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2Department of Chemistry, Faculty of Mathematics and Natural Sciences, Universitas
Negeri Medan, Medan, North Sumatera, INDONESIA. ABSTRACT Background: Improving
students competence to provide appropriate knowledge and skills to deal with
professional works becomes a chaIIange in education nowdays ObJectlves This research
is aimed to develop and implement apgiame Vese
media in the teaching and |leg#iG act|V|t|e t |mér

chemistry. I G
xﬁcedures consist of the d @ nt

erial with tasks j structlons pr
instruments of glfesti re and evaluatlon ests and |mplement innovative
learning mateg [ rning activities i lass. R rtextual
examples, labg s’ act|V|t s, media perlink to
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Materials and Methg@s: T

Resultsiand. Conelusion: Set rnigl) package
s learfiing thm class on'the eachlng of
ed to control class that used the existing textbook, st
xpe.ental class was higher than that in cmrol

An innovative leaning pagkage b de the students to
learn chemistry independ@aily. The I geil) the learning material
help the students to understan®®ek
learn chemistry and familiar to use scie
well as having.isa

learning a8
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nents to complete the given tasks, as
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Stoichiometry oplcwrlygm L5530/ijper.53.1.5 Correspondence: Prof.
Manihar Situmorang, Department of Chemistry, Faculty of Mathematics and Natural
Sciences, Universitas Negeri Medan, JI. Willem Iskandar, Psr V Medan Estate, Medan,
North Sumatera, INDONESIA. Phone: (+62)-61-6625970 E-mail: msitumorang@
unimed.ac.id INTRODUCTION The development of innovative learning material to be
used in the teaching and learning activities is very important as a strategy to improve
the student’s perfor - mance and competence.



Innovation m needed to motivate students acquire

and effective study, learning and professional skills. 1 Innovation in education has also
been proven to be effective to improve learning activities, to facilitate the development
of students’ cognitive and to provide enjoyable Submission Date: 28-03-2018; Revision
Date: 14-08-2018; Accepted Date: 23-10-2018 learning environment.

ology such as web-base®
nd il

2 Learning innovation using teg approach and Massive Open
Online Courses (MOOQOCs)
traditional classroom tg#" tugth ed learning.

can be performed t} ug* Ing and learning method,

modification y in rat@ learning mediamd multimedia

learning materiaff &
ﬂistu materialis Indian M’ gt
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6-8 Innovatio
Education and

quality learni al that.can be used tq_ Ist th process
and to enabldithe 8 uniderstand the sl,_lbj_g easil ) igihovative

learning matefjal i sideréd as an effort to ity of#€arning activities,
as such develogme believed: i and it can

be done in the

emlstry 9T conte b a good strategy

aelp stud’mjdmﬁche i) concepts and to avoid
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] %Li sru.r' eV istry.
Chemistry (he af’ceLT E'PEt Ch ) is a compulsory course for students
majoring in Science and Pharmacy education at university level. 14 The knowledge
obtained from Gen Chem courses become the foundation to study Advanced Chemistry
and other science-related subjects.

15 Several strategies have been applied in teaching chemistry to students, such as
cooperative learning, 16 problem based learning (PBL),17-18 inquiry based 19-20 and
the use of internet. 21 Stoichiometrtopic considered difficult in Gen Chem, as it needs



strong background knowledge in Mathematics. Innovation in the learning strategy to
study Stoichiometry is needed to make the students easy to understand the concept.

An approach by using stoogiometry, known as Moe's Mall strategy, has been introduced
to help learners understand the mole concepj of Stoichiometry.22 Tuse ratio charon the
teaching of calculation Stoichiomet it the help of CheMentor software 25
have been reported to be sigpifi€ant. The d lopment OTmgovative chemistry learning

material for teaching of S{giChio E o helfithe students in their
ﬁs competenceG@stry.

learning process to mgit thej
%natenals which
ompulsory to facilitate the students to

I%emlstry learnin

nt. Goad learning material wiIIraJso. guide

chemistry effegti d imize, Learpotentlal he ning matenal woul
ry contept clgiarly, to avoid mlsu[ﬂdersténdmg

terenerate st otlva_m:u_oh to improve their |earnLh"g stud-y

ith the current
istry based
to learn
b students
- concey

Innovative and int@racti line

technology havelbec

B
o

chemistry learnifg materlal comblned with the ta.sk instructions for Stoicjifometry toplc
ing i .dla in the Iearnlng activities to gwdﬁe st

=
m-frﬂ;cFevided into two groups;
A ﬂ#

e
[k

i-the pretest followed the procedures
explained the study. 9,26 Samples were all treated equally, but only limited to 30
students per class were included in the data analysis. Research Procedures The reseach
procedures consist of the development of innovative learning material for Stoichiometry
topic, the preparation of learning instructions for tasks, of standard questionnaire, of
evaluation tests with a marking system and the teaching and learning activities in the
class with different treatment conditions.



