Criteria 

Building 
Coneep1s 

Reasoning 

Excellent (4 points) 

Connects previously 
learned knowledge to 
new conccpls in 
flexible wa s 
Ex:pl anarions 
demonstrate 
insightful, balanced 
thinking, detailed, 
and accurate 

Communication Identifies 11nd 
explains sources of 
error and consisren1ly 
makes corrections 

Very Satisfactory (3 
oin1s 

Connects previously 
learned knowledge to 
new concepts 

Explanations include 
sufficient suppon 10 
justify conclusions and 
generally complete, 
detailed, and accuro1e 

Jden1ifics and explains 
some sources of error
and makes corrections 

Tot11I (12 poinls) 

137 

Good (2 points) 

COMt!CIS some 
previously learned 
knowledge to new 
COllCe 15 
Explanarions 
demons1ra1e some 
flexibiliry in thinking 
and ore partially 
complete, contain 
some derail but may 
hove lapses in 
occurnc' 
Identifies and 
explains a few 
sources of error and 

. 1111cmp1s 10 make 
correc1ions 

Poor (1 poim) 

Limited abili1y lo 
connect previously 
learned knowledge to 
new concc Is 
Explanations 
demonstra1e little or 
no flexibility in 
thinking and lack 
completeness. dctnil 
nnd/or itccuracy 

Does not identify 
sources of error 

Total 
Poin1s 





C: rit aria. 

C'oW>actions 
& 
R.a 111 tlo ell bJp \ 

Sample of Completed Concept Map Scoring Rubric 

TC1lUI 11Dd 
coocoim MG 
�.d iDweb 
!onn, �1a I 
umltipl• 
reJatiomhlP� 
�-.aa 
COtl-C tp!J llo.d 
l.d.u �. liuk iDJ 
word� ecnu-11,-.Jy 
��m�• .all 
reJa ti ous W � 

h,oWI llll 
t.Wdena.l\l:ld.l.ll• o{ 
c1i.e toi;,lc'• 
co:i.c•fH Jaa.d 
pnoclpl•� and 
mlK ;a r;>l,)riQPJilllli 
c.anuJ c.o lo J}. ,u1d 
oor.aQ,011\ 

Pr�en.te-d I!.\ a. w-el>, 
fQrtlil lltG lLoked to 
U!1UltLpl• othar 
tetUA, Uw:lu.s 
w·01d, dea.cnbt 
r�oowtups \\ich 
15°-o errou 

A Ii • -" • 
n:ti�tJ1L:e\. iD 
1.,-n1Lcoi..oo· or 
•:l.i.O"·• a !aw 
na,lluo.dentandlaJ\ 
o,f COUCQJ)li 

� s•, otua 
c ouccpc� a.r� 
JIG!lnD\·e<i trout w 
un,�td 1.-.,,1 

)39 

. fostl)· h:.Q1t11.r. 
but bu� 
CoOUDKUOIU 

tbnt Um; 
wultlplt 1dau. 
ll.nk.ll11 Wotd.l 
-� 50•.
uw,-: cum ••

aubro.l.:.o in 
ren1i.Jnoloi: y 

1.od SUO\V\ II 

lack o( 
\LD.d.Qt � en J.Jd.l.!:lJ 
of m.uay 
Cooc• t� 
.so0 ,o!WI 
c,oucept� are 
UUll0\.'11<1 l':fOlll 
t!!i• H I l,nt,d 
le,.-.l 

Poor-1 poi..u: 

M00)' lla.eo.r. 
"'itb �••ry few 
lll\Ll!lple 
COtmlfC CODS to 
r,e)nce t.-au, 
liwclllaJ "'OTib 
11r .. ., s�.
UlL\C C1lJ' 11 te lU 
rtl1mur 
eocceipti or a.:r• 
"b".w 

,w4tntllll4Jua 
of du, lOpLC '' 

coucept� a.od 
pnn.cis,LI\ 

7 s• o « m.or• 
COllC�t� 11fe 
rlllllO'l.'M trow 
th♦ O...llr-i.-d 
I..,_.,. l 

Sc:Me 

J 



Criteria. 

Tmnsmcl 
coacc,u are 
Umedia:a.wab 
� �-·
muldpl• 
reJadOJtSJdil!. 
bltWffll. 
&:oaeq,a.and 
id,eB 1, JimciDI 
••ords •cauaiely
da.c:n�all
reJati� !.