The overview of research procedures is summarized in Figure M

Innovative Learning Material An innovative learning materials for chemistry was
developed by enriching the material of Stoichiometry topic to meet the competence
required of studentsas stipulated in curriculum at Universitas Negeri Medan.

27 The innovation of learning materi as Bueied following procedures in previous

tical
swtabl

following stagﬁz the integratio ,ﬁelev y
ative learning media or multimedia and prayi - sion of a

hyperlink to s¢ trustworthy websites relatediStoichiome ics.
instruction areflequ d in"the learnlng material package M’ istry} learning

package was en&'uated by che;;mstrlectﬁers teach_i'rﬂgIChemlstr ueast ears.

Indlan Journal of Pharmagg
2019 ofrelevant conteps a e

The innovation cofhpri
torexperiment, gfeof j

the standard @ovi y Indonesian |
package of inn vatn&hemlstry materlal was then prowde.d both

electronic formé&t. Pr ation‘of Mu'itltask§|lnsfruct|on Multitasks and'its ifistruction on
Stoichiometry toic have been prowded to stlppor't teachlng and learningfactivities
following the guid@lines E}tlpulated in the university curlculur{ﬂect g€ material was
given by Professor SYigwal GuIt ector of Universita geri Medah, It ofsix y to be
completed by studentsig every ”ﬁ ﬁl g task (RT), critical
book report (CBR), crltlca l@urnal/rese C|’I m( idea gaglineering (IE), mini

the topic being taught.

i led Stoichiometry topic based on the university guideline.
tE be completed in t semester, the format
and € marki

Drills and L'r#J

and they weré |vem1evﬁr
chemistry subject. Within the RT, the students were asked to solve chemistry problems
and the answers had to be submitted in the following week. Critical book report was
prepared by giving a copy on the chapters of General Chemistry textbooks
Stoichiometrtopic.

he were asked to analyse the contents of the given topic in the book chapters and
submited the report based on the format given in the lecture handout. Critical journal/



m analyse one from the five aron y Tstudents were asked

to give their opinion on the content of the article following the given instruction and
submit their report via email.

Idea engineering was designed to motivate the students to give their idea related to

subject matter they learn on Stoichigme Abith the IR task, the students were

free to express their ideas on a3 pllcatlon f St0|ch|o topic and the report was
N QN mini research was

submitted a month from thé Stoi hlﬁ
' PF boratory

carried out to do inveg# tig

\ in the study that were sellected from fo ktment in the
Faculty of Maiffema nd Natp_rj Science, UniversitasyNegeri M :
Indonesia. No went Total Student Paralel Class Selfectea' Clasmmp  Total
Sample Descr tioi Study 'Program Exp. Gtrl.
i
id§ 2978% 30 30 60 Major in Sdence 2 Chemlstry 1213 0 3@ 60 - Major
blo 8 823030 60 - MaJo-r in'Science 4 Phys_,.ncs 1
Major in Scien@ To 8625 6,90°90 180 *Exp. is.students.in expe@
with a developée8l inn ed chemistry learning/material and'Ctrl. is stddenfs in control
class that are gi the eX|st|ng Chemlstry'te'xtbooks

Figure 1: The overvié of rese rocedures in the d pment ofgfinovative learning
material and teaching Mg Iearr&ﬂ ﬁeﬂevelo d innovative learning
material on the teaching @s&foichoio rl(m t-yeape€mistry. Indian Journal
of Pharmaceutical Education an®aggsearch | \(ol 53 | |ssge®*| Jan-Mar, 2019 31 gand
were to a experiment.

laboratory. %e<€p

designed as p Ject(tlm Lﬁm opl i

The students were provided with the list of web links on PBL containing Chemistry topics
related to Stoichiometry. They were given freedom to choose partners in a group to
complete the project but the result had to be submitted as a personal report. The
schedule to submit every task and the marking system for submitted assignments were
included in the Chemistry learning package as well as the separate lecture notes.
Individual mark was obtained from every submitted assignment and the average from



all tasks were counted in this report.

All instructions for multitasks had been integrated in a developed learning material.
Separate instructions were also available for students who were not using innovative
learning material. Preparation of Questionairg Standard questionnaire was provided to

determine students’ opinion on the pg : a0 innovative learning package of
Stoichiometry topic. Preparatig g.ried following the cedures
previously. I H
28 The questions raj$ed ir%uestlonnalre were based ?7 eters given by the
BSNP with the reg#iire ia for a standar%!earnlng materi
components cogsiste uestions reveal contents, de design and uage with four
options fromgffon eak opiniens. The questions were, also fa Vigh open
questions to give f&vm to re.spondents to express opinionithe m - oped
chemistry leafhingmgaterial. . N

=S\ W /2
Academic att udeﬂevé’ry students were ailnvestlgated'by the ﬁist lecturer.
Those were bdsed ubjective assessments from students’ involve t in Beaching

and learning a®jvitl dthe obJectlve assessment from the subn% regbrts. There
were ten paramgters g observed for. st_hplel]‘ts academic attitudes, ha ely: (1)

communication ability, (2) honesty, (3) ?ésiao'f.]sil;:i.li:ty, (4) collaboration, (5hard-working,
(6) caring, (7) disci@line, ersistency, (9) self independency aid{(10) {garning initiative.

27 The marking systen™gas be mﬁgudes g@hging between score
1 to 4, with criteria startin@sfgom stron 1 ositive udes of very good
(score 4), down to a very low atthage with negative of u@®Fpoor/bad attitudes (score 1).

Evaluation Test and Marklng System St petence was measured in accordance
with the com' e performances in answerlng the objective evaluatlon test at

pretest, postest-1 a prowded in the tests covered all topics
in Stoichimetry topic. The marklng system for multiple choise test was prepared as score
and it was counted based on the right answers given with penalty for any wrong
answers.

This was followed by the convertion of the score ranging from 0 to 100. A portfolio with
marking indicators was used to assess the submitted tasks. The score for submitted
tasks was obtained from the average marks on students’' performance from the



compulsory submitted tasks. he scale the lies between 0 — 100 marks. Students’
achievement and their academic attitudes were then recorded in their semester
academic transcripts.

Teaching and LearningActivities An innovativs
ometry topic has been used in the teagiaimear
given to the lecturers to their j@®8tludy. he were

iven a sét'af procedures to be followed
in the teaching and learniggfacti 'tigher"% RO Vative
material. .t # ,6\

The participationgifncl Eelecting target Sﬂ’nples from the Mlatio based on a
given criteria, digtribusind*innovative learning materials and used i leaM@ing media in
the class, giving d its marking system, collecting.and mark‘it%

reports, instru )

chemistry learning material on Stoichi -
Qing activities. A short training was

students to use the chemistry materials and r refources for

self-learning, ng evalL_JIa_t'ionlls at the allocated time and recom
academic atti : B i . &
o ) \ ] F :
The lectures skedifo encourage and motivate -_)ts t
maximize thei has triedthomogthe by removingioutlier s d only the

samples, those Wi gnd only 30

All students involved irhe teachy mjrmﬁl ated equally without
32 Indian Journal of Pharmageutical caiio search L@l 53 | Issue 1 | Jan-Mar,
2019 discrimination, but the dat8 ‘

evaluation was performed before the teacr
activities wereo=exee al and class.

maximise learpote i sé |darning resources available in the the
university.

he evaluation (postest-1) carried out after completing all stoichiometric topics. This was
followed by the second evaluation test (postest-2) a month after postest-1. 26 The due
date for submiting all tasks were given in the lecture notes and the penalty was applied
for late submission. Students’ achievements were obtained from students’ ability to
solve formative test and their performance from the portfolio of submitted tasks.



he king to a mark students’ achievement had been formulated and it was counted from
the proportion of the formative test and the multitasks (65% : 35%). 27 Students’
competence ideally had to be counted from their results to complete all subjects on
General Chemistry. However students achieyements reported in this study were only

RESULTS AND DISCUSSIQMNIfnnoyati e"rE g Material The development of
an innovative chemist i als for Stoich®s Pgen conducted

oks choose and to obtain Sipistry subjects to

be included in ni General Chemistr available onli ed as a
foundation to cghstr i [ ipul@ted in the
university curgi€ulunt: - _:_-" T __. %

The lists of pdssib wemlstry topl to be |rﬂuded for‘the first yeamtera Chemistr
were then dis@uss a teachlng team in the Depart - 1"ment-of_%1 |de e list
containing th@ fin ic'General y.he year Chemistry contains t dit goints per
semester, co ris@boratorex_perrmenfs* saentlflc_ act|V|t|es One it pdint is equal
to 50 min for I&tur 60 min‘for structured Iearnlng and 60 mlra'lnd' vidual
learning. ‘ﬁ - _'|_ j' -

e allocation time
Pthe chemistry
ing material for

iometry . The list of Chem|

dwmi:m ﬁ

biects, namely (1) Moles concept and formulas of compound,
Eequatlons (3) Reac ler-ip-agueous solution and (4)
e t|me neede O completg metry .ﬁ as been

topics, including Sto
for each of the topic in
learning material has bee
Stoichiometry.