JIO�•& IJI 
t.mdantaadicB ol 
me iopJc'• 
coacepuand 
pnccipJ•t alJd
UI,es a pprcpn.aw 
tiarnUDOLoo· aa.cl
oat.I� 

Pr6emed o.!. a web, 
tm111' Ill& 11Dtad IO
m:wJtspleotMC 
,.nw.Uums 
w•ords descnb• 
re111110m tup� \\Uh
2S�o mon 

). '" --�-
Ddll� ... to 
fCJDLDOLor,' or 
,�'la. few 
nauund.Gllllldml\
otcooceptt 

l,�. ofm.t 
c-oocept�are
riaJD.Ot'f4 tram llll
• ui,nt4 lil\'•1 

140 

Mo1t1,· li.uo.r. 
b-\ubassome 
,� 

cbatllllli: 
multiple Jdall, 
lillkbll w«& 
an .So-!. 
uuccurate 

subUK m 
tarmbl01oCY 
�od 1bQW"I n 
lack of 
wu:lar�tamdh::ll 
o-fcm.uy
Cone ts.
50't oflbt 
con.cepn are 
rlllDl0\1ad from 
tbt autpsad 
Jr.-.L 

Mot.tlylmm.r, 
-a1lh ,..uy few 
nmltta,le 
COllDIICtiOS t 0 
nla•• tllf'm.a. 
li.Dkla.1 wora 
are 1s,., 
iD4cC11Ta.te iD 
r.11:m, 
C'ODCllptl m" a:re 
ab� 

nc 
,md.n1am.d.lns 
� wa, foptc I I 
cooce.pn.&Dd 
p,rLlK�Les 

CODCll!ptl ar� 
rlHllD\-ad tram 
thtALlip� 
1 ... �, 

























































Sample of Completed Genetics Teacher Observation Che kl. C c 1st - ontrol Group 

Activity Observed: a� ,b 
Date and Time of Obse"a= �� H � rif f,i If M1

Please check (/) the appropriate bo.s. 

1

2 

5 

6 

8 

9 

10 

Observation 

Did the teacher encourage the learners to use their senses (sight, touch smell 

taste, and listen) to collect data in a practical situation? 
• '

Did the teacher encourage the learners to describe an event in general or to

identifv its �-imilarities or differences? 

Did the teacher promote student independence in contributing an investigable

auestion to develor> their thinking? _____ 

Did the teacher encourage the learners to ask an invesrigable question? 

Did the teacher encourage the learners to make any predictions to respond to

"what if' ouestions? 
Did the teacher promote student independence to carry out instructions, follo�v

procedures and coilectimi data? 

Djd the teacher encourage the students to record the results that they obtained

from the investisation? . . 
JYdthe teacher employ strategics to mot1vate the learners to rcflec� or 

1 

truct meaning to their ideas? To evaluate and communicate their :flndin�s?

� taohor "teacher as listener" was very characteristic of this classroom. 

lnt:l��tual rigor. constructive criticism. and the challenge of ideas were 

valued. 

Comments: 

Yes 
·- ·-

/ 

/ 

No 

/ 
/ 
/ 

/ 
,I 

.. __________________ 

3. ____________________ _

Observed by:

]68 
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ec rst - Control G 
Sample of Completed Genetics Teacher Observation Ch kl" 

Activity Observed: /Jdi'.'111'1 /Jo-� 

Date and Time of Observation: ff/,• { ;i l 3J:i / :( (0- { f fl\ fl/j /-O{p

Please check (/) the appropriate box.

roup 

Observation Yes No 

Did the teacher encourage the learners to use their SCnses (sigh(.tcto;u;;:ci:""":hs:::;m::e:iill1+--!�:_ ;

taste. and listen to collect data in a ractical situation? • • / 

2 Did tl1e teacher encourage the Jeamers to describe an event in general or to 

1denti its similarities or differences? 

3 Did the teacher promote student independence in contributing an investigable

uestion to deveJop their_!!!inkins1, __ _ • • 

4 Did the teacher encourage the learners to ask an mves11gabhll�e--;q�u;est;;;1;,;• o:-n;;?_ ---�F--7"-4-- J

5 Did the teacher encourage the Jeamers to make any predictions to respond to 

"what if' u�- __ _-.--· _ -;.;;;• ;;;;��- :::-;-:....-::-:-�L--l--�

6 Did the teacher promote student ,mtependence to carry out mstruct1ons, follow 

rocedures and c�ta? 

7 Did the teacher encourage the students to record the results that they obtamed 

_f}om (!le investi�_?:..--;-:-:-;::::-::=--::::::::;:;;-:-;:i:-"iihPl;;;.��;-;,�::;--;::----+L��-- I

8 Did the reacher employ strategies to mouvale the teamcrs to reflect,_ or • 

constrUct m� to their ideas? To evaluate and co��1cate_ thelf findm •? 