Allocated time for learning activ - ities was distributed for class lecture, laboratory works,
tasks completion, drills activities, self learning and eval- uation test. The distribution of
topics and sub-topics of Stoichiometry and the type of tasks to be completed are listed
in Table 3. A package of chemistry material for Stoichiometry topic has been
systematically arranged.

The package consisted ofintroduction, topics the T content of chemistry in the learning



material was enriched contextual ning accompanied with relevant illustrations to
support the content, followed with problem examples. Innovation has also been made
to chemistry topic through the integration of learning media and multimedia to suport
the topic, the integration of relevant laboratory works, the addition of problem
examples with solutions the paration of an evaluation test with the answer keys.

and to support the given_ tagks. Fur e in tglearning material to
guide the students to g mp{ signments. learntyg package was
made a to studentsgfse t tronic material.

Short descriptiogfof i tion Table 2: List oqchemistry topics fo@er Chemis- try

A learning material was provide@Wwith hyperlliks to releve ebsites for future reading

or completing the topic in thejfaculty of
rsitasiNegeri Medan at accademic year 201

Subject Alocaion e (weeks) 1 St0|ch|omeﬂ'y 4 2 Atomic Structur
System 14 C miﬁondm and C"hemlcaI.Structure 3 5 Thermo Clﬂ
Chemical Rat&3 TM16Won arch | Vol
53 | Issue 1| 019 33 Table 3: Stoichiometry. topics, Sub-to
tasks to be in e learnifig activities of General Chemistry Bar science
students. oo W T

ulas of Compound

mmﬁm' |

Dilution of Molar Solutions RT and MR 4 Solution Stoichiometry 4.1. Stoichiometry of
Chemical Reactions in Solution 4.2. Amount of Reactant and Product 4.3. The Limiting
Reactant Concept 4.4. Sequential Reactions 4.5. Chemical Reactions in Practice:
Theoretical, Actual and Percent Yields 4.6. Determining Percentage of Composition in
Mixture Compounds RT, IE and PR RT = Routine task, CBR = Critical Book Report, CIR =
Crtical Journal/Research Report, IE = Idea engineering, MR = Mini Research and PR =



Small Project. that has been intregrated into chemistry learning materials is summarized
in Table 4.

A package of chemistry learning material has also been standardized terofthe explained
previously.26 The required parameter compriges the standard the ning intended the
year university students. The perfor ping material was based on the

respondents’ opinions, which,j .

he showed the learningfmat ahﬁt the stangalﬁ mentidgiven by the criteria
stipulated in BSNP. B spoés of lecturers and senior st all aggeed to the book
components in th ea!ﬁ aterial. They gave positive resp to alfgguestions
regarding the d e developed

avelo em - istry learning material, which me haty
gtegas d. =il , -

learmaterial

in Iearnldg maf rial mclrﬁlng content, exfentlonmee arqiall met the
an books AppreC|at|on a ositive 'e"omments weﬂbtai ed from
on®H8ir experstating the chexﬁvstrmaterlal.had mét tHeseed

stu MS to study St-o1€h|ometry-' — '

he compone
criteria for a g
lectures, base
undergradua

Implementatiorfiof I?ative W A set o%loped% i

was used as a ledning media in the tea .Stblchlometry topic for gl#iss the
textbook used in e corﬁl class. Before conducting the teachﬁg a
activities, the stude [

were glvﬂpetto ate knowledg
Students’ achievement bakaglon the Jt M lﬁ'm Tablesfl Showed that the

These resultsfreveal E{lh'an ?ﬁs\l §
treated with dff ere tivities to study Stoichiometry. An

innovative chemistry learning material was used as a learning media to study
Stoichiometry topic.

An innovative learning package developed in this study was able to guide the students
to learn chemistry. It is argued that contextual integin learmaterial were found to be
effective to help the students to study chemistry concept easily.29 The students
intensively used an inovative learning package in their learning activities.



It helped the students to answer questions that are raised in the learning instruction.
The contribution of the 34 Indian Journal of Pharmaceutical Education and Research |
Vol 53 | Issue 1| Jan-Mar, 2019 Table 4: Short descriptions of innovation that have been
integrated in the developed chemistry learning materi- als for Stoichiometry topics of
General Chemistry.

No Stoichiometry TOpICS S r| E integrdted in the chemistry
learning materials on ? cs 1. Moles nd ulas of
Compound The de hemistry topic on the ¢ ple and the
Formulas of Comgibun udlng the |IIustﬁc|ons on the caI interconverting
moles, mass and f chemical entities.

- B
S enrlched W|th local contents problem- exa | solutions

hort \hdeos f mole and the¥ormulag of
i [ [ rnlnm thdlcalculation

The Chemistryj w
and the integ tlo S

compound. Tle c

of compositidh pefé@Atage and the formu_las f compounds used fo merjtal analysis
and determinlifaig ular formulas. Eearnmg medla to explaln the icatipn of mole
concept in reaMlife %Iso mte.grated i b =
— i F - .'.'.
L '

The developed mgterial was equipped m test evaluations and h perlinis to
trustworthy and ré vant.bsfces for future reading on moIe cdpgeptsginstructions for
tasks of RT and CJR Were also pgvided. 2. Chemical Re ns and C#€mical Equations
Chemistry topic of CheMjcal Re N\Imﬁ] ons wag'developed on
balancing the chemical equagions wi lon andg@fic compounds and net
ionic equation. The local contertssgg the names and fopa#las of some ionic compounds
are also introduced.

The instructions of tasks of RT and CBR were introduced. 3. Reaction in Aqueous
Solution The development of chemistry material for the topic of Reaction in Aqueous
Solution was used as a basis on Stoichiometry solution. The learning material was
enriched on the solution concentration in terms of molarity.

Contextual learning was applied to introduce local contents on the solution



eoncenraron ang ma calculation of yield in solution. A set of mini research was also
provided. The material was also equipped with a short video on how mole-
mass-number conversions were conducted in solutions. The developed learning material
was equipped with hyperlinks to trustworthy relevant websites for future reading on the
application of reaction in aqueous solution.

The instruction for tasks of RT.a®d MR was lven 4. Sol

development of chemistrygiaterial t0|
sk&\ n the app IC
-

toichiometry The
ution Yigpic was carried out with
toic etry solution in

R,

the main target studeg
real life.

Enriching Chemistry tapi€with local contents was also provided witlhgthe @&amples of
simple syntheg#§ of ound fromia starting materialo become &mical
product, the ¢ cul of thesamount of yield resulted in starting emical

(reactant) and

% ductlon of I|m|t|ng reigtant congeptsvia a s
the project, thie

ts qﬂ[ e tt?l..cqmposmoh percen.tage

oj@rt. Within
ﬁ\lxt e

compounds. -!.
The use of sprégd sq on the calculatlon preces was aIsOJntrodu #naterial was
equipped with grobl xamples m&m test hy@erlinks to

RT, IE and PR weré rmtﬁ
material based on t

ed. Table 5: Standardization of inno
respond pinions.

The number is the averagagglue baé&rlhm lE\'of Chegaistry Lecturers (L) as

expert judgments and from Sert@ emistry,Studen at have completed General
Chemistry. The number is the average va N 155 respondents. Book components
Short descriptiai=e #e learning material Respondents opinion L S Average
Content - v istry contents 3. 60-368.- The accuracy of the

; J. # ' s % ! “._'.'1

.Oap3- f;i ﬁ;ﬂ ial is-clEqr]y Depth—
The material $pres I&Irfg!?g idtraduction, main concepts, prolem
examples, drills, quizes and hyperlinks to trustworthy websites 3.65 3.72 3.69 -
Application concepts with real life 3.84 3.73 3.79 Design - Suitable between the design
layout with the target material 3.65 3.73 3.69 - Presentation of illustration, figures, table
and images 3.65 3.66 3.66 - Involving learners for interactive study 3.85 3.76 3.81
Language - In accordance with the development of learner 3.65 3.52 3.59 - The
chemistry material is easy to read, the language is simple and provides communicative
massage 3.48 3.54 3.51 - Straightforward, accuracy on chemistry term and symbol 3.65



3.66 3.66 Average 3.69 3.67 3.68
Research | Vol 53 | Issue 1| Jan-Mar, 2019 35 innovative learning material to improve
learning com - petence was investigated. After completing the learning session,
students given first (postest-1) to measure their performance on Stoichi - ometry topics.