9 The met i,Or ''teacher as listener" was very charactensnc of�,. classroom. 

10 J II I · ns...,,ctJ·ve criticism .. and the challenge of ideas were 

nte ectua rigor, co u ... 

valued. 

_ .... --.. •·--•·"···-•· ·· ··" 
---

Comments: __ , ______ , ___ 

1 • -----------------

2. ---------
--

--
--

---
---

--------

3. 

.. ----------------------

------· -------
--

----

-----
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Sample of Completed Genetics Students Observation Checkr t C •s - ontrol Group

PJcasc check (/) the aooropriate box. 
Areas Statement of Observation 

Yes No_,.Lesson Design and I. The lesson was designed to engage student as members of a
�/ 

-

JmpJcmcnlation learning community. 
2. ht this Jesson, student cxplorc1tion preceded fonnal

/ 
-

Ercsc_!!!3tion.
--

3. This lesson encouraged students to seek and vaJuc aJtcm� --1
�modes of investigation or of problem solvin.n.

Content: 
Propositional 
Knowledge 

Content: Procedural 
Knowledge 

Communicative 

Interaction 

Student-Teacher -
Rcl:ltionship 

Comments: 

I. 

3. 

Observed by: 

4. 

5. 

6. 

7. 

8. 

9. 

The focus and direction of the lesson was often determined
bv ideas originntimc 'With srudcnts. 
Elements of abstraction (i.e .. symbolic representations, 
theory building) were encouraged when it was important to
doso. _______ 
Connections with other content disciplines and/or reaf world
phenomena were explored and valued. 
Students used a variety of means (mo<leJs, drawings, graphs.
concrete materials, manipulativcs� etc.) to represent
phenomena. . ... 
lntclJectual rigor, construct1vc cnt,cism. and tJie cl1a1Jengins
of ideas were valued. . . . . . 
Students were invol�cd m the commumcar�on oftJ1c1r ideas
to others using a vanoly of means and media.

lbcrc was a high proportion of student taJk and a significant1 O. 
amount of it occurred between and among stu�cnts. 

1 1. Student questions and co�cnts o.ftcn dctcnnmcd the focus
and direction of classroom discourse. 

. r1·c,·pat1·on of students \\'as encouraged and valued.
J 2 Active pa 1 ' • . • 

encouraged to generate conJecturcs, aJtemab\'c
J 3. Stud:nts wc:s. 

es and ways of interprc�n_g evidence.
�__!!.°-n stJ:l I • 

J 71 

/ 

� 

r/ 
-

-

/ 
/ 
7 
/i✓ 

�-

/ 
/ 

/ 
-



Sample of Completed Genetics Students Observation Ch kl. . ec ist - Experimental Group

Scclion: BS niolo ,

Lesson Design and 
Implementation 

Ma"or in Biolo

I. The l_esson wa� designed to engage student as memhcrs of a
leanun communit . 

2. In this lesson, student exploration preceded fonnal
resentation.

Yes No 

/ 
3. This lesson encouraged students to seek and value alternative

modes of invcsti a tion or of roblcm solvin •. / 
4. TI1c focus and direction of the lesson ·was oflen dcte·=rm=in::cd-:,-I...L.-I-__ 

hv ideas ori ·oarin, with stlldcnts. / 
C:omcnt: 
Propositional 
Knowledge 

5. Elements of abstraction (i.e., symbolic representations, 
theory building) were encouraged when it was important to 

/

Content· Procedural 
Knowledge 

Communicative 
lnteraction 

do so. 
--6_-·Connect.ions with other content disciplines and/or real world 

henomena were ex lored and valued. 

7. Students used a variety of means (models, dra11�ngs, graphs,
concrete materials, manipulativcs, etc.) to represent 

hcnomcna. 
8. Intellectual rigor, constmctive criticism, and tJic challenging

of ideas were valued. 

9_ Students were involved in the communicat(on of their ideas
to others using a variety of means and media. 

10 There was a high proportfon of student talk and a significant
· f -1 occurred between and arnon students. 

amount o 1 • • 
d estions and comments often determined tlic focus

/ 

I 

11 Stu cnt qu ' 

• d d
. 11·011 of ch�sroom discourse. an 1rcc . . ---- - -- -- --1-t--f--....J 

----+---7,�.-:;T,• :;:--rt·· · • tion of students was encouraged and valued. 
S d ---

12 Active pa icrpa • • tu cnt-Tcachcr 
· - . couragcd to generate con1ccturcs, altcmat,vc

Relationship J 3. Stud�nts were 
�

n 

s and wnvs of intc reting evidence. 
solution stmt.e ic ' 

Comments: 

I. 

2. 

3. 

------
----

Observed by: 
Name and ign 

172 
























































































