Students’ achievements obtained fropasiinesFoStesi ere summarized in Table 6. T -
ment the class higher that theg#trol class A marked anSwgL sheet with the right

answers to Chemistry proQlé erﬁ/ be ed as a feedback and to
allow them to evaluatgfthe # ers for thelrf

The time table fogfhe @ evaluation tes ostest-2) am
also formally angioun make the students have suff|C|ent tim >
weaknesses offstoi etrhe results from postest-2 sgm_gnarlzed ghievement

. m |
alcula y c@mparing

|nn vative
"acfievement

fter M@stest-1 was

he lass. The effectiveness ¢
material to i tudents’ ement *hiemist
their achieve fm postest 2 with posteit BThe
chemistry lea mgﬂterﬂ was found very ctive toimprove stud
on chemistry. FY

the class highg

In addition to t
imental class and

) = il ]
: e\’@tion test, the score from multitasks was also e;alu ted. T -
he control class comp]eted then"tasks on Stoichiometgf'topic and the

submitted tasks wage maiﬁd based on the university gwdelmeE} Theggvail - ability of
the tasks in the innoVg ackage was very h | for stud@hts to master
themselves on Stoichiofgg i g

guided tasks has changed the students yle from lecturer oriented to students
oriented.9 The became familiar to search new and relevant documents to

be used tg ] kTHE

i ‘ AT R

s were Uﬁl‘*ﬂi‘ ‘ﬁ’ e =

tasks were andresu that in the control class (see results in
Table 7). There were four routine tasks completed by the students, which were dealing
with problem-solving covering all sub-topics on Stoichiometry.

The students tried to use various learning resources to complete their routine tasks.
Most of them only relied on using a developed learning package. The students were
also involved in completing the tasks, starting from a simple and easy task to complex
difficult based the Table 6: Students achievements on chemistry based on the ability to



W problems in pretest, postest-1 and postest-2 on Stoichiometry topics.

The numbers in table are the average means and standard deviation of the students’

score of four Departments in The Faculty of Mathematics and Natural Science,

Universitas Negeri Medan, at Second Semester of Accademic Year 2016/2017.
ss E lass Ctr. Class Exp.

31CS A er
Ctr Class C &st 26.5

26.4+4.3 26.8+4.4806.7 7 0+3.327.3+£3.426.0+4.526.1+ % 6+24 26.6+4.5
Postest-1 80.1+4¢ .0 82.1+5.8 75.3£7.581.2+9.2 79.5+6.9

80.9+6.1 77.04%6.8 P%t 282,9+4i5 74.2+5.5 86.1+54,73,5+8. 7%
81.6+9.8 7244864 W6 973: 9+6 % Learning Effect|V|ty (%) 103 98m

94 105 96 Exp '_-‘ A 3 .ﬁ _ | u

e
SS tlﬂvas glven mnovatlve Ieﬁung matenal as Ie m
class and Ctr.

las ec Iass that was given existing textbook as | edia in the
class. 36 India ar Educawch
Jan-Mar, 2019 ¢ der b subject of Stméhlorhetry as they'progress d i [

learning. RLE

Biology Department of P
Class Ctr. Class Exp. Cla8

Class is the cl

submltted RT was

The average score régulted fro
of the RT showed that Stgdents
in control class. T to use the
learning activities.

. The portfolio
pared witht those

dgkolutions of reaction in aqueous solution and
determining composition percentage in mixture compounds in the Stoichiometr The
instruction to do the critical book report was given in first which mainly analyse contents
of the Stoichiometry topic from the selected four Chemistrtexbooks. he were allowed do
in goffour five but the task had to be submitted as individual report.

All students had to submit the CBR report ontime and the averag class the class
summarized Table Most were to the ver well folowing the given guideline. The strength



and the weakness of Stoichiometry topic in the given book chapters had been analysed.
Different opinions were obtained for different Stoichiometry topics in various textbooks.

he e from experimental class were found higher than that in the control class. The
students were able to analyse chemistry topi very well their were in rets. Their ability to
describe and to analyse the Stoichioggis Bmisgi different book chapters resulted
in their ability to write a good ##0rt. Many students pre gd their CBR review in short
reports, comprising 3 to 4;pRges VN

Some of them weregbng &s consisting of 6 to 10 pag foung,to show critical
skills with evalu- . This strategy made the student wome amiliar by
choosing the rightt b study Chemistry. One of the compulsa sk at had to be
completed in i tudents_ ev_ai'Uating the conterrt;of_researc%rt atiicle.

The students Werengiven artldles on Stomhmﬂetry topics and were aﬂ to @nalyse the
manuscript i The-reSUItwas submitted as an_';-ﬁdwtd.ual repﬂThe cores for
CJR Table 7: § orm ﬁ:elr marks .(average standard
ortfolio of subfnitt'e'd'tasks Marking sys.tem f
ﬁ numbe-r was the average value and stand
n

: achitask lies
between 0 — 10Q an viation of six

tasks from 30 stlide 1

theg‘roup v -

CBR CJR IE MR PR AV JRIE MR PRAvera affcs 82+12 77+6
82+8 76+5 79+7 80+ 6H9. qﬂmﬂm% 8512724472

Chemistry 888 78+5 87 530+ 8 63l 1 78+7 67+7 73+11
7745 79+4 79+4 78.5+3 4 Phy5|cs 77+ 0 7749 7849 82+5 79044 76412

777 72+6 724 G-+10.78. 5+5 Average 82+9 79+6 82.5+8 77.8+7 84.5+7 82.6+7

o
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2019 37 are presented in Table 7. The scores for CJR task in the experimental class were
higher than those in the control class. Most students had the ability to analyse the given
articles clearly. In addition, the contents in the articles were clearly described in very
good CJR reports.

The students able share view the contributions given by the research reports were
described very well. However, some students were found difficulties express CJR poras



they just rewrote the content from the journal abstract or from the conclusion. To the
views the y topic, students asked express ideas the application of Stoichiometry in the
real life as IE task.

The students were free to choose their partn rs to discuss IE task and the report had to
be submitted as individual reports opinae ages for IE report were in 7.y were
obtained from the IE tasks, whe#the avera score obt &d the class higher that in the

control class. Most of the den ea bas
toj oplc 6‘-

in real life related to t
xpress which ng on reasoningﬁre to i

on the topic. A mini research on the Stgighio

to be ;gm'leted by the stud‘,t__;.n the | ory:
in conductl.ng chemlcal reactlon in aqueousmtlo

It was that st enkle understané the ¢

molarity
for stoichiom@try &I lation and the conver r. Sats of mini
research werefpro on the mole felat‘bnsﬁ-lps an_d-the 'ba'lanced atiof, such as

similar

the decomposfion Fﬁlon of s.edlum blcarbonate (bakln.g.soda) Il ag

t The students w ked to cgifect the data and
write standard researc méﬁl is gfftcome-based
research required the studes to pr mass je solid product.
The marking system for the research tas ed on the students’ ability to write ret

and close stugainte vestigation to a given ‘target’ sample. Students’ achievements
for mini rg mmarrzchrETabIe 7, Where scor, s the control class

Was Dds

The project-basSed |Aa\lnt~?rlg-l/v.'!':, EeBg&eliwve students insight into how the the

Stoichiometry topic could be applied in real-life. The project to be completed was the
production of a pain relieving compound of Aspirin. The students were free to design a
new project different from the given project. However, the project had to be on the
application of Stoichiometry and lecturer approval had to be obtained before the
commencement of the project.

The students were expected to do the project in g had to be submitted as individual



reports. Most of the project procedures are available in the task instruction and the
starting material was given by the laboratory instructor. All students submitted their
project reports ontime and the average achiements are shown in Table 7. Taveragscore
the class higher than that in the control class.

30 The students were observed and_sgess
was designed differently compa#€d to the exi
knowledge and skills on StQ chi— ﬂ

that experience ained g ndersta

in the students with adequate
ré olution. It is believed
n |n

product, including ti#€ir crgn hension towards the calculdt r limiting the reactant
concept. The minjgfese d the project ||]5reased their int fon chemistry and on
the contributio

bf ¢ ry to the real life.

Students’ Perf@rm and Academic Attitudes on Che'mi:stry S’cudem)er )rmance on
chemistry wagfobtaiged from' the comblnatleﬁ of their achievement attitides. 27
Students’ achieve was ob‘talned from their ablllty tb answer the Euat n test and
the scores obfipinc@Pom the portfolio of sq_b:fnltted tasks. S_tudents Bjem attitudes
veaﬁing their study time. "+ =9

This observatio wagﬁnly based on the lecturer's subjective evalﬁ)n n their

cumulative acad@mnic activities, comprising tén parameters. Some of the gerameters
ion {an their learning activities in the classtaou fliscussion, self

study, tasks performagce and sﬁ\tted a55|gnments Thegaverage re

M rm ble 8

The results showed that studentSggerformange in the ex@®&imental control were orized y
gln experimental both achieve - ment and theif'academic attitudes were higher than the
students in thg A developed learning 38 Indian Journal of Pharmaceutical

e 1 | Jan-Mar, 201 provided active

Its for students’

presentatioRdp ViS Sap vant illustratiogs pre#ented in a
developed learf mgTaE&JII fﬁmﬁdents lear chemistrTavailability example
the learning package made the chemistry topic easy to understand. Learning media and
multimedia, short video, illustrations and images that were integrated in the chemistry
material helped the students to study chem - istrconceefficiently.

addition, availability hyperlinks to trusted website in the innovated chemistry materials
them explore relevant y materials for self-learning based on their needs. The developed
learning package was suitable for independent learners to improve their competence.



The strategy provided in the developed learning materials improved students’ interest in
learning chemistry and changed the students’ learning style from lecturer-orientation to
student-oriented learning style.

The integrated tasks in the Iearning package as able to guide learners to complete the

e . .
needs to apply the use of various learni
appropriate knowledge andskills of the
General Chem{$ se s compulsory and one of the basie requrrm
students of sdlencegand pharmacy 1||4 Tseverﬂ were forfirst year stu s tomake them
interested in [@arni hemlstry 3.1 The resul,ts_.pbtalned'm the study w;es d that

les equip students
their education.

aterlal in teaching Stoichiometry guided
results were S|m||ar with that conducted with innovations,
j@-and multimedia,6 and

{fe;s¥ "",4"4" # .-*'
the given ta§ \45? Es te hile the
implementatiof of Iuml EI fg Problem-Based Learning, ini
research36-37 through their tasks have become good strategies for chemistry,
pharmacy and other relevant sciences teaching. Stoichiometry topic is one of the
challenging subjects to learn in Chemistry.

24 Various strategies have been done to make Stoichiometry easy to learn. Innovated
learning package developed in this study was able to improve students’ learning
potential in learning chemistry. The first students it to the ning Table 8: First year



General Chemistry students’ achievement and the academic attitudes in m
Mathematics and Natural Science, Universitas Negeri Medan, at Academic Year
2016/2017.

Students’ achievement was obtained from bogh the evaluation test and the average

marks of portfolio of multitasks (65% demic attitudes are based on
Lecturer's subjective evaluatiQgs®T @2 are: (4) very good, (3)
good, (2) fair and (1) inad ass Control Class
Achievement Score Ag@fiemi @Achlevemen ic Attitudes 1
Mathematics 81.9+4#3.45 49+7 3.22+0.26 2 Chem| 7i4 $.69+0.21 74.1+5

.60+0.22 77.0+£3,3.45+0.15 4 Ph
83.2+4 3.54+0.22 75.0+5 3.30+£0.22 Ind] al of
n and Reseafch | Vol 53 | Issuegd | Jan-Ma
ion grated in the learning package.wére adequ gllide the

Fﬁ?hlome’cry calchulatlon ﬁ The developed chem dlea
m

students’ achleveme.nt.l.n chem|§try "

74.1+5 3.35+0.
Pharmaceuti
and the innov
students to sq
tasks efficient

+
However, sonig sttgts were st|II relyin onthe more conventlonal rningstyle,
depending on [ ction qutur_gr. T Iearmng style e hi@h school.
The problem faed inJe#rning'chemistry with' multitasks was'on the limitafion of time

allocated to comlete the tasks. 9 Some students found difficult finish wafk Another

Eaterlal guided the - 0 maximi available in
T |é . e studg#its to bg

Ay ; l.‘ir:"l'l?l‘p an éj# N : o, .|l'
year studerngLibe nttjt jﬂmw g, [T consisted of Stgt -
chiometrtopistcon EET arious types of learning media and

multimedia and the hyperlinks for self-learning.

The tasks instructions were prepared to guide the students to complete the assignments
given for relevant sub-topics. A learning package was prepared as printed and electronic
bases to assist students maximise potential study chemistry . The package had been
implemented as learning facility to support learning activities in the class or outside the
class.



The innovation of the learning package made the study become more enjoyable and
resulting in improved the students performance in chemistry. Students’ in experimental
was higher than that obtained in the control class. Learning facilities provided in a
developed learning package helped the students to understand chemistry concept
easily.

The task instructions givegh the Ie aﬁgﬁd learfg.their to n chemistry.
The study also showeggthat j earnlng mate chemjstreffi - ciently and
improved students’ gompegten@e. The imple- mentation o [ arning material
giStu o become activﬂearners in and e the

The students'sf aste&f'the skills @m writing various type of repor e
they were abldito ruct'the k'nowledge of chemistr)'/ topic fhroumve tasks. The
instruction given earning package motl.‘ﬁted the students to w ogether, to
discuss the adad rﬁdeas and to solve proble.ms reIatéd to hlsubﬂthe learn.
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The developed learning material have been implemented as learning media to improve
students’ achievement on General Chemistry. Innovative leaning package was effective
to guide students to learn stoichiometry, to help the students to understand chemistry
concept easily and to bring the students learning style moving from lecturer oriented to
students oriented.



The students’ mastery of the skills on writing various type of reports was achieved and
they were able to construct the knowl - edge of chemistry topic through given tasks.
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